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Herpes Management
Doesn't Have to Be Scary

How to nail the diagnosis, use the right
drugs—and give patients relief. P. 29
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Indication

Xiidra® (lifitegrast ophthalmic solution) 5% is indicated for the treatment of signs and
symptoms of dry eye disease (DED).

Important Safety Information

e Xiidra is contraindicated in patients with known hypersensitivity to lifitegrast or to any
of the other ingredients.

* In clinical trials, the most common adverse reactions reported in 5-25% of patients
were instillation site irritation, dysgeusia and reduced visual acuity. Other adverse
reactions reported in 1% to 5% of the patients were blurred vision, conjunctival
hyperemia, eye irritation, headache, increased lacrimation, eye discharge, eye
discomfort, eye pruritus and sinusitis.

* To avoid the potential for eye injury or contamination of the solution, patients should
not touch the tip of the single-use container to their eye or to any surface.

) NOVARTIS

Novartis Pharmaceuticals Corporation
East Hanover, New Jersey 07936-1080
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Important Safety Information (cont)

* Contact lenses should be removed prior to the administration of Xiidra and may be
reinserted 15 minutes following administration.

* Safety and efficacy in pediatric patients below the age of 17 years have not
been established.

For additional safety information about XIIDRA®, please refer to the brief
summary of Prescribing Information on adjacent page.

TPivotal trial data
The safety and efficacy of Xiidra were assessed in four 12-week, randomized, multicenter, double-masked, vehicle-controlled
studies (N=2133). Patients were dosed twice daily. Use of artificial tears was not allowed during the studies. The study
end points included assessment of signs (based on Inferior fluorescein Corneal Staining Score [ICSS] on a scale of 0-4) and
symptoms (based on patient-reported EDS on a visual analogue scale of 0-100).

Effects on symptoms of dry eye disease: A larger reduction in EDS favoring Xiidra was observed in all studies at day 42 and
day 84. Xiidra reduced symptoms of eye dryness at 2 weeks (based on EDS) compared to vehicle in 2 out of 4 clinical trials.

Effects on signs of dry eye disease: At day 84, a larger reduction in ICSS favoring Xiidra was observed in 3 of the 4 studies.’

References: 1. Xiidra [package insert]. East Hanover, NJ: Novartis Pharmaceuticals Corp. 2. Data on file. Fingertip Formulary®
as of 07/2022. Novartis Pharmaceuticals Corp; July 2022.

XIIDRA, the XIIDRA logo and ii are registered trademarks of Novartis AG.

© 2022 Novartis 8/22 231847



XIIDRA® (lifitegrast ophthalmic solution), for topical
ophthalmic use
Initial U.S. Approval: 2016

BRIEF SUMMARY: Please see package insert for full
prescribing information.

1 INDICATIONS AND USAGE
Xiidra® (lifitegrast ophthalmic solution) 5% is indicated
for the treatment of the signs and symptoms of dry eye
disease (DED).

4 CONTRAINDICATIONS
Xiidra is contraindicated in patients with known hypersensi-
tivity to lifitegrast or to any of the other ingredients in the
formulation [see Adverse Reactions (6.2)].

6 ADVERSE REACTIONS

The following serious adverse reactions are described else-

where in the labeling:
* Hypersensitivity [see Contraindications (4)]

6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying

conditions, adverse reaction rates observed in clinical trials

of a drug cannot be directly compared to rates in the clini-
cal trials of another drug and may not reflect the rates
observed in practice.

In five clinical trials of DED conducted with lifitegrast ophthal-

mic solution, 1401 patients received at least one dose of
lifitegrast (1287 of which received lifitegrast 5%). The

majority of patients (84%) had less than or equal to 3 months

of treatment exposure. One hundred-seventy patients were
exposed to lifitegrast for approximately 12 months. The

majority of the treated patients were female (77%). The most
common adverse reactions reported in 5%-25% of patients

were instillation-site irritation, dysgeusia, and reduced
visual acuity.

Other adverse reactions reported in 1%-5% of the patients
were blurred vision, conjunctival hyperemia, eye irritation,
headache, increased lacrimation, eye discharge, eye dis-
comfort, eye pruritus, and sinusitis.

6.2 Postmarketing Experience

The following adverse reactions have been identified during

post-approval use of Xiidra. Because these reactions are
reported voluntarily from a population of uncertain size, it
is not always possible to reliably estimate their frequency
or establish a causal relationship to drug exposure.

Rare serious cases of hypersensitivity, including anaphylactic

reaction, bronchospasm, respiratory distress, pharyngeal
edema, swollen tongue, urticaria, allergic conjunctivitis,
dyspnea, angioedema, and allergic dermatitis have been
reported. Eye swelling and rash have also been reported
[see Contraindications (4)].

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
There are no available data on Xiidra use in pregnant
women to inform any drug-associated risks. Intravenous
(IV) administration of lifitegrast to pregnant rats, from
premating through gestation day 17, did not produce

teratogenicity at clinically relevant systemic exposures.
Intravenous administration of lifitegrast to pregnant rabbits
during organogenesis produced an increased incidence

of omphalocele at the lowest dose tested, 3 mg/kg/day
(400-fold the human plasma exposure at the recommended
human ophthalmic dose [RHOD], based on the area under
the curve [AUC] level). Since human systemic exposure to
lifitegrast following ocular administration of Xiidra at the
RHOD is low, the applicability of animal findings to the risk
of Xiidra use in humans during pregnancy is unclear [see
Clinical Pharmacology (12.3) in the full prescribing
information].

Data

Animal Data

Lifitegrast administered daily by IV injection to rats, from
premating through gestation day 17, caused an increase

in mean pre-implantation loss and an increased incidence
of several minor skeletal anomalies at 30 mg/kg/day,
representing 5,400-fold the human plasma exposure at the
RHOD of Xiidra, based on AUC. No teratogenicity was
observed in the rat at 10 mg/kg/day (460-fold the human
plasma exposure at the RHOD, based on AUC). In the rabbit,
an increased incidence of omphalocele was observed at the
lowest dose tested, 3 mg/kg/day (400-fold the human plasma
exposure at the RHOD, based on AUC), when administered
by IV injection daily from gestation days 7 through 19.

A fetal no observed adverse effect level (NOAEL) was not
identified in the rabbit.

8.2 Lactation

Risk Summary

There are no data on the presence of lifitegrast in human
milk, the effects on the breastfed infant, or the effects on
milk production. However, systemic exposure to lifitegrast
from ocular administration is low [see Clinical Pharmacol-
ogy (12.3) in the full prescribing information]. The devel-
opmental and health benefits of breastfeeding should be
considered, along with the mother’s clinical need for Xiidra
and any potential adverse effects on the breastfed child
from Xiidra.

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

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

Distributed by:

Novartis Pharmaceuticals Corporation
One Health Plaza

East Hanover, NJ 07936
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Retina Surgeons Share Their
Treatment Preferences

t the recent American Academy

of Ophthalmology meeting,

the American Society of Retina

pecialists presented the results

of its most recent Preferences and
Trends survey.! The survey was given
clectronically to 2,971 members of
the society (2,615 regular members
and 356 fellows); 1,057 respondents
completed the survey (35-percent
response rate). The survey is an
interesting snapshot of retina special-
ists’ approaches to various clinical and
surgical situations.

T'he management of age-related
macular degeneration is always a
focal point of the survey. For wet
AMD patients who have a suboptimal
response to Avastin (bevacizumab,
Genentech) treatment, 88.4 percent
of the physicians say they’ll switch
to Eylea (aflibercept, Regeneron). A
smaller percentage, 11.1, say they’ll
switch to Lucentis.

In the course of treating these wet
AMD patients, a point that’s often
raised is what to do if some fluid
still exists, and surgeons were asked
their level of tolerance for a small

cystic space on OC'T in a patient
who had long been stable during an
cight-week anti-VEGF regimen (the
vision is good and symptoms remain
unchanged). Most respondents, 68.3
percent, say, “Some cystic spaces
may not represent active exudation;
might tolerate,” 17 percent say they
“usually tolerate small cystic spaces
and wouldn’t adjust their strategy,”
and 13.7 percent say they have no
tolerance for any fluid and that cystic
spaces may represent intraretinal
fluid, so they’d adjust their strategy.
Los Angeles retina specialist David
Boyer says this approach jibes with
what he’s seen. “We’ve learned over
the years that some of these small
cystic spaces are really intraretinal
degenerative cysts and aren’t part
of leakage,” he says. “If we have a
patient with a few of these cysts, it
may just be degeneration of the retina
and not active leakage. The same
goes for subretinal fluid: We try to
treat it to dry it out, but we’ll tolerate
some small amount of subretinal fluid;
it may turn out to be beneficial to the
photoreceptors at this point.”

PREFERRED FIRST-LINE ANTI-VEGF AGENT FOR DME IF PAYER ACCESS ISN'T A CONCERN
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Retina specialists have one eye on
the future however, and are inter-
ested in new therapies: In response
to the interesting question, “In what
percentage of your currently treated
wet-AMD patients are you (or your
patient) actively seeking improved
outcomes (e.g., longer duration or im-
proved efficacy) not provided by cur-
rent anti-VEGF options?” 24 percent
say more than half of their patients are
looking for improved methods, 22.2
percent said between fully 26 and
50 percent are looking for something
new, and 27.7 percent said between
11 and 25 percent are looking for
improved outcomes of some sort.

Dr. Boyer says he thinks the num-
ber of patients and doctors looking for
better options is probably even higher
in diabetic retinopathy. “In diabetes,
there are many times that [ have to
switch drugs, add a medication or use
a steroid,” he says. “That’s why we’re
looking for other treatments with
different modes of action. Perhaps
Vabysmo may be better; we’re also
getting longer-acting steroids and,
hopefully, some of the plasma kal-
likrein inhibitors may improve results
in some of the diabetic retinopathy
patients with persistent fluid.”

The survey also asked respondents
their thoughts on why it appears that
real-world research studies often re-
port undertreatment with anti-VEGF
agents for wet AMD. The most
popular reason given was patient non-

(Continued on p. 8)
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REVIEW NEWS

(Continued from p. 5)
ASRS Survey

compliance with visits, at 35 percent,
followed by “provider preference

for less-frequent treatment” at 28.4
percent. (The other reasons appear in
the graph, below right.)

“T'he reason for [undertreatment in
real-world studies] is multifactorial,”
Dr. Boyer says. “Patients wear out.
They don’t want to come in as often.
Study patients are highly reliable and
aren’t the average patient. In studies,
you’ll see more than 90 percent of
people receiving the proper amount
of medication. In patients we're treat-
ing, these lesions are often big, and
patients will drop out or try to reduce
the treatment frequency. A doctor
who’s busy may often try to push the
envelope and push the injections
out an extra week or week-and-a-
half. Also, I think a lot of people are
using treat-and-extend. So, you have
approximately 75 percent of patients
who can go three to four months
[between injections], so if you look at
it compared to the treatments in the
studies where you were mandated to
administer treatment either monthly
or every two months, you’re going
to be way under. It doesn’t seem to
be economics because Pfizer had the
same exact result as the studies that
pooled Medicare databases.

“Using the studies as a baseline
isn’t the best way of following these
patients,” he continues. “It would be
best to look at the small studies where
they used treat-and-extend and saw
the results are good with minimizing
the amount of treatment. I think 80
percent of physicians use treat-and-
extend.”

A question that often arises in panel
discussions, and which also appeared
on the survey, is how to handle the
diabetic retinopathy patient with pe-
ripheral non-perfusion on fluorescein
angiography but no neovasculariza-
tion or diabetic macular edema. On
the survey, 45 percent of the respon-
dents said they’d monitor the patient
every three months, 26 percent would

TOLERANCE FOR SMALL CYSTIC SPACE IN AN OTHERWISE STABLE WET AMD Q8WK PATIENT

None. Cystic spaces may be intra-
13.7%

retinal fluid; would adjust strategy

Some cystic spaces may not be

active exudation; might tolerate _ 68.3%

Usually tolerate small cystic

spaces; would not adjust strategy (I 7%

Usually treat with a fixed interval,
regardless of fluid status

Other F 0.7%

fl 0.3%

0

20 40 60 80 100

THE MOST LIKELY REASON FOR REAL-WORLD RESEARCH THAT SHOWS ANTI-VEGF

UNDERTREATMENT IN WET AMD

Patient illness, co-morbidities

Error in research methodology 2.6%

Patient non-compliance with visits

11.8%

35%

Provider preference for less- I

frequent treatment

Limitations related to patient
[ 7.9%

scheduling

Other F 4.3%

0

perform panretinal photocoagulation,
12.6 percent would monitor every
one to two months, 9.9 percent would
administer an anti-VEGF injection
and PRP, 4.6 percent would use an
anti-VEGF injection alone, and 1.8
percent would take some other course
of action.

“These are patiens that a lot of
people will follow carefully every
three months looking for signs of
active proliferation,” Dr. Boyer says.
“We see non-perfusion very common-
ly in these patients, and we haven’t
done a study in these patients without

n REVIEW OF OPHTHALMOLOGY | NOVEMBER 2022
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neovascularization to see if laser

will make a difference. Obviously,
however, if you have a non-compliant
patient and they’re lost to follow-
up—they are getting sick or lose their
insurance and can’t come back in a
year—they can return to your office
and look terrible. I think this type

of treatment or observation decision
really depends on the compliance of
the patient and what their A1C is. If
someone comes in and their A1C is

9 or greater, they’re probably not a

(Continued on p. 16)
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their eye care practitioner if they experience eye pain, changes in vision, continued redness or irritation of the eye, or if the condition worsens or
persists for more than 72 hours.

© Johnson & Johnson Surgical Vision, Inc. 2022. PP2022CN4045




PLUS,
SECTION 179 TAX DEDUCTION"

PROMOTIONS

HAAG-STREIT - HEINE - KEELER - MARCO - REICHERT * RELIANCE * S4OPTIK - TOPCON + WELCH-ALLYN * & MORE

L@MBART

Contact us to learn how you can save on our wide selection of inventory.

800-LOMBART | LOMBARTINSTRUMENT.COM

LOMBART A DIVISION OF ADVANCING EYECARE™ ONE ALLIANCE OF INDUSTRY LEADERS - COMPREHENSIVE OPHTHALMIC SOLUTIONS
*CONSULT YOUR TAX ADVISOR FOR DETAILS REGARDING SECTION 179 TAX DEDUCTIONS.


creo



Catch Up on the Latest News

Read Review's weekly newsletter
online at reviewofophthalmology.com.

FEATURES

.29, No. 11 « November 2022

29

Diagnosis and Treatment

36

Cross-linking: Headed
For the Next Level

This vision-saving procedure is on the
verge of evolving into multiple new
formats. Here's the latest.

Christopher Kent
of Herpes Keratitis Senior Editor
With the help of antivirals and steroids,
patients can find relief—if the diagnosis
is accurate.
Liz Hunter, Senior Editor 4 4
What Lies Ahead for

Al in Glaucoma?

Artificial intelligence experts discuss
the unique challenges the field faces
and the current research landscape.

Christine Yue Leonard
Senior Associate Editor

52

A Review of Refractive
Lens Exchange

Age and refractive error are the main
factors when surgeons consider this
procedure.

Michelle Stephenson
Contributing Editor

Yy,

NOVEMBER 2022 | REVIEW OF OPHTHALMOLOGY m



DEPARTMENTS

November 2022

5

News

14

EDITOR'S PAGE
Little Things Can Mean

a Lot
Walter Bethke
Editor in Chief

18

REFRACTIVE/CATARACT RUNDOWN
New Thinking on IOL
Exchanges

A recent study looked at the impact of
an open vs. an intact posterior capsule.

Liz Hunter, Senior Editor

24

THE FORUM
Giving Thanks for the
Lost Holiday

Mark H. Blecher, MD
Chief Medical Editor

26

MEDICARE Q8A
The Scoop on Recent
Audit Activity

Medicare auditors are waking up from
their pandemic-induced slumber. Here's
how to stay in their good graces.

Mary Pat Johnson, COMT, CPC, COE,
CPMA

26

PEDIATRIC PATIENT
Systemic Drugs and
Ocular Toxicity: A

Review

What you need to know about the
possible side effects of recently
approved systemic drugs.
Sawyer Vaclaw, BS, and

Tammy L. Yanovitch, MD, MHSC

68

GLAUCOMA MANAGEMENT
Should You Stop Driver's
License Renewal?

Even mild visual field loss can have
serious on-road consequences. Here's
guidance.

Jonathan S. Myers, MD

60

RETINAL INSIDER
A Review of Ultra-
Widefield OCT

Alook at how some clinicians are using
this relatively new technology.

Samantha Orr, MD, BVISC, Austin Pereira,
MD, MEng, and Netan Choudhry, MD,
FRCSC, FASRS

72

AD INDEX

73

PRODUCT NEWS

75

RESEARCH REVIEW

76

WILLS EYE RESIDENT CASE SERIES
A teenager is referred

to Wills Eye's Oncology
Service for lid swelling

and drooping.

Leo M. Hall, MD, MS, Sarah E. Lally,
MD, Carol L. Shields, MD, and

Tatyana Milman, MD
CIVISIT US ON SOCIAL MEDIA
Facebook www.facebook.com/RevOphth
Twitter twitter.com/RevOphth
Instagram @revophth

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2022



With Topcon you can
retire the questions
that keep you guessing.

Maestro2 OCT + Fundus Camera with Harmony
Clinical Data Management is a one-touch, one-screen
diagnostic solution that answers the need to capture
images of the macula and disc with a single click.

Get a complete picture of eye health with
Topcon. We’re in the business of answers.

© 2022 Topcon Healthcare | topconhealthcare.com/questions

SCTOPCON Healthcare

SEEING EYE HEALTH DIFFERENTLY




of OPHTHALMOLOGY
EDITORIAL STAFF

Editor in Chief

Walter Bethke

(610) 492-1024
wbethke@jobson.com

Senior Editor
Christopher Kent
(212) 274-7031
ckent@jobson.com

Senior Editor
Liz Hunter
(670) 492-1025
ehunter@jobson.com

Senior Associate Editor
Christine Leonard
(610) 492-1008
cleonard@jobson.com

Associate Editor
Leanne Spiegle
(610) 492-1026

Ispiegle@jobson.com

Chief Medical Editor
Mark H. Blecher, MD

Senior Art Director
Jared Araujo
(610) 492-1032
jaraujo@jobson.com

Graphic Designer
Lynne O’'Connor
(267) 566-6007

lyoconnor@jobson.com

International coordinator, Japan
Mitz Kaminuma
Reviewophthalmo@aol.com

Business Offices
19 Campus Boulevard, Suite 101
Newtown Square, PA 19073
(610) 492-1000
Fax: (610) 492-1039

Subscription inquiries:
United States — (877) 529-1746
Outside U.S. — (845) 267-3065
E-mail:
revophthalmology@cambeywest.com
Website: www.reviewofophthalmology.com

\Jml/ VBPA

WALTER C. BETHKE, EDITOR IN CHIEF

EDITOR'S PAGE

Little Things

Can Mean a Lot

hen your job involves
researching ophthalmic
topics, interviewing oph-
thalmologists and writing
articles about the profession, you’re
often called to drill down deeply
into such topics as protocols for
treating severe non-proliferative
diabetic retinopathy, ways to ap-
proach LASIK enhancements or
the latest variations of the Yamane
suturing technique. However, when
you come up for air and attend a so-
cial event with family and friends,
and someone learns what you do for
a living, they almost always imme-
diately ask, “So what are they doing
for eye floaters? Mine are driving
me nuts!”

These little, innocuous aberra-
tions which, for the longest time,
were just viewed as something a
patient has to live with, can actu-
ally have an oversized impact on
a person’s life. A recent article by
researchers in Canada published in
BMC Ophthalmology reported that,
of 6,590 primary eye-related visits
to general emergency services, 687
(10.4 percent) involved symptoms
of flashes and/or floaters. Oph-
thalmology emergency services
needed to be consulted for flashes
and/or floaters in 89 percent of
cases (608/687).! The researchers
noted that patients who consulted
ophthalmology emergency services
waited a total of 1,345 hours in
general emergency services and
accounted for $81,879.70 CAD in
costs.

“In the current framework of
care,” the authors wrote, “patients
presenting with flashes and/or float-

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2022

ers in general emergency service
settings can contribute to service
volume, consume health-care re-
sources and spend significant time
waiting before their contact with an
eye-care provider ... .”

In recent years, no doubt as
instrumentation and experience
have gotten better, retina specialists
have taken notice of how much of
a problem floaters can be for some
patients, and some have begun
treating them.

As mentioned in our News sec-
tion this month, in the most recent
Preferences and Trends Survey
by the American Society of Retina
Specialists, 49 percent of retina
specialists perform one to three vit-
reous-opacity surgeries each month,
and 4.2 percent perform four to six.
Of course, these surgeries aren’t
performed on every patient with an
opacity, just ones that meet certain
criteria, and patients are informed
of the risks inherent to the proce-
dure. Even so, for someone who’s
been an interested observer of
ophthalmology for decades, it’s
interesting to see such a change in
attitude.

In the grand scheme of retina
therapy, floaters may be a side note;
but, to some patients, they can fill
volumes. Kudos to retina specialists
for recognizing that.

— Walter Bethke
Editor in Chief

1. Shen C, Liu A, Farrokhyar F, et al. The burden of flashes
and floaters in traditional general emergency services
and utilization of ophthalmology on-call consultation: A
cross-sectional study. BMC Ophthalmol 2022;22:394.

2. Poster presentation: 2022 ASRS PAT Survey. American
Academy of Ophthalmology Annual Meeting. Chicago,
2022.
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compliant patient and you probably want to be more ag-
gressive to prevent vision-threatening complications in the
long run. But if their A1C is 7.5 or below, you know they’re
somewhat compliant and will come back, so you may want
to watch them until they reach a certain threshold. T can’t
fault anyone for treating these patients with the idea that if
they get lost to follow-up they can do very poorly. On the
other hand, I can’t fault someone who says, ‘I'm just going
to watch them until they develop high-risk characteristics
and then treat them at that point.”

In something of a sea change, treating patients’ vitre-
ous floaters is no longer taboo: Forty-nine percent of the
respondents say they perform one to three vitreous-opacity
surgeries each month, 4.2 percent do four to six, 2.1 percent
perform seven to nine and 0.8 percent do 10 or more.

Forty-four percent don’t perform them.

“I’m not surprised,” says Dr. Boyer. “In the past,
floaterectomy surgery was looked at as outside the norm.
Now, however, the most common question I'm asked after
removing floaters is, “When can you do my other eye?’ In
these patients who are really bothered, the vitreous gel can,
in some cases, reduce their dark adaptation.

“Obviously, it involves risks,” he continues, “but they
appear to be minimal if you don’t start doing things like
peeling the IILM and all you do instead is just go in and re-
move it. As surgeons gain more confidence and realize what
they’re doing really does help the patient, I think you’ll see
this increasing over time despite the fact that it’s surgery.
These floaters are really a problem for some people.”

1. Poster presentation: 2022 ASRS PAT Survey. American Academy of Ophthalmology
Annual Meeting. Chicago, 2022.

Genetech/Roche Susvimo Implant Recalled

round this time last fall, the FDA approved the
first sustained-release drug delivery system for wet
AMD, the intravitreal implant Susvimo (100mg/
mL ranibizumab injection, Genentech/Roche), a
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novel treatment approach requiring a medication refill
only every six months. Fast forward to this year and the
product is being pulled from U.S. shelves due to a vol-
untary manufacturer recall relating to a potential leakage
problem.

Between twice-yearly treatments, the implant is de-
signed to dispense the anti-VEGF agent into the vitreous
in a controlled manner. However, on Oct. 18, Roche CEO
Bill Anderson explained in an investor call that, due to a
manufacturing issue, the company has cause for concern
that there may be a problem with the seal on the intra-
vitreal device that’s intended to prevent the medication
from leaking out after it’s injected. As reported in the
industry publication, Fierce Pharma, Mr. Anderson com-
municated Roche’s concern about the possibility that the
seal could fail after repeat dosing and is quoted as saying,
“because it didn’t meet our performance standards, and
[because] we want to make sure that we have high reli-
ability, we decided to voluntarily stop distribution of the
port delivery system.”!

Roche advises patients who already have the Susvimo
implant to continue receiving refills as normal, and notes
that explantation is not necessary. However, no new
patients will be able to receive the implant until the pro-
duction issues are resolved and the device returns to the
market, which the company estimates will be approxi-
mately within a year or so. €
1. Kansteiner F. Roche recalls new eye therapy Susvimo on leakage fears, aims for market
return ‘within a year or so'. Fierce Pharma. Published October 18, 2022. https://www.

fiercepharma.com/manufacturing/roche-recalls-susvimo-implant-lucentis-leakage-fears-
return-market-expected-within. Accessed October 19, 2022.
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REFRACTIVE/CATARACT RUNDOWN

New Thinking on IOL

Exchanges

A recent study found no meaningful difference in complica-
tions in exchanges with an open or intact posterior capsule.

LIZ HUNTER
SENIOR EDITOR

very cataract surgeon will be

faced with a patient in need of

an [OL exchange for a range of

reasons, including pathology,
IOL dislocation or patients’ dissat-
isfaction with their visual outcome.
Generally, when the exchange is
warranted purely for optical reasons,
it’s approached without a second
thought, unless the posterior cap-
sule has been opened previously. In
this situation, it’s been a long-held
belief that IOl exchange brings
considerable risks.

T'he surgeons at Advanced Vision
Care in Los Angeles say they’ve
been under the impression that
patients who needed an exchange
fared just as well whether or not
they had an open capsule, and
whether or not the lens needed to
be fixated in another fashion. It
wasn’t until recently that they had
the time to mine the data to evalu-
ate this notion. They presented the
results at October’s American Acad-
emy of Ophthalmology meeting in
Chicago.

The paper, “Clinical Outcomes
and Complications Following IOL
Exchange in the Setting of an Open
or Intact Posterior Capsule,” was
presented by the lead author, Hasan
Alsetri, BS. The paper was co-au-

This article has

no commercial
sponsorship.

thored by Samuel Masket, MD, of
Advanced Vision Care, and clinical
professor at the Stein Eye Insti-
tute, UCLA; Nicole Fram, MD, of
Advanced Vision Care; and Hector
Sandoval, MD, of SUNY Downstate
Medical School in Brooklyn, New
York.

“At Advanced Vision Care, we
have had many patients referred for
cases with malpositioned lenses or
malfunctioning lenses. We consider
optical problems, dysphotopsias,
etc., to be malfunctioning lenses,”
says Dr. Masket. “Patients’ dysphot-

opic symptoms may be severe and
debilitating, impacting their quality
of life. They felt and we believed
that we could and should take the
risk to exchange the symptom
inducing lens for them. We gained
significant experience.”

For this reason, Dr. Masket’s
and his colleagues’ experiences
led them to believe that there’s
a misconception among surgeons
that people who’ve had a posterior
capsulotomy are at greater risk if an
IOL exchange is performed, greater
than those with intact capsules and,
as a result, are forced to tolerate
the undesired optical outcomes of
surgery.

“Among the reasons for this long-
held belief is that, typically, one
can’t reopen the capsule bag and
put the new lens back in the same
space where it was held. That’s true
under the great majority of circum-
stances,” says Dr. Masket. “Perhaps
that’s what has led the profession,

Methods: IOL Fixation Technique

OPC

ROC

SSF

Bag to Bag -

3%
n=1

CPC

Optic Capture

~ 19%
Optic

n=10

n=22 Capture

Figure 1. Data shows the primary methods of IOL fixation in both an OPC and CPC. In the
OPC group, optic capture was the primary method, while bag to bag was used in a majority

of the CPC group.
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Dr. Chayet is considered a pioneer in refractive and cataract surgery, and is the medical director of the Codet Vision Institute in Tijuana, Mexico. He is a clinical
investigator for RxSight, LensGen and ForSight Vision6.



and in turn the lay public, to believe
that once a capsulotomy is per-
formed, there are no good opportu-
nities for IOL exhcange.”

We spoke with Dr. Masket and
Mr. Alsetri in the days after the
AAO meeting to find out more
about what their study revealed and
how it may influence other surgeons
to consider their data.

Study Methods and Outcome
The retrospective study included 90
eyes that met their strict inclusion
criteria.

Any eyes undergoing [OL ex-
change due to IOl malposition,
dislocation or subluxation were ex-
cluded, as well as eyes with preop-
erative uncontrolled inflammation,
glaucoma or a visual potential worse
than 20/40.

“We only wanted the indication
for the exchange to be for optical
considerations so we could attribute
any complication after the exchange
to the exchange itself,” says Mr.
Alsetri. “We didn’t want to muddle
our data with any complications
that could have occurred because of
the condition of the eye before the
surgery or because of a dislocated
lens as well.”

T'he absence of ocular comorbidi-
ties in the study population is what
makes this so unique, adds Dr.
Masket.

“There were no malpositioned
lenses, no bleeding, no complica-
tions from prior surgery. The only
problems were related to the optical
function of the existing IOL; this
would include a diffractive optic
dysphotopsia, negative or positive
dysphotopsia, an opaque lens, or Z
syndrome with Crystalenses.

“What was unique about these
patients was that they all had good
visual acuity, but all had intolerable
symptoms related to the nature of
the lens. No study has looked at this
before,” Dr. Masket says.

“There is far less literature but
more misinformation about the
risks related to exchanging a lens

Figure 2. In the OPC group, 51 and 76 percent of eyes were within 0.5 and 1 D target,
respectively. In the CPC group, 75 and 94 percent of eyes were within 0.5 and 1 D of

target, respectively.

with an open capsule. We believe
that this study gives confidence to
the patient that they can be helped
and confidence to our colleagues
that with proper surgical technique,
these cases can gain relief from their
intolerable optical side effects of
lens-based surgery.”

The main safety outcomes in-

cluded:

¢ postop IOP control;

e was their best corrected vision
affected by the surgery;

¢ nced for glaucoma drops or
procedure(s) to manage postop-
erative 1OP;

e presence of postop retinal
edema or anterior chamber
inflammation;

e presence of retinal tears or
detachments;

e presence of corneal decompen-
sation or edema; and/or

e presence of visually significant
vitreous hemorrhage.

“We looked at all of these factors
after surgery, and compared them
between the two groups,” Mr. Alse-
tri says. “We found that there were
no clinically or statistically signifi-
cant differences between them.”

In fact, adds Dr. Masket, compli-
cations were fortunately low in both
groups (Figure 3).

“That gives us more confidence
that if the surgery is done pristinely
then we can expect similar safety
profiles when we’re looking at an
IOL exchange regardless of the
status of the posterior capsule,” Mr.
Alsetri says.

The method of fixation for the
majority of secondary IOLs was by
optic capture in the open posterior
capsule group versus bag-to-bag
exchange in the closed posterior
capsule group (Figure I).

Secondary outcome measures
were postop refractive error. In this
area, the research did reveal some
differences between the groups.

“The one difference that we
did encounter was not in regard to
complications or final best corrected
visual acuity, but in the uncorrected
visual acuity, because we found that
we were less accurate in predict-
ing the correct IOL power for the
secondary lens in the group that had
open capsules,” says Dr. Masket.

“We looked at their spherical
equivalent after the surgery, and
compared it to our pre-surgery in-
tended aim,” says Mr. Alsetri. “We
did find both a clinically and statisti-
cally significant difference between
the two groups in that regard. Our
mean difference from aim was -0.7 D
in the OPC group, and just -0.41 D
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Figure 3. The study found no statistically significant difference in postoperative complica-

tions when comparing the two groups.

in the CPC group.”

T'his emphasizes the importance
of setting expectations with the
patient, Mr. Alsetri continues. “The
surgeons at Advanced Vision Care
always have that conversation with
patients at the beginning to explain
that their best corrected vision is
going to be with glasses if they have
an OPC, because we can’t guarantee
the refractive outcome.

“A lot of these patients opted
for diffractive optic lenses at initial
surgery as a solution to their presby-
opia and now those lenses are being
exchanged for standard monofocal
lenses. They’re losing the benefits
of the lens technology that was
initially implanted, as well as the
associated negative optical symp-
toms after the exchange. That can
be disheartening to the patient if
it’s not explained beforehand,” Mr.
Alsetri says.

“Cataract or lens-based surgery
is often erroneously compared by
the lay public to LASIK outcomes.
We can’t be as accurate as LASIK
by any stretch of the imagination,”
Dr. Masket chimes in. “Patients do
need to understand that, while they
may have been free of glasses with
their multifocal IOL, they may need
glasses in some form with the new
monofocal IOL.”

He adds that there are literature

references that agree that second-
ary IOLs aren’t as accurate with
regard to optical outcomes as
in-the-bag IOLs because the lens
power formulae were designed for
an in-the-bag IOL. “We don’t have
refined formulas for lenses that are
either fixated to the iris, fixated in
the sulcus or scleral fixated, and so
we extrapolate based upon how far
anterior we think the lens will sit
under those circumstances.”

We believe that this study
gives confidence to the
patient that they can be
helped and confidence to
our colleagues that with
proper surgical technique,
these cases can gain relief
from their intolerable
optical side effects of lens-
based surgery.

— Samuel Masket, MD

What This Means for the Field
Dr. Masket says this study reinforc-
es the feeling he had about patient
outcomes. “I sense that this is an

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2022

important investigation that Mr.
Alsetri’s mined data has brought
to light and we feel that there is
a strong safety profile for IOL ex-
change,” he says.

Although Dr. Masket and his
colleagues are confident in advising
patients not to be overly con-
cerned about the added risks of an
OPC IOL exchange, they feel the
procedure’s safety profile could be
further boosted by additional data.

It’s also important to note the
experience level of the surgeons
whose data was analyzed. This
point was raised during the paper
presentation session at AAO, Mr.
Alsetri says. “T'he moderator, Nick
Mamalis, MD, said results may
differ ‘in the hands of mere mor-
tals,” which is to say that exchanges
haven’t always had the best results
when it comes to inexperienced
surgeons and the open posterior
capsule. So there’s definitely a
learning curve and a comfort and
competence level that’s appropriate
to achieve the results that we’re dis-
cussing right now,” Mr. Alsetri says.

On an even larger scale, Dr.
Masket wants these results to give
hope to patients suffering from dys-
photopsias and similar symptoms,
despite having a successful surgery
initially.

“Patients can be highly dis-
tressed by dysphotopsia and similar
symptoms, yet the eye can be ana-
tomically pristine after surgery that
mave have been done beautifully;
this is frustrating to surgeon and
patient,” he says. “Among the very
first things that we tell patients is
that if it comes to it, we expect that
we can help them surgically. I think
it’s very important to let patients
know that their life is not over, so to

speak.” «

DISCLOSURES

Dr. Masket is a consultant and investor for CAPSU-
Laser and Haag-Streit. Mr. Alsetri has no financial
disclosures.
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Giving Thanks for
The Lost Holiday

Musings on life, medicine and the practice of ophthalmology.

MARK H. BLECHER
CHIEF MEDICAL EDITOR

here used to be two holidays
between Labor Day and Christ-
mas. Of course, you can’t tell
these days since as soon as you
are back from your long Labor Day
weekend the Halloween candy and
pumpkin spice lattes are out.
And before the first trick or
treater knocks on your door, its
full-on Christmas in the stores.
The poor turkey, or maybe the
lucky turkey. Not sure which.
What had been the consum-
mate American holiday, ripe
with native American poultry
and extended family gather-
ings, has been bowled over
by the much sexier and more
virulently consumer-driven
Yuletide.

Before I go on with my
Thanksgiving lament, let me fess up
and say I find Thanksgiving painful.
While the holiday itself has been
run over and its origins debunked,
it’s still a notable social gathering in
most families. And why not? Who
can fault our moms for trying to get
everyone together, even if many of
us aren’t talking to each other? That’s
one of the reasons I’'m no fan: The
concept of getting together is great,
but as the intent of the holiday got
lost in the shuffle to New Year’s, it
simply became, in large part, another
dinner party—in the middle of the

week, often at a great distance and
with as many of the relatives as you
could guilt into coming, even though
you didn’t have a lot to say to them.
Then we get to repeat it all again in
a month. I wasn’t always sure of the
point of Thanksgiving, since it just
seemed like a dry run for Christmas,
but without the good cheer.

By now many of you hate me
and think I’'m an old curmudgeon.
I guess to a degree I am. Lest you
think next month’s column is going
to see me playing Scrooge, I would
refer you to last year’s December col-
umn. As that column showed, I love
the holidays, whatever you celebrate,
and whatever you call them. It’s the
underlying concept that should drive
how we feel and how we celebrate
at this time of year, not a fairy tale of
Pilgrims and Native people. So, I'm
going to surprise you and advocate
for a renewed celebration of Thanks-

LUISET Y R LI L BT RRIL B T Dr. Blecher is an attending surgeon at Wills Eye Hospital.

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2022

giving. Emphasis on the ‘thanks’
part. This is especially true this year,
the year that was supposed to be

a return to calm and normalcy but
which is anything but.

I know that in many families
there’s a dedicated part of the
evening where everyone gets to say
what they’re thankful for. It’s a very
laudable moment, if not somewhat
contrived. I’'m advocating for some-
thing less “sound bite” and more
communally heartfelt. ’'m not sure
what that is, or how to achieve it,
though. It’s one of those ‘T’ll know it
when [ see it’ things. [ do know that
it should be a true inner look at who
and where we are, the people around
us who’ve made a positive impact,
and our relative—if not abso-
lute—good fortune. Because,
no matter how motivated,
hard-working and driven we
may be, we don’t exist in a
vacuum. None of us got here
on our own, nor would it be
much fun to celebrate that
way.

In a world that looks ever
scarier, we should give thanks
for all the cliché wonders
of living where we do, the
freedoms and opportunities
we still enjoy, and our relative
ease and comfort. Beyond that, look
around and identify what makes
your thanks personal and unique to
yourself, and stop taking your good
fortune for granted. As Americans,
we generally focus on what’s next,
what’s better, what’s missing. It
drives us, but it also distracts us from
living in the moment, from seeing
what we’ve already accomplished
and achieved. So, on November 24
and every day, stop for a minute.
LLook around and smile. And under
your breath, say thank you to the
world around you. <

[p]
@
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MEDICARE Q&A

The Scoop on Recent
Audit Activity

Medicare auditors are waking up from their pandemic-induced
slumber. Here's how to stay in their good graces.

t the beginning of the CO-

VID-19 Public Health Emer-

gency, CMS reprioritized their

audit activity and allowed
Medicare Administrative Contrac-
tors (MACs) and Qualified Inde-
pendent Contractors (QICs) more
flexibility in their auditing process-
es.! As a result, there were far fewer
audits of physician practices in 2020
and most of 2021. That hiatus seems
to have come to an end. In late 2021
and through 2022, many ophthalmic
practices have been, and continue
to be, asked to provide medical
records to support claims submitted
for reimbursement. In this month’s
column, we’ll look at the salient
points regarding these audits.

What types of audits are
currently active?
Ophthalmologists are getting
chart requests for Targeted
Probe and Educate (TPE) audits,
Supplemental Medicare Review
Contractors (SMRC), Recovery
Auditors (RA) and Unified Program
Integrity Contractors (UPIC) audi-
tors. >
Many practices have recently
received comparative billing report
(CBR) letters, but these aren’t
audits. The CBR program was
intended to enhance accurate billing
practices and support providers’ in-

ternal compliance activities. A CBR
discusses the billing and/or prescrib-
ing patterns that may be prone to
improper Medicare payments.
Receiving a CBR is not an indica-
tion of a current audit or an indica-
tion that an audit may be initiated.®
Furthermore, a CBR doesn’t
require a response. Also,
you can access your CBR
online.’

What ophthalmic ser-
vices are getting the
most audit attention?
Cataract surgery and
injections—both
intraocular injections
and botulinum toxin
injections—have been
the focus of TPE,
SMERC and RA
audits.
For cataract proce-
dures, these reviews
focus on the medical
necessity of surgery,
as well as the accuracy
of the coding on claims.
Carefully review your
Medicare LLCD for cataract
surgery, especially the language in
the “Indications for Coverage” and
the “Required Documentation”
sections. Common requirements
include patient “Activities of Daily

Living” affected by decreased vi-
sion, a best-corrected visual acuity
and a statement that a change in
glasses will provide a satisfactory
improvement in vision. Some LCDs
also require the use of the VF-8
form or similar questionnaire. Oth-
ers require a physician attestation
stating that other ocular conditions
have been ruled out as the source of
the decreased vision.

What deficiencies have been

seen in reviews related to injec-
tions?

Primarily, the reviewers are

looking to ensure the billing
rules are being followed and the
procedures are well documented.

Billing-rule issues include:

e the timing of
injections; proce-
dures repeated on
the same eye within
28 days may be “off

label,” depending on

the medication used;
e valid clinical
indications, diagnosis,
test results and clinical
findings; and
® minor surgery rules
as they pertain to billing
an exam on the same day
as the injection.

Don’t presume that
since these are office-
based procedures they

don’t require a proce-

dure note. Also, very
abbreviated notes
are difficult to defend.
Appropriate documentation for
injections includes:
e a surgical plan including the
name of the drug, the dosage, and
the indication;
e documentation of physician

This article has no commercial . . . . . . A
Mary Pat Johnson is a senior consultant at the Corcoran Consulting Group and is based in North Carolina. She can be reached at mpjohnson@corcoranccg.com.
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GET MORE OUT OF YOUR
EYEDROP BOTTLES

ave you ever heard patients
complain about their
eyedrops? Maybe they ran

out before the end of the month and
had to wait for insurance to cover
their next refill, or their eyes felt
flooded with too much fluid? Have
you noticed how much of the drop
runs down your patients’ faces when
you're trying to dilate their eyes?

That's because eyedrops are too
large for the eye to absorb. The
Nanodropper Adaptor has solved this
problem. Here's how it works.

What's the problem with eyedrops?

They're too big! About five times

too big, to be exact. This means 80%
of every eyedrop (and thus, every
bottle) is wasted due to overflow and/
or systemic absorption. This waste
contributes to financial barriers to
care, and clinical research has shown
that oversized drops increase both
local and systemic side effects!

Hundreds of clinics nationwide
have improved their standard of

care. Are you ready to fight back
against the eyedrop problem?

How does Nanodropper help?

Pretty simple — by reducing the size

of eyedrops to just what the eye can
absorb! Smaller drops reduce waste and
the cost of in-clinic and prescription
at-home eyedrops, and research has
shown smaller drops minimize local and
systemic side effects.

The Nanodropper is compatible with
most of your commonly used in-office
drops like Phenylephrine, proparacaine,
OTC drops like Lumify, and expensive
glaucoma medications like Rhopressa,
Rocklatan, Vuity, and many more!

“Two of the greatest obstacles

to adherence are both price and
convenience. The Nanodropper has
the potential to minimize both of
these impediments. Most commercial
drops have a volume between 30
and 50 microliters. By reducing the
volume per drop to 10 microliters,
the effect of each drop should be

the same, yet a bottle would last
approximately 3 to 5 times longer.
This would not only make medication
last longer, obviating the need for
frequent visits to pharmacies, but
also significantly reduce medication
burden on individuals with fixed
incomes.”

-Alan Robin, MD, Ophthalmologist,
Founding Member of the American
Glaucoma Society and Advisor for
Nanodropper

Use discount code
ROPHM10 for 10% off
your first order!

The Nanodropper is the only FDA-listed, volume-reducing adaptor for eyedrop bottles designed to deliver
precisely the amount of fluid the eye can absorb. Smaller drops reduce the waste and cost of in-clinic and
Rx formulations while minimizing local and systemic side effects.
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informed consent;

¢ a procedure note including the
volume and dose of the injected
drug, the lot number and expira-
tion date, as well as how much (if
any) was wasted or discarded;

¢ documentation of any complica-
tion (including medication errors);
and

e discharge or follow-up instruc-
tions.

How should I craft a response to

an audit letter?

Organization is key. You should

assign one ‘captain’ to oversee
the project but you may need to
assemble a team to gather the notes
and formulate a response. In the
event you're undergoing multiple
audits at once, treat each as its own
project. This is not uncommon in
group practices where the separate
records requests are made of each
physician.

Carefully read the entire audit
response letter—then read it again.
First, pay attention to deadlines.
Ask for extensions, if given the op-
tion. Next, take note of the docu-
ments being requested, perhaps
create a checklist to be used in gath-
ering and organizing the data. Some
requests specify the order in which
they want the documents arranged.
Send everything the reviewer needs
to support the claims in question,
even if that includes forms or dates
not specified in their request.

If options are provided, determine
how the documents will be given:
L.e., via an established digital portal;
as shipped paper copies; or through
a secure email system. Keep copies
of everything you send and keep
a log of any correspondence (e.g.,
phone calls, emails, letters) related
to the project.

The SMRC audit response offers

a Discussion and Education
period. What's involved with this, and
should we agree to it?

The D&E period allows the

reviewer the chance to discuss

the rationale of their review find-
ings, communicate recommenda-
tions and educate the provider on
coverage, coding and payment poli-
cies related to the services audited.
"T'his is done to avoid future denials
and provide another opportunity

to submit missing documentation.
Practices should take advantage of
this. The audit-result letter gives
you 14 days to submit your request
for a D&E. Note: even if you miss
this deadline for scheduling this
D&E, request one anyway. The
SMRC reviewer is likely to agree
and schedule the D&E session
within 14 days of receiving the
request.

(1

Organization is key.
You should assign one
‘captain’ to oversee
the project but you
may need to assemble
a team to gather the
notes and formulate a
| response.

If our review results are

unfavorable, can we appeal the
auditor’s decision?

Yes, there’s a standard audit

appeal process. This is usually
conveyed in the audit response
letter you receive. Often, you’re
allowed to provide additional
information for a re-review. The ap-
peals process usually begins once a
demand letter is received. Visit the
website for the Medicare Adminis-
trative Contractor for its instructions
and forms.

We've responded to the request

with the appropriate
documentation, now what?

Though you might prefer to

“sit and wait,” this is a good
time to review your work and make
changes that may improve your
compliance with the billing rules

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2022

moving forward.

As you prepared your response to
the auditor, you may have uncov-
ered areas where improvements
could be made in your process or
in your team. For example, it may
be time to assess current forms,
templates, EMR use, billing office
procedures or overall revenue cycle
process. Make updates as needed.
Consider educating, or re-educating,
physicians and staff on the impor-
tance of accurate documentation
and coding. Revisit the role of, and
the tasks assigned to, each member
of your team, and confirm they’re
provided with the tools and resourc-
es needed to complete those tasks.

In conclusion, while you can hope
your practice never gets audited,
that isn’t a management strategy.
Instead, practice in way that you can
withstand any payer scrutiny if or
when it occurs. To summarize:

e cstablish a compliance or quality

assurance program;

e stay up to date on coding and

billing rules;

e review and adhere to payer

policies;

¢ conduct ongoing employee

training; and

® MONItor your accuracy using

internal audit programs. <

1. CMS website. https://www.cms.gov/files/document
medicare-advantage-and-part-d-plans-cms-flexibilities-

fight-covid-19.pdf. Accessed October 14, 2022.

2. TPE Audits. https:/www.cms.gov/Research-Statis-
tics-Data-and-Systems/Monitoring-Programs/Medicare-
FFS-Compliance-Programs/Medical-Review/Downloads
TPE-QAs.pdf. Accessed October 14, 2022.

3. SMRC Audits. https://www.cms.gov/Research-
Statistics-Data-and-Systems/Monitoring-Programs
Medicare-FFS-Compliance-Programs/Medical-Review,
SMRC. Accessed October 14, 2022.

4. Recovery Auditors. https://www.cms.gov/research-
statistics-data-and-systems/monitoring-programs/medi-
care-ffs-compliance-programs/recovery-audit-program.
Accessed October 14, 2022.

5. UPIC Auditors. https://med.noridianmedicare.com
web/jddme/cert-reviews/upic. Accessed October 14,
2022.

6. CBR Notices. https://cbr.chrpepper.org/Home. Ac-
cessed October 14, 2022.

7. Locating your CBR. https://cbrfile.cbrpepper.org/.
Accessed October 14, 2022.




Cover Story OCULAR HERPES

DIAGNOSIS AND TREATMENT
OF HERPES KERATITIS

With the help of antivirals and steroids, patients can find relief—if the diagnosis is accurate.

LIZ HUNTER
SENIOR ASSOCIATE EDITOR

onsidering its rate of
infection—estimated
to be 67 percent of the
global population under
age 50'—herpes simplex will
continue to manifest ocularly
with a range of complications
and risks to patients.
Herpes simplex virus type
1, primarily transmitted by
oral contact, commonly infects
people as children, with a
lifelong risk of symptomatic or
asymptomatic viral shedding.?
In many, HSV-1 will show up
as a cold sore or fever blister, but
ocular symptoms can present as
blepharitis, conjunctivitis, epithelial
keratitis, stromal keratitis, endothe-
liitis, iritis, trabeculitis and retinitis.?
Herpes simplex keratitis and herpes
zoster ophthalmicus each pose
significant risk to a person’s vision,
making accurate diagnosis crucial to
its treatment and ongoing preven-
tion.
We spoke with several cornea spe-

This article has no commercial sponsorship.

Figure 1. Dendrites with dichotomous branching and distinct
terminal bulbs are a classic presentation in herpes simplex. g5y,

cialists about what you should look
for in order to properly diagnose
ocular herpes and which treatment
methods show the most success.

Making a Diagnosis

Pain isn’t one of the primary com-
plaints patients will have when it
comes to herpes simplex keratitis.
“They’ll come in with either red
eye, blurred vision or light sensitiv-
ity,” says Sonal 'Tuli, MD, MEd, a

professor and chair of the
department of ophthalmol-
ogy at the University of
Florida. On the other hand,
zoster presents with very
distinct skin lesions, redness
and swelling, and patients
will have a tingling, painful
sensation. “It can initially be
misdiagnosed as just a rash or
an allergy or bacterial infec-
tion, but then patients will
get these blisters that break
down and cause crusting and
scarring. Then, it’s pretty
obvious it’s zoster,” Dr. "Tuli

am “In. jeuos

Knowing what to look

for during the exam will help you
determine the type of virus. “If it’s
on the surface of the cornea, this
is classically what people see in
the textbook as a herpes simplex
dendrite. It’s a very specific ap-
pearance—you can’t miss it,” says
Bennie Jeng, MD, chair of the
department of ophthalmology and
director of the Scheie Eye Institute
at Penn Medicine in Philadelphia.

Epithelial keratitis presents with

Dr. Carlson, Dr. Dhaliwal and Dr. Tuli report no relevant financial disclosures. Dr. Jeng is a consultant for Glaxo-Smith Kline, Oyster Point
and Santen. He owns stock in Kiora.
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Inspired by a real patient
with Wet AMD.

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS

- EYLEA is contraindicated in patients with ocular or periocular infections, active intraocular inflammation, or known
hypersensitivity to aflibercept or to any of the excipients in EYLEA.

WARNINGS AND PRECAUTIONS

- Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis and retinal detachments.

Proper aseptic injection technique must always be used when administering EYLEA. Patients should be instructed to report
any symptoms suggestive of endophthalmitis or retinal detachment without delay and should be managed appropriately.
Intraocular inflammation has been reported with the use of EYLEA.

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

- There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, including EYLEA.
ATEs are 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.

EYLEA is a registered trademark of Regeneron Pharmaceuticals, Inc.
© 2021, Regeneron Pharmaceuticals, Inc. All rights reserved.
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PROVEN VISUAL OUTCOMES AT YEAR 1IN THE
VIEW STUDIES

Fewer injections with EYLEA Q8 vs ranibizumab Q4
Demonstrated in the largest phase 3 anti-VEGF trials completed to date in Wet AMD (N=2412)"*

Proportion of patients who maintained vision (<15 ETDRS letters lost of BCVA) at Year 1from baseline'**

Primary Endpoint (Year 1)

VIEW 1 VIEW 2

*Last observation carried forward; full analysis set.

Safety analysis set.
EYLEA Q4 95% 95% *FslE)tv)\;i?]r;zyiilistiz(leamnthly doses.
(12.5 injections?) (12.6 injections?)
o o
EVLEA Q8' 94% 95% Vision was
(75 injections') (7.7 injections’) maintained at
- Year 1 with =5
ranibizumab 94% 95% fewer injections
Q4 (121 injections?) (12.7 injections') with EYLEA Q8 vs
ranibizumab Q4

EYLEA was clinically equivalent to ranibizumab.

VIEW 1and 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.' 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.

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

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

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 sufficiently.

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 (RV0), Diabetic Macular Edema (DME), and
Diabetic Retinopathy (DR).

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 1and VIEW 2 Study Groups. Intravitreal aflibercept (VEGF Trap-Eye) in wet age-related macular degeneration.
Ophthalmology. 2012;119(12):2537-2548. doi:10.1016/j.0phtha.2012.09.006

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



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

product information.

Q EYLEA
7/ (aflibercept) Injection
For Intravitreal Injection

TINDICATIONS 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 0cular 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 technigque 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 (VIEW1and 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
Active Control Control
EYLEA (ranibizumab) EYLEA (ranibizumab)

Adverse Reactions (N=1824) (N=595) (N=1824) (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% 1%
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).
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Table 2: Most Common Adverse Reactions (=1%) in RVO Studies

CRVO BRVO

EYLEA Control EYLEA Control
Adverse Reactions (N=218) (N=142) (N=91) (N=92)
Eye pain 13% 5% 4% 5%
Conjunctival hemorrhage 12% 1% 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

EYLEA Control EYLEA Control
Adverse Reactions (N=578) (N=287) (N=578) (N=287)
Conjunctival hemorrhage 28% 17% 31% 21%
Eye pain 9% 6% 1% 9%
Cataract 8% 9% 19% 7%
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 >0.1mg 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.
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linear dendrites with branches
featuring distinct terminal
bulbs. To confirm this diag-
nosis, fluorescein stain should
be used for the center of the
dendrites and rose bengal on
the periphery, says Dr. Tuli.
“That’s the classic dendrite
staining. The problem with
simplex is it doesn’t just
cause dendrites—it can cause
infection in any of the layers
of the cornea, and even in
the anterior chamber,” she
says. ““T'hose become a little
harder to diagnose because
the stromal inflammation can
be missed. It may manifest
as these little hazy patches in
the cornea, and if you don’t
treat that, then blood vessels
can start growing into the
cornea and cause pannus or
interstitial keratitis.”

Dendrites for HZO look sub-
tly different. “Zoster dendrites,
referred to as pseudodendrites, have
tapered edges and lack the distinct
terminal bulbs,” says Deepinder K.
Dhaliwal, MD, LLAc, a professor of
ophthalmology at the University of
Pittsburgh.

Asking patients the right ques-
tions can help narrow down the
diagnosis. “When you get stromal
involvement of the middle of the
cornea and you get herpes stromal
keratitis, it can be virtually impos-
sible to tell which virus is causing
the inflammation because it looks
identical,” Dr. Jeng says. “Ask the
patient’s history: Have you ever had
a dendrite before; have you had zos-
ter on the skin before? Those things
will point to having one diagnosis or
the other. Both can cause endothe-
liitis, so it’s also virtually impossible
to tell which virus is causing it just
by looking at it.”

If any doubt exists, ordering a
herpes PCR is a good idea. Alan
Carlson, MD, a professor of oph-
thalmology and chief of corneal
and refractive surgery at Duke Eye
Center, says he’ll order a PCR if

Figure 2. Nummular keratitis appears as coin-shaped lesions in
the middle of the stroma as a sign of inflammation, which is often
managed with steroids.

there’s a question whether the
infection is herpetic. “I do recom-
mend obtaining a PCR test, which
has replaced the culture, if it’s active
epithelial herpes, and if it’s stromal
keratitis, I’ll often get a blood test
for HSV-1 and HSV-2 because I’'ve
had several patients now who were
able to come off of chronic antiviral
medication because they were sero-
logically negative for this virus,” Dr.
Carlson says.

"This has been helpful especially
since Dr. Carlson has noticed an
uptick in Epstein-Barr virus, which
can resemble HSK. ESV can show
up ocularly via conjunctivitis, dry
eye, keratitis, uveitis, choroiditis
and retinitis.* “It’s more likely
Epstein-Barr if it’s bilateral, and it
involves the stroma at various levels,
particularly in the periphery of the
cornea. If you present with a deeper
infiltrate, we'’ll see the Epstein-Barr
virus, so being able to exclude her-
pes simplex serologically has been
valuable,” says Dr. Carlson.

If the dendrites don’t have the
classic presentation, Dr. Tuli says
several factors could cause that,
including medication toxicity or a

healing epithelial defect.
Dr. Dhaliwal says

= Acanthamoeba keratitis is

commonly confused for

HSK. “If there’s a den-

drite or something that

looks like a dendrite in a
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contact lens wearer and
they may or may not have
more pain and irritation,
we think of Acanthamocba
keratitis before we think
of herpes, and the casiest
way to make this diagnosis
is to remove all of the in-
volved epithelium and just
send it to the microbiology
lab,” she says. “They can
do a PCR for Acanthamoeba
and you definitely don’t
want to miss the diagnosis
of Acanthamoeba because if
you catch it early and you
remove all the involved
cornea, you just cured the patient.
It’s really impactful.”

This may come to light during
the course of treatment, she adds.
“HSK resolves pretty quickly, so if
there’s a situation where the herpes
isn’t getting better, you’ve got to
rethink the diagnosis.”

Diagnosis may be further chal-
lenged if the patient has other forms
of ocular surface disease, continues
Dr. Carlson. “If they have ocular
rosacea in addition to viral keratitis,
they can be more prone to inflam-
mation and you want to be aware
of that because they may require
steroids for a longer period of time.”

Treatment Strategies
Once the correct virus has been
identified, treatments include oral
and topical antivirals, and steroids.
“The treatment for epithelial
disease is primarily antivirals,”
Dr. Tuli says. “You can use oral or
topical, and there’s advantages and
disadvantages to cach. There’s less
resistance to topical antiviral medi-
cations because they’re not used
globally for other herpes infections,
but they can be toxic and patients
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might not tolerate them, or children
might not tolerate putting in drops
every couple of hours. In that case,
oral antivirals might be more use-
ful; they’re less toxic and easier to
take, but the disadvantage is that it
does have to get absorbed into your
body.”

Acyclovir i1s often mixed with
lactose, she says, so if someone
is lactose intolerant they may not
absorb it. “People who’ve had ab-
dominal surgeries may not tolerate
it, and anyone with liver or kidney
failure may not be able to take those
medications because they could
build up in their body,” says Dr.
"Tuli. “Deeper infections are typi-
cally treated with steroids to calm
down the inflammatory reactions,
and that often prevents the compli-
cations such as scarring and blood
vessel growth.”

“Each entity is treated differ-
ently,” says Dr. Jeng. “If you see
herpes simplex and it’s epithelial
disease, then you can cither treat
it with topical medications or you
can treat it with oral medications.
Topical medications would include
trifluridine or ganciclovir. You can
also treat orally with either acyclo-
vir, valacyclovir or famciclovir. If
it’s zoster, then there’s been some
evidence that ganciclovir might
work topically. Orals are also a good
choice.”

Dr. Dhaliwal believes topical
agents like ganciclovir are “fantas-
tic.” “I don’t typically use Viroptic
anymore because it’s preserved in
thimerosal and it can have a lot of
toxicity,” she says. “I would recom-
mend either using ganciclovir or
oral agents which are wonderful for
epithelial disease.”

Dr. Carlson tends to avoid the
topical antivirals in certain situa-
tions. “As somebody that’s in cornea
practice, I see a lot of surface
disease, so I tend to favor the oral
medications based on the safety
profile, the cost effectiveness, and
the lack of topical toxicity,” he says.
“A lot of the topical antivirals are

The Importance of the Shingles Vaccine

Herpes zoster is more commonly known as shingles and often appears in the form of rashes and blisters. Not only
can shingles lead to blindness, but more than 10 percent of people who get shingles develop postherpetic neural-
gia. What's especially concerning to health-care providers, however, is not only the incidence of shingles, but the

age of people developing it.

“We're clearly seeing shingles occur in younger patients, and we don't exactly know why,” says Alan Carlson,
MD, a professor of ophthalmology and chief of corneal and refractive surgery at the Duke Eye Center. A 2016 study,
showed the incidence of herpes zoster increased four times over a 60-year period in those under age 50.”

Bennie Jeng, MD, chair of the department of ophthalmology and director of the Scheie Eye Institute at Penn
Medicine in Philadelphia, says this age-shift has been coming on progressively. “We used to think that if anyone
under the age of 60 developed shingles, we had to work them up for some sort of immunosuppressive condition
whether it was cancer or HIV,” he says. “But now we see people in their 50s or even their 40s having it.”

These anecdotes make it even more vital that ophthalmologists tell their patients about the efficacy and safety
of the newest shingles vaccine [Shingrix), which has faced a somewhat slow adoption rate.

The Shingrix vaccine is recommended in people over age 50 and has proven to e much more effective than its
predecessor, Zostavax. In adults 50 to 69 years old with healthy immune systems, Shingrix was 97 percent effec-
tive in preventing shingles; in adults 70 years and older, Shingrix was 91 percent effective.?

Some within the eligible population are hesitant to get vaccinated for a couple of reasons, says Deepinder K.
Dhaliwal, MD, LAc, a professor of ophthalmology at the University of Pittshurgh. “Shingrix is a great vaccine, it just
hurts. And you need two shots,” she says. “I try to counsel all my patients to get it but people are a little vaccine
hesitant because of COVID; they have vaccine fatigue. But it's critically important as ophthalmologists that we
educate patients on how devastating zoster is to the eye, much more than simplex.”

Vaccination is an effective way to prevent this from happening, says Dr. Jeng. “Not only does the CDC recom-
mend it for anyone aged 50 and over, but so does the American Academy of Ophthalmology. When people do get
zoster, it's really bad, so if we can get the message out to get vaccinated for shingles then we will have accom-

plished something major.”

toxic to the surface, so if you’ve got
a dry eye or an epitheliopathy or
ocular surface disease that’s been
made worse by surgery, adding the
toxicity of another medication like
a topical antiviral could make the
patient worse.”

Not to mention, if it’s stromal
disease, topical medications don’t
work, says Dr. Jeng. “This is a
common mistake,” he says. “There
are two types of stromal disease:
necrotizing, where there’s actu-
ally destruction of tissue; and non-
necrotizing. Necrotizing suggests
that there’s active viral replication,
and for that you need to treat with
antivirals. If there’s non-necrotizing
disease and it’s just inflammation,
we treat that with a combination of
steroids and oftentimes we cover
with antivirals, just in case, but
really steroids are the mainstay of
treatment.”

Dr. Carlson also uses steroids
when dealing with a stromal in-
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filtrate. “I’m a huge fan of topical
steroids in that setting and I like to
cover with a prophylactic dose of an
oral antiviral,” he says. For example,
he continues, if a patient had been
on 1 g of Valtrex twice a day but no
longer has active epithelial HSV
but there’s stromal inflammation, he
would continue the 1 g of Valtrex
prophylactically daily and add the
topical steroid based on the severity
of the inflammation.

But what should you do about
treating stromal disease that looks
identical in both zoster and sim-
plex? “In zoster we tend to use
higher doses because it’s a hardier
virus, so everything is doubled,” Dr.
Jeng says. “For instance, if we’re
doing 500 milligrams of valacyclovir
three times a day for simplex then
we would do 1,000 milligrams three
times a day for zoster.”

"This high dose of antivirals in
the initial zoster episode for at least
two to four weeks is going to help



prevent the biggest complication of
zoster: postherpetic neuralgia, says
Dr. 'Tuli. “People believe, after the
first three or four weeks, that the
corneal disease is immune-medi-
ated, and we wsually treat that with
steroids. At this point, it becomes
uncertain if the antivirals actually
help with the corneal disecase.”

Dr. Dhaliwal personally doesn’t
use an antiviral cover for zoster.
“Once they get the full oral antiviral
dosing of valacyclovir or one of the
antivirals then I typically just treat
with steroids, even if they have a
stromal keratitis or an interstitial
keratitis,” she says. “I personally
haven’t had any situations where
there was melting or problems with
this. I'll use antivirals if there’s a
persistent uveitis. That’s another
thing that people need to know:
herpes-related uveitis is differentiat-
ed from typical uveitis because you
get a higher pressure in the eye.”

The efficacy of using antivirals
prophylactically in HZO is the aim
of the Zoster Eye Disease Study,
co-chaired by Dr. Jeng. Much like
the Herpetic Eye Disease Study
(HEDS) did in the ’90s for treating
herpes simplex keratitis with acyclo-
vir, the ZEDS is doing the same for
zoster. The National Eye Institute-
supported randomized clinical trial
is exploring whether one year of
suppressive valacyclovir reduces
zoster complications.’

“This is specifically about pre-
venting recurrent disease,” Dr. Jeng
says. “If you get an infection in
your eye, you can always have more
episodes. The question is, if we
treat it with low-dose antivirals, will
that decrease your chance of recur-
rence? What the HEDS showed was
that for the non-necrotizing stromal
keratitis, if you prophylax them
with low-dose acyclovir (400 mg
twice a day), you decrease your risk
of having a recurrent episode by 40
percent. Since this type of disease
causes vision loss, it’s important to
try to prevent recurrent episodes.”

Many people are under the im-

pression that zoster can be treated
the same as HSK to prevent recur-
rences, says Dr. Jeng. “We just don’t
have good data for zoster to support
that, and that’s the whole reason
behind ZEDS.”

Dr. Jeng expects the study will
continue for one to two more years,
and the endpoints will look at recur-
rences at the one-year mark and
again at 18 months to sce if there’s
some sort of lasting effect.

And that’s one of the biggest
questions: how do you deal with
these patients moving forward?

“Once you’ve resolved their
dendrite, what do you do?” muses
Dr. Dhaliwal. “Dendrites typically
result in scarring and you have to
be really careful because they could
get recurrent keratitis. [ often keep
them on a low-dose of antivirals for
a long time, and that’s been shown
to be relatively safe. The thing that
the patients need to know is that
the virus lives in the trigeminal
ganglion so they’ll never get rid of
it; it’s always going to rear its ugly
head when they’re stressed out or
with UV exposure.”

Final Thoughts

“Herpes is often so confusing to
people, but it really doesn’t need to
be,” says Dr. Dhaliwal. “Compart-
mentalize it, so first: is it zoster or
simplex? If it’s simplex, is there live
virus or not? Taking it step by step
is super helpful.”

Returning to her earlier point, Dr.
Dhaliwal says, “If it’s not resolv-
ing and you have a dendrite in a
contact lens wearer, please think of
Acanthamoeba keratitis. Unless it’s
a classic dendrite, I would have a
very low threshold to remove all of
the affected epithelium and send
it to the lab. That used to be the
treatment for herpes, removing the
dendrite with a cotton swab and
debulking the particles, so even
debridement is a treatment as well.
It really could be curative, even in
both situations, and the worst thing
that you did is create an epithe-

lial defect which should heal. But
Acanthamoeba is a problem and the
numbers aren’t going down.”

Dr. Carlson also recommends
that physicians remain mindful of
treatment costs. “I’ve had some
patients who were prescribed the
newer medication Zirgan (ganci-
clovir gel) come back and say that
they couldn’t afford it,” he says. “If
you do prescribe that, make sure
that the patient has a coupon or
something to help absorb the costs,
because all of the other things we’ve
talked about—the topical medica-
tions, the steroids, the oral Valtrex,
the oral acyclovir—all of those are
relatively cheap compared to Zirgan,
and if you prescribe it to a patient
who doesn’t have insurance, they
may get a little sticker shock. You
just need to be aware of that.”

Looking toward the future of
treatments, Dr. Tuli says the Holy
Grail for simplex and maybe zoster
wouldn’t be a treatment for the sur-
face of the eye or the eye itself, but
one that would shut the herpes virus
replication down where it originates,
in the trigeminal ganglion. “There
are several labs, including mine, that
are looking at this,” she says. €
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CROSS-LINKING: HEADED
FOR THE NEXT LEVEL

This vision-saving procedure is on the verge of evolving into multiple new formats. Here's the latest.

CHRISTOPHER KENT
SENIOR EDITOR

here’s no question that corneal
cross-linking has been a mirac-
ulous treatment for problems
like keratoconus and post-
surgical ectasia. But it’s also clear
that cross-linking’s earliest protocols
have been hard on patients. Today,
new approaches to generating cross-
linking in corneal tissue are getting
closer than ever to becoming real.
Here, surgeons provide an update
on several of the most promis-
ing new cross-linking variations,
including two promising epi-on
approaches; miniaturization of the
equipment; and triggering cross-
linking via an eye drop. In addi-
tion, surgeons offer updates on how
they’re using cross-linking to address
difficult-to-treat infections, and what
the outlook is for using cross-linking
to treat small refractive errors.

Effective Epi-on: Coming Soon?
Every surgeon involved with corneal
cross-linking is well aware that the
traditional epi-off procedure is

This article has no commercial sponsorship.

painful for the patient and requires
extensive healing time. For that
reason, finding an effective epi-on
procedure has long been the Holy
Grail of the field. Now, two of the
systems in development could soon
become a reality.

The EpiSmart (epithelium-on)
system, from CXL, Ophthalmics
(Encinitas, Calif.) recently com-
pleted a Phase II study for the
FDA." The prospective, randomized
and controlled study involved 2,228
patients, 1,922 of whom had been
diagnosed with keratoconus. The
primary endpoint for the study was
corrected distance visual acuity, with
UCVA, Kmax and minimum corneal
thickness as secondary endpoints.
Seventy-one percent of patients
underwent bilateral, simultaneous
treatment (which was possible be-
cause there was no need to remove
the epithelium).

Study findings included:

e At six and 12 months, kerato-
conus patients showed improved
CDVA, UCVA and Kmax. Minimum
corneal thickness was unchanged.

e At six and 12 months, kerato-
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conus patients showed significant
improvements in CDVA, UCVA and
Kmax (p<0.001). These improve-
ments were shown in a prior study?
to be stable two years after the
treatment.

e Minimal corneal thickness
wasn’t reduced at any point after
treatment, confirming the results of
prior publications.’

® No bandage contact lenses were
applied and patients experienced
only brief discomfort, returning to
normal activities the next day.

e Only 195 subjects (8.7 percent)
reported any adverse event related
to the treatment and none of those
reported was serious. The safety
profile was similar to that of a dry-
eye medication. No corneal infec-
tions were reported.

¢ Only six out of 2,228 patients
(0.3 percent) developed corneal haze
or opacity post-surgery. (Haze or
opacity is reported in 64 percent of
those treated with the current FDA-
approved epi-off procedure.)*

Roy S. Rubinfeld, MD, MA,
medical director at Re:Vision in
Rockville, Maryland, and Fairfax,

Dr. Rubinfeld has equity interest in CXL Ophthalmics. Dr. Chuck is co-founder of TECLens, creator of the CXLens. Dr. Ambati is the
president and co-founder of iVeena. Dr. Balidis is a consultant for Glaukos/Avedro. Drs. Behndig and Kramer report no financial ties to
anything discussed in this article. (Dr. Rubinfeld can be reached at Doctor@revisedeye.com.)



Virginia, and a clinical professor

of ophthalmology at Georgetown
University Medical Center in Wash-
ington, DC, is the inventor of the
EpiSmart system. “In 2008, while
spending time in Europe, I became
interested in crosslinking, which was
already available there,” he explains.
“Right away I was taken with the
challenge of finding a way to get
adequate riboflavin into the corneal
stroma without removing or disrupt-
ing the epithelium. I worked on the
problem for several years, with input
from many exceptionally smart, ex-
perienced individuals. By 2011 we’d
developed and filed patents on three
key innovations.

“It was clear from our early test-
ing that our new approach could be
performed quickly, safely and in a
bilateral, simultaneous procedure,”
he says. “When [ first started doing
epi-off cross-linking, as part of an
IRB-approved study, it was so pain-
ful and difficult for patients that my
staff hated being part of it, and many
patients didn’t even return to have
the second eye done. With the new
procedure, our patients are back at
work or school the next morning. No
bandage lenses are used, and we’ve
gotten the UV treatment itself down
to 20 minutes.”

Another epi-on system currently
undergoing clinical trials is the ilLink
system from Glaukos/Avedro. The
Epi-off version of the system is
currently FDA-approved, but the
epi-on version, which uses their
proprictary Epioxa formulation, just
completed its Phase 111 trial.

The company reports that Epioxa
achieved its primary efficacy out-
come in the Phase III trial by dem-
onstrating a Kmax treatment effect
of -1 D (p=0.0004) at six months,
prospectively defined as least square
mean Kmax change from baseline in
treated subjects compared to those
treated with placebo. In the treat-
ment arm, Kmax improved by 0.2
D; the subjects treated with placebo
experienced a worsening of 0.8 D.

The company also notes that 98

EPI-OFF VS. EPI-ON: COMPARISON OF ADVERSE EVENTS

Adverse Event Epi-off Epi-on
FDA approved label (n=102) CXL-005 data (n=2,247)
Corneal epithelial defect 24% 14%
Punctate keratitis 25% 0.5%
Dry eye 6% 0.4%
Corneal opacity 64% 0.3%
Keratitis 24% (striae) 0.3%
Photophobia 1% 0.3%
Conjunctivitis 10% (hyperemia) 0.2%

Not having to remove the epithelium is an obvious boon for patients undergoing cross-
linking, because removing the epithelium is painful and requires a lengthy recovery.
However, leaving the epithelium undisturbed also reduces adverse events significantly.

percent of the subjects randomized
to placebo elected to cross over to
the Epioxa treatment. Those switch-
ing to Epioxa showed an improve-
ment of 0.3 D after six months of
treatment. The majority of adverse
events were mild and transient. No
change in endothelial cell counts
was observed.

Epi-on: The Science

“To make epi-on crosslinking
effective you need the correct
amounts of the three key reagents—
riboflavin, UV light and oxygen—in
the stromal microenvironment at the
same time,” Dr. Rubinfeld explains.
“Until recently, no epi-on system
has been able to adequately load the
stroma without epithelial disrup-
tion or the use of iontophoresis.’
One key innovation in the EpiSmart
system that enables epi-on riboflavin
loading is the sodium iodide in our
formulation.® This increases epithe-
lial permeability without disrupting
the epithelium.

“Another stromal loading inno-
vation is the patented disposable
sponge applicators,” which have
unique shapes and physical and
hydration characteristics,” he contin-
ues. “T'he first applicator is hydrated
with BSS or anesthetic drops. This
removes the lipids sitting on the
surface of the cornea, so that some of
the barrier to loading of the stroma is
removed, but it doesn’t disrupt the

epithelium. Then another sponge
loaded with the Ribostat formula is
placed on top of the cornea to act as
a loading depot. When riboflavin is
delivered in drops, the drops often
roll right off the cornea, but with the
loading sponge, that doesn’t happen.

“After loading, the surgeon looks
at the cornea using the slit lamp to
confirm that the green riboflavin is
adequately and evenly distributed
across the stroma,” he says. “This
type of slit-lamp grading has been
validated with lab tests such as
HPLC and mass spectrometry.”’

Dr. Rubinfeld notes another posi-
tive effect of having sodium iodide
in the formulation. “It helps prevent
UV light from photodegrading the
riboflavin into inactive materials
that don’t assist in crosslinking,” he
explains. “If any hydrogen peroxide
is formed, for example, the sodium
iodide turns it back into oxygen and
water, fueling the cross-linking reac-
tion and avoiding toxicity.*’ Since
oxygen is the rate-limiting reagent,
this helps optimize oxygen avail-
ability in the stroma and avoids the
highly variable blocking of UV trans-
mission into the stroma, sometimes
called the ‘sunscreen effect.’

“Also, you can’t get oxygen into
the cornea when there’s riboflavin
on the surface and the UV light is
on,” he points out. “In that situation,
the added riboflavin photodegrades
and ‘burns up’ the oxygen at the
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surface. For that reason,

no riboflavin drops are 5
used during the UVA .
application in our pro- 4 4
tocol.” g
. E 3
Dr. Rubinfeld says 2
another innovation & ;
involves the UV light. £
“Using a UV light g i
that’s constantly on
actually undercuts the 0

photochemistry of the
process,” he explains.
“When the UV light is
on, oxygen (the rate-
limiting reagent) is
being depleted, hypoxia
is created and you end
up with a toxic stew of hydrogen
peroxide and other toxic molecules.
Having the light turn on and off at
the correct cycling time allows the
oxygen to rediffuse through the cor-
nea, replenishing oxygen while it’s
off. The total amount of UV radia-
tion is also reduced because the light
is only on half the time.

“We’re now on the precipice of
initiating our Phase III trial,” Dr.
Rubinfeld concludes. “Based on the
numbers from Phase 11, we feel very
good about the Phase III trial.”

The CXLens:
Cross-linking on the Eye
While many researchers are primar-
ily focused on improving the cross-
linking procedure by allowing the
epithelium to remain intact or find-
ing ways to customize the result for
keratoconus patients, one company,
"TECLens (Stamford, Connecticut),
has developed an on-eye crosslink-
ing system that uses scleral contact
lenses, fiber optics and ultrasound to
deliver the UV in a very controlled,
targeted manner. The company be-
lieves this will eventually realize its
long-held goal of pushing crosslink-
ing beyond keratoconus into refrac-
tive correction for healthy eyes.
Roy S. Chuck, MD, PhD, chair
of the Department of Ophthalmol-
ogy and Visual Sciences at Albert
Einstein College of Medicine in

Minimum effective concentration

specific target.”

Dr. Chuck explains
that a contact lens
reservoir 1s also used
to apply the riboflavin
to the eye. “You fill
the vault space of the
lens with riboflavin
solution and place it
on the eye for 20 to
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Bronx, N.Y., one of the cofounders
of TECLens, explains the differ-
ence between a standard crosslink-
ing treatment and one performed
using TECLens” CXLens device.
“A standard crosslinking system uses
an overhead lamp to irradiate the
eye,” he says. “T'he UV lamp is on a
large gantry-arm stand that takes up
a lot of space in the clinic and needs
a technician to continually steer the
light to ensure proper targeting. The
patient tries to lie perfectly still on
the table for a half hour or so with a
lid speculum in. This is uncomfort-
able and challenging for many pa-
tients, especially the younger ones.
“Instead of putting the UV lamp
on a large stand, we’ve shrunk the
control system to about the size of
a laptop,” he continues. “We've
moved the light emitter onto a dis-
posable contact lens, the CXLens,
that sits directly on the eye. This
makes the procedure much more
comfortable for the patient and more
economical for the practitioner. You
don’t need an eyelid speculum, and
the patient can open and close their
eye over the contact lens. The lens
tracks with eye and head move-
ment—no technician required. For
refractive applications, our contact
lens also carries a tiny ultrasound
transducer to monitor the chang-
ing biomechanics of the cornea in
real time, that will allow us to hit a
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A key challenge for creating epi-on cross-linking has been getting the
necessary amount of riboflavin through the epithelium, without disrupting it,
to make successful cross-linking possible. The EpiSmart system’s formula,
RiboStat, has demonstrated in clinical trials that it can accomplish this.

30 minutes,” he says.
“After riboflavin in-
stillation, the reservoir
lens is removed and
the UV delivery lens
is placed on the eye.”
He adds that the CX-
Lens process leaves
the epithelium on. “It doesn’t seem
to negatively impact the quality of
the results, as long as you under-
stand the interaction of the light and
the riboflavin, and compensate for
the drug that’s in the intact epithe-
lium,” he says.

“During the TECLens procedure,
patients can sit upright or liec down,
whichever is most comfortable,” he
points out. ““T’ECLens’ scleral-lens
patient interface allows both eyes to
be treated simultaneously with dif-
ferent dosing specifications, saving
time for both patient and practice.
Additionally, because full time
technician support isn’t necessary,

a single operator can treat multiple
patients at the same time, further
increasing practice efficiency.

“In our pilot study in keratoconus,
we used the 375-nm UVA light for
30 minutes to deliver a total dose of
7.2 J/em? to the central region of the
cornea that contains the cone,” he
explains. “For refractive correction,
the treatment times will be likely be
shorter, as the amount of crosslink-
ing would be titrated to a patient’s
specific needs.”

Advantages of Miniaturization
Dr. Chuck notes that this approach
has accomplished several things.
“First, it makes the treatment less
expensive,” he says. “Second, it’s
more comfortable for the patient.
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T'hird, the scleral contact lens
maintains the positioning of the light
relative to the eye.

“In a traditional treatment, if
you’re on the table underneath the
lamp and you move out of position,
the illumination is no longer aimed
correctly,” he points out. “For kera-
toconus therapy, some small amount
of patient movement can be tolerat-
ed, but for refractive correction, mis-
targeting could cause unacceptable
errors. The lamp-based systems try
to compensate for patient movement
by putting trackers in the system
that turn off the light if the patient
moves. But when you put the light
on a scleral contact lens that sits on
the eye, if the eye moves, the device
moves with it. It becomes an ambu-
latory procedure. In fact, our clinical
procedures were done in the exam
room chair.”

Dr. Chuck explains that the first
human study was recently done to
ensure that the form, fit and function
of the device is ready for healthy
eyes. Ten patients with advanced
keratoconus were treated. “It was
a challenge to get some of the later
patient visits done, given pandemic
shut-downs,” he notes. “However,
we were able to complete the pilot
trial, and it confirmed that the sys-
tem works well, is safe, and treats
keratoconus effectively, as expected.
The data were published last year in
Translational Vision Science & Technol-
0gy."" Now we’re in the planning
stages for our initial refractive stud-
ies and the larger keratoconus trials
for approval.”

Dr. Chuck says the company has
been working on several additional
modifications that might enhance
the CXLens system in the future,
including a proprietary riboflavin
formula intended to increase pen-
etration through the cornea, and a
highly oxygenated wetting fluid. In
the meantime, it turns out that the
results using standard elements such
as commercially available riboflavin
have been very good.

“Having sufficient oxygen is im-

The CXLens performs cross-linking via a
contact lens placed on the eye, which the
company says increases patient comfort
and eliminates the need for eye tracking.

portant to speed up a cross-linking
treatment,” he says. “Hence, we
came up with the idea of using a
special highly oxygenated fluid as a
wetting solution between the lens
and the cornea. For the pilot trial,
though, we used the commercially
available solution and the results
were good, so it’s possible we may
not need to use the hyper-oxygenat-
ed fluid, or the proprietary riboflavin
formula. Of course, we still plan to
try them, to see if we can get even
better results.”

For refractive indications, the on-
eye UV delivery lens also incorpo-
rates a tiny ultrasound transducer
that can provide real-time measure-
ments of the changes in the cornea
produced by the treatment. (For
more on that, see Refractive Correc-
tion, below.)

Cross-linking Via an Eye Drop
Another non-traditional approach to
corneal cross-linking generates the
cross-linking pharmacologically us-
ing an eye drop, rather than surgical-
ly. The developer, iVeena Delivery
Systems in Salt Lake City, says that
data from a Phase I/I1a study has
demonstrated that the IVMED-80
drop strengthens the cornea and
causes flattening. The drops were
recently licensed by Glaukos for fur-
ther clinical trials and development.
The drop was created by cor-
nea specialist Bala Ambati, MD,
president of the Pacific Clear Vision
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Institute in Eugene, Oregon, and a
research professor at the University
of Oregon. Dr. Ambati’s research
revealed that lysyl oxidase, a natural
enzyme in the cornea, mediates
crosslinking. In fact, Dr. Ambati
found a number of clinical studies
that associated a deficiency of lysyl
oxidase with keratoconus.""'” Cop-
per is a key factor in lysyl oxidase
activity, so the IVMED-80 drop
was designed to raise the amount of
copper in the cornea; that, in turn,
increases lysyl oxidase activity in
corneal cells. Animal studies found
no accumulation of copper in the
blood, liver or kidneys after use of
the drops.

The Phase I/I1a study of
IVMED-80 involved 33 patients
with keratoconus; one-third of the
patients received placebo; one-third
received IVMED-80 for about six
weeks, and another third received
the drop for 16 weeks.'® Results
included:

® The patients who received the
drug for 16 weeks ended up with a
1-D flatter Kmax; those in the pla-
cebo group saw a progression of 0.46
D of Kmax during the same period.

¢ On average, there was no regres-
sion in the 16-week group after stop-
ping the drop.

® The drops cause no inflamma-
tion, stinging or redness.

“Cross-linking can be induced by
surgery and ultraviolet light, or by
the presence of an enzyme that’s
normally present in most patients
but is deficient in keratoconus
patients,” notes Dr. Ambati. “Our
drop increases the presence of that
enzyme, and mass spectrometry on
rabbit eyes has demonstrated that
this results in increased cross-link-
ing. Either surgery or drops can be
used to induce cross-linking, but the
drops have obvious advantages over
traditional cross-linking because
there’s no corneal scraping or pain
for the patient.”

Dr. Ambati points out that using
a drop makes sense, at least in part
because surgical treatments don’t
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address the biochemical or genetic
causes of the disease. “T'he cornea
is living tissue that remodels,” he
points out, noting that this makes
regression a very real possibility.
“Cross-linking just strengthens the
tissue that’s present at the time of
treatment. Because surgery isn’t
curing the disease and comes with
associated risks, trying a pharmaco-
logic treatment first could make very
good sense.”

Dr. Ambati believes that this
approach wouldn’t eliminate the
need for other forms of cross-linking
treatment. “I think this drop would
expand the pool of potential treat-
ment candidates,” he says. “Kerato-
conus can range from mild to severe
disease. If a patient isn’t ready for
surgery or has concerns about sur-
gery, this could be a great option.”

Dr. Ambati notes that if the drop
is eventually approved, it’ll be up to
the physician to decide what treat-
ment to try first. “There could be
patients for whom the drop doesn’t
work, or patients for whom you want
to do Intacs at the same time as
cross-linking,” he points out. “There
might be patients who are allergic
to the drops or don’t want to take
them. Like glaucoma, keratoconus is
a chronic disease with both medical
and surgical options. It’s up to the
physician to figure out which option
is best for which patient.”

In terms of what’s next, Dr. Amba-

ti says Glaukos will be planning the
next trial. “T’he Phase I/I1a has been
done, testing safety and efficacy,”

he says. “T'he FDA essentially gave
us the green light to proceed with
two randomized, controlled, Phase
IIT studies. Now that Glaukos has
licensed the drop, they can move the
ball forward.”

Cross-linking to Treat Infection
Brent Kramer, MD, a cornea special-
ist at Vance Thompson Vision in
Sioux Falls, South Dakota, has some
experience using cross-linking to
address corneal infections, including
bacterial, fungal and Acanthamocba
keratitis. “Of course, I still defer to
standard-of-care treatments such as
drops, and sometimes when treating
fungal and Acanthamocba keratitis

I use oral agents as well,” he says.
“But for recalcitrant cases, it’s a tool
I have in my toolkit if nothing else
seems to be working.”

Dr. Kramer says that cross-linking
for infection works two ways. “First,
it attacks the bugs at the DNA and
cell-wall level,” he says. “Second,
you’re theoretically strengthen-
ing the cornea by forming covalent
bonds.

“The data out there on this use of
cross-linking is somewhat mixed,”
he notes. “Patients I'd consider this
for have fairly progressed disease
and would likely need a corneal
transplant in the future. But in those

dire situations, the goal is to stabilize
the cornea and avoid a therapeutic
penetrating keratoplasty while the
eve is hot and there’s an active infec-
tion. Treating the infection with
cross-linking may decrease the risk
of corneal perforation, although the
jury is still out.

“That being said, the key to suc-
cess in these cases is being aggres-
sive about nailing down a diagnosis,”
he continues. “Usually, if I can get
a firm diagnosis with a culture or by
other means, we’re able to treat with
drops or oral medications effectively.
I wouldn’t use cross-linking as an
alternative to the standard therapies;
I’d use it as an adjunct therapy when
we need to slow the disease process
down and we appear to be losing
ground every day.

“Of course, it’s not for everyone,”
he says. “First of all, patients who
have any sort of herpes simplex
aren’t good candidates for this,
because we know that UV light can
increase the activation of the herpes
simplex virus. Even if the patient
only has a history of HSV, I don’t
think this would be a good treat-
ment choice. Second, if the patient
has a very deep infiltrate, I don’t
think the UV light/riboflavin com-
bination penetrates deep enough to
get a completely effective treatment.

“Nevertheless, whether this will
become a more mainstream ap-
proach probably depends on how
the technology evolves,” he says. “It
could become a very useful treat-
ment when patients are unable to
be compliant with drops, or are in
parts of the world where drops aren’t
available and can’t be compounded.
Even here in the United States
there are supply-chain disruptions. I
think every cornea specialist has had
a hard time getting their hands on
natamycin for fungal keratitis cases
in the past few years. In the future,
cross-linking, or something similar
could be a potential alternative treat-
ment in these cases.

“The other issue is resistant
bugs,” he adds. “I recently saw a
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DOES EVALUATING CROSS-LINKING WITH KMAX MAKE SENSE?

The current efficacy metric for cross-linking, commonly used to
decide whether or not a treatment has worked, is the cornea’s
Kmax value, the steepness at the steepest point on the cornea.

“Michael Mrochen, PhD, once told me that the use of Kmax to
evaluate the effectiveness of cross-linking may have begun with
an early meeting he had with the FDA,” notes Roy S. Rubinfeld,

MD, MA, medical director at Re:Vision in Rockville, Maryland, and
Fairfax, Virginia, and a clinical professor of ophthalmology at
Georgetown University Medical Center in Washington, DC. “The
FDA asked how he had determined whether a cross-linking treat-
ment was effective. He said his group was using the less-than-ide-
al method of measuring Kmax, which he strongly recommended
not using.

“The problem is that Kmax and quality of vision aren't well
correlated,” he continues. “It was my wife, an epidemiologist by
training, who first pointed this out to me in 2010. I'd explained that
we were using Kmax to determine whether a cross-linking proce-

out that there was no correlation between vision improvement
and Kmax. Since then, others have confirmed this. In one of our
papers, Doyle Stulting, MD, demonstrated that patients who would
be considered a failure because they had increased Kmax had
mostly gained vision.? Even Peter Hersh, MD, who did the studies
for Glaukos/Avedro has noted that there's no correlation. This

is why our Phase Il study of EpiSmart used corrected distance
visual acuity as the primary study endpoint, with UCVA, Kmax and
minimum corneal thickness as secondary endpoints.”

Dr. Rubinfeld admits that the use of Kmax to gauge the effec-
tiveness of cross-linking may take some time to fall out of com-
mon use. “Many patients have been sent back to me by the refer-
ring doctor,” he recalls, “with a note saying, ‘The patient’s Kmax is
worse!’ | have to point out that the patient has gained three lines
of vision. We have a disease that causes people to lose vision, so
shouldn't the metric for treatment success be whether the patient
has lost or gained vision?”

dure had succeeded. She looked over the numbers and pointed

patient with a pan-resistant Pseudo-
monas ulcer. By the time we’d seen
the patient and obtained sensitivi-
ties there wasn’t much we could do.
The patient eventually lost the eye.
But if the resistance of the bug had
been detected earlier, cross-linking
might have made a difference.”

Refractive Correction

Because cross-linking reshapes the
cornea to some extent, it was clear
early on that there might be some
potential to treat a small amount of
refractive error using this technol-
ogy—especially if the treatment
could be customized for each pa-
tient. Glaukos/Avedro has produced
a version of this treatment called
PiXL., which incorporates their Mo-
saic device. PiXL allows customized
delivery of different amounts of light
and energy to different areas of the
cornea. (PiXL is available in parts
of Europe, but not approved in the
United States.)

Many surgeons have expressed
skepticism about this use of cross-
linking, given that the refractive
change created by cross-linking is
inherently small and the resulting
changes in corneal tissue are not
yet predictable enough to make a

precise refractive change possible.
Some of the studies published in
recent years shed some light on this
idea’s potential:

¢ One study published in 2020
found that in healthy individuals
age 25.6 £3.6 years of age with low
myopia, treating a 4-mm zone in a
high-oxygen environment led to a
significant improvement in UCVA
(-0.45 £ 0.27 LLogMAR) and MRSE
(+0.99 + 0.44 D) at one, six and 12
months." (At 12 months post treat-
ment, endothelial cell count and
BSCVA were unaltered.)

e Another study, published in 2021
compared two different customized
PiXL treatment zones, a homog-
enous 4-mm zone and a 4-mm an-
nular zone.”” Similar improvements
in UDVA were seen for the homo-
geneous and annular protocols at
one month: -0.52 vs. -0.49 logMAR
(»=0.91). Both groups also showed a
similar mean improvement of 1 D in
MRSE (p=0.17). Reduction in mean
keratometry was -0.8 D and 0 D re-
spectively (p<0.001). The treatment
effect remained stable throughout
24 months. No adverse events were
reported, but at one week, partici-
pants reported less ocular discomfort
with the annular protocol.
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e A third randomized, single-
masked study involving 27 patients
(54 eyes), was reported in 2022.7!
"This study compared two different
PiXL protocols. One eye was treated
in a central annular zone of 4 mm
(UV light 30 mW/cm?, with the
light on for one second, off for one
second); the fellow eye was treated
in a 3.5-mm annular zone (45 mW/
cm?, half a second on, one second
off). Results were assessed through
a 24-month follow-up. Findings
included:

— The 3.5-mm protocol produced
a larger improvement in UDVA: 0.52
vs. 0.38 logMAR, p=0.003, and in
MRSE: +1.25 D vs. 1 D, p=0.037.

— A transient reduction in LCVA
was larger with the 3.5-mm protocol
(p<0.01).

— No reductions in ECC or
BSCVA were noted.

— The 3.5-mm protocol rendered
less subjective ocular discomfort
post-treatment.

— No adverse events were noted.

One surgeon who has some expe-
rience performing the PiXL treat-
ment is Anders Behndig, MD, a pro-
fessor in the Department of Clinical
Sciences and Ophthalmology at the
Umed University Hospital in Umesd,



Sweden. (Dr. Behndig participated
in the three trials mentioned above.)
Dr. Behndig notes that so far, his
group has only used the PiXL treat-
ment protocol in randomized clinical

trials, not in clinical routine. “For

a select group of patients with low
grade myopia—between -0.75 D and
-2 D—the results can be comparable
to those of other possible treat-
ments,” he says. “Right now, the
effect of PiXL is limited; we had
difficulty getting more than 2 D of
effect. The precision of the treat-
ment may be another issue, although
that’s not a major problem if you
select the right patients.”

Miltos Balidis, MD, PhD, a
current Mosaic/PIXL user at the
Institute of Ophthalmology &
Microsurgery Ophthalmica Eye
Clinic in Thessaloniki, Greece, has
participated in trials relating to treat-
ing myopia and presbyopia. “With
the tested treatment protocol, we’ve
successfully treated low myopia up
to 1.25 D,” he says. “Unfortunately,
the response to treatment was vari-
able. It didn’t work in every case.
And so far, the results using current
presbyopic treatment profiles have
been disappointing.”

Refractive Correction

with the CXLens

The CXLens on-eye cross-linking
system (described earlier) also plans
to eventually perform cross-linking-
based refractive change. 'To make
that possible, the scleral lens UV
delivery system also incorporates a
tiny ultrasound transducer that can
provide real-time measurements of
the changes in the cornea produced
by the treatment.

“One of the challenges of this
type of treatment is the difficult-
to-predict corneal response,” Dr.
Chuck, cofounder of TecLens, the
company developing the CXLens,
points out. “T'he problem is that
every eye is a little different; you can
put the same illumination on two
different eyes and get two different
effects. The way to eliminate this

variability is to directly measure

the biomechanical changes that

are happening in the cornea dur-
ing the treatment. That’s what our
ultrasound monitor can do: track the
changes in the cornea, in real time,
as the illumination proceeds.

“There have been other attempts
to do this,” he continues. “One that
seems to have fallen out of favor
involves using an optical monitor
to measure Brillouin scattering.

You shine a light on the cornea and
monitor tiny changes in the light’s
wavelength to determine how the
cornea is changing. The major
drawback of that approach is that

it can’t be done in real time. Us-

ing ultrasound, each pulse takes
microseconds, and with the device
positioned inside the contact lens,
you can monitor the corneal changes
in real time. This data allows the
clinical treatment to be coupled to a
computational pre-plan customized
for each patient’s topography and
underlying corneal biomechanics.
That’s been the great hope for cross-
linking since the early days; precise
control of the reshaping, instead of
just doing the procedure and hoping
for the best. We believe our system
has all the tools to make this happen
for a huge number of patients seek-
ing refractive correction.”

Dr. Chuck says that so far the
company has successfully used the
embedded ultrasound monitor in the
lab, using human donor corneas. “It
hasn’t been validated in the clinic
yet,” he notes. “We hope to do that
soon. We look forward to making
CXL refractive correction a real
option for patients, without having
to remove tissue, cause pain, cause
post-LLASIK ectasia, subject patients
to LASIK smoke, and so forth,” he
says. 4
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WHAT LIES AHEAD FOR
Al'IN GLAUCOMA?

Artificial intelligence experts discuss the unique challenges the field faces and the current research landscape.

CHRISTINE YUE LEONARD
SENIOR ASSOCIATE EDITOR

here are numerous artificial

intelligence algorithms in

the works for glaucoma, from

disease detection tools to pro-
gression forecasting models. Experts
say it will take considerable effort to
introduce advanced Al models into
the glaucoma clinic, but they agree
that Al’s potential for improving
patient care and addressing inequali-
ties is very real.

In this article, Al innovators and
experts discuss the obstacles to Al
development for glaucoma, current
research and what’s on the clinical
horizon.

A Matter of Consensus

There are certain challenges related
to glaucoma that can make it par-
ticularly difficult for Al to diagnose
and detect. “When you see signs

of diabetic retinopathy in a fundus
photograph, there’s hardly any ques-
tion about whether the patient has it
or not,” says Felipe Medeiros, MD,

This article has

no commercial
sponsorship.

Artificial intelligence will help clinicians
make better use of the available diagnostic
information and tests, experts say.

PhD, the Joseph A.C. Wadsworth
Distinguished Professor of Ophthal-
mology, vice chair for technology and
professor of biostatistics and bioin-
formatics at Duke University School
of Medicine. “Human grading of
fundus photographs can serve as a
reliable gold standard for DR diagno-
sis. This makes it easier to develop
Al models that can be trained to
recognize diabetic retinopathy on a
photograph, but glaucoma isn’t quite
like that. It may be a tricky disease
to diagnose in the early stages.”
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Glaucoma is characterized by reti-
nal ganglion cell death, axon death
and subsequent excavation of the
neuroretinal rim.! However, optic
nerve head size varies greatly among
individuals, ranging from 2.10 mm
to 2.35 mm,? which makes disease
detection tricky.? Disc size also varies
by age and ethnicity.

“If you show an optic nerve image
to different experts, it’s likely that
they’ll disagree whether it’s glau-
comatous or not, especially in early
stages of the disease,” he continues.
“Graders tend to over- or underesti-
mate glaucomatous damage and have
low grading reproducibility and poor
agreement.* Therefore, training Al
models to predict subjective gradings
is problematic.”

In the case of fundus photo analy-
sis, if images are deemed ungradable,
L.e., the expert readers couldn’t come
to a consensus, then those images are
usually excluded from the training
sets, points out Sophia Ying Wang,
MD, MS, an assistant professor of
ophthalmology and a glaucoma spe-
cialist at Stanford University. “This

Dr. Medeiros receives research support from Carl-Zeiss Meditec, Heidelberg Engineering, GmBH, Reichert, Genentech and Google. He's a consultant for Novartis,
Aerie, Allergan, Reichert, Carl-Zeiss, Galimedix, Stuart Therapeutics, Annexon, Ocular Therapeutix and Perceive Biotherapeutics. Dr. Wang and Dr. Yohannan receive
funding from the NIH and Research to Prevent Blindness. Dr. Yohannan also receives research support from Genentech and is a consultant for AbbVie, Ivantis and
Topcon. Dr. Pasquale receives NIH support for his Al research.
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may hinder the algorithm’s ability
to recognize glaucoma in real-world
datasets,” she says. In fact, a study
using visual field data found that
including the unreliable visual fields
improved the algorithm’s predictive
performance of future visual field
mean deviation.®

Experts say glaucoma’s lack of
consistent objective diagnostic criteria
may explain why Al in glaucoma
hasn’t achieved as widespread an
application as Al in retina or cornea.
"This problem has generated ques-
tions about how best to diagnose and
detect glaucoma using Al and how to
train these Al models.

Since there’s no consensus defini-
tion of glaucoma yet, Al investigators
devise their own definitions to classify
disease into categories such as “sus-
pect,” “certain,” “referable glaucoma-
tous optic neuropathy,” “probable” or
“definite.”® Dr. Wang points out that
using binary definitions of glaucoma
such as “probable/definite” may catch
advanced cases but limits the detec-
tion of early cases, while terms such as
“referable” may be useful when there
are too many false positives. “Mul-
tiple groups attempt to predict similar
outcomes in different ways, and this
reduces the ability to compare perfor-
mance between studies,” she says.

A large, international, crowdsourced
glaucoma study on patient data and
grading is currently under way, led by
researchers at Dalhousie University
in Nova Scotia. The Crowd-Sourced
Glaucoma Study aims to identify
objective criteria on visual fields and
OCT that match glaucoma specialists’
assessments of disease likelihood.”
"The study spans 15 countries from
five continents. Dr. Wang participated
as one of the expert graders. “It’s a
very exciting way to both collect glau-
coma patient data and collect grader
ratings to assess inter-rater reliability,”
she says.

“In addition to a clinical definition,
we also need a so-called ‘computable’
definition, using the data elements
that we commonly have in the data-
sets that we use for Al studies, such

@

as EHRs,” Dr. Wang says. “This is so
that Al algorithms can be compared
with each other, or even validated in
different datasets. Standardizing and
harmonizing definitions of glaucoma

is especially tricky as available data ele-
ments from health records can vary in
different settings and studies. Al work
goes hand-in-hand with developing
data standards.”

Consensus-defined glaucoma will
be necessary to confront the growing
prevalence of the disease and the need
for large-scale screening. Dr. Medeiros
says an effective screening model for
glaucoma must be inexpensive, widely
available, highly accurate and easy to
administer.

"The imaging systems required for
glaucoma detection are expensive, and
trained technicians are needed to oper-
ate them. Most community screening
locales, such as primary care offices and
community centers, don’t have such
devices. While there are less expen-
sive ways of imaging patients, such as
with smartphone or other handheld
retinal cameras, these modalities
aren’t as powerful as tabletop systems.
Additionally, Louis R. Pasquale, MD,
a professor of ophthalmology at the
Icahn School of Medicine and in
practice at the New York Eye & Ear
Infirmary of Mount Sinai, notes that
the variability in quality of different
fundus cameras, from tabletop devic-
es to smartphone cameras, is going to
affect an algorithm’s generalizability.

Different devices also can’t use the
same algorithm. “Just as the results
from one OC'T machine can’t be
directly compared to those of another,
an Al model trained on a Spectralis
machine might not perform the same
way in a Cirrus,” Dr. Pasquale says.

Data Availability

Large amounts of data and centralized
data registries will be indispensable
for training and validating algorithms,
experts say.® “You can’t train an Al
algorithm with only 100 patients,”

Dr. Pasquale says. “Once you get an
algorithm that works, then you need
to ensure it doesn’t go off the rails and
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become incorrect over time. You need
large datasets and constant surveil-
lance to maintain the functionality of
an Al algorithm.”

In addition to the fact that large,
centralized datasets aren’t widely
available yet, sharing the existing data
isn’t easy either because of institu-
tions’ differing data privacy policies
and the confidential nature of health-
care data in general. “As we build
more generalizable algorithms, we
need to improve the diversity of our
training data and validate algorithms
externally,” Dr. Wang says. “It’s dif-
ficult to share health data among sites.
Right now, there’s a lot of work de-
veloping training methods that allow
algorithms to be trained on different
sites’ data but without exchanging the
data. 'This is called federated learning.
It can help to address issues of data
privacy, security and access.”

Generalizability

It’s important to have a good un-
derstanding of how Al models are
developed in order to understand
their limitations, says Dr. Medeiros.
“Before clinicians use, say, a predic-
tion model, they should understand
how the algorithm was developed,

the population it was trained on and
that population’s characteristics,” he
says. “It’s really no different than any
medical test. When you’re using a
medical test in your clinical practice,
such as an OCT or visual field, you
need to know the test’s properties and
the characteristics of the normative
database so you can rely on the results
and determine whether they’re ap-
plicable to your patient.”

Algorithms trained on one kind of
patient aren’t necessarily generaliz-
able to other kinds of patients. For
instance, an algorithm trained on a
Chinese population might contain
a large number of high myopes and
therefore be unsuitable for use in
a population with different ocular
characteristics.

“Generalizability is important if
there’s a discrepancy between the
population you wish to deploy your
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Artificial intelligence research has boomed in the past few years. Stanford University's Al
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algorithm on and the population you
trained your algorithm on,” Dr. Wang
says. “As an aside, one could argue
that not all Al algorithms have to be
universally generalizable if you were
planning to train and deploy locally
in your own unique population. In
fact, it’s much harder to develop one
algorithm to rule them all, and I don’t
think that’s necessarily a goal we want
to have, especially as we enter the era
of precision medicine.

“We have to be really careful when
we train models to ensure we aren’t
training them on inherently biased
data and perpetuating that bias,” she
continues. “For instance, if we try to
predict how sick someone is based on
how many medical claims they have,
this number may be different among
minorities for reasons such as unequal
access to care.

“As we enter the deployment
phase, we also need to be aware of
any differences between the training
population and the intended patients.
If the algorithm’s performance isn’t as
good in a certain subgroup of patients,
it will negatively impact that group
and refer them for treatment inappro-
priately.”

Current Research

In traditional studies, researchers

attempt to arrive at some kind of
scientific truth. In Al studies look-
ing at prediction or classification, the
algorithm’s prediction performance is
paramount, notes Dr. Wang.

There are numerous Al studies in
the glaucoma space right now, with
algorithms for several applications,
from detecting structural changes in
the eye to predicting which patients
might rapidly worsen. Here’s some of
the current and ongoing research:

* Using fundus photos to identify
glaucomatous eyes. In 2017, research-
ers trained a deep learning system
to evaluate glaucoma using 125,189
retinal images.® The algorithm’s
performance was validated on 71,896
images. It reported a prevalence of
0.1 percent, with an area under the
curve for possible glaucoma of 0.942
(95% CI, 0.929 to 0.954 percent), a
sensitivity of 96.4 percent (95% CI,
81.7 t0 99.9 percent), and a specificity
of 87.2 percent (95% CI, 86.8 to 87.5
percent).

A deep learning study published in
2018 for detecting glaucomatous optic
neuropathy from color fundus pho-
tographs demonstrated 95.6-percent
sensitivity and 92-percent specificity
to detect “referable” GON.? More
than 48,000 photos were graded for
GON by ophthalmologists in the
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study. The researchers noted that
high myopia caused false negatives
and physiologic cupping caused false
positives.

Another deep learning study for
detecting GON using Pegasus, a
free Al system that’s available in the
Orbis Cybersight Consult Platform,
reported that the algorithm outper-
formed five out of six ophthalmolo-
gists in diagnosis, with an area under
the curve of 92.6 percent vs. ophthal-
mologists’ 69.6 to 84.9 percent.'” The
best-case consensus scenario area
under the curve was 89.1 percent.
"The algorithm’s sensitivity was 83.7
percent and the specificity was 88.2
percent, compared with 61.3 to 81.6
percent sensitivity and 90 to 94
percent specificity for ophthalmolo-
gists (intraobserver agreement 0.62
to 0.97 vs. 1.00 for Pegasus). The
correlation between observations and
predictions was 0.88 (p<0.001; MAE:
27.8 pm). The researchers noted the
algorithm could determine classifica-
tion in 10 percent of the time it took
ophthalmologists. They suggested the
tool could be valuable for screening
patients.

* Predicting OCT metrics from

Jfundus photos. Dr. Medeiros’ group
has developed a machine-to-machine
Al model that was able to objectively
predict complex OCT metrics such as
nerve tissue thickness from a fundus
photograph to be used for glaucoma
diagnosis. Machine-to-machine learn-
ing enables devices to exchange data
without requiring human input for
network training.

On a test set of 6,292 pairs of
fundus photos and OC'Ts, the mean
predicted RNFL thickness was 83.3
+14.5 pm and the mean observed
RNFL thickness was 82.5 £16.8 pm
(p=0.164) with strong correlation be-
tween the two (r=0.832; p<0.001)."

Fundus photography has been
an underused resource in the OC'T=
heavy glaucoma subspecialty, experts
point out, but Al is beginning to
change that. “T'he algorithm is quite
powerful, and we’ve shown it’s able
to detect disease and predict damage
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and progression over time,” Dr. Me-
deiros says. “From a disease-detection
standpoint, using a low-cost imaging
method such as photography could
benefit patients in locations where
there’s less access to care.”

* Incorporating multiple modali-
ties. Dr. Medeiros says his group is
also working on integrating multiple
imaging modalities and using Al
to recognize patterns of damage on
OCT instead of relying on summary
parameters to diagnose glaucoma.

“There’s much more to an OCT
image than the summary parameters,”
he continues. “Al models that have
been developed and ones we’ve pub-
lished on are able to perform a much
more comprehensive evaluation of
the image for glaucoma assessment
and diagnosis, as well as recognize
artifacts and segmentation errors.
"T'his is very important because OC'T
is only as good as the scan quality.
Incorporating Al models into the
current software will help flag artifacts
and errors with greater accuracy, and
technicians acquiring scans could re-
scan right away.”

* Assessing the optic disc. In a cross-
sectional study on quantifying neu-
roretinal rim loss, 9,282 pairs of optic
disc photographs and SD-OC'T optic
nerve head scans from 927 eyes were
used to train and validate a deep-
learning convolutional neural network
to predict BMO-MRW global and
sectoral values.'? The algorithm could
quantify the amount of neuroretinal
damage on the photographs with
high accuracy using the BMO-MRW
as a reference, Dr. Medeiros’ group
reported.

* Mapping structure to function.
Using SD-OCT to image the RNFL
provides more data than red-free
RNFL photographs, researchers
noted in a 2020 7VS7 study.” They
used a convolutional neural network
trained to predict SAP sensitivity
thresholds from peripapillary SD-
OCT RNFL thickness in glaucoma
patients to generate topographical
information about the structure-
function relationship from simulated

RNFL defects. They reported the
Al-generated map provides “insights
into the functional impact of RNFL
defects of varying location and depth
on OCT?”

* Creating clinical forecasting tools.
“Currently, we arbitrarily pick a target
intraocular pressure based on patient
age, how much damage is present, and
the IOP level associated with the dam-
age,” Dr. Pasquale says. “But if the
patient were identified as a red flag for
fast progression by a validated artifi-
cial intelligence algorithm, we might
choose a lower target IOP to prevent
significant vision loss.

“Currently there’s no such algo-
rithm [in the clinic] because it takes
considerable time and effort to build;
however, I’'m very hopeful and excited
that those algorithms will be available
in the future.”

Developing a clinical forecasting tool
might involve training an algorithm on
patient data such as optic nerve photos,
visual fields and OC'Ts at baseline and
follow-up. Such an algorithm might
then be able to predict from baseline
images whether a given patient will be
a fast or slow progressor, for example.
In one study using 14,034 scans of 816
eyes followed over time and labeled
as progression or stable by experts,
researchers trained a deep learning
model to detect glaucoma progression
on SD-OCT. The area under the curve
was 0.935, and the researchers reported
that the model performed well, closely
replicating expert human grading.'*

“Many glaucoma patients are
stable and are followed over time by
ophthalmologists, but about five to 10
percent of patients ‘fall off the cliff,” ”
says Jithin Yohannan, MD, MPH, an
assistant professor of ophthalmology
at Wilmer Eye Institute, Johns Hop-
kins University School of Medicine.
“Using Al to identify those patients
would be incredibly useful, because
these are the patients who’d benefit
most from closer follow-up and possi-
bly early or more aggressive therapy.”
His group has trained Al models
that use a patient’s initial visual field,
OCT and clinical information to fore-
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cast their risk of rapid worsening or
surgery for uncontrolled glaucoma.

“In the future, models such as
these might serve as a flagging system
of sorts, letting the clinician know
they might want to pay extra atten-
tion to a particular patient,” he says.
“Comprehensive ophthalmologists or
optometrists could learn sooner which
patients require referral to glaucoma
specialists.”

* Tools to detect ongoing worsening.
Detecting early visual field loss may
become easier with Al. One study in
2013 using an artificial neural network
to assess visual fields for glaucoma di-
agnosis reported 93 percent sensitiv-
ity, 91 percent specificity and diag-
nostic performance that was at least as
good as clinicians.” An unsupervised
model for analyzing visual ficlds was
able to identify clinically relevant loss
patterns and assign weighted coeffi-
cients for each.'®

Another study of 2,085 eyes’ visual
fields used machine-learning analysis
to consistently detect progressing
eyes earlier than global-, region- and
point-wise indices.'” The time to
detect progression in a quarter of the
eyes using global mean deviation was
5.2 years; 4.5 years using region-wise;
3.9 years using point-wise and 3.5
years using machine learning analysis.
After two additional visits, the time
until a quarter of eyes demonstrated
subsequently confirmed progression
was 6.6 years global-wise, 5.7 years
region-wise, 5.6 years point-wise and
5.1 years using machine learning
analysis.

Dr. Yohannan’s group has trained
models that detect visual field
worsening on a series of visual fields
over time. Because there’s no gold
standard definition of what visual field
worsening is, the model his group
developed uses a consensus of many
previously used algorithms to label
the eye as worsening or not worsen-
ing.

“When we compared the model to
clinicians routinely seeing patients in
the office, our model performed bet-
ter than clinicians in our specific data-



set,” he continues. “Now, our group is
using Wilmer patient EHR data, digi-
tal field information and optic nerve
images to develop Al algorithms

that can detect glaucoma worsening
more quickly and accurately and then
predict which eyes or patients are at
high risk for future worsening. Our
goal is to follow those eyes or patients
more closely, compared to the average
patient who walks into the clinic.”

* Identifying patients for clinical
trials. Dr. Yohannan says his group is
also working on using Al to improve
clinical trials in glaucoma. “Clinical
trials, particularly of neuroprotec-
tive agents, require large sample
sizes,” he explains. “If you’re able
to identify eyes that are high risk for
getting worse you can recruit those
patients into your clinical trial, and
that can actually reduce your sample
size requirements. This would make
it more cost-cffective to do some of
these studies.”

Studies reviewing Al in clinical
trials have also noted that better pa-
tient selection could reduce harmful
treatment side effects.'”® Additionally,
rescarchers note that using Al in pa-
tient selection could reduce popula-
tion heterogeneity by harmonizing
large amounts of EHR data, selecting
patients who are more likely to have
a measurable clinical endpoint and
identifying those who are more likely
to respond to treatment."”

"This Al-based recruitment would
work by analyzing EHRs, doctors’
notes, data from wearable devices
and social media accounts to identify
subgroups of individuals who meet
study inclusion criteria and by help-
ing to spread the word about trials to
potential participants. However, this
type of implementation still faces data
privacy and machine interoperability
hurdles. Experts note that final deci-
sions about trial inclusion will still rest
with humans.

* Tools to reduce the burden of
glaucoma testing. “Visual field test-
ing is time-consuming and requires
significant patient cooperation,” Dr.
Yohannan says. “OCT is quicker and

more reliable, and if we’re able to
detect significant functional worsen-
ing (i.e., visual field worsening) using
OCT data that could reduce the need
for visual field testing. Our group has
shown that we can detect VF wors-
ening with OCT data in a subset of
patients. This may greatly reduce the
need for VF testing in the future.”

» Forecasting from clinical notes.
“My group is very interested in
leveraging the richness of the infor-
mation captured by physicians in
free-text clinical progress notes to
augment and improve our Al predic-
tion algorithms,” Dr. Wang says. “We
adapt natural language processing
techniques to work for our specialized
ophthalmology language and com-
bine it with other structured clinical
information from EHRs to predict
glaucoma progression.”

Clinicians wouldn’t use an
algorithm blindly ... Any
recommendations would be
taken into consideration by
the clinicians when making
decisions.

— Felipe Medeiros, MD, PhD

Her group maps words onto num-
bers so they’re computable by the
algorithm. “It’s a technique that takes
English language words and turns
them into vectors and vector space, so
the computer can discern the mean-
ing of the words based on other words
close by in the speech or text. We've
adapted this to work for ophthal-
mological words. We’re using this to
predict whose vision will recover and
which patients will need glaucoma
surgery in the future.”

* Learning about disease pathogenesis.
Dr. Pasquale is using Al to research
primary open-angle glaucoma
pathogenesis. He and his colleagues
hypothesize that glaucoma is multiple
discases rather than a single disease.
“We’re arguing that different patterns

of nerve damage, which are reflected
by different patterns of visual field
loss, might give us clues as to how to
better stratify the disease,” he says.
Using new-onset POAG cases in
two large-cohort studies, the Nurses’
Health Study and the Health Profes-
sionals’ Follow-up Study, he and his
colleagues digitized visual fields and
used archetype analysis to objectively
quantify the different patterns of
visual field loss. The algorithm identi-
fied 14 different patterns of loss, four
of which were advanced-loss patterns.
“It’s interesting to see that a health
professional who has access to health
care might present with a very sig-
nificant amount of advanced loss, but
this happens frequently in glaucoma
because it’s such an insidious-onset
disease,” he notes. “While analyz-
ing potential racial predispositions
for different field loss patterns, we
found that African heritage was an
independent risk factor for advanced-
loss patterns. Our long-term goal is
to identify environmental, genetic,
or metabolomic determinants of the
discase subtypes.”

What's Needed for Clinical
Readiness?
It’s going to take a lot of effort to get
Al into the clinical decision-making
process. “In the clinic, we collect large
amounts of data,” Dr. Pasquale says.
“In a single visit, we might get a visu-
al field, an OCT and a fundus photo-
graph, and we just don’t have enough
time to digest that data, especially as
it accumulates over time for a patient.
We’re leaving a lot of information
on the table in our decision-making
process, and even if we spent hours
staring at it, we probably couldn’t
wrap our heads around all of it. I’d
be great if we had an Al algorithm do
that for us. The challenge here would
be integrating useful glaucoma Al
algorithms into the EHR system.”
Getting an approved algorithm into
an EHR in the first place will require
working closely with industry, Dr.
Yohannan points out. “For instance,
our EHR (Epic) doesn’t talk to our im-
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aging data management system (Zeiss
Forum). We'll need to come up with
an integrated solution so all of these
data can be input into the models so
the clinician has easy access to an Al
risk score.”

It’s a tall order. “It already takes a lot
of effort just to make a simple change
inan EHR,” Dr. Pasquale says. “Let’s
say an approved algorithm is inte-
grated into an EHR system. What will
happen is that a fundus photograph
or OCT will have to be dipped into a
dialog box so it can be analyzed to say
whether there’s glaucomatous damage,
whether a patient is getting worse, or
maybe is a fast progressor. Subjecting
clinical data to an Al algorithm takes
time and it may hamper clinicians’
ability to see patients. There’s also
the feeling among doctors of, ‘I know
my patient best and [ don’t need a
computer to tell me what to do.” This
sentiment, plus the notion that tech-
nology is entangling physicians rather
than empowering them, is under-
standable and needs to be addressed

as we think about implementing Al
into an EHR.”

Next in Line
“In the near future, I think it’s likely
we’ll see more algorithms combining
multiple sources such as OCTA, visual
fields and OC'T of the optic nerve or
macula along with the whole-patient
picture from EHRs, including coexist-
ing diseases and demographics,” he
continues. “Algorithms such as these
could offer recommendations for
how frequently a patient needs to be
seen, whether a certain patient will do
better with drops compared to laser,
or whether a certain patient is more
likely to miss drops, for instance.

“Now, clinicians wouldn’t use such
an algorithm blindly,” he says. “Al
is going to be an instrument to help
clinicians make better use of the
available diagnostic information and
tests. Any recommendations will be
taken into consideration by the clini-
cian when making decisions.”

Dr. Yohannan hopes to use raw
OCT images to obtain more data.

“Currently we use mostly numeric in-
formation that comes from the OCT
machine,” he says. “We’re working on
extracting raw images, which contain
more information than the numbers.
"The question then is, is there a way
we can actually extract better informa-
tion from those images and give that
to the models we’re creating to fore-
cast visual field worsening or detect
worsening with even greater power?”

Merging genomic and clinical data
may be another future Al develop-
ment since genomic data can be an
independent predictor of glaucoma
with a modest level of success. “We’ve
found that having a greater genetic
burden for the disease increases the
risk of needing filtration surgery,”
says Dr. Pasquale. “We’ve identified
127 loci for POAG, and we could
create a genetic risk score from that
data to predict glaucoma with about
75-percent accuracy. That’s all without
considering imaging data. Imagine
what’s possible if we merge imaging
data with genomic data.

“More hospitals are developing
biorepositories of high-throughput
genetic data,” he adds. “It’s all
research right now and not directly
connected to EHRs, but perhaps in
10 years when we have acceptance
of genomic markers associated with
various common complex diseases, it
could be merged with imaging data to
create more powerful clinical decision-
making algorithms.”

“It’s early to say what might actually
be deployed and adopted in a wide-
spread fashion,” says Dr. Wang. “As
in every field, there is a large chasm
between development of an Al algo-
rithm in code, and actually deploying
itin the clinic on patients. [t may
be that some of the first algorithms
to be deployed would be glaucoma
screening algorithms, or there may be
clinical decision support tools to help
clinicians predict a glaucoma patient’s
clinical trajectory.” 4
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A REVIEW OF REFRACTIVE
LENS EXCHANGE

Age and refractive error are the main factors when surgeons consider this procedure.

MICHELLE STEPHENSON
CONTRIBUTING EDITOR

lear lens extraction or refrac-

tive lens exchange has gained

popularity in recent years for

the treatment of patients with
high degrees of myopia, hyperopia
and astigmatism who are unsuitable
for laser refractive surgery. Addi-
tionally, presbyopia treatment with
RLE corrects refractive errors, while
eliminating the need for cataract
surgery.

“As technologies have improved,
the patient population has expand-
ed,” says Bloomington, Minnesota,
surgeon Y. Ralph Chu. “Now, we
can offer reading vision with RLE
that can’t always be offered to
presbyopic patients with LASIK.
However, when performing RLE
on myopes, you want to be aware
of and discuss the risks of retinal
issues with these patients. The
low-hanging fruit are the hyperopes
that aren’t candidates for LASIK.
Now, presbyopia options with lens
implants has expanded the patient
base for RLE.”

This article has no commercial sponsorship.

He adds that the quality of vision
can be better with RLE than with
LASIK, especially for patients with
certain types of astigmatism or high-
er degrees of myopia or hyperopia.
“That dictates a large part of the
conversation. LASIK is also limited
in that it doesn’t treat presbyopia
beyond offering monovision in the
United States, and so when patients
want more than just distance vision,
RLE enters the conversation,” Dr.
Chu adds.

According to Daniel Durrie,

MD, in practice in Overland Park,
Kansas, RLE and laser refractive

When doing RLE in a high myope, one
potential risk is that the anterior chamber
can get overly deep.
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surgery are for different patient
populations. “Laser vision correc-
tion, whether it’s SMILE, LASIK,
or PRK, is really for congenital
refractive errors, like myopia,
astigmatism, and certain levels of
hyperopia that people are born
with,” he says. “Surgeons don’t
start thinking about RLE until a
patient is presbyopic. I think it
should be discussed with patients
older than 43 because, many times,
it takes a couple of years for people
to make the decision to have this
kind of surgery because they
haven’t thought about having their
lens replaced, and they didn’t know
it was an option.”

Who's a Good Candidate

For RLE?

Dr. Chu notes that prime candidates
for refractive lens exchange are
those patients who are out of the
range of LASIK. “Higher hyper-
opes are prime candidates because
they’re not the greatest LASIK
candidates,” he avers. “Additionally,
good RLE candidates are typically
older than 50 years of age because

Dr. Durrie is a consultant for RxSight, and Dr. Chu is a consultant for Carl Zeiss Meditec, Bausch and Lomb, and RxSight. Dr. Hovanesian
has no relevant financial interests.



IOLs offer presbyopia correction.”
He’s cautious with lower
myopes (-2 D or lower),
because these patients already
have a good range of near vision,
and the lens implant technologies
still have the risk of some dys-
photopsias and night-vision
issues. “In our practice,
it’s not an absolute
contraindication,
but there’s a longer
discussion about the
potential trade-offs and
assessment in patients
with low degrees of
myopia,” he says.
John Hovanesian,
MD, who is in practice
in Laguna Hills, California,
considers two criteria—age and
refractive erro—when looking at
RLE as an option. “An older
patient whoisa +3 D ora +4 D
is sometimes a better candi-
date for RLLE than for laser
refractive surgery,” he says.
“Even if the refractive error is
within the labeled indication
of the laser, the quality of vision
with hyperopic LASIK may not
be good. Additionally, one might
argue that the threshold
goes down even below
+4 D, especially with older age. As
the patient approaches 50, hyper-
opic laser procedures really are
less satisfying. There are
exceptions, but most
patients have some
dysfunctional lens
syndrome or early
cataract signs that
indicate the direc-
tion that their vision’s
going. Obviously,
accommodation is
already partially lost by
age 50, but lens clarity
is beginning to decline
as well, and that’s when
we start to think
about RLE.”
For patients with
higher levels of

These are just some of the pre-
mium lenses surgeons can choose
from for refractive lens exchange.

myopia, the decision to pursue RLE
has to be balanced against the risk
of retinal detachment. “However,
most patients who are highly
myopic (in the range beyond
where LASIK works well)
have a posterior vitre-
ous detachment that has
previously occurred,” Dr.
Hovanesian says, and
any patient undergoing
lens-based surgery who’s
had a previous vitreous
detachment is at sig-
nificantly less risk for retinal
detachment. So, although the
traditional dogma is that higher
myopes have a greater risk
of retinal detachment,
that’s not always the
case if they’ve had
a posterior vitreous
detachment.”

Dr. Durrie adds
that patients
who are good
candidates for
RLE need to

have a healthy
tear film and no
other ocular comor-
bidities that would prevent
them from healing well. This
includes signifi-
cant iritis, corneal
guttata or other
conditions that would make
a surgeon think twice about
operating on cither the lens
or the cornea. “Uncontrolled
glaucoma and uncontrolled
diabetes are also contrain-
dications to the procedure,”
he adds. “Sometimes, we
combine MIGS procedures
with RLE, but, generally,
the patient needs a healthy eye,
a healthy tear film, and realistic
expectations.”
Dr. Durrie underwent RLE in his
nondominant eye 12 years ago
to improve his near
vision, and he just
underwent RLE with
a Light-Adjustable

Lens on his dominant eye two
months ago because he was starting
to have decreased distance vision.
“I was still 20/20 best-corrected, so
I would be considered an RLE, not
a cataract,” he says. “I was getting
to the point where my quality of vi-
sion wasn’t as good, so I just had my
lens replaced, and now I don’t need
glasses at all. Another benefit is that
RLE prevents cataracts, which is a
big statement [for a patient]. We can
replace your lens, improve your dis-
tance and near vision, and prevent
cataracts. Many patients don’t real-
ize that once you’ve had your lens
replaced, you can’t get a cataract.”
Any premium IOL can be used
for refractive lens exchange. Some
surgeons who perform premium cat-
aract surgery also perform RLE. “If
you’re not doing premium cataract
surgery, you’re probably not going
to think about replacing somebody’s
lens that doesn’t have a cataract yet,
so the practice growth usually comes
from premium lenses,” says Dr.
Durrie. “Or, it can go the other way
where you have a refractive surgeon
who does corneal refractive surgery,
does implantable contact lenses,
and then decides to get into refrac-
tive lens exchange. I've had several
practices do that lately, where they
either brought in a surgeon to do
those lens procedures or refreshed
those skills from residency doing
lens replacement. But, some purely
corneal refractive surgeons that have
been building up their practices are

now adding RLE.”

ICLs

Dr. Hovanesian notes that laser
refractive surgery and RLE aren’t
the only options for patients. “The
decision between laser refractive
surgery and RLE isn’t binary, be-
cause there’s an in-between option
with the implantable contact lens,”
he notes. “Phakic IOLs have been
around for decades, but a recent ad-
vance with the Staar ICLL has made
it even more patient-friendly. The

EVO model, which has now been
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approved in the United States, has
an opening in the center of the lens,
so it’s no longer necessary to per-
form a peripheral iridotomy. It’s now
a one-and-done type of procedure.

“Many surgeons are doing these
bilateral sequential on the same
day,” Dr. Hovanesian continues,
“and some are performing them
in office-based surgery centers
rather than in outpatient ambula-
tory surgery centers, which means
we can reduce some of the costs of
anesthesia and facility fees, making
it both more affordable and almost
as simple as LASIK because it’s
bilateral same-day.”

ICLs are only approved in the
United States for myopic patients,
and they offer the advantage of
better-quality vision, especially for
higher corrections, users say. “With
LLASIK, higher corrections have a
more significant risk of causing aber-
rations that degrade the quality of
vision,” Dr. Hovanesian adds. “With
an [CL, those patients are in the
sweet spot of that technology, and
they really achieve better uncor-
rected vision after surgery than their
best-corrected vision before surgery.
That’s a big statement.”

Pros and Cons of RLE
According to Dr. Chu, the main
downside of RLE is matching the
right IOL technology to the patient’s
needs.

With the multitude of intraocular
lens choices, including monofo-
cal IOLs, extended depth of focus,
light-adjustable and accommodating,
as well as multifocal lenses, preop-
erative education becomes the most
critical component for selecting RLE
for a specific patient. Understanding
patients’ lifestyle needs, including
whether or not they tolerate mono-
vision, also helps guide which lens
choices are a possibility as well if
the patient is a good candidate for
refractive lens exchange. “Therefore,
it’s not just looking at a patient’s age
and degree of refractive error, rather
it’s understanding the strengths and

weaknesses of each of the available
lens technologies and matching it to
the specific lifestyle needs and visual
demands of each patient,” he says.

As IOL options have improved
and surgery has become safer, this
has allowed more patients to become
candidates for lens replacement
surgery at younger ages and at earlier
stages in their dysfunctional lens
syndrome journey. “Because of this,
training the clinic staff and keeping
up with the advances in the technol-
ogies has been the most challenging
part in a surgical practice,” Dr. Chu
adds.

With the multitude of

intraocular lens choices,
including monofocal IOLs,
extended-depth-of-focus,
light-adjustable,
accommodating, as well as
multifocal lenses,
preoperative education
becomes the most critical
component for selecting RLE
for a specific patient.

Another downside is that it’s more
invasive than laser refractive surgery,
and most surgeons operate on one
eye at a time. “It has all of the poten-
tial complications of an intraocular
procedure, such as retinal detach-
ment and endophthalmitis, which
isn’t a meaningful risk with PRK and
LASIK,” Dr. Hovanesian adds.

While it does have some down-
sides, it also has some significant
benefits, proponents say. One advan-
tage is that it’s the last eye procedure
most patients will ever need. “It’s
highly accurate, it obviates the future
need for cataract surgery, and it can
give the patient multifocality or a
range of vision that LASIK can’t,”
Dr. Hovanesian says. “LLASIK is a
depreciating asset for the patient.
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As the lens becomes more mature,
the quality of vision changes, the
refraction may shift, and the patient
may lose accommodation. Whereas,
with a lens-based procedure like
RLE, the quality of vision typically
improves immediately and stays that
good for life. Patients don’t have to
undergo future surgery, and most
patients are very pleased with the
range of uncorrected vision that they
can achieve.”

According to Dr. Chu, an advan-
tage of RLE is that a lens implant
can be removed and exchanged if
the patient is unable to adapt to
unwanted visual side effects. The
typical scenario involves exchange of
a multifocal lens for a monofocal lens
due to intolerance to dysphtopsia.

A light-adjustable lens can also be
considered as a replacement lens in
this situation. “Exchanges are more
straightforward when performed
before YAG capsultomy, but can also
be done post-YAG capsulotomy,” he
explains.

The Future

Dr. Chu notes that lens implants have
been around since 1949. “Patients
always ask about switching out their
current lens if something better
comes along in the future,” he says.
“Right now, my answer is still most
likely not. After a certain amount of
time, it becomes more difficult to
remove the lens, and most of the new
lens technologies require a pristine
capsular bag for stability and good
outcomes. We tell patients that we
usually have one chance to put in the
best lens for your eye. Early on, lenses
can be exchanged, but down the road,
don’t expect that the lens implant can
be swapped out like snow tires.”

Going forward, RLE may continue
to grow in popularity.

“More people are becoming
interested in refractive lens exchange
because it’s a presbyopic solution,”
says Dr. Durrie. “Presbyopia is a
lens disease, not a corneal disease,
so it should be treated with a lens
exchange.” €
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PEDIATRIC PATIENT

Systemic Drugs and

Ocular Toxicity: A Review

What you need to know about the possible side effects of
recently approved systemic medications.

SAWYER VACLAW, BS
TAMMY L. YANOVITCH, MD, MHSC
OKLAHOMA CITY

o you know the latest informa-

tion on medications with ocular

side effects recently approved

by Food and Drug Administra-
tion for use in children? These drugs
can cause everything from blurred
vision and photophobia to cataracts,
S0 it pays to be aware of their safety
profiles. Here, we’ll provide insights
on these therapeutics and the associ-
ated ocular complications to be on the
lookout for in your pediatric patient
population.

The Medications

"The table on the following page
summarizes the recently approved
medications and a few other common-
ly used pediatric medications with
ocular toxicities. Following are the
medications and their toxicity issues
to be aware of.

* Cystic fibrosis medications
Elexacaftor/Ivacaftor/Lumacaftor/
Tezacaftor (Trikafta, Kalydeco,
Symdeco, and Orkambi). Elexacaftor,
vacaftor (Kalydeco), lumacaftor, and
tezacaftor are cystic fibrosis trans-
membrane conductance regulator
potentiators. CF'TR potentiators
improve chloride ion transport in
patients with cystic fibrosis caused

This article has
no commercial

; discussed in the article.
sponsorship.

by specific gene mutations. Elexa-
caftor/ivacaftor/tezacaftor ('Irikafta),
ivacaftor/tezacaftor (Symdeco), and
ivacaftor/lumacaftor (Orkambi) are
combination drugs in which multiple
CF'T'R potentiators are formulated
into a single agent to increase efficacy.
The FDA approved ivacaftor for
patients with CF 4 months of age and
older with at least one responsive mu-
tation in the cystic fibrosis gene. The
FDA has also approved combination
CF'TR potentiator drugs, including
vacaftor/lumacaft for children 2 years
of age and older and elexacaftor/
vacaftor/tezacaftor and ivacaftor/
tezacaftor for children 6 years of age
and older.

—Ocular side effects. Investiga-
tors have reported non-congenital
cataracts (cortical and subcapsular)

in pediatric patients treated with iva-
caftor mono- and combined therapy.!
"The product information says that
“although other risk factors [for cata-
ract development] were present in
cases (such as corticosteroid use and
radiation exposure), a risk attributable
to treatment with ivacaftor cannot be
excluded.”

Due to this risk, the manufacturer
recommends that ophthalmologists
perform baseline and follow-up
examinations in pediatric patients on
vacaftor (Symdeco [package insert],
Boston, Vertex Pharmaceuticals). For
babies born to breastfeeding mothers
taking ivacaftor, the FDA also recom-
mends examination for cataracts.?
Investigators have not yet figured out
how ivacaftor induces cataracts, and
no published protocol supplies a sug-

gested frequency for follow-up exams.

However, pediatric ophthalmologists
might consider screening younger
children more frequently, given the
critical period of visual development
and its potential associated risk of
deprivation amblyopia.

— Management of complications.
The main management strategies
for these drugs’ unwanted ocular
effects are refractive correction,
amblyopia management and cataract

Figure 1. Wide-field photographs (Optos) showing panuveitis seen in a 40-year-old patient
with cancer drug-induced uveitis (nivolumab). Fluorescence angiography showed late

peripheral and macular leakage.
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surgery. Ophthalmologic evaluation
for children on cystic fibrosis medica-
tions should include age-appropriate
visual acuity testing, biomicroscopy
(standard or portable slit lamp), and
full retinal examination. Cataracts
that are less than 3 mm in diameter
or of partial density may be observed.
In older children, ophthalmologists
should consider cataract surgery for
any opacity causing a decrease in
quality of life. After cataract surgery,
ophthalmologists should initiate
optical rehabilitation and amblyopia
management.

* Selumetinib (Koselugo) for
neurofibromas and optic pathway
gliomas. Selumetinib is a drug that
blocks the mitogen activator protein
kinase (MAPK) pathway. Specifically,
it inhibits mitogen-activated protein
kinase enzymes (MEK), causing cell
death and stopping tumor growth.
Oncologists have used MEK inhibi-
tors to treat metastatic melanoma and
other cancers in adults. In 2020,
selumetinib received FDA approval
for the treatment of symptomatic, in-
operable plexiform neurofibromas in
patients with neurofibromatosis (NF)
type 1 who are 2 years and older.?
Selumetinib also shows promise in
treating pediatric patients with non-
NF type 1 associated optic pathway
gliomas,* though it’s not approved by
the FDA for this indication.

— Ocular complications. Pa-
tients treated with selumetinib have
reported visual changes, including
blurred vision and photophobia, and
have developed cataracts and ocu-
lar hypertension.® In adult patients
treated with MEK inhibitors, the
more severe ocular complications of
retinal pigment epithelial detachment
and retinal vein occlusion have been
noted.® Pediatric patients have also
shown outer retinal separation.” The
RPE detachment associated with
selumetinib is typically bilateral and
symmetric. The patient’s symptoms
can vary from nothing at all to blurred
vision, altered color perception,
shadows, light sensitivity, metamor-
phopsia and glare. Diagnosis of RPE

OCULAR SIDE EFFECTS OF NEW FDA-APPROVED, COMMONLY USED PEDIATRIC MEDICATIONS

Brand Name | Generic Name(s) | Indication(s) for Pediatric | Ocular Side Effect(s) | FDA Drug Information
Patients Hyperlink
Ivacaftor orkambi, cystic fibrosis cataract https:/tinyurl.
trikafta, com/2p8dj6fs
symdeco, and
kalydeco
Koselugo selumetinib plexiform neurofibroma, cataract, https://tinyurl.
optic pathway glioma ocular hypertension, | com/3kx5z9up
RPE detachment, and
retinal vein occlusion
Dupixent dupilumab atopic pathway glioma conjunctivitis, https://tinyurl.
cicatricial ectropion, com/2apthjnk
dry-eye syndrome, and
limbal stem cell
deficiency
Sabril vigabatrin infantile spasms, permanent concentric | https:/tinyurl.
refractory partial complex | visual-field constriction | com/5n78wuur
seizures
Topamax topiramate epilepsy, acute myopia, https://tinyurl.
migraine prophylaxis secondary angle- com/2cu7nzhz
closure glacuoma, and
visual field defects
Plaguenil hydroxychloro- malaria, accommodative https:/tinyurl.com/
quine lupus,* and insufficiency, sbjdrzsa
rheumatoid arthritis* retinopathy, and
corneal edema/
deposits

* Not FDA-approved for use in pediatric patients

detachment may require macular
OCT. Separation occurs because of
RPE degeneration secondary to MEK
pathway inhibition. Under normal
conditions, activation of the MEK
pathway supports the RPE. The
RPE detachment associated with
selumetinib typically doesn’t result in
irreversible loss of vision or eye dam-
age and resolves with discontinuation
of the medication.

Uveitis is another severe but rare
ocular complication associated with
MEK/BRAF inhibitor and other
cancer drug treatments such as im-
mune checkpoint inhibitors in adult
patients.! MEK/BRAF inhibitor-
related uveitis causes severe uveal
tract inflammation that may lead to
irreversible vision loss. Figure 1 shows
an example of cancer-drug-induced
uveitis. The fundus photographs are
from a 40-year-old adult patient with
cancer-drug-induced uveitis due to
treatment with nivolumab, an im-
mune checkpoint inhibitor. Because
uveitis is such a rare occurrence, it
remains to be determined if there’s an
association between uveitis and MEK
inhibitors in the pediatric population.
However, pediatric ophthalmologists
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should consider using extra vigilance
in looking for signs or symptoms of
uveitis in their patients being treated
with selumetinib.

— Monitoring. The prescribing
information recommends baseline
ophthalmic assessments in pediatric
patients starting selumetinib. The
package insert also suggests ophthal-
mic exams at regular intervals during
treatment and for any new or worsen-
ing visual changes. In patients with
visual changes, ophthalmologic evalu-
ation should include a best corrected
visual acuity, intraocular pressure,
and slit lamp fundoscopy. Physicians
should also consider a macular OC'T.

Ophthalmologists need more
information to determine how often
these ocular side effects occur in the
pediatric population. There are no
published screening protocols. For
younger patients, detecting RPE
detachment without macular OC'T
may prove challenging for pediatric
ophthalmologists.

Currently, the main manage-
ment options are cataract surgery
and withholding or discontinuing
the medication. The drug’s pack-
age insert suggests permanently




Jeremy Tan, MD

Figure 2. External photos showing conjunctivitis and early symblepharon due to dupilumab

use in a 28-year-old patient.

discontinuing selumetinib for retinal
vein occlusion and, in cases of RPE
detachment, withholding selumetinib
while checking optical coherence
tomography assessments every three
weeks until resolution and then
resuming at a reduced dose. As uveitis
is a rare complication, currently there
are no guidelines for its management
in these patients. Collaborative care
nuanced to the disease specific to the
patient is advised.

* Dupilumab (Dupixent). Dupil-
umab is an interleukin (IL.)-4 receptor
inhibitor administered by subcu-
tancous injection. It was recently
FDA-approved for “the treatment
of moderate to severe atopic der-
matitis in pediatric patients aged six
months to 5 years whose disease is
not adequately controlled with topical
therapies or when those therapies are
not advisable.” Dupixent has already
been approved for the treatment of
the following indications:

e moderate to severe atopic derma-

titis in patients six years of age and

older;

® maintenance treatment of severe

asthma in patients 12 years of age

and older; and

¢ the treatment of eosinophilic

esophagitis in patients 12 years of

age and older weighing at least 40

kg.

— Ocular complications. A com-
monly reported ocular side effect
noted in children and adults is
conjunctivitis. In the adult literature,
there have also been cases of sym-
blepharon and cicatricial ectropion,
dry-eye syndrome, and limbal stem

cell deficiency.'®!" Researchers hy-
pothesize that dupilumab-associated
conjunctivitis might be due to goblet
cell loss, heightened OX40 ligand
activity, eosinophilia and increased
Demodex infestation due to changes
in the ocular surface environment.'*'*
In the case of the limbal stem cell de-
ficiency, the report speculated that it
occurred because of continued use of
the medication well after the appear-
ance of symptoms.

Figure 2 shows conjunctivitis and
symblepharon developed in an adult
patient treated with dupilumab. In
this patient, both conjunctivitis and
symblepharon improved but didn’t
completely resolve with treatment.

In terms of monitoring recommen-
dations, that’s still an open ques-
tion. The need for and frequency
of screening exams in the pediatric
population require further investiga-
tion.

— Management of complications.
Management consists of topical ste-
roids and/or topical immunomodula-
tors such as tacrolimus or cyclosporin,
as well as discontinuing dupilimab in
rare cases. Artificial tears and topical
anti-histamines aren’t effective. Ef-
fective treatment stops the inflamma-
tory process. It’s thought that topical
steroids and/or topical immunomodu-
lators prevent epithelial cell death by
increasing goblet cells.

In conclusion, new FDA-approved
medications have significant benefits
for pediatric patients with a variety
of diseases. However, ophthalmolo-
gists must be aware of potential ocular
complications, and develop proper

screening and treatment protocols
when necessary to preserve vision in
our patients. In addition, it is vital to
keep an open line of communication
with the managing specialist(s) of pa-
tients with these disorders to optimize
care. 4
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ince its inception in the 1990s,
optical coherence tomography
has become a crucial tool in the
practice of ophthalmology by
informing diagnosis, discase monitor-
ing and long-term prognosis. The
ability of this technology to capture
the peripheral retina has allowed for
new and expanded clinical applica-
tions. In the course of its use and
development, OCT technology has
spawned widefield and ultra-wide-
field imaging methods that allow
fields of view of up to 220 degrees.
With the advent of these UWF im-
aging modalities, many researchers
have initiated studies investigating
the utility of UWF-OCT imaging,
In this literature review, we’ll outline
four disease entities in which UWF-
OCT has shown promise: retinal
detachments; pathological myopia;
peripheral retinal degenerations;
and choroidal pathologies, as well as
highlight the uses of this modality in

widefield imaging as a field of view
of approximately 60 to 100 degrees,
capturing the mid-periphery of the
retina up to the posterior edge of the
vortex vein ampulla.! It defined ultra-
widefield imaging as an image of the
far periphery of the retina, including
the anterior edge of the vortex vein
ampulla and beyond." This represents
a 110 to 220-degree field of view. A
depiction of these definitions appears
in Figure 1.

Until recently, capturing the far

periphery of the retina with OCT
was nearly impossible. However, the
Heidelberg Spectralis HRA-OCT
(Heidelberg Engineering USA) (using
a steering technique), the Silver-
stone (Optos PLLC Edinburgh), the
Plex Elite 9000 (Zeiss, Oberkochen,
Germany) and the Xephilio OC'T=S1
(Canon Medical Systems, Japan) have
introduced UWF capabilities. A com-
pany called Toward Pi has also devel-
oped a swept-source OC'T machine
with an 81 x 68 degree ficld of view
and an A-scan speed of 400 kHz.?

As mentioned, in the following
sections we'll look at the utility of WEF
and UWF in various conditions.

Retinal Detachment

There’s potential for the use of

UWEF-OCT in the diagnosis, moni-

toring, and management of retinal

detachments. Microstructural retinal

details such as photoreceptor integrity
and resolution of subretinal fluid
are difficult to ascertain on clinical
exam or UWF fundus photography.
UWF-OCT, however, acquires
crucial information both before and
after retinal detachment treatment.
"Toronto’s Wei Wei Lee, MD, and
colleagues presented longitudinal
findings captured by the Optos
Silverstone that provided insight
into the response of the retina to
treatments including laser retino-
pexy and cryopexy.* OCT findings
post-cryopexy revealed separation
of the choroid and sclera in the first
week, a previously undescribed

Figure 1. A single image from the International

pediatrics and UWF-OCT angiog- Widefield Imaging Study Group demonstrating the

finding.* Other OCT findings

raphy. definition of widefield and ultra-widefield with ref- Conﬁn,ned Wbat s been dcsmbcq n
erence to the vortex vein ampullae. Demonstrated P35t hlsrf’l‘)glcal aqalyses, lf{dudmg
WF and UWF Defined here are the demarcation boundaries described coagulative necrosis and retinal split-

In 2019, the International Wide-
field Imaging Study Group defined

ting after laser retinopexy, as well as
retinal layer destruction and RPE

for the posterior pole, the mid-periphery and the
far periphery.
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separation post-cryopexy. A post-hoc
analysis of the PIVO'T trial comparing
vitrectomy and pneumatic retinopexy
for the treatment of retinal detach-
ment examined postoperative outer
retinal folds on OCT>* They found
that these ORF were associated with
poorer visual outcomes at one year,
and that those treated with vitrectomy
were at greater risk of postoperative
ORE* Although they evaluated OCT
of only the posterior pole, these find-
ings suggest that UWF-OCT in these
patients would provide additional
information about retinal healing after
retinal detachment repair in the mid-
far periphery where retinal breaks
typically occur.

UWEF-OCT can also aid in the
differentiation of retinal detachments
from degenerative retinoschisis or
schisis detachments in cases where
the clinical findings may be am-
biguous (Figure 2).>7 Cases clinically
diagnosed as retinoschisis have been
shown to have retinal detachment on
OCT and vice versa.*® In 2014,
Marilette Stehouwer and her col-
leagues at the Academic Medical
Centre at the University of Amster-
dam found that out of 18 presumed
retinoschisis cases, three were shown
to have retinal detachment on pe-
ripheral OCT] while another study
reported a rate of six out of 53 eyes.*’
"T'his distinction is particularly rele-
vant as the management for these two
conditions differs significantly, with
retinoschisis often being a benign
condition requiring no intervention.
However, one indication for interven-
tion in retinoschisis is retinal holes, a
finding which can also be captured on
peripheral OC'T.'* These preliminary
studies show that UWF-OC'T may be
able to yield more useful information
in the diagnosis and management of
retinal detachment.

Pathologic Myopia

Since its development, UWF-OCT
has been used to investigate and
characterize features of high myopia,
including posterior staphylomas,

dome-shaped macula (DSM), and

choroidal thickness, providing insight
into classification and pathophysiol-
ogy of these findings. Although DSM
was originally considered a type of
staphyloma, UWF-OC'T has demon-
strated that it’s distinct in its patho-
physiology." DSM has been defined
as an inward bulging of at least 50 pm
involving the retinal pigment epitheli-
um and Bruch’s membrane (Figure 3).
Findings on UWF-OCT now suggest
that DSM is related to an abnormal
posterior scleral curvature.!

With regards to classification of
staphylomas, UWF-OCT can aid
in distinguishing wide and narrow
varieties and allows for quantitative
measurement of these staphylo-
mas.'>" In eyes with narrow staphylo-
mas, Tokyo’s Noriko Nakao, MD, and
her colleagues found that higher axial
lengths were correlated with more
abrupt staphyloma edges. This wasn’t
the case with wide staphylomas, fur-
ther differentiating these staphyloma
categories.'” In another study, Tokyo’s
Kosei Shinohara, MD, and co-workers
reported that UWF-OCT may be
more sensitive than 3D MRI in the
detection of staphylomas, although
the results weren’t statistically signifi-
cant." Detection and monitoring of
these staphylomas provide informa-
tion about progression and risk of
complications.

Peripheral Retinal Degeneration
Peripheral retinal degenerations are
pathologies that may demonstrate the
highest utility for UWF-OCT to date.
UWEF-OCT can provide clear charac-
terization and documentation of these
peripheral pathologies including lat-
tice degeneration, retinal tufts, retinal
tears, retinal holes and paving-stone
degeneration. The feasibility of ac-
quiring clinically useful OCT of these
pathologies in practice has been dem-
onstrated in several studies.>>7 In
2016, one of this article’s authors, Dr.
Choudhry, used a steering technique
to acquire UWF spectral-domain
OCT of the peripheral retina and
described structural features of these
peripheral pathologies.!” In 2021,
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Simrat K. Sodhi and her co-authors at
Vitreous Retina Macula Specialists of
"Toronto demonstrated that high qual-
ity and clinically valuable SS-OCT of
the mid and far periphery could be
captured without montage or steer-
ing.’ That same year, New York’s Kyle
Kovacs, MD, and colleagues reported
that the use of UWF-OCT provided
meaningful clinical information to
inform management in 38 percent

of eyes imaged."® This year, Paulo
Eduardo Stanga, MD, and co-workers
(one of whom is an employee of
OC'T-maker Canon Medical Systems)
used a novel UWF-OCT device in a
retrospective study to image pathol-
ogy of the peripheral retina and

were able to correlate findings with
histological photomicrographs show-
ing the retina and vitreous attach-
ments.'® The researchers found that,
in addition to microstructural details
in the peripheral retina, OCT can also
provide important information about
the vitreoretinal interface and the
presence or absence of traction. Such
distinctions in pathology and associ-
ated features can help avoid invasive
management by ruling out tears and
holes in cases of vitreoretinal tufts or
by ruling out vitreoretinal traction in
cases of lattice degeneration.'

Choroidal Pathology

Choroidal pathologies are entities that
can present in the peripheral retina
where clinical exam alone may not be
sufficient to make a diagnosis. UWF-
OCT has been used to differentiate
and diagnose choroidal melanoma
and choroidal nevi in the retinal
periphery.® Important risk factors for
transformation of nevi into melanoma
include presence of subretinal fluid
on OC'T*® In the case of peripheral
lesions, UWF-OC'T allows the detec-
tion of subretinal fluid and estimation
of lesion size. Peripheral exuda-

tive hemorrhagic chorioretinopathy
(PEHCR) lesions have been found to
simulate the appearance of choroidal
melanoma and are thus important to
properly characterize. Since PEHCR
lesions are usually located in the reti-



nal periphery (89 percent between
the equator and ora serrata), use
of UWF or peripheral OCT is
particularly valuable."” The pres-
ence of retinal exudation and RPE
atrophy can assist in differentiating
PEHCR from choroidal mela-
noma." In a retrospective study of
PEHCR lesions in 50 eyes of 35
patients, detection of subretinal
fluid on OCT" was a risk factor for
future macular involvement, intra-
vitreal bleed and loss of vision."
Lesion extension beyond three
clock hours also denoted high-risk
eyes.'” Subgroup analysis from this
study suggested that treatment of
these high-risk eyes may protect
against macular involvement."
Continued research using periph-
eral OCT could further inform
treatment recommendations.
Shanghai’s Yi Xuan, MD, and
colleagues examined a series of
choroidal osteomas using "Toward
P1’s novel SS-OCT and OCTA
technology, allowing an ultra-high
resolution 120-degree field of view,
capturing the entire tumor.? This
imaging modality was capable of de-
tecting choroidal neovascularization,
which can be difficult on traditional
imaging modalities due to the dense
nature of the mass and RPE changes.

™~

UWF-OCT in Pediatrics
Ophthalmic imaging in pediatric
patients presents a unique challenge
with regard to positioning and fixa-
tion. As in adults, subtle anatomic
changes detectable with OCT imag-
ing are clinically valuable in many
conditions. One solution to address
challenges with positioning is the use
of handheld OCT devices. Thanh-
Tin P Nguyen, MD, of Oregon’s
Casey Eye Institute, and colleagues
have shown the utility of a handheld
SS-OCT device in non-sedated pe-
diatric patients in the neonatal ICU,
and in sedated patients in the operat-
ing room.?*?! Their widefield proto-
type device has a 105-degree field of
view with the option of displaying
real-time en-face OCT images.”*

Figure 2. Degenerative retinoschisis in the right eye
captured using the Silverstone OCT (Optos, Edinburgh).
(A) Pseudocolor image demonstrating a superotempo-
ral area of retinoschisis, with translucency of the inner
retinal layers and a reticular pattern of schisis cavities.
Laser scars around the area of schisis are visible. (B)
Swept source-OCT structural B-scan of the periph-

eral retina over the area of retinoschisis, revealing
separation of the inner and outer retina consistent with
retinoschisis.

Particularly for pediatric conditions
such as retinopathy of prematurity,
this technology can play a role in
screening and monitoring, and could
even provide new pathophysiologic
insights.?’ With widefield OC'T, the
physician can determine the area of
vascularized retina and the vascular/
avascular border.” The user can
accurately detect and character-
ize neovascularization, particularly
extraretinal neovascularization, which
is important to the classification of
ROP? Other clinically valuable
OCT findings include changes in the
vitreoretinal interface, which might
inform management decisions in
several pathologies. In pediatric reti-
nal detachments, OCT findings can
distinguish between tractional and
exudative detachments.?! Objective
OCT measures can also help monitor
subtle changes over time.

Furthermore, widefield OC'T can
be valuable in cases of retinoblas-
toma, as tumors and subclinical-sized
tumors can be detected in the retinal

periphery.?# The utility of OCT
in the detection of subclinical
retinoblastoma tumors less than
400 pm, undetectable by ophthal-
moscopy, has been well-estab-
lished.?*?* Marie-Claire Gaillard,
MD, and colleagues from the
University of Lausanne in
Switzerland, presented a case se-
ries of 16 subclinical recurrent tu-
mors detected with a commercial
handheld OCT device.” Although
this device didn’t have widefield
capabilities, it demonstrated the
benefit of OCT in the monitoring
of patients with retinoblastoma.
"T'his may help detect recurrences
carlier, which could have a signifi-
cant impact on survival and visual
outcomes. However, it can also
provide important clinical details
about the tumor, which may
inform management decisions.
"The further evolution of pediatric
widefield OCTA could prove valu-
able in the detection and manage-
ment of intraocular tumors.

UWF-OCT Angiography

OCT’s evolution has led to the devel-
opment of non-contrast angiography
capabilities. Though it’s currently not
widely used, OCTA can be valuable
as a non-invasive, safe and easily
repeatable alternative to dye-based
angiography with fluorescein or indo-
cyanine green.”

An advantage of OCTA is the abil-
ity to create high-resolution, depth-
resolved angiographic images, which
can be correlated with flow overlay
B scans.” A major limitation of early
OCTA technology was the limited
field of view, but newer technology
has allowed for wider field OCTA.*
Similar to OC'T imaging standards,
the International Widefield Imaging
Study Group in 2019 recommended
OCTA definitions for widefield and
ultra-widefield. Widefield OCTA
must capture all four quadrants of the
retina including the posterior edge of
the vortex veins, while ultra-widefield
OCTA requires imaging beyond the
anterior edge of the vortex veins. If
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not all four quadrants are captured,
it must be labeled as asymmetric
widefield, or asymmetric ultra-
widefield, OCTA.!

One area in which widefield
OCTA can be useful is in the
evaluation of diabetic retinopathy.
OCTA of the peripheral retina
in DR can outline areas of non-
perfusion and document vascular
changes such as vessel pruning or
neovascularization. The additional
information afforded by OCTA
may improve classification of
diabetes severity. For example, in a
retrospective, cross-sectional study,
Fupeng Wang, PhD, of the Uni-
versity of Washington-Seattle, and
co-workers used widefield OCTA
to look at the ratio of nonperfu-
sion (RNP) in eyes with diabetes
without retinopathy, eyes with
non-proliferative DR and eyes
with proliferative DR.? The RNP
was significantly different between
these groups. Interestingly, subgroup
analysis suggested that nonperfusion
in the peripheral retina (between 50
to 100-degree field of view) was the
most valuable in grading DR sever-
ity

Differentiation of intraretinal
microvascular abnormalities from
neovascularization is also key in clas-
sifying DR severity. IRMA can be
distinguished on widefield OCTA by
the presence of intraretinal collateral
vessels, with no flow signals above
the internal limiting membrane.?®
Presence of IRMA denotes severe
NPDR and represents a high risk
of progression to PDR.? Although
fluorescein angiography is considered
the gold standard for detection of
retinal neovascularization, two stud-
ies, one a cross-sectional study in 82
eyes by Francesco Pichi, MD, of the
Cleveland Clinic Abu Dhabi and co-
authors and a retrospective study in
82 eyes by Moorfields’ Hagar Khalid,
MD, and co-workers, showed that
the detection rate of NV on widefield
OCTA may be better than detection
on FA, color photography and clinical
examination.?*#

MD, and her colleagues at Paris-
Est Créteil University in France,
found that using a 60-degree

field of view rather than a 12x12
40-degree ficld of view revealed
nonperfusion in 30 percent more
eyes.” In a different study, Moor-
fields’ Josef Huemer, MD, and his
co-authors used OCTA to describe
different patterns of neovascu-
larization in RVO: a sea-fan type
and a nodular type.* They noted
a tendency for nodular neovas-
cularization to be misdiagnosed

as retinal hemorrhage on clinical
exam, highlighting the clinical

Figure 3. Dome-shaped macula in the left eye captured contribution of OCTA in these

using the Silverstone OCT (Optos, Edinburgh). (A)
Pseudocolor image. (B) SS-OCT 24-mm structural
B-scan passing through the optic nerve and fovea
demonstrating the inward bulge of the dome-shaped
macula.

Research has found clinical value
in widefield OCTA assessment of
retinal vein occlusions. In two stud-
ies (consisting of 43 patients and 26
patients, respectively), detection and
quantification of areas of retinal non-
perfusion with OCTA appears to cor-
relate closely with FA.**! Since the
peripheral retina often has larger areas
of nonperfusion, widefield OCTA
may allow a more accurate estimation
of the extent of nonperfusion.’ In
the first study, Agnes Glacet-Bernard,

Figure 4. Branch retinal vein occlusion in
the right eye captured using the Plex Elite
9000 (Zeiss, Oberkochen, Germany). A 24
mm x 24 mm en face SS-OCTA montage of
the superficial vascular plexus demon-
strates areas of non-perfusion and disrup-
tion of the foveal avascular zone.
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patients.*

In a retrospective study of 54
patients, Shanghai’s Wenyi Tang,
MD, and colleagues found that
the depth-resolved nature of
OCTA allowed for evaluation of

the periarterial capillary-free zone
(paCFZ), which is the avascular

area surrounding retinal arteries,
measured in the superficial capillary
plexus.* This has been investigated
as a potential biomarker in RVO, and
has been shown to be larger in eyes
with branch RVO.* The researchers
looked at this measure before and
after anti-VEGF therapy and found
an improvement in paCFZ with treat-
ment.” Dr. Tang’s group also found
that lower ratio of paCFZ to artery
area tend to predict better visual out-
comes at 12 months with anti-VEGF
injections.*

In conclusion, though it’s not cur-
rently widely used, UWF-OC'T can
be valuable in detection of pathology,
such as subclinical retinoblastoma
and diagnosis of clinically uncertain
presentations, such as retinoschisis.
It can play a role in monitoring of
disease progression, such as myopic
staphylomas, and inform treatment
decisions through clear information
about structural anatomy such as the
vitreoretinal interface.

Despite significant improve-
ments in technology, there exists
many limitations to its application
in practice. One obvious limitation
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RETINAL INSIDER | Ultra-widefield OCT

is the cost of machines with wide-
field or ultra-widefield capabilities.
Given the financial outlay required,
consideration must be given as to the
clinical utility of OCT and OCTA, as
well as the other capabilities of these
machines. For example, some devices
offer ultra-widefield OCTT capability,
but can also be used to capture ultra-
widefield pseudocolor photography,
autofluorescence imaging, and fluo-
rescein and indocyanine green angi-
ography. Each clinician must evaluate
the utility of these modalities in their
practice. Another factor to consider is
the challenges in image acquisition.
Many artifacts must be managed with
wider field imaging, such as eyelid
artifact, inversion artifact and motion
artifacts.

T'he majority of the scans also de-
pend on the patient’s ability to fixate
for longer periods of time, particularly
with OCTA, as more information is
being acquired. As machines evolve,
the speed of acquisition increases,
making this technology more useful
in the ophthalmic population. Many
commercial devices have an acquisi-
tion speed of 100 kHz (or greater),
including the Optos Silverstone, the
Plex Elite 9000, and the Xephilio
OC'I=S1 but the newer Toward Pi
device and the prototype pediatric
hand-held device both have an acqui-
sition speed of 400 kHz.2>162030

Looking ahead, as the existing
platforms that can image the periph-
ery become more readily available,
these imaging modalities have the
potential to play an important role
in the growing field of telemedicine.
Furthermore, the application of artifi-
cial intelligence on OCT and OCTA
image processing, quantification
and interpretation is a rapidly evolv-
ing field that could improve clinical
management and prognostication for
patients with central and peripheral
retinal disease in a new era of person-
alized medicine. €

1. Choudhry N, Duker JS, Freund KB, et al. Classification
and guidelines for widefield imaging: Recommendations
from the International Widefield Imaging Study Group.
Ophthalmol Retin 2019;3:10:843-849.

2. Xuan', Chang Q, Zhang Y, et al. Clinical observation of
choroidal osteoma using swept-source optical coherence
tomography and optical coherence tomography angiogra-
phy. Appl Sci 2022;12:9.

3. Lee WW, Muni RH. Single-capture ultra-widefield guided

swept-source optical coherence tomography in the manage-

ment of rhegmatogenous retinal detachment and associ-
ated peripheral vitreoretinal pathology. Br J Ophthalmol
2022,0:1-7.

4. Lee WW, Bansal A, Sadda SR, et al. Outer retinal folds
after pars plana vitrectomy vs. pneumatic retinopexy for
retinal detachment repair; Post hoc analysis from PIVOT.
Ophthalmol Retin 2022;6:3:234-242.

5. Sodhi SK, Golding J, Trimboli C, Choudhry N. Feasibility of
peripheral OCT imaging using a novel integrated SLO ultra-
widefield imaging swept-source OCT device. Int Ophthalmol
2021;41:8:2805-2815.

6. Eibenberger K, Sacu S, Rezar-Dreind! S, et al. Monitoring
retinoschisis and non-acute retinal detachment by optical
coherence tomography: Morphologic aspects and clinical
impact. Acta Ophthalmol 2017,95:710-716.

7. McNabb RP, Grewal DS, Mehta R, et al. Wide field of view
swept-source optical coherence tomography for peripheral
retinal disease. Br J Ophthalmol 2016;100:10:1377.

8. Yeoh J, Rahman W, Chen FK, Da Cruz L. Use of spectral-
domain optical coherence tomography to differentiate
acquired retinoschisis from retinal detachment in difficult
cases. Retina 2012;32:8:1574-1580.

9. Stehouwer M, Tan SH, Van Leeuwen TG, Verbraak FD. Se-
nile retinoschisis versus retinal detachment, the additional
value of peripheral retinal OCT scans (SL SCAN-1, Topcon).
Acta Ophthalmol 2014;92:3:221-227.

10. Rachitskaya AV, Yuan A, Singh RP, Sears JE, Schachat
AP. Optical coherence tomography of outer retinal holes in
senile retinoschisis and schisis-detachment. Br J Ophthal-
mol 2017;101:4:445-448.

11. Saito R, Shinohara K, Tanaka N, Takahashi H, Yoshida T,
Ohno-Matsui K. Association between dome-shaped macula
and posterior staphyloma in highly myopic eyes investi-
gated by ultra-widefield optical coherence tomography.
Retin J Retin Vitr Dis 2021;41:3:646-652.

12. Nakao N, Igarashi-Yokoi T, Takahashi H, Xie S, Shinohara
K, Ohno-Matsui K. Quantitative evaluations of posterior
staphylomas in highly myopic eyes by ultra-widefield optical
coherence tomography. Invest Ophthalmol Vis Sci. 2022;63
:8:1-8. doi:10.1167/10VS.63.8.20

13. Ludwig CA, Moon J, Garg |, Miller JB. Ultra-widefield im-
aging for evaluation of the myopic eye. Semin Ophthalmol
2021;36:4:185-190.

14. Shinohara K, Shimada N, Moriyama M, et al. Posterior
staphylomas in pathologic myopia imaged by widefield
optical coherence tomography. Investig Ophthalmol Vis Sci
2017;58:9:3750-3758.

15. Kovacs KD, Mahrous MA, Gonzalez L, et al. Feasibility
and clinical utility of ultra-widefield-navigated swept-source
optical coherence tomography imaging. J Vitreoretin Dis
2021;5:5:396-404.

16. Stanga PE, Pastor-ldoate S, Reinstein U, et al. Navigated
single-capture 3D and cross-sectional wide-field OCT of the
mid and peripheral retina and vitreoretinal interface. Eur J
Ophthalmol. 2022;32:3:1642-1651.

17. Choudhry N, Golding J, Manry MW, et al. Ultra-widefield
steering-based sd-oct imaging of the retinal periphery HHS
public access. Ophthalmology 2016;123:6:1368-1374.

18. Shields CL, Dalvin LA, Ancona-Lezama D, et al. Choroidal
nevus imaging features in 3,806 cases and risk factors

for transformation into melanoma in 2,355 cases: The

2020 Taylor R. Smith and Victor T. Curtin Lecture. Retina
2019;39:10:1840-1851.

19. Zicarelli F, Preziosa C, Staurenghi G, Pellegrini M. Periph-
eral exudative haemorrhagic chorioretinopathy: A widefield
imaging study. Br J Ophthalmol 2021;105:1410-1414.

20. Nguyen TTP,Ni S, Khan S, et al. Advantages of widefield
optical coherence tomography in the diagnosis of retinopa-
thy of prematurity. Front Pediatr 2022,9:1-7.

21.Nguyen TR Ni S, Liang G, et al. Widefield optical
coherence tomography in pediatric retina : A case series

of intraoperative applications using a prototype handheld
device. Front Med 2022,9:1-12.

22. Skalet AH, Campbell JR, Jian Y. Ultrawide-field OCT for
retinoblastoma. Ophthalmology 2022;129:6:718.

23. Gaillard MC, Houghton S, Stathopoulos C, Munier FL.
0CT-guided management of subclinical recurrent retinoblas-
toma. Ophthalmic Genet 2018;39:3:338-343.

24. Berry JL, Cobrinik D, Kim JW. Detection and intraretinal

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2022

localization of an “invisible” retinoblastoma using optical
coherence tomography. Ocul Oncol Pathol 2016;2:148-152.
25. Spaide RF, Fujimoto JG, Waheed NK, et al. Optical
coherence tomography angiography. Prog Retin Eye Res
2018,64:1.

26. Pichi F, Smith SD, Abboud EB, et al. Wide-field optical
coherence tomography angiography for the detection of
proliferative diabetic retinopathy. Graefe's Arch Clin Exp
Ophthalmol 2020;258:1901-1909.

27. Wang FP, Saraf SS, Zhang Q, et al. Ultra-widefield proto-
col enhances automated classification of diabetic retinopa-
thy severity with OCTA. Ophthalmol Retin 2020;4:4:415-424.
28. Arya M, Sorour O, Chaudhri J, et al. Distinguishing intra-
retinal microvascular abnormalities from retinal neovascu-
larization using optical coherence tomography angiography.
Retin J Retin Vitr Dis 2020;40:9:1686-1695.

29. Khalid H, Schwartz R, Nicholson L, et al. Widefield opti-
cal coherence tomography angiography for early detection
and objective evaluation of proliferative diabetic retinopathy.
Br J Ophthalmol 2027;105:1:118-123.

30. Glacet-Bernard A, Miere A, Houmane B, et al. Nonperfu-
sion assessment in retinal vein occlusion: Comparison
between ultra-widefield fluorescein angiography and wide-
field optical coherence tomography angiography. Retina
2021;41:1202-1209.

31. Kadomoto S, Muraoka Y, Uji A, et al. Nonperfusion area
quantification in branch retinal vein occlusion: A widefield
optical coherence tomography angiography study. Retina
2021;41:1210-1218.

32. Huemer J, Khalid H, Wagner SK, et al. Phenotyping of
retinal neovascularization in ischemic retinal vein occlusion
using wide field OCT angiography. Eye 2021,35:2812-2819.
33.Tang W, Liu W, Guo J, et al. Wide-field swept-source OCT
angiography of the periarterial capillary-free zone before
and after anti-VEGF therapy for branch retinal vein occlu-
sion. Eye Vis 2022;9:25:1-10.

ABOUT THE AUTHORS

Dr. Orr is a research fellow at Vitreous
Retina Macula Specialists of Toronto
and senior scientist at Toronto’s
0CTane Imaging Lab.

Dr. Pereira is PGY3 at the University of
Toronto Department of Ophthalmology
& Visual Sciences and a senior scien-
tist at the OCTane Imaging Lab.

Dr. Choudhry is co-founder and medi-
cal director at Vitreous Retina Macula
Specialists of Toronto and principal
investigator at the 0CTane Imaging
Lab.
Dr. Choudhry is a consultant for
Topcon, Optos, Bayer, Allergan, Hoff-
man La Roche, Viatris, Novartis, Carl
Zeiss Meditec, and Ellex and receives
research equipment from Topcon,
Optos & Carl Zeiss Meditec. This project was completed
at the Vitreous Retina Macula Specialists of Toronto.
The other authors have no financial interest in any of
the material presented.

Corresponding author:

Netan Choudhry MD FRCS(C)
Medical Director

Vitreous Retina Macula Specialists of
"Toronto

3280 Bloor Street West, Suite 310
"Toronto, Ontario, M8X 3X3

Email: netan.choudhry@vrmto.com



Monthly

MACKOOL ONLINE CME
CME SERIES | SURGICAL VIDEOS

To view CME video
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Episode 83:

Late Posterior
Chamber IOL
Dislocation: Scleral
Suture Fixation vs
IOL Exchange
Surgical Video by:
Richard J. Mackool, MD

Video Overview:

Intravitreal dislocation of
a posterior chamber IOL
has occurred in the only
sighted eye of a 92 year
old patient with advanced
corneal endothelial cell
loss. A moderately large
Soemmering’s ring is
present, and the issue that
this presents is discussed.

| am happy to announce an exciting addition as we continue
into our seventh year of Mackool Online CME. This year, with
the generous support of several ophthalmic companies, my
son Dr. RJ Mackool and | will share the honor of presenting
our surgical cases to you. Together we will continue to
demonstrate the technologies and techniques that we find to
be most valuable to our patients, and that we hope are helpful
to many of our colleagues.

| will continue to narrate all of the cases, even as we share the
surgical duties and thereby expand the variety of the cases
that we bring to you. As before, one new surgical video will be released monthly,
allowing our colleagues the opportunity to earn CME credits or just observe the
case. New viewers are able to obtain additional CME credit by reviewing previous
videos that are located in our archives.

Richard J. Mackool, MD

| thank the many surgeons who have told us that they have found our CME
program to be valuable and instructive; | appreciate your comments, suggestions
and gquestions. Thanks again for joining us on Mackool Online CME.

CME Accredited Surgical Training Videos Now
Available Online: www.MackoolOnlineCME.com

Richard Mackool, MD, a world renowned anterior segment ophthalmic
microsurgeon, has assembled a web-based video collection of surgical cases that
encompass both routine and challenging cases, demonstrating both familiar and
potentially unfamiliar surgical techniques using a variety of instrumentation and
settings.

This educational activity aims to present a series of Dr. Mackool’s surgical videos,
carefully selected to address the specific learning objectives of this activity, with

the goal of making surgical training available as needed online for surgeons
motivated to improve or expand their surgical repertoire.

Learning Objective
After completion of this educational activity, participants should be able to:

* employ surgical options in eyes with posterior chamber IOL dislocation.

Satisfactory Completion - Learners must pass a post-test and complete an evaluation form to receive a certificate of completion. You must listen to/view the entire video as partial
credit is not available. If you are seeking continuing education credit for a specialty not listed below, it is your responsibility to contact your licensing/certification board to determine
course eligibility for your licensing/certification requirement.

Accreditation Statement - In support of improving patient care, this activity has been planned and implemented by Amedco LLC and Review Education
Group. Amedco LLC is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation Council for
\Z Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing education for the healthcare team.

JOINTLY ACCREDITED PROVIDER" Physicians (ACCME) Credit Designation - Amedco LLC designates this enduring material activity for a maximum of .25 AMA PRA Category 1
INTERPROFESSIONAL coNTINUING EpucaTion — Credjts™. Physicians should claim only the credit commensurate with the extent of their participation in the activity

In Kind Support:
Jointly provided by: Additionally Supported by: So ny Healthcare
Supported by an unrestricted independent Glaukos .
medical educational grant from: MST Solutions

B REY Acon

Crestpoint Management Video and Web Production by:

JR Snowdon, Inc
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GLAUCOMA MANAGEMENT

Should You Stop Driver's
License Renewal?

Even mild visual field loss can have serious on-road

consequences. Here's guidance.

JONATHAN S. MYERS, MD
PHILADELPHIA

ccidents happen, but they

may be happening more

among glaucoma patients.

Most glaucoma patients
don’t notice their gradual pe-
ripheral field loss and continue
to drive since they retain good
central vision. However, we see
in the literature that even small
amounts of peripheral field loss
can hinder safe driving. Do you
and your patients know their driv-
ing risk and whether they meet
their state’s vision requirements
for driving?

At the same time, there are
plenty of other factors that might
make someone unsafe to drive
that have nothing to do with their
vision, some of which ophthal-
mologists don’t typically assess.
Cognitive issues, processing
speed, executive function, plan-
ning ability, reaction time, coordi-
nation and cellphone use may all
come into play. Other drivers also
pose a potential threat. So, when
and how should you tell a patient
to hang up the keys?

Here, I'll review visual require-
ments for driving, what we know
about glaucoma patients’ on-road
performance and discuss how [
approach the inevitably difficult

This article has

no commercial
sponsorship.
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conversation with the patient.

State Driving Regulations

Vision requirements for driving
vary considerably across the United
States, so it’s helpful for ophthal-
mologists to know their state’s regu-
lations. Many states set minimum
visual acuity at 20/40, which is also
how low-vision is defined by the
National Institutes of Health. Other
states require at least 20/100 visual
acuity for some driving, which falls
within the World Health Organiza-
tion’s low-vision definition of visual
acuity between 20/60 and 20/200.
Most requirements specify whether
the visual acuity listed is for one

or both eyes and/or include certain
restrictions for poorer vision such

as daytime-only driving or avoiding
freeways.

Visual field requirements for driv-
ing in the United States may range
anywhere from 55 to 150 degrees.
Some states don’t have minimum
visual field requirements or require
vision testing for license renewal.
As a quick reference, you can find a
table of vision restrictions for non-
commercial licensure at evewiki.
aao.org/Driving Restrictions per
State. As you might surmise, vision
requirements for commercial licen-
sure are much stricter.

Most of these vision require-
ments for driving weren’t written

by ophthalmologists. Perhaps that’s
a good thing given our limited
experience writing legislation, but
on the flip side, many of the state
regulations fail to specify important
details. What does it mean to say
that Tennessee drivers, for exam-
ple, are required to have a “visual
field diameter of no less than one
hundred fifty (150) degrees without
the use of field expanders...”? Is
that 150 degrees continuous? Is that
150 degrees in which you can make
out a large object, or 150 degrees
in which you can make out a small
stimulus? Additionally, most states
don’t specify the vertical compo-
nent, just the left-right horizontal
component. Is driving with a com-
plete altitudinal defect acceptable?
The state requirements are also
often silent on the question of how
we establish the field of vision.
They don’t specify the stimulus size
or defect depth. There are custom-
ary ways that people perform the
testing, but the type of test isn’t
usually specified in the require-
ments. One customary way is to
use the Goldmann kinetic perim-
etry stimulus IT1-4¢ as a criterion,
but few of us are routinely using
Goldmann perimetry. On the other
hand, static perimetry such as the
Humphrey Visual Field Analyzer
is widespread. A 10-decibel stimu-
lus on the Humphrey would be
somewhat analogous to missing the
Goldmann III-4e—that’s about a
20-dB defect in the central field. So,
it’s a fairly decent-sized defect that
counts for the purposes of driving.
It’s not just a mild depression but
a pretty solid loss at one or several
points in that area.

Field Loss & Car Accidents
Though the absolute risk of having

Dr. Singh is a professor of ophthalmology and chief of the Glaucoma Division at Stanford University School of Medicine. Dr. Netland is Vernah Scott Moyston Professor and Chair
at the University of Virginia in Charlottesville.



an accident in a given year is fairly
small for most drivers, real-world
data shows that this risk is greater
among glaucoma patients. Cynthia
Owsley, MD, and colleagues have
been researching the impacts of
aging on vision for a number of
years. One of the groups’ studies
investigated motor vehicle collision
risk among 2,000 licensed driv-

ers in Alabama, aged 270 years.'
They found that glaucoma patients
(n=206) had more actual collisions
(1.65 times higher MVC rate [95%
CI, 1.2 to 2.28; p=0.002]) and that
patients with impaired left visual
fields were more likely to have
been involved in an accident (risk
ratio: 3.16; p=0.001; mean sensitiv-
ity <22 dB).

A study by Balwantray Chauhan,
PhD, and colleagues examined
on-road driving performance among
glaucoma patients (n=20; better-eye
MD -1.7 dB; worse-eye MD -6.5
dB; all 220/40, 2120 degrees VF)
vs. controls (n=20).? All of these
glaucoma patients would generally
be considered legal to drive based
on their visual field loss—they all
have reasonably good central and
peripheral vision. The better eyes
had very mild defects and the worse
eyes had moderate defects, on
average. Even though they meet
the legal requirements for driving
and had one eye that was very good,
these glaucoma patients were still
three times more likely to have
incidents requiring intervention
by the person riding alongside (a
professional driving instructor) in
this on-road test. After adjusting for
age, sex, medications and driving
exposure, the glaucoma patients
were up to six times more likely
to require intervention because of
a mistake—predominantly failure
to see and yield to a pedestrian,
peripheral obstacles and reaction to
unexpected events.

In another on-road study, Dr.
Owsley and her team investigated
types of driving errors linked to

Patient 1 has a fairly typical glaucoma field. Much of the field loss in one eye is reinforced
by areas of seeing in the other. The field loss in these two eyes doesn't overlap in space.

glaucoma. This study found that
older drivers (n=75; mean age 73.2
+6 years) with mild to moderate
field loss (better-eye MD -1.21 dB;
worse-eye MD -7.75 dB; all 220/40,
2110 degrees VF) had some driving
ability impairments, particularly
with lane position, planning ahead
and observation (e.g., traffic lights).?
These patients were 1.93 times
more likely than controls to re-
quire intervention. In self-reported
driving assessments, most patients
considered their own driving to be
relatively good.

T'he authors hinted that there
may be additional issues besides
vision at play. Glaucoma is more
common as we age, so some of
these concurrent issues such as
cognition speed and processing
may make driving more challeng-
ing or less safe. In fact, a driving
simulation study published in BMC
Ophthalmology in 2020 reported
that glaucomatous visual fields and
neurocognitive function are inde-
pendently associated with poor lane
maintenance.”

In simulator studies, glaucoma
patients are also more likely to have
accidents.” A study in Japan noted

that though the severe glaucoma
patient participants (n=95) had
good central vision (20/25 in the
better eye), the better eye had a lot
of field loss (MD -18 dB).® Colli-
sion involvement was significantly
associated with decreased inferior
visual field mean sensitivity in the
mid periphery from 13 to 24 de-
grees (p=0.041), older age and lower
visual acuity (p=0.018 and p=0.001).

As part of a study we presented as
a poster at the 2019 ARVO Meet-
ing in Vancouver testing glaucoma
patients’ performance on real-world
tasks such as identifying misspelled
words and matching pairs of socks,
we also asked patients if they’d
been involved in any accidents
in the past five years. Indeed, the
glaucoma patients were about twice
as likely to be involved in self-re-
ported motor vehicle collisions than
average for similarly aged healthy
drivers.

Overall, we find in the literature
that field loss is linked to accidents,
particularly inferior and left visual
field loss. This makes sense as most
of the threats on the road come
from the left in our country. The
car that’s going to hit you first at an
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Patient 2 has complete left-sided field loss in both eyes, such as from a stroke.

intersection comes from the left
side. Can your patient see someone
who runs a stop sign?

Detecting A Problem
Considering the literature, how
comfortable would you be telling
the following patients whether or
not they can drive?

Patient 1 (see image, page 73) has a
fairly typical glaucoma field, mainly
superonasal steps with moderate
superior arcuates that are primar-
ily nasal. In this case, much of the
patient’s field loss in one eye is
reinforced by areas of vision in the
other eye, so the field loss in these
two eyes isn’t overlapping in space.
"This is a patient who may well
be okay to drive. I’d counsel this
patient about the increased risk of
accidents, but I’d also tell them that
in most states, they meet the legal
requirements to drive if they don’t
have other comorbidities.

Patient 2 (¢#mage above) has a
homonymous hemianopsia on the
left, i.e., complete left-sided field
loss in both eyes such as from a
stroke. They have a lot of preserved
field to the right, and in some
states, with vision rehabilitation
and occupational therapy, they may
be able to drive legally. However,
that’s not my area of expertise.

REVIEW OF OPHTHALMOLOGY | OCTOBER 2022

In many areas there are organiza-
tions that offer driver therapy or oc-
cupational therapy, including formal
driving testing and rehabilitation
programs. Internet searches turned
up many of these programs. I think
it’s great to refer patients like this
case example who may be able to
drive safely with some professional
help.

Patient 3 (see image, facing page)
has more advanced glaucoma fields
with a central island of vision in the
left eye and a fairly dense arcuate
in the right eye that approaches
central fixation. This patient has
several of the risk factors, including
overall field loss, that the previously
mentioned studies suggest puts
them at greater risk for accidents.
"This patient’s field loss overlaps
leftward and downward. Whether
they meet the legal requirements in
their state or not—I’m not sure I’'m
comfortable saying that this patient
will be okay to drive.

State restrictions usually specify
that the patient meet requirements
in the horizontal meridian. This
patient’s defect goes right up to the
meridian, but we don’t generally
test on the meridian itself. That
creates more uncertainty.

Apart from the visual findings,
what else can clue you in that a

patient may need to give up their
keys? While ophthalmologists
certainly aren’t neurocognitive
specialists, you may notice a patient
having difficulty following a conver-
sation during the exam. A patient
may mention in passing some driv-
ing incident that occurred. These
may prompt you to think about
whether the patient is safe behind
the wheel.

I’ve also found that family
members can be great resources for
providing insight on your patients.
Involving them in conversations,
if they accompany the patient to
the exam or if the patient gives
you permission to call them, may
reinforce any potential discus-
sion, and family members can also
help the patient navigate the web
and find driving rehabilitation
and low-vision resources (more on
that below). Many times, I’ve had
patients go into an exam room, and
the trailing family member says to
me softly, “I don’t think my mom’s
safe to drive.” That’s not at all
uncommon. Family members will
occasionally tip you off. They don’t
want to be the “bad guy,” and that’s
totally reasonable to me, especially
since they aren’t the expert that can
answer this question.

Are You Ready for the Talk?
Patients will be understandably
distraught at being told they should
alter their driving habits or perhaps
stop driving altogether. Naturally,
these conversations are challeng-
ing and emotionally charged. No
patient goes to the doctor wanting
to be told they shouldn’t drive. The
discussion involves not just ques-
tions of logistics for the patient and
the inconvenience, but also how pa-
tients view themselves as indepen-
dent people. It brings up issues of
personhood and personal freedom,
which I sympathize with.

In general, ophthalmologists in
residency aren’t trained in great
detail about having hard conversa-
tions. One book I've found useful



Patient 3 has more advanced glaucoma fields with a central island of vision in the left eye
and a fairly dense arcuate in the right eye that approaches central fixation.

in my practice is Difficult Conversa-
tions.” It’s one of many resources
that focus on how to have these
discussions. Some takeaways I've
gleaned include beginning con-
versations without defensiveness,
listening for the meaning of what
the patient 7577 saying, staying
balanced in the face of attacks and
accusations and moving from emo-
tion to productive problem solving.
Easier said than done. However,
keeping these in mind may make
these discussions go smoother,
which is beneficial for everyone
involved.

As far as timing goes, my own
experience talking with patients
suggests that conversations about
driving are best undertaken gradu-
ally. Having the full conversation in
a single day can be very challeng-
ing. Some patients just aren’t able
to process it all or they stop process-
ing once they hear the bad news.

I’ve found I haven’t had a lot of
success convincing patients not to
drive just by saying it’s the law. |
often mention my concerns for their
own physical wellbeing—notably,
elderly drivers are more likely to
be fatally injured in a crash than
younger drivers. However, I find
that doesn’t often change minds. I
live in Pennsylvania, where there’s

a lot of litigation, so I often bring
up the idea of lawsuits to patients.
I point out that even if they were
involved in an accident that wasn’t
their fault, but someone got wind of
the fact that they had vision issues,
that person might try to make their
lives difficult from a legal perspec-
tive. That, I think, starts to turn
heads because people fear lawsuits,
often with good reason.
Sometimes, I’ll mention that,
depending on where you live, the
doctor may be legally required to
report patients who don’t meet the
state’s requirements for driving. |
don’t think it’s at all common for an
ophthalmologist to get in trouble
in this regard, though I’'m not an
expert on case law. In general, it’s
good to follow legal guidelines
when possible. If a patient com-
mits to me that they’re not going
to drive, and I find that credible, I
document that conversation in the
chart and that they’re not going to
drive. Documentation always helps.
If ’m truly concerned that a
patient is still driving, and I think
they truly present a risk to oth-
ers, I show them their visual field
loss on a screen and point out that
a small child could fit within that
field loss. I don’t want to be mean
to patients, but I also want to help

them understand that my true
concern is not just for them, but
for everyone else. I think it helps
patients consider that they have an
obligation to society. If that doesn’t
move the patient—that they may
be putting others in harm’s way—
sometimes that moves me to report
them, but it’s very uncommon in
my practice for that to be necessary.
Most patients understand and are
reasonable.

Some doctors may argue that
this gets into the question of their
responsibility being only to the pa-
tient. While we have a commitment
to the patient in front of us, that
same patient who I’'m committing
to may run over one of my other pa-
tients in the waiting room on their
way out of the parking lot. So, I feel
we have a societal responsibility not
to let unsafe situations persist.

Help Is Out There

Vision loss doesn’t necessarily mean
an end to driving outright. Many
states allow those with a certain
level of low vision to drive, with
some restrictions such as using only
secondary roads, not driving during
rush hour or on crowded roads, driv-
ing only between the hours of 10:00
AM and 2:00 PM or driving only a
certain number of miles.

Here are some options for your
patients:

* Occupational therapy. Patients
may need support from practitio-
ners in other fields. Occupational
therapy or driver rehabilitation can
help certain patients learn to drive
safely, and if driving is no longer
possible, at least the patient will
have that knowledge.

* Bioptic telescope lenses. 1f the
patient’s state allows this device for
driving, bioptic telescope lenses
may offer a way to continue driv-
ing safely. Pennsylvania recently
established a training program and
licensing process for individuals
to use bioptic telescope lenses to
meet the visual acuity standards
for driving. According to PA law,
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individuals with visual acuity less
than 20/100 combined but at least
20/200 in the best-corrected eye
are eligible to apply for a bioptic
telescope learner’s permit.®

* Uber, Lyft and other ride-share
programs. These options may pres-
ent financial and logistical challeng-
es for elderly drivers, but they can
help patients get to appointments,
the market and their social engage-
ments.

e Paratransit. This provision is
available through the Americans
with Disabilities Act of 1990: Sec-
tion 504 of the Rehabilitation Act.
It’s not always fast or convenient,
but it’s often an affordable and ef-
fective option.

It may be helpful for patients’
recollection after the conversa-
tion to keep a printed list of the
vision requirements for driving in
your state handy, as well as a list of
low vision or occupational therapy

specialists (state programs are often

very good), driver rehabilitation

programs, alternative transportation

options and social workers in your
area.

Final Thoughts

Glaucoma increases the risk of
being involved in a car accident,
especially for patients over the

age of 75. That doesn’t mean your

patients shouldn’t drive, but they
should be made aware of the in-

creased risk, which is present even

in patients without severe field

loss, and that extra care on the road

may be required. <
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PRODUCT NEWS

New items on the market to improve clinical care and strengthen your practice.

» INTRAOCULAR LENSES
Nighttime is the Right Time for a New IOL

Johnson & Johnson Vision recently announced avail-
ability of the presbyopia-correcting intraocular lens, the
Tecnis Symfony OptiBlue IOL powered by IntelilLight
technology. The company says that the extended depth-
of-focus lens expands presbyopia correction to more
patients and joins the Tecnis Synergy IOL, a hybrid lens
designed for spectacle independence, in the company’s
IntelilLight portfolio.

The company explains that Intelilight is a combi-
nation of three Johnson & Johnson Vision proprietary
technologies: a violet-light filter; echelette design; and
achromatic technology. The technology was first intro-
duced in the Tecnis Synergy 1OL.

The company says the violet-light filter blocks the
shortest wavelengths of light that produce the most light
scatter, which it says helps mitigate halo, glare and star-
bursts, and minimizes visual disturbances when driving
at night. The echelette design helps reduce light scat-
tering and halo intensity, making it easier to see digital
devices, according to J&J. And the lens’s maker says the
achromatic technology corrects chromatic aberration for
better contrast day and night and helps give good vision
at various distances. The company says the new lenses
are aimed to be especially useful in terms of low-light
performance and providing contrast.

The Symfony mitigates the effects of presbyopia by
providing an extended depth of focus, J&J explains.
Compared with an aspheric monofocal IOL, the lens
provides improved intermediate and near visual acuity,
while maintaining comparable distance visual acuity.
The lenses in the portfolio, Tecnis Synergy IOL and Tecnis
Symfony OptiBlue IOL, are also available in Toric II ver-
sions. To learn more about the InteliLight portfolio, you can
visit www.

jnjvisionpro.com/intelilight.

» DRY EYE
A Portable Device Worth Its Salt

Trukera Medical, formerly known as Tearl.ab, says its
ScoutPro osmolarity system helps increase the conve-
nience and efficiency of dry-eye screening.

Peforming objective tests for patients experiencing
possible signs or symptoms of dry eye can help them
receive timely and proper treatment, the company says.
One metric to help diagnose and determine the severity
of the condition is tear osmolarity. Several osmometers
exist in the United States, but the ScoutPro deviates

from its competitors as the first handheld version, ac-
cording to the company. The device’s maker says that
the ScoutPro enables both nanoliter volume sample
collection and analysis to be performed from anywhere
in the practice and offers quick test results “in the palm
of your hand.”

The device is
rechargeable with
a battery life of
eight hours. The
charging base
takes up less shelf
space than some
others and comes
with an optional
wall mount,
Trukera says. The
top of the Scout-
Pro uses what the
company calls
“Verilyte technol-
ogy” for specimen
collection and analysis. The small screen on the device
displays results shortly after each test and can store the
recent scores. Trukera’s website also notes that the test
cards are interchangeable with those in the first-genera-
tion TearlLab osmolarity system.

For more information, visit trukera.com.

» AMBLYOPIA
Treating Amblyopia at Home

Eye patching for amblyopia is associated with a handful
of adverse effects in children, including skin irritation,
low self-esteem and noncompliance. In response to the
desire for alternative treatments, NovaSight recently
announced the FDA clearance of its new eye-tracking-
based amblyopia treatment device, called CureSight.
Developers say the device, designed for at-home use,
helps amblyopic eyes learn to work simultaneously while
a video of the child’s choice is streamed through the red-
blue treatment glasses.

The treatment works by blurring the center of vision
of the image shown to the strong eye, encouraging the
brain to complete the image’s fine details and conse-
quently training both eyes to work as a team, according
to the company. Children are required to complete four
months of treatment, with a minimum of 18 hours per
month. The device’s cloud-server connection allows for
remote monitoring of treatment reports by the patient’s
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eye-care provider via a web portal.

The company also says that the treatment can be
billed through three CPT codes, which will perhaps
make it accessible to a broader range of patients.

For more information, visit nova-sight.com.

» RETINAL SURGERY

Cryosurgery in the Palm of Your Hand

CryoTreq, a new product for treating retinal tears and
detachments from BVI, debuted this year at the
American Academy of Ophthalmology Meeting in
Chicago for U.S. surgeons.

The cryo-based product is a handheld, stand-alone,
single-use device for minimally invasive @b externo cryo-
surgery. BVI says it requires no external connections to
equipment, gas tanks or power and doesn’t require any
service or maintenance. The device is hand-controlled
with a single button that activates it. Its probe reaches
temperatures as low as -88 degrees Celsius and cryogen-
ic temperatures within four to six seconds.

To learn more, visit cryotreq.bvimedical.com.

BVI says its new cryo-treatment device, CryoTreq, is easy to use
since it requires no service or maintenance.

» VISION TESTING
Heru Adds Dark Adaptation

Heru’s wearable AMD vision testing platform has a new
add-on modality to help clinicians catch early signs of
age-related macular degeneration in their patients—a
dark adaptation test.

The non-invasive test takes about four and a half
minutes for the rapid exam and about 20 minutes for the
extended exam, the company says. The test is billable
to insurance with a national reimbursement average
of $58.83, according to Heru. The company also notes
that it’s co-billable with visual fields, optical coherence
tomography, fundus imaging and/or office visits, and has
multiple supported ICD-10 codes. The wearable device
also includes contrast sensitivity, visual field and color
vision tests.

For information, visit secheru.com/technology.
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» DRUGS
Anesthetic Gel Approved

Iheezo (chloroprocaine hydrochloride ophthalmic gel)
3% was recently approved by the FDA for ocular surface
anesthesia. Harrow and Sintetica say the sterile, single-
patient-use, physician-administered, preservative-free
gel was shown to be safe and effective in three human
clinical trials. In one study, effect was achieved in about
one to one and a half minutes and provided sufficient
anesthesia to perform a surgical procedure lasting 22
minutes, on average. T'he company points out that none
of the patients in this study required supplemental an-
esthesia to complete the procedure. They also note that
the single-use packaging may decrease risk of infection
and medication errors associated with communal eye
drops. The commercial launch is expected ahead of the
2023 ASCRS Meeting in San Diego.

For information, visit harrowinc.com.

Compounded Antibiotic to Debut

ImprimisRx is launching a new compounded antibiotic
called Fortisite—which combines tobramycin 1.5% and
vancomycin 5%. As part of the company’s Patient Access
Program, ImprimisRx says that it will offer a 100-re-
placement guarantee for any expired 503B Fortisite
product. The formulation can last for up to 180 days
when kept refrigerated at a temperature of 5 degrees
Celsius, according to a company press release.

T'he antibiotic is now available for order by patients
through the ImprimisRx 503A pharmacy, the company
says. Physicians will be able to stock Fortisite in their
clinics once it’s available through the ImprimisRx 503B
outsourcing facility, which is expected to happen in the
first half of 2023.

For information, visit https://sf.imprimisrx.com/s/
fortisite.com.

» DRUGS

A Lucentis Alternative

Coherus BioSciences announced the commercial avail-
ability, beginning last month, of Cimerli (ranibizumab-
eqrn), a biosimilar product “interchangeable” with
Lucentis (ranibizumab injection) for all of Liucentis’ ap-
proved indications. Cimerli is contraindicated in patients
with ocular or periocular infections or known hypersen-
sitivity to ranibizumab products or any of the excipients
in Luucentis and Cimerli. Hypersensitivity reactions may
manifest as severe intraocular inflammation, Coherus
says.

Cimerli is available through specialty distributors for
$1,360 and $816 per single-dose vial for the 0.5 mg and
0.3 mg dosages, respectively.

For information, visit cimerli.com.



RESEARCH REVIEW

Treatment for Advanced
Glaucoma Analyzed

esearchers compared visual

field progression between the

two arms of the Treatment of

Advanced Glaucoma Study
(TAGS), as part of a post hoc analysis
of VF data from a two-arm multi-
center randomized controlled clinical
trial.

A total of 453 patients with newly
diagnosed advanced open-angle
glaucoma in at least one eye from 27
centers in the United Kingdom were
randomized to either trabeculectomy
(n=227) or medications in their index
eye (n=226) and followed-up for two
years with two 24-2 VF tests at base-
line, four, 12 and 24 months.

Average difference in rate of pro-
gression (RoP) was analyzed using a
hierarchical Bayesian model. Time
for each eye to progress from baseline
beyond specific cutoffs (0.5, 1, 1.5 and
2 dB) was compared using survival
analysis.

A total of 211 eyes in the trabecu-
lectomy-first arm and 203 eyes in the
medications-first arm were analyzed.
Here are some of the findings:

e 'The average RoPs (estimate [95
percent credible intervals]) were:

— -0.59 (-0.88 to -0.31) dB/ycar
in the medications-first arm and -0.40
(-0.67 to -0.13) dB/year in the trabecu-
lectomy-first arm.

— 'The difference wasn’t signifi-
cant (Bayesian p=0.353).

— More eyes progressed in
the medications-first arm: 0.5 dB
(p=0.001), 21dB (»=0.014), 21.5dB
(p=0.071) and 22dB (p=0.061).

Researchers found no significant
difference between the two arms
in TAGS in the average RoP at two

This article has no commercial sponsorship.

years.
Am J Ophthalmol 2022. Oct 10. [Epub

ahead of print].
Montesano G, Ometto G, King A, et al.

Vascular Density in DR
Investigators assessed choroidal vas-
cularity by diabetic retinopathy stage
using the choroidal vascular density
(CVD) obtained from swept-source
optical coherence tomography en face
images.

"This prospective, cross-sectional,
multicenter study included patients
from Niigata City General Hospi-
tal and Saiseikai Niigata Hospital
between October 2016 and October
2017. CVD was obtained by binariz-
ing SS-OC'T en face images.

Patients were allocated to the
healthy control (n=28), no DR (n=23),
nonproliferative DR without diabetic
macular edema (n=50), NPDR+DME
(n=38), and proliferative diabetic
retinopathy or any previous treatment
with panretinal photocoagulation
(n=26) groups. Here are some of the
findings:

e Investigation of the choriocapil-
laris slab level indicated the no-DR
group had significantly high CVD
values (p<0.05) and PDR groups
had significantly low CVD values
(p<0.01).

e Investigation of the large cho-
roidal vessel level indicated that the
NPDR+DME and PDR groups had
significantly lower CVD values than
the control group (p<0.05 and p<0.01,
respectively).

Retina 2022. Oct 10. [Epub ahead of

print].
Nakano H, Hasebe H, Murakami K, et al.

Biomarkers for Wet AMD
Researchers identified optical coher-
ence tomography biomarkers, includ-
ing thin and thick double layer signs
(DLS) for progression from inter-
mediate AMD (1AMD) to exudative
macular neovascularization (MNYV)
over 24 months, as part of a retrospec-
tive cohort study conducted at Retina
Consultants of Texas.

A total of 458 eyes of 458 subjects
with IAMD in at least one eye with
24 months of follow-up data were
included.

"The following biomarkers were as-
sessed at baseline: high central drusen
volume (=0.03 mm?); intraretinal
hyperreflective foci (IHRF); subreti-
nal drusenoid deposits; hyporeflective
drusen cores; thick/thin DLS; and
central choroidal thickness.

Here are some of the findings from
the analysis:

e During follow-up, 18.1 percent
(83/458) of eyes with iIAMD pro-
gressed to exudative MNV.

e T'hick DLS, IHRF and fellow
eye exudative MNV were found to
be independent predictors for the de-
velopment of exudative MNV within
tWo years.

e Bascline frequencies, odds
ratios, 95 percent confidence intervals
and p-values for these biomarkers
were as follows:

— thick DLS (9.6 percent:
4.339; CI, 2.178 to 8.644; p<0.001);

— IHREF (36 percent: 2.340; CI,
1.396 to 3.922; p=0.001); and

— fellow eye exudative MNV
(35.8 percent: 1.694; CI, 1.012 to
2.837; p=0.045).

Researchers determined thick
DLS, IHRF and fellow-eye exuda-
tive macular neovascularization were
associated with an increased risk of
progression from iIAMD to exudative
MNV.

Am J Ophthalmol 2022; Oct 10.

[Epub ahead of print].
Wakatsuki Y, Hirabayashi K, Yu HJ, et al.
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PP WILLS EYE RESIDENT CASE REPORT

A teenager is referred to the Wills Eye
Oncology Service for lid swelling and drooping.

LEO M. HALL, MD, MS, SARA E. LALLY, MD, CAROL L. SHIELDS, MD, AND TATYANA MILMAN, MD
PHILADELPHIA

Presentation

A 14-year-old Caucasian male noted left upper eyelid swelling and droopiness that he attributed to allergies. After
seven months, he presented to his local ophthalmologist due to progressive swelling. Magnetic resonance imaging
of the orbits demonstrated a left lacrimal gland mass The patient underwent incisional biopsy. Pathology revealed a
pleomorphic adenoma (PA). The patient was referred to the Wills Eye Hospital Ocular Oncology Service for further
management.

Medical History

Past medical history was non-contributory. Family history was notable for leukemia in the paternal grandfather,
stroke in the maternal grandmother and grandfather, and hypertension in the maternal grandmother. Social history
was non-contributory. The patient did not take any medications, nor did he demonstrate medication allergy.

Examination

Upon presentation to Wills” Ocular Oncology Service, visual acuity was 20/20 in both eyes. The pupils were round,
symmetric, equal and reactive to light OU. Extraocular motility and confrontational visual fields were full bilaterally.
Intraocular pressure was within normal limits. Color plates were full OU.

External examination demonstrated a well-healed superior lid crease wound with 3 mm of left blepharoptosis and
a palpable mass in the left superolateral orbit. There was 5 mm of painless proptosis and inferonasal displacement of
the globe. Anterior examination of both eyes was within normal limits. Dilated fundoscopic examination of both eyes
was unremarkable with no optic nerve edema, pallor or tortuous vessels.

What's your diagnosis? What further work-up would you pursue? The diagnosis appears on the next page.
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Figure 1. MRI of the brain and orbits.
At presentation, the T2-weighted image
demonstrated a large, hyperintense
mass in the left lacrimal gland.

Figure 2. Pleomorphic adenoma with
atypia. The resected tumor revealed a
neoplasm composed of two morphologi-
cally distinct nodules. The nodule on the
right demonstrates classic features of
PA, comprising bilayered ductules in an
abundant stroma with scattered myo-
epithelial cells. The nodule on the left

is composed of cellular myoepithelial
cell proliferation. (Hematoxylin-eosin;
original magnification x200.)

Discussion

Lacrimal fossa lesions represent more than 10 percent
of all orbital space-occupying lesions.! Despite its over-
all rare prevalence, pleomorphic adenoma, also termed
benign mixed tumor, is the most common benign
epithelial neoplasm of the lacrimal gland.** Pleomor-
phic adenoma often presents in the fourth decade with
no appreciable—or possibly slight male—sex predilec-

Work-up, Diagnosis and
Treatment

Review of initial orbital MRI
revealed a circumscribed left lacrimal
gland mass with bosselations (ir-
regular surface) and no bony erosion
(Figure 1). The differential diagnosis
included lacrimal gland pleomorphic
adenoma, adenoid cystic carcinoma,
lymphoid hyperplasia or lymphoma,
dermoid cyst, and inflammatory con-
ditions like sarcoidosis or dacryoad-
enitis (inflammatory pseudotumor).
Review of histopathology confirmed
the diagnosis of pleomorphic adeno-
ma. Subsequently, complete surgical
excision of the mass via lateral orbi-
totomy approach was recommended.

Surgical approach revealed the
large lacrimal gland mass with orbital
scarring from the previous incisional
biopsy. The mass was completely
excised. Histopathology confirmed
pleomorphic adenoma with no evi-
dence of malignancy.

Periodic follow-up MRIs were
performed to monitor the site, given
the previous incisional biopsy. At 29
months follow up, increasing ptosis
was noted. Repeat MRI revealed
concern for recurrent left lacrimal
gland tumor. Orbitotomy and pathol-
ogy revealed recurrent pleomorphic
adenoma with no evidence of malig-
nancy. Given the recurrence, ste-
reotactic radiotherapy (SRT) (25Gy)
was performed to the superior and
lateral orbit. Repeat MRI 2.5 years
after SRT demonstrated a second
recurrence in the superior medial

Figure 3. Carcinoma ex pleomorphic adenoma
(CXPA). The resected tumor revealed mark-
edly cellular proliferation of pleomorphic
spindle cells with hyperchromatic overlapping
nuclei, compatible with myoepithelial CXPA.

orbit. Surgical resection and histo-
pathology demonstrated multifocal
recurrent pleomorphic adenoma, but
with transformation to cellular atypia,
composed of variably cellular tu-

mor nodules (Figure 2). The patient
received SRT (25 Gy) to the medial
half of the orbit. Six months later,
MRI scan again noted a recurrent
mass in the inferior temporal orbit,
which was surgically removed, and
histopathology demonstrated mul-
tifocal pleomorphic adenoma with
foci of transformation to carcinoma
ex pleomorphic adenoma (CXPA)
(Figure 3). After discussion of man-
agement options with the patient and
at a multidisciplinary tumor board, a
recommendation for orbital exentera-
tion was suggested and performed.

tion.>* Patients present classically with longstanding

destruction.

painless proptosis and inferonasal displacement of the
globe.” Imaging demonstrates a well-circumscribed
mass in the lacrimal gland fossa, which may be associ-
ated with bone remodeling, without bony erosion or

Histopathologically, pleomorphic adenoma is pseudo-
encapsulated and consists of bilayered epithelial-myo-
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epithelial ductules in the background of myoepithelial
cell proliferation and variably myxoid and cartilaginous
stroma.® Foci of squamous differentiation can be seen.
Dense cellularity, cytologic atypia, mitotic figures, and
necrosis are not features of benign pleomorphic ad-
enoma. Incompletely excised tumors tend to recur in

a multifocal, multinodular fashion, no longer bounded
by a pseudocapsule. Pleomorphic adenomas commonly
demonstrate overexpression of the pleomorphic ad-
enoma gene 1 (PLAGT) or high-mobility group AT-hook
2 (HMGAZ2) genes, which correspond to underlying
PLAG1 and
HMGAZ gene
rearrange-
ments.” Immu-
nohistochemi-
cally, PLAG1
nuclear stain-
ing is highly
specific for
pleomorphic
adenoma.®

In most |
cases, pleo-
morphic
adenoma demonstrates an indolent course and is cured
with complete excision. However, malignant transfor-
mation (CXPA, or malignant mixed tumor) has been
reported in 1.5 to 13.8 percent of pleomorphic ad-
enomas.®’ Malignancy can arise spontaneously or in a
setting of recurrence following incomplete excision.'*!!
Although some experts contest a strict “no incisional
biopsy” dogma, consensus remains in favor of complete
primary excision of the tumor with intact pseudocapsule
without biopsy.""'* According to some studies, CXPAs are
more frequent in males."” Patients typically present with
proptosis, orbital ache, palpable mass and reduced ocular
motility.'* Imaging can demonstrate an infiltrative mass
with bony erosion.'

At a microscopic level, CXPAs can show patchy to
complete hyalinization (“mummification”), invasion
into the surrounding myxoid stroma, and necrosis.'®
The carcinoma component can be of any type in CXPA.
In lacrimal CXPA, lacrimal duct adenocarcinoma is the
most common CXPA. Myoepithelial carcinoma XPA is
relatively rare. These tumors can demonstrate underly-
ing molecular genetic rearrangements in PLAG1 and
HMGAZ genes, similar to their precursor pleomorphic
adenoma, which may aid in the diagnosis in challenging
cases.'™"” Prognosis is based on the following criteria: 1)
in situ carcinoma (intracapsular); 2) minimally invasive
(<1.5 mm); and 3) invasive (=1.5 mm).!” Treatment is ul-
timately rendered based on histopathologic findings and

In most cases,
pleomorphic adenoma
demonstrates an
indolent course and is
cured with complete
excision.
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disease staging, and largely consists of surgical excision,
exenteration or radiation therapy.'*'® One retrospective
study showed that patients who underwent complete
excision with pseudocapsule intact have greater survival
as compared to those who underwent debulking and
radiation therapy.'®

Our case highlights the importance of initial complete
surgical resection of pleomorphic adenoma. Incomplete
excision is a risk for multifocal recurrence, which is
extremely difficult to manage and poses a risk for ma-
lignant transformation. Long-term follow up of patients
who have undergone resection of pleomorphic adenoma
with clinical examination and MRI is prudent. New on-
set blepharoptosis, proptosis, pain or dysmotility or MRI
findings of a recurrent mass should raise consideration
for CXPA. <
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