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Thinning of Outer Retinal Layers
Associated with Dementia

he incidence of Alzheimer’s

disease continues to grow expo-

nentially, with some estimating it

will affect more than 78 million
people worldwide by 2030. However,
imaging studies of brain aging have
mostly been limited to neuroimag-
ing, specifically MRI. Due to the cost
associated with MRI, researchers have
recognized retinal imaging to be a
powerful, non-invasive and inexpen-
sive way to study the brain via the eye.
A new study in American Journal of
Ophthalmology investigated how the
outer retina in those with age-related
macular degeneration would correlate
with brain changes associated with
Alzheimer’s.! The findings, which
surprised the study authors themselves,
reveal that a thinner outer retina was
associated with the brain regions
involved in memory.

Participants with thinner outer retina
had significantly smaller hippocampus
(B=0.019), lower occipital cortex regions
of interest thickness (3=5.68) and lower
cortical thickness in Alzheimer’s disease
and related dementias ($=7.72). Signifi-
cantly lower occipital cortex regions of
interest ($=3.19) and dementia-related
brain region ($=3.94) thickness were as-
sociated with participants with thinner
total retina.

In AMD, the outer retina is im-
pacted significantly and early, but little is
known about its association with cogni-
tion or changes in brain morphometry.
'The authors noted the novelty of their
study as it included patients with early
or intermediate AMD, as well as those

Central subfield (1 mm)

Inner ring (3 mm)

Outer ring (6 mm)

A study in the AJO reports that thinner outer retinal thickness in the outer ETDRS
ring is the most frequently reported variable that predicts lower brain measure-
ments and is associated with atrophy in the of the brain regions involved in

vision, memory and dementia.

with normal retinal aging. “Limited
literature exists on associations between
neuroimaging and retinal imaging in
older adults, particularly those with reti-
nal diseases, such as AMD,” they wrote.
“As retinal diseases are highly preva-
lent in aging populations, studies that
include people with retinal disease are
critical for understanding aging eyes and
brain connections. In addition, several
epidemiologic studies have shown that
many retinal diseases are associated with
higher risks of developing ADRD.”
'The final cohort included 60 subjects
(22 normal, 19 early AMD and 19
intermediate AMD) aged 70 to 87 (73
percent women). Seven participants
were Black and the remainder were
Caucasian. Linear regression was used
to evaluate associations between retinal
layer thickness measures (combined
and averaged over central, inner, and
outer ring) and dementia-related brain

regions. MRI measurements included:
total brain, cortex, cerebral white matter,
gray matter and hippocampus volume,
as well as occipital cortex thickness and
cortical thickness in ADRD-related
brain regions.

In this study, thinner outer retinal
thickness in the outer ETDRS ring was
the most frequently reported variable
that predicted lower brain measure-
ments, and most associated with atrophy
of the brain regions involved in vision,
memory and dementia. Thinner outer
retina was associated with thinning
of occipital regions of interest, lower
hippocampal volume and brain regions
known to show early structural and
functional changes in dementia.

'The association of outer retinal thin-
ning with brain regions vulnerable to
dementia and areas primarily involved
in memory “was somewhat surprising,”
the authors wrote in their paper. “It is
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possible that this association is unique to
participants with normal macular aging
and early and intermediate AMD. We
recently published that in this cohort,
outer retinal thickness was the only reti-
nal layer that was significantly associated
with cognition in this group.”

Study co-author Cecilia Lee, MD,
Klorfine Family Endowed Chair in
Ophthalmology at the University of
Wiashington, Seattle, says the study’s
findings involving the outer retinal layer
were surprising. “We wanted to look
at what’s the earliest changes we could
detect,” she says, “and we were surprised
that it was the outer retina and not the
retinal nerve fiber layer as we had antici-
pated based on the literature.”

In terms of what’s behind the associa-
tion, Dr. Lee says there are a couple
possibilities. “This population is very
different,” she says. “A lot of previous
studies have excluded patients with
AMD or any retinal diseases, so this is
a different pilot study in that it includes
people with and without AMD. Also, it
could be related to the fact that AMD is
the disease of the RPE and outer retina,
and the outer retina is the first layer or
first retinal location implicated in the

early pathogenesis of AMD. So we're
not sure if it’s the early vascular disese
that’s been picked up and there’s a thin-
ning there. Also, were not really sure if
it’s an AMD-related finding or if we’re
following the normal aging population
itself—these would be the first changes
that wed pick up in that case.

“If it’s actually the outer retinal layer,
[that’s associated with brain atrophy]
then that changes the focus of study,”
Dr. Lee continues. “And if this is
specific to the AMD population, that
also changes everything because a lot of
people are impacted by AMD.”

'The authors point out that this pilot
study, which had a small sample size,
was meant to explore various relation-
ships between retinal and brain health
in people with early and intermediate
AMD who are also at risk of develop-
ing age-related dementia. This “was not
meant to study causal mechanisms,”
they wrote. “Our study was not designed
to investigate AD or any dementia
specifically, and we used neuroimaging
and cognitive proxy indicators of general
brain health related to dementia. Thus,
the generalizability of our results and
hypothesized potential mechanisms

should be interpreted with caution.

“Despite these limitations, the prima-
ry aim of our study was to identify asso-
ciations and to highlight the predictive
value of retinal layer thickness for brain
atrophy, rather than to determine the
exact magnitude of the associations,” the
authors continued in their 4JO paper.
“Future research with larger sample sizes
and independent replication studies will
be crucial to confirm these associations,
in which we also suggest exploring other
retinal layer thickness variables that
are highly correlated with the ‘marker’
identified in this study.”

In conclusion, the study suggests that
imaging, particularly of outer retinal
thickness, could be a complementary
tool in evaluating risks of cognitive
decline in individuals with normal retina
aging, as well as early and intermedi-
ate AMD, but that “further research is
warranted to determine whether these
findings are specific to the AMD popu-
lation or could generalize to populations
with retinal diseases.”

1. Jiang, Yu et al. Outer retinal thinning is associated with
brain atrophy in early age-related macular degeneration.
American Journal of Ophthalmology. Oct. 3, 2024. [Epub
ahead of print ]

Atrial Fibrillation’s Association with Visual Field Loss

Cardiac arrhythmias like atrial fibrilla-
tion (AFib) can lead to stroke, heart
failure and even sudden death, but
this condition can harm more than

a patient’s heart. In the past, studies
have found an association between
atrial fibrillation and glaucoma, but
these reports never examined the ef-
fects on the progression of glaucoma.
Research conducted at the University
of California, recently published in
Journal of Glaucoma, elaborates on how
atrial fibrillation impacts the visual
field of glaucoma patients.!

Subjects had to be diagnosed with
primary open-angle glaucoma but free
of cardiac arrhythmia to be selected
for this study. This allowed the re-

searchers to measure a baseline visual

field. Then, patients were followed for
approximately 15 years before the final
results were analyzed. A total of 144
eyes from 105 patients were selected,
then divided into two groups. Patients
that developed AFib during the study
period were categorized as cases; all
others were used as controls. The cases
consisted of 48 eyes and the controls
consisted of 96 eyes.

All subjects had an average baseline
visual field worsening of -0.20 dB/
year; in cases that developed AFib,
it was -0.28 dB/year after the event.
Control subjects showed an insignifi-
cant difference after the follow-up
period, reporting an average visual
field of -0.21 dB/year.

Researchers also assessed everyone’s

n REVIEW OF OPHTHALMOLOGY | NOVEMBER 2024

scores on two common measures of
stroke risk in AFib patients called
CHADS, and CHA,DS -VASc.
These each assign point values based
on the presence of various risk factors
(e.g., congestive heart failure, hyper-
tensions, diabetes). Higher scores
indicate greater risk of stroke. “In this
retrospective cohort study, we found
that the presence of atrial fibrilla-
tion, and both higher CHADS, and
CHA DS ,-VASc score were associ-
ated with a small but significantly
faster rate of visual field progression
in patients with glaucoma,” stated the
researchers in their study.

On average, AFib patients in the
study lost -0.07 dB/year more of

(Continued on p. 12)
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3RD YEAR RESIDENT

JANUARY 17-18, 2025
(FRIDAY & SATURDAY)

Didactic sessions
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11950 Dublin Canyon Road
Pleasanton, California 94588
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Dublin, California 94568

Yousuf Khalifa, MD
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Course Co-Directors

Program Highlights Include

» Intimate meeting (limited to the
first 28 residents registered)

- Hands-on wet lab

» Refractive Surgery (LASIK, PRK
(refract lenticule extraction)

« MIGs

« Yamane technique

« Capsular Tension Segments

» Complex/dense cataract mgmt
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JOINTLY ACCREDITED PROVIDER™
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PROGRAM ON ADVANCED ANTERIOR
SEGMENT SURGERY

PROGRAM & WET LAB

Dear Resident Program Director and Coordinator,

We are excited to announce the upcoming CME Accredited Resident Wet Lab Program on
Advanced Anterior Segment Surgery (PAASS). PAASS is an intimate meeting (limited to the
first 28 residents registered maximum) designed to help prepare third-year ophthalmology
residents to transition successfully into a private practice setting in ophthalmology or their
chosen fellowship program, or into an educational environment. The 3rd Year PAASS & Wet
Lab will be approved for AMA PRA Category 1 Credits™ and will have an emphasis on successful
outcomes by concentrating on building diagnostic, medical and advanced surgical skills in the
wet lab (including Yamane, Capsular Tension Segments, MIGs, etc). The course directors and
the faculty create a “safe” environment, so the third-year residents feel comfortable discussing
questions, new technology, and complications in an atmosphere that strongly encourages
interactive participation. We are capping the number of residents to 28 so that the residents
are fully immersed in the learning environment along with a one-to-one (faculty-to-resident)
ratio in the wet lab to maximize learning curve with the advanced surgical skills wet lab.

Ophthalmology residencies in the United States strive to introduce their residents to advanced
surgical techniques and technologies in an environment characterized by rapid innovation.
Due to continuously evolving technological developments, best practices are constantly
changing. As such, there are too few opportunities to gain hands-on training. This meeting will
concentrate on advanced techniques and technologies geared towards residents approaching
the end of their 3rd Year (PGY4) residency. The meeting will cover topics specifically in the
areas of refractive surgery, minimally invasive glaucoma surgery, management of aphakia, new
technologies for dense cataract management, intraocular lens selection technologies, heads-
up displays, and progression tracking software.

This 2-day course will include one day of didactic and one day of hands-on wet lab
experience. The meeting will be led by a faculty comprised of renowned key opinion leaders
and specialized surgeons with a background in resident education. The wet lab will feature
nationally recognized leaders with one-on-one wet lab mentorship.

We believe this program offers a unique opportunity for residents to gain hands-on experience
on advanced anterior segment surgery techniques. We hope that you will select and encourage
your 3rd-year residents (PGY-4) to attend this CME accredited program.

Sincerely,
Yousuf M. Khalifa, MD, and Madeline Yung, MD

Joint 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 Pharmacy Education (ACPE), and the American Nurses Credentialing
Center (ANCC), to provide continuing education for the healthcare team. Amedco Joint Accreditation #4008163.

Physicians (ACCME) Credit Designation — This activity has been approved for AMA PRA Category 1 Credits™

For more information visit the registration site above or email Denette Holmes

Supported by an independent
medical education grant from

Carl Zeiss Meditec

at dholmes@postgradhealthed.com or call 866-627-0714
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Tarsus, XDEMVY, and the associated logos are registered
trademarks of Tarsus Pharmaceuticals, Inc. US--2400237 6/24
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XDEMVY® (lotilaner ophthalmic
solution) 0.25%, for topical
ophthalmic use

BRIEF SUMMARY OF PRESCRIBING
INFORMATION

Please see the XDEMVY® package
insert for full Prescribing Information.

INDICATIONS AND USAGE
XDEMVY is indicated for the treatment
of Demodex blepharitis.

CONTRAINDICATIONS
None.

WARNINGS AND PRECAUTIONS

Risk of Contamination Do not allow

the tip of the dispensing container to
contact the eye, surrounding structures,
fingers, or any other surface in order

to minimize contamination of the
solution. Serious damage to the eye and
subsequent loss of vision may result
from using contaminated solutions.

Use with Contact Lenses Contact lenses
should be removed prior to instillation

of XDEMVY and may be reinserted

15 minutes following its administration.

ADVERSE REACTIONS

Because clinical studies are conducted
under widely varying conditions, adverse
reaction rates observed in the clinical
trials of a drug cannot be directly
compared to rates in the clinical trials

of another drug and may not reflect the
rates observed in practice.

XDEMVY was evaluated in 833 patients
with Demodex blepharitis in two
randomized, double-masked, vehicle-
controlled studies (Saturn-1and
Saturn-2) with 42 days of treatment.

The most common ocular adverse
reaction observed in controlled clinical
studies with XDEMVY was instillation site
stinging and burning which was reported
in10% of patients. Other ocular adverse
reactions reported in less than 2% of
patients were chalazion/hordeolum and
punctate keratitis.

USE IN SPECIFIC POPULATIONS
Pregnancy: Risk Summary There

are no available data on XDEMVY

use in pregnant women to inform

any drug associated risk; however,
systemic exposure to lotilaner from
ocular administration is low. In animal
reproduction studies, lotilaner did not
produce malformations at clinically
relevant doses.

Data Animal Data In an oral embryofetal
developmental study in pregnant

rats dosed during organogenesis

from gestation days 6-19, increased
post-implantation loss, reduced fetal
pup weight, and incomplete skeletal
ossification were observed at

50 mg/kg/day (approximately 1390 times
the recommended human ophthalmic
dose (RHOD) on a body surface area
basis)in the presence of maternal
toxicity (i.e., decreased body weight and
food consumption). A rare malformation
of situs inversus of the thoracic

and abdominal viscera occurred in
1fetus from a pregnant rat receiving

50 mg/kg/day; whether this finding

was treatment-related could not be
excluded. No maternal or embryofetal
toxicity was observed at 18 mg/kg/day
(approximately 501times the RHOD

on abody surface area basis). Inan

oral embryofetal development study

in pregnant rabbits dosed during
organogenesis from gestation days 7-19,
no embryofetal toxicity or teratogenic
findings were observed at 20 mg/kg/day
(approximately 580-times the RHOD on
an AUC basis), even in the presence of
maternal toxicity (i.e., decreased food
consumption and body weight).

Inan oral two-generation reproductive
toxicity study, FO male and female rats
were administered lotilaner at doses

up to 40 mg/kg/day for 10 weeks before
pairing and during the 2-week pairing
period (3 weeks for males). Dosing for
FO females continued through lactation
day 22. F1male and female rats were
administered lotilaner at 1and

5 mg/kg/day post-weaning from day 23
for 10 weeks before pairing and during
the 2-week pairing period (3 weeks for
males). Dosing for F1parenteral females
continued through lactation day 22.
There were no clear adverse effects on
the F1generation, and a slightly lower
mean body weight during lactation was
noted for F2 pups at 5 mg/kg/day. The no
observed adverse effect level (NOAEL)
was determined to be 5 mg/kg/day

(approximately 139 times the RHOD on a
body surface area basis).

Lactation: Risk Summary There are

no data on the presence of XDEMVY in
human milk, the effects on the breastfed
infant, or the effects on milk production.
However, systemic exposure to lotilaner
following 6 weeks of topical ocular
administration is low and is >39% plasma
protein bound, thus it is not known
whether measurable levels of lotilaner
would be present in maternal milk
following topical ocular administration.
The developmental and health benefits
of breastfeeding should be considered
along with the mother’s clinical need

for XDEMVY and any potential adverse
effects on the breast-fed child from
XDEMVY.

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

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

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis,
Impairment of Fertility
Carcinogenesis Long-term studies in
animals have not been performed to
evaluate the carcinogenic potential of
lotilaner.

Mutagenesis Lotilaner was not
genotoxic in the following assays: Ames
assay for bacterial gene mutation,

in vitro chromosomal aberration

assay in cultured human peripheral
blood lymphocytes, and in vivo rat
micronucleus test.

Impairment of fertility In a two-
generation study of reproductive
performance inrats, FO male and
female rats were administered lotilaner
at oral doses of 40 mg/kg/day for

80 days reduced to 20 mg/kg/day for
47-50 supplementary days. Reduced
pregnancy rates and decreased
implantation rates were observed in

FO females at doses 20 mg/kg/day)
(approximately 556 times the RHOD on
abody surface area basis), which were
also associated with maternal toxicity
(i.e., decreased body weight and food
consumption). No effects on fertility
were observed in FO females at the
dose of 5 mg/kg/day (approximately

139 times the MRHOD on a body surface
area basis). No effects on fertility were
observed in FO males at the oral dose of
20 mg/kg/day (approximately 556 times
the RHOD on a body surface area basis),
and no effects on fertility were observed
in F1males and females at the oral dose
of 5 mg/kg/day (approximately 139 times
the RHOD on a body surface area basis).

PATIENT COUNSELING INFORMATION
Handling the Container Instruct patients
to avoid allowing the tip of the dispensing
container to contact the eye, surrounding
structures, fingers, or any other surface
in order to minimize contamination of the
solution. Serious damage to the eye and
subsequent loss of vision may result from
using contaminated solutions.

When to Seek Physician Advice

Advise patients that if they develop

an intercurrent ocular condition

(e.g., trauma or infection), have ocular
surgery, or develop any ocular reactions,
particularly conjunctivitis and eyelid
reactions, they should immediately seek
their physician's advice concerning the
continued use of XDEMVY.

Use with Contact Lenses Advise patients
that XDEMVY contains potassium
sorbate, which may discolor soft contact
lenses. Contact lenses should be
removed prior to instillation of XDEMVY
and may be reinserted 15 minutes
following its administration.

Use with Other Ophthalmic Drugs Advise
patients that if more than one topical
ophthalmic drug is being used, the

drugs should be administered at least

5 minutes between applications.

Missed Dose Advise patients that if

one dose is missed, treatment should
continue with the next dose.

RXonly

© 2024 Tarsus Pharmaceuticals, Inc.
Allrights reserved.

XDEMVY is a registered trademark of
Tarsus Pharmaceuticals, Inc.

US--2300345 1/24
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(Continued from p. 4)

their visual field for every unit of their CHADS, score. So, a
CHADS, score of 0 would correspond with approximately
-0.07 dB/year, while a score of 5 was measured at about
-0.42 dB/year. This same principle was used when analyzing
CHA_DS -VASc scores, except the average visual field loss in
correlation with this score was measured at -0.05 dB/year.

“Our findings may indicate that the presence of atrial
fibrillation and related microvascular damage are associ-
ated with a faster visual field loss in patients with glaucoma,
suggesting that impaired circulation has a role in glaucoma
progression,” concluded the researchers in their paper on
this study. “Our study underscores the need for compre-
hensive medical history assessment and the management of
cardiovascular risk factors to mitigate the risk of fast disease
progression.”

1. Nishida T, Moghimi S, Jin W, et al. Rates of visual field progression before and after the
onset of atrial fibrillation. J Glaucoma. September 25, 2024. [Epub ahead of print].

AAO Report: Intraoperative
Aberrometry vs. Biometry

American Academy of Ophthalmology researchers evalu-
ated the published literature to compare intraoperative
aberrometry (IA) with preoperative biometry-based formulas
with respect to intraocular lens power calculation accuracy
for various clinical scenarios.

Literature searches in the PubMed database conducted in
August 2022, July 2023 and February 2024 identified 157,18
and six citations, respectively. These were reviewed in abstract
form, and 61 articles were selected for full-text review. Of
these, 29 met the criteria for inclusion in this assessment.
'The panel methodologists assigned a level of evidence rating
to each of the articles; four were rated level I, 19 were rated
level IT and six were rated level I11.

Here are some of the findings:

* Intraoperative aberrometry performed better than tra-
ditional vergence formulas, including the Haigis, HofterQ,
Holladay and SRK/T; it performed similarly to the Barrett
Universal IT and Hill-RBF with respect to minimization of
spherical equivalent refractive error.

* For toric IOLs, IA outperformed formulas that only
consider anterior corneal astigmatism and was similar to for-
mulas like the Barrett Toric Calculator (BTC), which empiri-
cally account for the contribution from the posterior cornea.

* In eyes with a history of corneal refractive surgery, IA
performed similarly to the Barrett True-K and slightly better
than other tested methods, including the Haigis-L, Sham-
mas and Wang-Koch-Maloney formulas.

(Continued on p. 16)
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Reimbursements Are Qut
Of Step with Reality

istory has many instances in which
an idea seemed logical and benefi-
cial on paper but failed spectacu-
larly when put into practice.

One famous example of this is
Prohibition in the United States. On
the surface, the idea of curbing the
availability of “demon rum” would lead
to a more stable, law-abiding society.
But when Prohibition went into effect,
it had almost the exact opposite effect:
it led to a huge increase in organized
crime as criminals profited oft of the
illegal production and distribution of
alcohol; many citizens started drinking
homemade alcohol, leading to a rise in
cases of alcohol poisoning; corruption
in law enforcement increased; and the
alcohol industry was severely damaged,
leading to mass layoffs and depriving the
government of tax revenue from alcohol
sales, which wound up stinging even
more during the Great Depression.!

Similarly, the blind allegiance health
insurers have for “step therapy”is an idea
that seems useful on the surface but, as
was pointed out at the 2024 American
Academy of Ophthalmology meeting
during a presentation on physician reim-
bursement, is actually counterproductive.

In the presentation, New Jersey reti-
na specialist and chair of the American
Society of Retina Specialists’ Research
and Safety in Therapeutics Committee,
Paul Hahn, outlined how step therapy
misses the mark.

In the context of retina care, step
therapy involves starting a patient with
diabetic macular edema on the lower-
cost Avastin first, followed by a switch
to Eylea due to lack of response. The
idea, of course, is to try to save money
by using the cheaper option initially,
and Protocol AC from the Diabetic
Retinopathy Clinical Research network

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2024

seemed to bear that out.? However, as
Dr. Hahn pointed out, that’s not what
actually happens, since he notes that
Protocol AC used treatment regimens
that exceed real-world utilization.

In Dr. Hahn'’s presentation, he de-
scribes a cost-effectiveness analysis he
co-authored that identified “40 percent
greater direct medical cost in the Proto-
col AC bevacizumab-first arm compared
to real-world treatment over two years.
Although clinical trial vision outcomes
were greater, a subcohort of real-world
patients whose vision outcomes were
matched still demonstrated 19 percent
lower cost.” They also found that, when
societal costs were analyzed, the step
therapy used in Protocol AC would
result in 25 percent greater costs.

At the podium, Dr. Hahn said that if
these differences were applied to the 1.1
million patients with DME in the U.S.,
the additional societal costs associated
with Protocol AC Avastin-first treat-
ment would total $12 billion over two-
years compared to real-world regimens.

Dr. Hahn's ultimate point is that
physicians should be allowed to use
whichever drug they feel is appropri-
ate for a particular patient presentation,
rather than have an insurance company
dictate their choice. This not only results
in better patient care, but it actually
saves money too—an idea that works on
paper, and also in practice.

— Walter Bethke
Editor in Chief

1. Okrent, Daniel. Last Call: The Rise and Fall of Prohibi-
tion. Scribner, 2010.

2. Jhaveri CD, Glassman AR, Ferris FL, et al. Aflibercept-
monotherapy versus bevacizumab-first for diabetic
macular edema. N Engl J Med. 2022; 387(8):692-703.

3. Grewal DS, Leung EH, Busquets M, et al. Bevacizumab-
first in DRCR Protocol AC versus real-world physician
treatment choice for diabetic macular edema: A two year
cost analysis. J Vitreoretin Dis 2024. In press.
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reproducible surgical outcomes.

Bring proven precision and safety to every cataract procedure with the LenSx® Laser,
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LenSx® Laser Important Product Information for Cataract Surgery, Corneal Flap and

Corneal Pockets & Tunnel Incisions

Caution
Federal Law restricts this device to sale and
use by or on the order of a physician or
licensed eye care practitioner.
INDICATIONS FOR THE LENSX® LASER:
Cataract Surgery Indication
In the creation of corneal cuts/incisions
(single-plane, multi-plane and arcuate)
anterior capsulotomy and laser
phacofragmentation during cataract surgery
in adult patients. Each of these procedures
may be performed either individually or
consecutively during the same surgery.
Corneal Flap Indication
For use in the creation of a corneal flap in
adult patients undergoing LASIK surgery or
other treatment requiring initial lamellar
resection of the cornea.
Corneal Pockets and Tunnels
In adult patients, for the creation of
corneal pockets for placement/insertion
of a corneal inlay device; and for creation
of corneal tunnels for the placement of
corneal rings
Restrictions
« Patients must be able to lie flat and
motionless in a supine position.
« Patient must be able to understand and
give an informed consent.
« Patients must be able to tolerate local or
topical anesthesia.
« Patients with elevated IOP should
use topical steroids only under close
medical supervision.
CONTRAINDICATIONS
Cataract Surgery Contraindications
« Corneal disease that precludes
applanation of the cornea or
transmission of laser light at 1030 nm
wavelength
Descemetocele with impending corneal
rupture
Presence of blood or other material in
the anterior chamber
Poorly dilating pupil, such that the iris is
not peripheral to the intended diameter
for the capsulotomy
« Conditions which would cause
inadequate clearance between the
intended capsulotomy depth and the
eniiothelium (applicable to capsulotomy
only)
Pre¥/ious corneal incisions that might
provide a potential space into which
the gas produced by the procedure can
escape
Corneal thickness requirements that are
beyond the range of the system
Corneal opacity that would interfere
with the laser beam
. Hypoton?/, glaucoma* or the presence of
a corneal implant
Residual, recurrent, active ocular or
eyelid disease, including any corneal
abnormality (for example, recurrent
corneal erosion, severe basement
membrane disease)
« History of lens or zonular instability
* Any contraindication to cataract or
keratoplasty
* This device is not intended for use in
pediatric surgery.
*Glaucoma is not a contraindication when
these procedures are performed usin
the LenSx® Laser SoftFit® Patient Interface
Accessory

Corneal Surgery (Flaps, Pockets, Tunnels)
Contraindications

+ Corneal lesions

+ Corneal edema

* Hypoton

. GYapucom);

+ Existing corneal implant

+ Keratoconus

* This device is not intended for use in
pediatric surgery.

* Flap creation, tunnels, pockets and
cataract procedures cannot be
combined into a single treatment.

WARNINGS

The LenSx® Laser System should only be
oEerated by a physician trained in its use.
The LenSx¥ Laser delivery system employs
one sterile disposable Patient Interface
consisting of an applanation lens and
suction ring. The Patient Interface is
intended for single use only. Use of
disposables other than those manufactured
by Alcon may affect system performance
and create potential hazards.

Precautions

+ Do not use cell phones or pagers of any
kind in the same room as the LenSx®
Laser.

+ Discard used Patient Interfaces as
medical waste.

COMPLICATIONS
Cataract Surgery AEs/Complications
Corneal edema

« Capsulotomy, phacofragmentation, or
cut or incision decentration

* Incomplete or interrupted capsulotomy,
fragmentation, or corneal incision
procedure

+ Capsular tear

+ Corneal abrasion or defect

* Pain

+ Infection

+ Bleeding

+ Damage to intraocular structures

+ Anterior chamber fluid leakage, anterior
chamber collapse

+ Elevated pressure to the eye

Corneal Surgery (Flaps, Pockets &
Tunnels) AEs/Complications

+ Corneal edema

+ Corneal or eye pain

+ Corneal haze

+ Epithelial in-growth

+ Corneal abrasion or epithelial defect

+ Infection/keratitis

+ Corneal ectasia or endothelial
perforation

+ Decentered flap or pattern; uneven
flap bed

* Incomplete dissection/inability to
complete procedure

* Flap tearing or incomplete lift-off

* Free cap or buttonhole

+ Elevated pressure to the eye

Attention

Refer to the LenSx® Laser Operator’s
Manual for a complete listing of indications,
warnings and precautions.

References: 1. Alcon Data on File. 2. Alcon Data on File, 2022. 3. Kohnen T, Mathys L,
Petermann K, et al. Update on the comparison of femtosecond laser-assisted lens surgery
to conventional cataract surgery: a systematic review and meta-analysis. Paper presented
at: ESCRS; October 7-11, 2017; Lisbon, Portugal. 4. Kranitz K, Mihaltz'K, Sandor GL, Takacs
A, Knorz MC, Nagy ZZ. Intraocular lens tilt and decentration measured by Scheimpflug
camera following manual or femtosecond laser-created continuous circular capsulotomy.
J Refract Surg. 2012;28(4):259-263. 5. Ali MH, et al. Comparison of characteristics of
femtosecond laser-assisted anterior capsulotomy versus manual continuous curvilinear
capsulorrhexis: a meta-analysis of 5-year results. / Pak Med Assoc. 2017;67(10):1574-1579.
6. Mastropasqua L, Toto L, Mastropasqua A, et al. Femtosecond laser versus manual clear
corneal incision in cataract surger?LjRefract Surg. 2014;30(1):27-33. 7. Alcon Data on File.
8. Crozafon P, Bouchet C. Real-world comparison of FLACS vs. standard PCS: a retrospective
cohort study from an outpatient clinic in France. Poster presented at: ESCRS; October
7-11, 2017; Lisbon, Portugal. 9. Al-Mohtaseb Z, et al. Comparison of corneal endothelial
cell loss between two femtosecond laser platforms and standard phacoemulsification.
J Refract Surg. 2017;33(10):708-712. 10. Bouchet, C et al. Comparing the efficacy, safety,

efficiency outcomes between LenSx femtosecond laser-assisted cataract surgery and
phacoemulsification cataract surgery: a meta-analysis. Value in Health. 2017;20(9):A800-
A801. 11. Yesilirmak N, Diakonis VF, Sise A, Waren DP, Yoo SH, Donaldson KE. Differences
in energy expenditure for conventional and femtosecond-assisted cataract surgery using
2 different phacoemulsification systems. / Cataract Refract Surg. 2017;43:16-21. 12. Roberts
TV, et al. Update and clinical utility of the LenSx femtosecond laser in cataract surgery.
Clin Ophthalmol. 2016;10:2021-2029. 13. Roberts TV, Lawless M, Sutton G, Hodge C. Anterior
capsule integrity after femtosecond laser-assisted cataract surgery. / Cataract Refract Surg.
2015;41(5):1109-1110.
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Scientists concluded that intraoperative aberrometry cor-
responded well with modern vergence formulas, including
the Barrett Universal II, Hill-RBF, BT'C and Barrett True-
K. It had greater accuracy than traditional vergence-based
intraocular lens power calculation formulas in eyes with
and without a history of corneal refractive surgery. €

1. Pantanelli SM, Hatch K, Lin CC, et al. Intraoperative aberrometry versus preoperative
biometry for intraocular lens power calculations: A Report by the American Academy of
Ophthalmology. Ophthalmology 2024; Oct 3. [Epub ahead of print].

INDUSTRY NEWS

B+L Envy IOL Approved

Bausch + Lomb announced the FDA approved the enVista Envy
intraocular lens, which the company says offers a continuous range of
vision with excellent dysphotopsia tolerance. A multicenter, random-
ized and controlled clinical trial evaluating 332 subjects demonstrated
excellent long-term outcomes with the enVista Envy IOL in the United
States, the company reports. The company says Envy also enables
surgeons to treat a wider range of astigmatic patients with more ac-
curacy and precision with 0.5-D steps (or less) throughout the cylinder
range.

Johnson & Johnson Expands Odyssey Introduction

Johnson & Johnson is expanding the rollout of its latest presbyopia-
correcting intraocular lens, the Tecnis Odyssey, in the United States.
The company says the new IOL offers patients “continuous full range
of vision” so they can see clearly from far to near and in between,
minimizing their need for glasses. The IOL is built on the Tecnis plat-
form, providing increased contrast in low lighting, J&J says.

Spectralis Flex Module Gets Approval

Heidelberg Engineering announced FDA clearance for the Spectralis
Flex Module, a diagnostic imaging-only platform designed for imaging
the posterior segment of pediatric and adult patients in a supine posi-
tion. The Flex Module mounts the OCT device to a movable stand with

an articulated adjustable arm, offering flexibility that extends imaging
capabilities to various positions and acquisition environments, the
company says.

New Issue of Video Journal Released

The third issue of the Video Journal of Cataract, Refractive, &
Glaucoma Surgery, curated by Cincinnati surgeon Robert Osher and
titled “A Treasure Chest of Surgical Pearls,” is available. View the
Video Journal online at

Topcon and Microsoft Partner for Al Initiative

Topcon Healthcare announced a partnership with Microsoft to deliver
Al-powered “Healthcare from the Eye” solutions to improve health
care access, cost and quality. A cloud-based connected network of
health-care providers using the Nuance Precision Imaging Network
and the Topcon Harmony platform will enable patients and providers
to participate in pre-screening for systemic and neurological disease
via a robotic, rapid, and non-invasive eye scan, the company says. A
key element of this effort is Harmony, a vendor-inclusive, secure, con-
nected data management platform, according to Topcon officials.

Keeler Launches Online Forum

Keeler launched an online educational support platform featuring
videos, an image gallery, a clinical education and student blog, and ac-
cess to an educational events calendar. You can view the educational
platform at
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Musings on life, medicine and the practice of ophthalmology.

MARK H. BLECHER
CHIEF MEDICAL EDITOR

ear and insecurity—very primal

emotions which have existed

from the dawn of Man. They’re

useful emotions and, in many cir-
cumstances, help with survival; and if
not survival then comfort, growth and
prosperity. Who wouldn’t want that?
For yourself, your family, your ‘group.’
It’s healthy and necessary to have a de-
gree of fear and insecurity, as you never
know where a threat to your success
will come from. But is it? Is it healthy
and should it really be necessary?

I suppose the answer to that de-
pends on when and where you are: a
neolithic cave sheltering your family,

a small medieval village subject to
plundering, or a modern social group
worried about its place in an ever-
changing world. All of those locations
are made potentially more secure by
identifying and gathering like individ-
uals. But alike how? By race, religion,
an ethnic group—or a combination of
all three. It’s how society has survived
and evolved for millennia, but it’s de-
batable whether it’s a laudable goal in
the 21st century. To quote an old song
lyric: “Are you better off alone?”

While homogonous societies have
done very well, there’s a lot to be said
for pooling resources. The term “glo-
balization” has gotten a bad rap of late.
However, it’s resulted in a significant
improvement in world poverty levels,
life spans and prosperity for the world

as a whole. And therein lies the rub:
While the overall level of quality of
life has increased for almost everyone,
there’s a tradeoft. While a rising tide
lifts all boats, some boats are lifted
more than others. That’s when the re-
sentment starts. In a challenging and
complex world, we would all do better
if we helped each other.

Pulling yourself up by your boot-
straps is a great place to start, but if
you find your boots stuck in the mud
having someone give you a hand will
get you back to productivity quicker.
And the wider we view the potential
pool of “others” who could lend a
hand, the more stable the society. That
would require that we potentially look
beyond the parameters that defined
our group, however, and that we view
the larger world as potentially an ally
and not a threat. We need to work
to step away from humans’inherent
xenophobia. Retreating to our cave is
unlikely to benefit us in the long run.
And let me be clear, I'm not advocat-
ing for naive globalism. Just that we
stop being suspicious of everyone that
doesn’t look or think like us.

EENEY PRI L eI I I M Dr. Blecher is an attending surgeon at Wills Eye Hospital.
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Here in the United States, we have
a long history of ‘rugged individual-
ism, of not having to be dependent on
others—which is great. That is, until
you're faced with a situation that no
one person or small group of people
can successfully address. But many
segments of our society have encour-
aged looking down on those who need
that help, that they are “less than” and
deserve derision. But there’s a huge
difference between not trying and not
able. Everyone should try to the best
of their ability. But no one should be
afraid to ask for help, be denigrated
for asking for help or looked upon as
being different than those who haven’t
had to ask for help—yet.

'That day will come for many of us.
Where life’s vicissitudes are more than
one person, one family, one commu-
nity or even one state can handle. And
at that point you’re happy that some-
one, a person you may have ridiculed,
had thought to create a concept that
was structured to pool resources to
help others. This begrudging revela-
tion likely came to many in great need
after Hurricanes Helene and Milton.
'They were happy their community had
help from the state. And happy that
there was a FEMA, and federal disas-
ter relief and the National Guard, all
paid for by the rest of us as a shared
resource to help each other out when
in need. It’s the reason it’s the United
States, united so that we can all have
the opportunity to prosper—even
when it takes more than a village. €
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Rare Cataract Reminders

Tips for approaching the challenging cases that aren't seen

too often.
LIZ HUNTER of Minnesota, Morgagnian cataracts
SENIOR EDITOR are often called “Sunset” cataracts.

n a typical day in the OR, cata-
ract surgeons are most likely
going to deal with traditional
presentations with no hiccups.
However, every so often they need
to be prepared for rare cataracts and
their inherent challenges, whether
it’s a hyper-mature Morgagnian,
traumatic or even the visually striking
Christmas tree cataracts.

“I perform approximately 6,000
cataract surgeries a year, so just by
sheer probability it’s common for me
to see all of these presentations,” says
Douglas K. Grayson, MD, who is a
cataract and glaucoma specialist at
Omni Eye Services in New Jersey, as
well as an attending surgeon at New
York Eye and Ear Infirmary. “Even
the hyper-mature cataracts—youd
be surprised that patients can walk
around with good vision in one eye
and not realize an issue in the second
eye until something obstructs it.”

Here, we offer helpful reminders
and tips to successfully navigate a few
of these unique cataracts.

Morgagnian
Morgagnian cataracts are hyper-
mature cataracts, where the cortex
of the lens is fully liquefied, and the
nucleus is essentially floating in this
liquid pool of cortex. According to
Amanda C. Maltry, MD, who is a
general ophthalmologist and oph-
thalmology pathologist, as well as an
associate professor at the University
This article has

no commercial
sponsorship.

“When the patient is seated
upright at the slit lamp, the nucleus
sinks to the bottom, resembling the
setting sun,” says Dr. Maltry. “One
significant concern in these cases is
that the liquefied cortical proteins
can leak through the lens capsule.
This leakage can lead to protein ac-
cumulation in the anterior chamber,
where macrophages may attempt
to clear it, potentially clogging the
trabecular meshwork and causing an
increase in intraocular pressure, or

phacolytic glaucoma. Therefore, the
main reasons for performing cataract
surgery in these cases are to prevent
secondary glaucoma and to clear the
visual axis by removing the opacity.”
Attempting the capsulorhexis is
one of the most challenging surgi-
cal aspects for Morgagnian cataracts,
says Dr. Maltry. “Due to the liquefied
cortex, the lens capsule can be under
pressure,” she says. “This pressure in-
creases the likelihood that the initial
puncture during capsulorhexis will
radialize or result in an Argentinian
flag sign. That’s probably the thing
that always gets my blood pressure up
a little bit at the start of these cases.”
Some may opt for making an
initial incision with a blade, says
Dr. Grayson. “Doing a capsulotomy
in a floppy anterior capsule can be

In cases of hyper-mature Morgagnian cataracts, the cortex has liquefied and the dense
nucleus has sunk to the bottom of the capsular bag. This can make the capsulorhexis
challenging and surgeons say the pressure inside the capsule could increase the risk of
radialization, resulting in the Argentinian flag sign.
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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.
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quite challenging,” he says. “In these
cases you may need to use one of the
blades, either the paracentesis blade
or the keratome, to initially incise the
anterior capsule for the capsulotomy.”

On the other hand, Dr. Maltry
says, based on her experience, a well-
filled anterior chamber is effective
and negates the need to aspirate. “I
ensure that the anterior chamber is
tully filled with viscoelastic to flatten
the anterior capsule,” she says. “You
could also consider a shell technique
where you start with a dispersive
viscoelastic and then inject a heavier
weight cohesive viscoelastic, such as
Healon 5.”

Dr. Grayson prefers Viscoat. “It’s
advisable to use a dispersive visco-
elastic,” he says. “Sometimes, aspi-
rating out the liquefied cortex can
enhance visualization. Ultimately,
success in these procedures hinges on
visualization and control, which can
be achieved using a combination of
trypan blue, aspiration of some cortex
and viscoelastic.”

Both surgeons emphasize the value
of trypan blue stain. “Using trypan
blue to stain the capsule is essential,
as the lens is completely opaque and
there will be no red reflex,” says Dr.
Maltry.

Once the capsulorhexis is com-
plete, cataract surgeons must evalu-
ate how to proceed with removing
the nucleus. “Since the cortex is
now liquid, that will all aspirate out
quickly, leaving the nucleus loose yet
dense within the capsule,” says Dr.
Maltry. “Gaining purchase on the
nucleus with the phaco tip can be
difficult. One strategy is to envelop
the nucleus with viscoelastic by
injecting it behind and in front of
the lens, creating a sandwich effect
to trap the nuclear fragment. This
technique helps reduce the required
phaco energy and protect the corneal
endothelium. I find that using a
phaco chop technique is effective, as
grooving the lens is difficult due to
its instability and density. In recent
years, the MiLoop has also become a
useful tool in such situations, though

I don’t use it frequently.”

Dr. Grayson says he hasn't per-
sonally used the MiLoop, although
he knows of some surgeons who've
had success with it. “Whether it
adds significant safety to the proce-
dure depends largely on a surgeon’s
comfort level with phacoemulsi-
fication,” he says. “More seasoned
surgeons tend to handle hard nuclei
well, having gained experience in a
time when cataracts were much more
mature and phaco equipment was less
advanced. For younger ophthalmolo-
gists encountering hard cataracts
without adequate training, using a
MiLoop might simplify the process.
However, I question whether it justi-
fies the cost and effort involved.”

Ultimately, success in these
procedures hinges on
visualization and control,
which can be achieved using
a combination of trypan blue,
aspiration of some cortex and
viscoelastic.

- Douglas K. Grayson, MD

N

Morgagnians may even call for
using a supracapsular tile technique,
Dr. Grayson adds. “The Morgagnians
tend to have a very hard center, so
you’re not going to be able to do a
quadratic crack or a chop, because the
nucleus is floating in the free cortex.
You have to be comfortable using a
supracapsular tilt technique to get
out those hard centers,” he says.

The integrity of the zonules further
influences how the surgery continues,
say surgeons.

“If the zonules are compromised,
it poses significant issues during
surgery,” Dr. Grayson says. “As long
as the capsule remains intact with
healthy zonules, you can perform the
procedure effectively. For Morgag-

nian cataracts, the zonules can some-

times be partially dissolved, resulting
in subluxation.”

If zonules are lost, support is com-
promised and capsular tension rings
might not be feasible.

“When there’s any indication of
compromised zonules, you should
be comfortable using capsular sup-
port hooks—not just iris hooks, but
capsular support hooks as well,” Dr.
Grayson says. “It’s important to place
them early to ensure good capsular
stability during phacoemulsifica-
tion. My threshold for using capsular
hooks is whenever I notice too much
wobbling or instability; I'll insert
them early, even before starting the
phaco procedure, to ensure stability.”

Surgeons must then decide
whether to proceed with an anterior
chamber lens or a sulcus-sutured
fixated lens. “I have to determine
whether there’s enough stability to
insert a posterior chamber lens in the
bag or if you need a sutured option,”
he continues. “We often discuss
devices like Ahmed segments that
can be sutured in the bag. While they
have benefits, they’re labor-intensive
and can lead to potential complica-
tions, such as suture erosion. In some
instances, it may be better to leave
the situation as-is and schedule a sec-
ondary lens fixation after inflamma-
tion from the initial cataract surgery
has cooled down.”

Traumatic

Traumatic cataracts present unique
challenges, and can develop over time
or quickly.

“Some traumatic cataracts are obvi-
ous, and when examining the patient,
you can observe signs of negative
dehiscence, and you may gather a
history of trauma, which helps in
planning the surgical approach,” Dr.
Grayson says. “If you identify local-
ized zonular absence, you should plan
to place capsular support hooks in
that area. For smaller dehiscences,

90 degrees or less, you might get
away with simply placing the lens
with a haptic in that area or using a
capsular tension ring. However, for
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larger areas of zonular absence, a
more extensive surgical plan may be
necessary, possibly involving sutured
segments.”

He says to prepare for unpre-
dictability. “The trickier traumatic
cataracts are the cases where you're
uncertain about the extent of trauma
until youre in the operating room,”
Dr. Grayson says. “If you know going
in that this is going to be a tough
case, you should block the patient. It’s
unpredictable—sometimes you can
do a perfect case and still have some
vitreous prolapse around the missing
zonular areas. You have to be pre-
pared for the lens to totally try to go
south if there’s enough trauma, so in
those cases, it’s wise to support them
with capsular hooks. A supracapsular
technique is generally preferable to
capsular cracking or chopping, as it
reduces stress on the zonules
and minimizes the risk of the
lens migrating posteriorly. By
using viscoelastic below the
nucleus, you create a barrier to
protect the capsule and facili-
tate the phacoemulsification
process in the iris plane.”

Dr. Maltry says ultra-
sound biomicroscopy could
be beneficial, and she doesn’t
rule out consulting retina col-
leagues. “For rapidly develop-
ing traumatic cataracts, I often
worry about a possible defect
in the lens capsule, whether
anterior or posterior,” she says.
“If available, using UBM can
help assess if the lens capsule
is intact. If it appears that the
posterior capsule is ruptured, I
might consult with my retina
colleagues for a potential pars
plana lensectomy, as there’s a
good chance the lens may fall
backward anyway.

“Assessing the anterior
capsule can be trickier since
quickly developing cataracts
tend to become white, obscur-
ing the reflex and making
it difficult to evaluate,” she
continues. “If there’s lens mate-

rial exposed to the anterior chamber,
the inflammatory system will begin
to react to that, which can lead to
phacoantigenic inflammation and
potentially glaucoma.”

Again, staining is a key step.
“For rapidly developing traumatic
cataracts with an anterior capsule
rupture, I usually stain the capsule
with trypan blue to identify the area
of the rent,” recommends Dr. Maltry.
“Depending on its location, I might
use a cystotome or micro scissors
to create the best possible capsu-
lorhexis. Although the shape may
not be perfectly round, the goal is to
create enough access to remove the
lens. Most of these cataracts are soft,
allowing for aspiration or minimal
phaco energy during removal once
the capsule defects are identified.”

In the case of a white traumatic

Shown here is a traumatic cataract with iridodialysis and

zonular loss. Experts recommend using capsular support hooks
in these situations and they may even consider involving retina
colleagues to perform a pars plana lensectomy.

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2024

cataract, Dr. Maltry suggests a B-
scan to make sure there’s no posterior
segment pathology as well.

Christmas Trees and More
Christmas tree cataracts are particu-
larly beautiful, resembling iridescent
Easter grass, says Dr. Maltry.

“They’re classically associated
with autosomal dominant myotonic
dystrophy, a genetic disease affecting
the muscles,” she says. Symptoms can
include cataract development.

“When I encounter patients with
this type of cataract, I inquire about
muscle spasms, which is common in
myotonic dystrophy,” continues Dr.
Maltry. “However, while many pa-
tients with myotonic dystrophy may
have Christmas tree cataracts, less
than 20 percent of all Christmas tree
cataract cases are due to this condi-

tion. Most cases are unrelat-
ed to systemic illnesses and
are a fascinating example
of protein crystallization in
the lens.”

Patients with Christ-
mas tree cataracts report
symptoms similar to other
cataract types, such as
blurriness, glare and halos.
“When they present, their
symptoms don’t help dif-
ferentiate between cataract
types, but these cataracts
can be visually significant,”
she says. “If a patient has
a Christmas tree cataract
along with other types, it
appears to compound the
visual challenges, behav-
ing similarly to any other
cataract.”

Although their appear-
ance makes them special,
these cataracts are typically
soft and manageable, so
they aspirate pretty easily,
says Dr. Grayson.

Other challenging cata-
racts Dr. Grayson offers
tips on include:

* Marfan’s syndrome. “In
patients with Marfan’s syn-
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ONTINUING PECIALIZED DUCATION

ZND YEAR OPHTHALMOLOGY RESIDENT

PROGRAMS AND WET LABS

Dear Resident Program Director and Coordinator,

We would like to invite you to review the upcoming 2nd-Year Ophthalmology Resident Wet Lab Programs for
the 2024-2025 Residency Year in Fort Worth. These programs offer a unique educational opportunity for
second-year residents. To better familiarize beginning ophthalmologists with cataract surgery, these programs
will consist of both didactic lectures and a state-of-the-art, hands-on wet lab experience. Technology and
technique will be explained and demonstrated and surgeons will leave better prepared to optimize outcomes
and manage complications when they arise. The programs also serve as an opportunity for your residents to
network with residents from other programs.

After reviewing the material, it is our hope that you will select and encourage your 2nd Year residents to attend
one of these educational activities, which are CME accredited to ensure fair balance.

Best regards,
Derek DelMonte, MD, Kourtney Houser, MD, and Jonathan Rubenstein, MD

DECEMBER 7-8, 2024 FEBRUARY 8-9, 2025 FEBRUARY 22-23, 2025

FORT WORTH, TX FORT WORTH, TX FORT WORTH, TX
Jonathan Rubenstein, MD Derek DelMonte, MD Kourtney Houser, MD
Course Director Course Director Course Director

Registration Open: www.ReviewEdu.com/CSE2ndYr2024-25

For more information visit the registration site above by scanning the QR code,
call Denette Holmes at 866-627-0714, or email dholmes@postgradhealthed.com.

CME courses are restricted to 2nd-year residents enrolled in an ophthalmology residency program at the time of the
course. There is no registration fee for this activity. Air, ground transportation in Forth Worth, hotel accommodations,
and modest meals will be provided through an educational scholarship for qualified participants.

Joint Accreditation Statement

In support of improving patient care, this activity has been planned and implemented by Amedco LLC and Review Education Group, LLC.
Amedco LLC is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation Council for
Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing education
for the healthcare team. Amedco Joint Accreditation #4008163

__ Physicians (ACCME) Credit Designation
== This activity has been approved for AMA PRA Category 1 Credits™-.

Jointly provided by

Supported by an independent A — W
medical education grant from AICO" M:DCO
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Patients with myotonic dystrophy may exhibit Christmas Tree
cataracts, the appearance of which is due to the crystallization of
proteins inside the lens. Although they look unlike other cataracts,
they behave similarly and are typically soft and easy to remove.

drome, cataracts often present with subluxation,” he says.
“While some surgeons opt for complex techniques involv-
ing capsular support hooks and sutured Ahmed segments
to place a posterior chamber lens, I sometimes find it less
traumatic to call in a retina specialist to perform a pars
plana lensectomy to remove the lens entirely. The incision
is small, and you can bring the patient back another day to
insert an ACIOL or a sulcus-fixated lens using a Yamane
technique. This decision ultimately lies with the surgeon’s
discretion, but it’s vital to block these patients to manage
the surgery effectively.”

e Congenital posterior polar cataracts. “In this scenario
the biggest risk is having a posterior capsule attachment to
the cataract, so that when you remove the cataract, you also
remove a chunk of the posterior capsule and have a risk of
vitreous loss,” he says. “So traditionally, we've always said to
try to avoid hydrodissecting aggressively in those cataracts,
because if you create a fluid wave and you hydrodissect and
you blow out the posterior capsule before you've taken the
nucleus out, you have a high chance of the nucleus dislodg-
ing posteriorly as soon as you go in because it’s almost like
a trap door.”

o Anterior cortical cataracts. These can occur in patients
with atopic disease. “The anterior capsule could be very
stiff, and we use 25-gauge retinal scissors to make cuts in
some fibrotic tissue that may be on the anterior capsule,
with the goal being to try to come around as consistently
as possible to create a continuous, curvilinear capsulorhex-

is,” Dr. Grayson says. 4

DISCLOSURES

Dr. Grayson consults for Alcon, Johnson & Johnson Vision, AbbVie, New World
Medical and Glaukos. Dr. Maltry has no disclosures.
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Ocular Manifestations
Of Congenital Syphilis

Experts describe the increasing prevalence of this disease and
dive into signs beyond Hutchinson's triad.

LINUS PARK, BA, SANG NGUYEN, BS, AND
TAMMY YANOVITCH, MD, MHSC
OKLAHOMA CITY

ave you noticed an increase

in consults for newborn eye

screening exams with syphilis

exposure recently? I've seen a
significant rise in my practice over
the past 12 to 24 months. Why is
this happening, and how should pe-
diatric ophthalmologists approach
these patients? This article will
discuss the recommended frequency
and timing of eye screenings in
newborns with syphilis exposure,
as well as the specific systemic and
ocular signs to be aware of.

Resurgence and Rise of
Congenital Syphilis Cases
Despite national efforts to raise
awareness and control the spread of
syphilis, the incidence of congeni-
tal cases has been on the rise, with

a reported 219.3-percent increase
between 2017 and 2021, in contrast
to other sexually transmitted infec-
tions such as chlamydia or gonor-
rhea, which have been stable or
declining.! These numbers are espe-
cially worrisome considering data
from 2022, which shows a nearly
tenfold increase from the 335 cases
of babies born with syphilis in

This article has
no commercial
sponsorship.

20122

The significant rise in congeni-
tal syphilis cases deeply concerns
health-care leaders. Jonathan
Mermin, the director of the CDC’s
National Center for HIV, Viral
Hepatitis, STD and TB Prevention,
stated, “The congenital syphilis epi-
demic is an unacceptable American
crisis. All pregnant mothers—re-
gardless of who they are or where
they live—deserve access to care
that protects them and their babies
from preventable disease.” Between
2016 and 2023, annual reports of
congenital syphilis ranged from
700,000 to 1.5 million cases world-

wide, and 2,677 cases were reported
in the United States in 2021 alone
(Figure 1).1*

Despite the severe symptoms and
poor outcomes in untreated infants
and children, there’s hope to combat
the congenital syphilis epidemic.
This hope stems from findings that
timely testing and treatment could
prevent nine out of 10 congenital
syphilis cases. More than half of the
current patient population testing
positive for syphilis struggles with
receiving adequate care. Nearly 40
percent of those are women with-
out prenatal care, which means that
there are definitive ways to improve
outcomes.”

Understanding At-Risk Groups
Effective prenatal screening and
antibiotic treatment can prevent
congenital syphilis; therefore, the
risk of infection is highest among
groups with significant barriers

to accessing health care. Women
with lower socioeconomic status
often experience prolonged de-
lays in prenatal care due to lack of

Number of congenital syphilis cases, United States
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Figure 1. The number of congenital syphilis cases in the United States from 2010 to

2020."®

Dr. Collinge is a pediatric ophthalmologist in West Hartford, Connecticut.
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transportation, difficulties navigating
Medicaid, and insufficient knowledge
of screening protocols.’ These barriers
are particularly relevant to women
with histories of substance abuse and
housing insecurity who may avoid
care altogether due to societal stig-
ma or potential legal consequences.
Vulnerable populations also include
non-English speakers and women
with low levels of education, as they
often lack knowledge regarding
safe sex practices and how sexually
transmitted infections may impact
pregnancy.*®

While all racial groups are expe-
riencing increased rates of congeni-
tal syphilis, the burden of infection
disproportionately affects racial
minorities who already face inequi-
ties in health-care access. American
Indian/Alaska Native populations
are acutely affected by congenital
syphilis—despite making up only
0.7 percent of live births, these
infants account for 4.6 percent of
reported congenital syphilis cases.®

While the total number of reported
cases remains small (171 in 2022),
rates of congenital syphilis among
AI/AN births surged between 2018
and 2022, rising from 101.8 to
644.7 cases per 100,000 live births
(Figure 2).” Native Hawaiian/
Pacific Islander, Latino and Black
communities are also experiencing
high rates of congenital syphilis,
with infants born to Black moth-
ers composing the most significant
total number of reported cases by
race.” Despite 30 percent of all in-
fections occurring in White-mother
births, rates of reported cases for
this group remain well below that
of communities of color, increasing
to 54.1 cases per 100,000 births in
2022.8

The geographic distribution
of U.S. congenital syphilis cases
is concentrated in the South and
West. This trend reflects the na-
tion’s demographic and inter-state
differences in health-care infra-
structure. The five states with the

PEDIATRIC OCULAR FINDINGS

What ocular findings should a
pediatric ophthalmologist look for
when examining a neonate for eye
involvement in syphilis?

1. Conjunctival injection

2. Corneal opacity

3. Anterior chamber inflammation
4. Lenticular opacity

5. Elevated intraocular pressures
6. Chorioretinal inflammation
(Figure 3)

7. Optic nerve swelling or pallor
(Figure 4)

highest rates of congenital syphilis
(NM, SD, AZ, TX, OK) pos-

sess significant American Indian
populations, with the next five
states similarly being home to large
populations of other at-risk racial
groups.”? Regions most affected

by rising cases also lack the mater-

White (52.2%)

Black/AA (14.3%)

AV/AN (0.7%)
NH/PI (0.3%)

Pacific Islander

Figure 2. The number of total live births and reported cases of congenital syphilis in the United States by race/Hispanic ethnicity by

mother in 2022.2°

% Live Births

Hispanic/Latino (24.2%) - ‘ ‘

Asian (6.0%) | NN

Multiracial (2.4%) ne——————————

Congenital Syphilis — Total Live Births and Reported Cases by
Race/Hispanic Ethnicity of Mother, United States, 2022

% CS Cases

Black/AA (29.9%)

Hispanic/Latino (29.3%)

White (27.5%)

AI/AN (4.6%)

NOTE: In 2022, a total of 197 congenital syphilis cases (5.2%) had missing, unknown, or other race and were not reported to be of
Hispanic ethnicity. These cases are included in the “other/unknown” category.

ACRONYMS: AlI/AN = American Indian or Alaska Native; Black/AA = Black or African American; NH/PI = Native Hawaiian or other
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SYFOVR/E?

(pegcetacoplan injection)

Save more retinal tissue

Through Year 2, in OAKS and DERBY, SYFOVRE
slowed GA lesion growth vs sham pooled.!

SYFOVRE slowed GA lesion growth with
increasing effects over time up to 42% in
Year 3 (GALE) vs projected sham in patients
without subfoveal lesions'?

e Through Year 2 (OAKS and DERBY), SYFOVRE slowed GA lesion growth (mm?) vs sham pooled by 22% (3.11 vs
3.98)and 18% (3.28 vs 4.00) monthly, and by 18% (3.26 vs 3.98) and 17% (3.31vs 4.00) EOM'?2

e Through Year 3 (GALE), SYFOVRE slowed GA lesion growth (mm?) vs sham pooled/projected sham by 25%
(4.46 vs 5.94) monthly and 20% (4.74 vs 5.94) EOM. The greatest differences were observed in Year 32

O Reductions in patients without subfoveal lesions at baseline through Year 3: 32% (5.10 vs 7.54 (n=95))
monthly and 26% (5.60 vs 7.54 (n=104)) EOM. In this subset of patients, there was a 42% reduction with
monthly SYFOVRE in Year 3 vs projected sham

SEin trials (monthly, EOM, sham pooled/projected sham): OAKS: 0.15, 0.13, 0.14; DERBY: 0.13, 0.13, 0.17; GALE
(total population): 0.16, 0.16, 0.19; GALE (without subfoveal): 0.26, 0.31, 0.41'2

EOM=every other month; GA=geographic atrophy; SE=standard error.

GALE Trial Limitations: GALEis an ongoing open-label, multi-center extension study, subject to patient dropouts over time.

The analysis for the first year of GALE utilized a projected sham and may not reflect rate of change of all patients with GA. Projected sham
assumes linear growth rate from Months 24-36 (GALE Year 1) based on the average of the meanrate of change of each 6-month period
of sham treatment in OAKS and DERBY and natural history studies, which have shown there is a high correlation between prior 2-year
growthrates of GAlesions and subsequent 2-year growthrates. This is a prespecified analysis but there is no statistical testing hierarchy,
therefore the results on the individual components need cautious interpretation. Open-label studies can allow for selection bias.?*

Discover more at
SyfovreECP.com

« Intraocular Inflammation
O Inclinical trials, use of SYFOVRE was associated with episodes of
intraocularinflammation including: vitritis, vitreal cells, iridocyclitis,
uveitis, anterior chamber cells, iritis, and anterior chamber flare. After

INDICATION

SYFOVRE® (pegcetacoplaninjection)isindicated for the treatment
of geographic atrophy (GA) secondary to age-related macular

degeneration (AMD). inflammation resolves, patients may resume treatment
IMPORTANT SAFETY INFORMATION . Incr:z-ixtshezYI'r:I(t)r\::EEﬁlar Pressure
CONTRAINDICATIONS

O Acuteincrease in|OP may occur within minutes of any intravitreal
injection, including with SYFOVRE. Perfusion of the optic nerve head
should be monitored following the injection and managed
asneeded.

ADVERSE REACTIONS

« Mostcommon adverse reactions (incidence =5%) are ocular discomfort,
neovascular age-related macular degeneration, vitreous floaters,
conjunctivalhemorrhage.

« SYFOVREis contraindicated in patients with ocular or periocular
infections, andin patients with active intraocular inflammation

WARNINGS AND PRECAUTIONS
« Endophthalmitis and Retinal Detachments
O Intravitreal injections, including those with SYFOVRE, may be
associated with endophthalmitis and retinal detachments.
Proper asepticinjection technique must always be used when
administering SYFOVRE to minimize the risk of endophthalmitis.
Patients should be instructed to report any symptoms suggestive
of endophthalmitis or retinal detachment without delay and should
be managed appropriately.
« Retinal Vasculitis and/or Retinal Vascular Occlusion
O Retinal vasculitis and/or retinal vascular occlusion, typically in the
presence of intraocularinflammation, have beenreported with the
use of SYFOVRE. Cases may occur with the first dose of SYFOVRE
and may resultin severe vision loss. Discontinue treatment with
SYFOVRE in patients who develop these events. Patients should
beinstructed to report any change in vision without delay.
o Neovascular AMD
O Inclinicaltrials, use of SYFOVRE was associated withincreased
rates of neovascular (wet) AMD or choroidal neovascularization (12%

Please see Brief Summary of Prescribing Information for SYFOVRE
on the adjacent page.

OAKS and DERBY Trial Design: SYFOVRE safety and efficacy were assessed in OAKS
(N=637)and DERBY (N=621), multi-center, 2-year, Phase 3, randomized, double-masked
trials. Patients with GA (atrophic nonexudative age-related macular degeneration) with
orwithout subfoveal involvement, secondary to AMD were randomly assigned (2:2:1:1) to
receive 15mg/0.1mL intravitreal SYFOVRE monthly, SYFOVRE every other month, sham
monthly, or sham every other month, for 2 years. Change from baseline in the total area of
GA lesions in the study eye (mm?) was measured by fundus autofluorescence (FAF).'2

GALE Trial Design: GALE (N=790)is a multi-center, 3-year, Phase 3, open-label extension
study to evaluate the long-term safety and efficacy of pegcetacoplanin subjects with
geographic atrophy secondary to age-related macular degeneration. Patients enrolled
in GALE include those who completed OAKS or DERBY after 2 years and 10 patients

from Phase 1b Study 103. Patients with GA (atrophic nonexudative age related macular

when administered monthly, 7% when administered every other
month and 3% in the control group) by Month 24. Patients receiving
SYFOVRE should be monitored for signs of neovascular AMD. Incase
anti-Vascular Endothelial Growth Factor (anti-VEGF)is required, it
should be given separately from SYFOVRE administration.
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degeneration) with or without subfoveal involvement, secondary to AMD were assigned to
receive 15mg/0.1mL intravitreal SYFOVRE monthly or SYFOVRE EOM for 3 years. The first
visit was required to be within 60 days of the final visit in OAKS and DERBY.?

References: 1. SYFOVRE (pegcetacoplaninjection) [package insert]. Waltham, MA:

Apellis Pharmaceuticals, Inc.; 2023. 2. Data on file. Apellis Pharmaceuticals, Inc. 3. Sunness

JS, Margalit E, Srikumaran D, et al. The long-term natural history of geographic atrophy from
age-related macular degeneration: enlargement of atrophy and implications forinterventional
clinicaltrials. Ophthalmology. 2007;114(2):271-277. doi:10.1016/j.ophtha.2006.09.016.
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SYFOVRE® (pegcetacoplan injection), for intravitreal use
BRIEF SUMMARY OF PRESCRIBING INFORMATION
Please see SYFOVRE full Prescribing Information for details.

INDICATIONS AND USAGE
SYFOVRE is indicated for the treatment of geographic atrophy (GA) secondary to
age-related macular degeneration (AMD).

CONTRAINDICATIONS

Ocular or Periocular Infections

SYFOVRE is contraindicated in patients with ocular or periocular infections.
Active Intraocular Inflammation

SYFOVRE is contraindicated in patients with active intraocular inflammation.

WARNINGS AND PRECAUTIONS

Endophthalmitis and Retinal Detachments

Intravitreal injections, including those with SYFOVRE, may be associated with
endophthalmitis and retinal detachments. Proper aseptic injection technique must always
be used when administering SYFOVRE in order to minimize the risk of endophthalmitis.
Patients should be instructed to report any symptoms suggestive of endophthalmitis or
retinal detachment without delay and should be managed appropriately.

Retinal Vasculitis and/or Retinal Vascular Occlusion

Retinal vasculitis and/or retinal vascular occlusion, typically in the presence of intraocular
inflammation, have been reported with the use of SYFOVRE. Cases may occur with the
first dose of SYFOVRE and may result in severe vision loss. Discontinue treatment with
SYFOVRE in patients who develop these events. Patients should be instructed to report any
change in vision without delay.

Neovascular AMD

In clinical trials, use of SYFOVRE was associated with increased rates of neovascular
(wet) AMD or choroidal neovascularization (12% when administered monthly, 7% when
administered every other month and 3% in the control group) by Month 24. Patients
receiving SYFOVRE should be monitored for signs of neovascular AMD. In case anti-Vascular
Endothelial Growth Factor (anti-VEGF) is required, it should be given separately from
SYFOVRE administration.

Intraocular Inflammation

In clinical trials, use of SYFOVRE was associated with episodes of intraocular
inflammation including: vitritis, vitreal cells, iridocyclitis, uveitis, anterior chamber cells,
iritis, and anterior chamber flare. After inflammation resolves patients may resume
treatment with SYFOVRE.

Increased Intraocular Pressure

Acute increase in 0P may occur within minutes of any intravitreal injection, including with
SYFOVRE. Perfusion of the optic nerve head should be monitored following the injection
and managed as needed.

ADVERSE REACTIONS

Clinical Trials Experience

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

Atotal of 839 patients with GA in two Phase 3 studies (OAKS and DERBY) were treated with
intravitreal SYFOVRE, 15 mg (0.1 mL of 150 mg/mL solution). Four hundred nineteen (419) of
these patients were treated in the affected eye monthly and 420 were treated in the affected
eye every other month. Four hundred seventeen (417) patients were assigned to sham.

The most common adverse reactions (>5%) reported in patients receiving SYFOVRE were
ocular discomfort, neovascular age-related macular degeneration, vitreous floaters, and
conjunctival hemorrhage.

Table 1: Adverse Reactions in Study Eye Reported in >2% of Patients Treated with
SYFOVRE Through Month 24 in Studies 0AKS and DERBY

Adverse Reactions PM PEOM Sham Pooled
(N=419) (N = 420) (N=417)

% % %

Ocular discomfort* 13 10 11

Neovascular age-related 12 7 3

macular degeneration®

Vitreous floaters 10 7

Conjunctival 8 8 4

hemorrhage

Vitreous detachment 4 6 3

Retinal hemorrhage 4 5 3

Punctate keratitis* 5 3 <1

Posterior capsule 4 4 3

opacification

Intraocular inflammation* 4 2 <1

Intraocular pressure 2 3 <1

increased

PM: SYFOVRE monthly; PEOM: SYFOVRE every other month

*The following reported terms were combined:

Ocular discomfort included: eye pain, eye irritation, foreign body sensation in eyes, ocular discomfort,

abnormal sensation in eye
age-related

choroidal neovascularization

Punctate keratitis included: punctate keratitis, keratitis

Intraocular inflammation included: vitritis, vitreal cells, iridocyclitis, uveitis, anterior chamber cells, iritis,

anterior chamber flare

degeneration included: exudative age-related macular degeneration,

Endophthalmitis, retinal detachment, hyphema and retinal tears were reported in less
than 1% of patients. Optic ischemic neuropathy was reported in 1.7% of patients treated
monthly, 0.2% of patients treated every other month and 0.0% of patients assigned to
sham. Deaths were reported in 6.7% of patients treated monthly, 3.6% of patients treated
every other month and 3.8% of patients assigned to sham. The rates and causes of death
were consistent with the elderly study population.

Postmarketing Experience

The following adverse reactions have been identified during postapproval use of SYFOVRE.
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. Eye disorders: retinal vasculitis with or without retinal vascular
occlusion.

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary

There are no adequate and well-controlled studies of SYFOVRE administration in pregnant
women to inform a drug-associated risk. The use of SYFOVRE may be considered following
an assessment of the risks and benefits.

Systemic exposure of SYFOVRE following ocular administration is low. Subcutaneous
administration of pegcetacoplan to pregnant monkeys from the mid gestation period
through birth resulted in increased incidences of abortions and stillbirths at systemic
exposures 1040-fold higher than that observed in humans at the maximum recommended
human ophthalmic dose (MRHOD) of SYFOVRE (based on the area under the curve (AUC)
systemically measured levels). No adverse maternal or fetal effects were observed in
monkeys at systemic exposures approximately 470-fold higher than that observed in
humans at the MRHOD.

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.
Lactation

Risk Summary

It is not known whether intravitreal administered pegcetacoplan is secreted in human milk
or whether there is potential for absorption and harm to the infant. Animal data suggest
that the risk of clinically relevant exposure to the infant following maternal intravitreal
treatment is minimal. Because many drugs are excreted in human milk, and because the
potential for absorption and harm to infant growth and development exists, caution should
be exercised when SYFOVRE is administered to a nursing woman.

Females and Males of Reproductive Potential

Contraception

Females: 1t is recommended that women of childbearing potential use effective
contraception methods to prevent pregnancy during treatment with intravitreal
pegcetacoplan. Advise female patients of reproductive potential to use effective
contraception during treatment with SYFOVRE and for 40 days after the last dose. For
women planning to become pregnant, the use of SYFOVRE may be considered following
an assessment of the risks and benefits.

Pediatric Use

The safety and effectiveness of SYFOVRE in pediatric patients have not been established.
Geriatric Use

In clinical studies, approximately 97% (813/839) of patients randomized to treatment with
SYFOVRE were > 65 years of age and approximately 72% (607/839) were > 75 years of
age. No significant differences in efficacy or safety were seen with increasing age in these
studies. No dosage regimen adjustment is recommended based on age.

PATIENT COUNSELING INFORMATION

Advise patients that following SYFOVRE administration, patients are at risk of developing
endophthalmitis, retinal detachments, retinal vasculitis with or without retinal vascular
occlusion and neovascular AMD. If the eye becomes red, sensitive to light, painful,

or if a patient develops any change in vision such as flashing lights, blurred vision or
metamorphopsia, instruct the patient to seek immediate care from an ophthalmologist.
Patients may experience temporary visual disturbances associated either with the
intravitreal injection with SYFOVRE or the eye examination. Advise patients not to drive or
use machinery until visual function has recovered sufficiently.
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Apellis Pharmaceuticals, Inc.
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Waltham, MA 02451
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Figure 3. Fundus photographs showing acute syphilitic posterior placoid chorioretinitis.

nal health infrastructure needed for
effective prevention and treatment.
Many of the states ranking within
the top half for congenital syphilis
rates suffer from large “maternity
care deserts,” areas of the state lack-
ing a combination of obstetrics care,
adequate providers, and birthing
facilities.”* Rural and low-income
urban communities often fall under
the definition of maternal care
deserts, thereby lacking the prenatal
screening services required to prevent
syphilis cases.

Screening and Diagnostic
Methods

The indiscriminate nature and unpre-
dictable timing of maternal syphilis
transmissions create a vulnerability
for children at any point during preg-
nancy and childbirth. Given the cur-
rent understanding of the different
risk groups involved, what modalities
and signs should medical profession-
als incorporate into their practice to
screen for congenital syphilis?

The medical checklist recommend-
ed for screening signs and symptoms
associated with congenital syphilis
includes:

1. Nose. Rhinitis with mucopuru-
lent nasal discharge.

2. Skin. Jaundice, rash, and des-
quamation.

3. Abdomen. Abdominal pain or
tenderness due to peritonitis or hepa-
tosplenomegaly.

4. Eyes. Vision impairment or any
form of ocular inflammation.

If suspicion of congenital
syphilis is high, perform
ocular exams to evaluate
for the following: cho-
rioretinitis and pigmen-
tary chorioretinopathy
(“salt and pepper type”);
congenital syphilitic
keratouveitis; second-
ary glaucoma; cataracts;
interstitial keratitis; and
optic neuritis/atrophy.

5. Other. Pseudoparalysis of an
extremity due to osteochondritis.
Alongside these general examina-

tions, a thorough maternal medi-
cal history and pregnancy history
should be obtained, as the quality of
a comprehensive medical history may
isolate important risk factors and
significantly determine diagnostic
outcomes.

The presence of syphilis is diag-
nosed by the collection of mater-
nal and neonatal blood samples to
undergo laboratory testing for rapid
plasma reagin (RPR), venereal dis-
ease research laboratory (VDRL) lev-
els, blood count, and signs of throm-
bocytopenia in the neonate. CSF
reactivity for VDRL, elevated CSF
cell count, and fluorescent antibody
detection for Treponema pallidum
may be used to further diagnose
syphilis. Positive tests may also be
obtained from darkfield tests or
PCR of the placenta, cord, any le-
sions, and/or body fluids from the
neonate. Obtaining photographs of
congenital anomalies is important
for record-keeping and prognosis of
long-term complications.®

Any abnormal physical find-
ings associated with the symptoms
described in the diagnostic methods
or serum quantitative titer higher
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than the maternal titer at delivery
by fourfold values would categorize
the neonate into a highly prob-
able case of congenital syphilis. In
this case, a complete CSF analysis
with values on VDRL, cell count,
and proteins, along with CBC,
long-bone radiographs, and other
relevant clinical testing—ophthal-
mologic examination, liver function
test, and neuroimaging—is recom-
mended.!!

'The same evaluation methods—
complete CSF analysis, CBC, dif-
ferential, platelet count, and long-
bone radiograph—are recommended
for neonates with normal physical
examination and less than a fourfold
difference in nontreponemal quan-
titative titer from the maternal titer,
but with a mother who was inad-
equately treated or not treated at all.

Systemic and Ocular
Manifestations

One of the biggest challenges
presented with the congenital
syphilis epidemic is the difficulty

in early recognition of symptoms.
Laboratory values and antibody
testing are reliable metrics for
diagnosis. Still, there are risks

of long-term complications and
medical oversight for situations

in which mothers test negative

for syphilis during the 16-week
gestational period. There’s been
evidence of congenital syphilis
transmission in countries with high
rates of antenatal screening due to
medical providers’ reliance on lab
values.’ There are only general
indications and broad symptoms
linked to congenital syphilis, but
any abnormalities in physical exam
findings or reasons for suspicion
during medical history should
prompt a heightened awareness for
a differential diagnosis to improve
the rate of early recognition and

prevention of further complications.

Congenital syphilis arises from
transplacental transmission of
Treponema pallidum from an in-
fected mother to a fetus. Infants

Figure 4. Fundus photograph showing syphilitic optic neuritis.

coming into direct contact with a
syphilis sore during the postpartum
period can also present with systemic
clinical manifestations of jaundice,
rash, hepatosplenomegaly, long-term
disabilities, and central nervous in-
fections often observed in congeni-
tal syphilis cases.™'3

Many ocular structures can be
affected by syphilis infections, with
findings extending from the front
to the back of the eye. Anterior
segment findings include kera-
titis, unilateral or bilateral iritis
with granulomatous features, and
secondary glaucoma. Patients
may have chorioretinitis, vitritis,
vasculitis, macular edema, and optic
neuritis in the posterior segment.
Inflammation can cause damage to
these structures and lead to retinal
and corneal scarring and optic atro-
phy.**13 In cases of untreated con-

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2024

genital syphilis, bilateral interstitial
keratitis is one of the most recog-
nized and diagnosed presentations,
presenting as early as two-year-
old patients but more commonly
observed in the age range of 5 to
15 years. Hutchinson’s triad, which
consists of interstitial keratitis,
notched incisors, and sensorineural
hearing loss, is a hallmark set of
symptoms in children with con-
genital syphilis. These children can
also manifest other features such as
saddle nose deformity, ectopia lentis,
conjunctivitis, and scleritis.

Treatment

The recommended treatment regi-
men for systemic syphilis infection
involves an administration of
aqueous crystalline penicillin G
(100,000-150,000 units/kg body
weight/day administered as 50,000
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units/kg body weight/day) by IV ev-
ery 12 hours during the first seven
days of life and every eight hours
after that for 10 days or Procaine
penicillin G 50,000 units/kg body
weight/day IM once single dose for
10 days. Benzathine penicillin G
50,000 units/kg body weight/day
IM once single dose for 10 days can
be administered for neonates with
possible or less likely congenital
syphilis."* Infants who experience
allergic reactions may undergo
desensitization treatment before
the penicillin G regimen. Due to its
efficacy and widespread availability,
penicillin G is administered in most
congenital syphilis cases. Ceftriax-
one can be considered in the event
of penicillin shortage with expert
consultation and serologic testing.
In addition to penicillin, the oph-
thalmic manifestations of congenital
syphilis may require additional treat-
ment. Topical steroids may be used
for the treatment of interstitial kera-

titis; however, their use for uveitis
and scleritis isn’t currently recom-
mended by the CDC, as there’s no
demonstrated evidence of benefit.”
The role of corticosteroids and im-
munosuppressants is also unclear in
patients with other types of severe
ocular inflammation or macular
edema. Surgical procedures may be
necessary to manage rare cases of
cataracts and secondary glaucoma
due to ocular inflammation. As
always, pediatric ophthalmologists
should look to correct any refractive
errors and treat possible amblyopia.

Mitigating Spread and
Increasing Detection

Penicillin is an effective method of
treating congenital syphilis once

the diagnosis has already been
confirmed; however, any meaningful
reduction in overall rates will require
increased prevention of syphilis
before it can infect the fetus. A vast
majority of congenital syphilis cases

are a partial result of inadequate
screening and treatment of the birth
mother during pregnancy.” Test
timing and regularity are crucial—a
greater frequency of screenings
throughout pregnancy increases

the likelihood of identifying late-
presenting instances of infection.
Sufficient prenatal testing and
treatment will significantly reduce
overall congenital infection while
also narrowing gaps that exist
between geographic and racial
groups.'®%

'The absence of characteristic
symptoms in latent infection further
complicates the diagnosis of congen-
ital syphilis. In the context of ocular
manifestations, T. pallidum spiro-
chetes may persist in the aqueous
fluid and lens cortex, and while rare,
the infection may remain asymp-
tomatic until reactivated to invade
surrounding structures such as the
cornea, uvea and retina.'” Latency
may persist for decades, with some

Ocular Manifestations of Congenital Syphilis

Conjunctivitis

Keratitis j

Glaucoma

Ectopia Lentis
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Figure 5. Ocular manifestations of congenital syphilis. Created with BioRender Software.
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HELPFUL RESOURCES FOR PRACTICING CLINICIANS

« For reporting cases of congenital syphilis to public health boards and information
officers, a customizable template for congenital syphilis health alerts is available at
https://www.cdc.gov/sti/php/sti-program-resources/health-alert-template-for-congen-

ital-syphilis.html.

« Refer to the document found at https://www.cdc.gov/std/treatment-guidelines/con-

genital-syphilis.htm for varying course of management and in-depth treatment plans
based on the degree of suspicion for congenital syphilis in mothers and neonates.

« Lastly, reporting methods for public health agencies in all 50 states and con-
tact information and/or links to forms are available at https:/docs.google.
com/spreadsheets/d/1bZHLyxLxmS31bVTi0oGgh6xV9Vafl oGthgA7fYVZdPI/

edit?usp=sharing.

patients unaware of congenital in-
fection until cataract surgery results
in postoperative inflammation of the
anterior eye.'*'® Therefore, ophthal-
mologists should always keep an eye
out for various social risk factors
associated with congenital syphilis,
including maternal sexual history in
the at-risk demographic.
Ophthalmologists can help curb
the growing trends of congenital
syphilis in their everyday prac-
tice by communicating findings to
pediatricians, related specialists and
public health agencies. Notifying the
patient’s pediatrician is especially
critical in the treatment process,
allowing for the coordination of a
multi-specialty team to address the
systemic sequela of congenital syphi-
lis infection.

The Takeaway
Syphilis rates have rapidly risen over
the last five years. Congenital syphilis
rates are significantly elevated
in comparison to other stable or
declining sexually transmitted
infections. Congenital syphilis is
most prevalent in the southern and
western United States, particularly
among Indigenous, Latino and
Black populations.

Comprehensive physical exams
and a detailed history should be
obtained for all infants with sus-

pected maternal history of syphilis
infection, as standard antibody tests
may not detect infection during the
gestational period. If suspicion of
congenital syphilis is high, perform
ocular exams to evaluate for the fol-
lowing: chorioretinitis and pigmen-
tary chorioretinopathy (“salt and
pepper type”); congenital syphilitic
keratouveitis; secondary glaucoma;
cataracts, interstitial keratitis; and
optic neuritis/atrophy.

Penicillin G (50,000 units/kg
body weight/day) is the principal
treatment for congenital syphilis.
Dosing is determined based on the
likelihood of syphilis infection;
however, the most effective method
of combating congenital syphilis
rates remains preventative screening

during pregnancy. <
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Feature ENDOTHELIAL TRANSPLANT PIPELINE

TRANSPLANT TECHNIQUES IN
THE PIPELINE

In addition to benefiting U.S. patients, these new techniques would address

MICHELLE STEPHENSON
CONTRIBUTING EDITOR

n recent years, endothelial transplant

methods have replaced penetrating

keratoplasty for the treatment of

Fuchs’ endothelial dystrophy, and
several new transplant techniques are
currently in the pipeline. The hope is
that these new techniques will have a
global impact. “In the United States,
we're very fortunate. We have an
excellent eye banking system; we don't
have tissue shortages. The rest of the
world is a different story,” says
Kathryn Colby, MD, PhD, the Elisa-
beth J. Cohen Professor and Chair-
man of the Department of Ophthal-
mology at the NYU Grossman School
of Medicine.

Sioux Falls, South Dakota’s John
Berdahl, MD, agrees, noting that the
unmet need for endothelial cell trans-
plants across the globe is enormous.
“The United States has a healthy
system of eye banks. Our limiting fac-
tor is the number of cornea transplant
surgeons that we have. The problem
abroad is that we don't have enough
tissue to cover all the needs. What’s
exciting about these techniques is they

the tissue shortage in other countries.

don't have to be one-to-one, meaning
one corneal donor to one recipient.
‘They can be manufactured corneas,
manufactured drugs, or based on cell
therapy cultures where one cornea
could turn into hundreds or even
thousands of corneal transplants. So,
it allows the therapy to be delivered
at scale and to provide for the global
need for endothelial cell transplanta-
tion. Additionally, the surgical tech-
nique is not as delicate and specialized,
so this should open the pathway for
more surgeons to be able to perform
these techniques,” says Dr. Berdahl.
Dr. Colby adds that these new tech-
niques would provide more specific
treatments. “Now, we do endothelial
keratoplasty instead of a full-thickness
penetrating keratoplasty, which is
what we did for Fuchs’in the 90s. It’s
great if we can do a less invasive, less
extensive type of surgery that is less
resource intensive. You can imagine
that we might be able to develop a
medication that prevents the endothe-
lial cells from degenerating and pre-
vents the need for any kind of surgical
intervention. The advantage of the
cultured cells is that they can poten-
tially be used in the developing world

where there are tissue shortages. And
if you had a cell suspension, it would
probably be easier to transport if you
were going internationally,” she adds.

'The new techniques fall into three
categories. “First, there are cultured
endothelial cells. Several companies
are working on that. There’s a com-
pany looking at basically an artificial
endothelial layer that just acts as a
barrier, and a number of companies
are looking at medications that may
enhance the success of Descemet’s
stripping only, which is where we just
remove the central endothelium and
let the peripheral host endothelium
repopulate the central cornea. Those
are the three major buckets,” Dr.
Colby says.

She adds that companies overseas
are developing techniques. “There’s a
lot of interest in the disease. It’s a very
common condition. In fact, up to 4
percent of people in the United States
have a mild form of it. Fewer need any
intervention, but it tells us a lot about
the biology of the cornea, which is
also very interesting,” she says.

Cultured Endothelial Cells

Two new techniques being evaluated

This article has no Dr. Berdahl has a financial interest in Aurion, CorneaGen, Dakota Lions Sight & Health. Dr. Colby has no financial interests to disclose. Dr. Mah is a
commercial sponsorship. consultant to EyeYon.

NOVEMBER 2024 | REVIEW OF OPHTHALMOLOGY m



Feature ENDOTHELIAL TRANSPLANT PIPELINE

The initial part of the Descemet’s Stripping Only procedure. Also seen is the pre-existing
anterior capsulorhexis opening (left). The completed DSO procedure and the surgically
detached disc of Descemet’s membrane with compromised endothelial cells (right). The
pre-existing capsulorhexis opening is also visible.

by Aurion and Emmecell fall into this
category. According to Francis Mah,
MD, who is in practice in La Jolla,
California, Aurion’s technology is ex
vivo expansion of endothelial cells.
“They take donor cells and expand
them in culture. Then, investigators
inject the donor cells into Fuchs’
dystrophy patients who need a corneal
transplant. Some positioning is need-
ed. The patients need to lie face down
so that the endothelial cells can attach
to the posterior cornea,” he says.

Dr. Mah explains that this tech-
nique started with Shigeru Kinoshita
in Japan, who did groundbreaking
research developing it. He performed
an uncontrolled, single-group study
involving 11 patients who were diag-
nosed with bullous keratopathy and
had no detectable corneal endothelial
cells.! Human corneal endothelial cells
were cultured from a donor cornea. A
total of 1x106 passaged cells (pas-
senging refers to the removal of the
medium and transfer of cells from a
previous culture into fresh growth me-
dium) were supplemented with a rho
kinase (ROCK) inhibitor and were
injected into the anterior chamber of
the eye that was selected for treatment.
After the procedure, patients were
placed in a prone position for three
hours. At 24 weeks after the cell injec-
tion, the researchers recorded a corneal
endothelial cell density of more than
500 cells per mm? in all 11 treated eyes

and more than 1,000 cells per mm? in
10 of the 11 treated eyes.

“This technology was purchased by
Aurion in the U.S.,” Dr. Mah explains,
“and they've done preclinical as well
as the Phase II studies outside Japan.
Now, they are doing a five-arm FDA
trial. There are some specifics regard-
ing why it needs to be a five-arm
study. The technique that Kinoshita
described used a ROCK inhibitor that
is not currently FDA-approved in the
United States. So, they’re studying
this technique with and without the
ROCK inhibitor. It’s pretty landmark
stuff.”

'The second technique is Emme-
cell, which is similar. “Emmecell is
unique in that, while it is also ex vivo
expansion of endothelial cells, it uses
nanoparticle magnets that are inserted
into the cells in a proprietary fashion,”
says Dr. Mah. “They don’t harm the
cells at all. This company has also done
an FDA clinical trial. As previously
mentioned with the Aurion technol-
ogy, the cells are injected into the
anterior chamber. The patient then
needs to look down at the floor, and
just through gravitation, the cells are
going to kind of float down and attach
to the stroma. The patient needs at
least two hours—maybe longer—in
the face-down position. In the begin-
ning, the Aurion technique required
days face down. The endothelial cells
with nano-magnets in the Emmecell
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technology tries to improve on the
patient post-cell injection position-
ing. Patients must wear a magnetic
facemask, kind of like a sleep mask
with magnets. So, the positioning for
the patients becomes a much easier
proposition. The patients wear goggles
with the magnets, and the magnets
actually pull the endothelial cells to
the posterior stroma to attach. It helps
solve one of the potential downsides of
the Aurion technology.”

He notes that Emmecell doesn't use
a ROCK inhibitor, which is another
potential advantage. “The Emmecell
technology with the magnets just
helps attach the cells to the posterior
stroma. The Kinoshita technology,
Aurion’s technology, is FDA-approved
in Japan, so they already have a lot of
regulatory data and information avail-
able for that technology. So, they’re
a little further along in terms of the
regulatory pathway than Emmecell.
But, at least in the United States, both
have completed a Phase I clinical
trial,” he explains.

According to Dr. Mah, one of the
advantages of Aurion and Emmecell is
that they’re injectable, so the proce-
dure could potentially be performed
in the office. “There is a small incision
with DSEK, DMEK and DSO, but
this would be even smaller, potentially,
so it would be even safer. Additionally,
while it may be initially cost-prohibi-
tive, the costs will come down, and the
technology will be able to be used by
others where eye banking or corneal
transplantation isn't readily avail-
able due to lack of tissue or surgeons.
'This might be a way to treat corneal
blindness in areas that need corneal
transplantation,” he adds.

Another potential benefit is that
the rates of rejection could possibly
be minimal to none. “Right now,
those two technologies really seem to
work best in Fuchs’ patients, but you
might imagine where the technology
grows as we learn more about those
two technologies, such that we can
do other patients who need corneal
transplantation due to any endothe-
lial decompensation, not just Fuchs’



patients,” Dr. Mah says.
Artificial Endothelial Cell Layer

EndoArt corneal artificial endothelial
layer (EyeYon Medical) is the first
synthetic implant to treat corneal
edema. It attaches to the back of the

corneal surface, preventing the transfer
of fluids into the cornea and inhibiting

the build-up of fluid. The procedure is
performed through small incisions.

“EyeYon is an Israeli company, and
EndoArt has been used outside of the
United States in well over 100 cases,”
Dr. Mah explains. “Essentially, it’s
like a contact lens. The surgeon makes
an incision just like for DSEK or a
DMEK and implants EndoArt after
removal of the Descemet’s membrane.
It has a certain base curve that should
shape to the posterior cornea. So,
there is a possibility that you could
implant it upside down, but they’ve
got little markings on it to prevent
this complication. You place an air
bubble in the eye, and you place a
suture through the superior part of
the cornea and implant to help with
attachment. Basically, the endothelial
cells pump fluid out of the stroma and
the cornea. This technology prevents
fluid from getting into the stroma, so
it helps prevent the swelling that lack
of endothelial cells produces.”

The company has had to adjust the
size of the implant. “They started with
a larger size in preclinical and early
clinical studies and found that it actu-
ally prevented too much fluid from
going into the cornea. It also pre-
vented some of the nutrients from the
aqueous from entering the cornea. So,
they made the implant a little smaller
so that nutrients and some amount
of fluid can get into the cornea. And
now they’re going through the United
States’ regulatory process to see if they
can get this FDA-approved here,” Dr.
Mah adds.

'The EyeYon technology wouldn’t
require the use of long-term steroids
because there’s no chance of rejec-
tion. “You would need a short course
of steroids in the beginning, probably
less than six months,” Dr. Mah adds.

Kathryn Colby, MD

A slit lamp photo (left) and its corresponding endothelial image from a DSO patient.

“And because there is no corneal tis-
sue, again, this would be very easily
used in countries where there’s a lack
of eye banking or the infrastructure
for corneal tissue is not as robust. This
technology may not replace first-line
DSEKSs and DMEKSs, especially, for
example, in the United States, but it
would give another option for patients
who have run out of other options due
to their immune system and rejection
or other issues with the eye.”

Emmecell is unique in
that, while it is also ex vivo
expansion of endothelial
cells, it uses nanoparticle
magnets that are inserted
into the cells...”

—Francis Mah, MD

A recent case report found that
“this new device could serve as an
alternative to lamellar endothelial
corneal transplantation in cases where
tissue rejection has occurred and is
highly likely to recur. The technique
is simple, and the deswelling effect
on the cornea persisted, although the
visual results require further valida-
tion in patients with a higher visual
potential.”

'The patient in this case study
presented with pseudophakic bullous
keratoplasty after a history of two

- 5

rejected PKs and one rejected Des-
cemet’s stripping automated kerato-
plasty. An artificial endothelial layer
was implanted and remained fully
attached for a follow-up period of 12

months.

Medications to Enhance DSO
Multiple companies are currently
studying medications to facilitate
DSO healing. CoA is investigating
ripasudil for this purpose, and Dr.
Colby is the chair of the study. “We've
completed the Phase II study, which
was positive, and now we are in Phase
I1T trials,” she says. “One of them

has virtually completed enrollment;
we’re not accepting any more people
for screening. And the other one is
about three-quarters enrolled. So, we
expect to have results within the next
year or so. That’s probably the fur-
thest along of the medical treatments.
Another company, Trefoil, is looking
at a bioengineered fibroblastic growth
factor. Additionally, a company called
Design Therapeutics is developing a
small molecule to inhibit transcription
of the repeat expansion that underlies
most of Fuchs’in the United States.
Right now, they’re doing a natural
history study to try to determine the
best biomarker for when they have the
product that they can use in patients
with Fuchs’ endothelial dystrophy.” «

1. Kinoshita S, Koizumi N, Ueno M, et al. Injection of cul-
tured cells with a ROCK inhibitor for bullous keratopathy.
N Engl J Med 2018;378:995-1003.

2. Rens J, Krolo I, Koppen C, et al. Artificial endothelial
layer implantation after multiple failed keratoplasties.
Cornea 2024;43:6:790-794.
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MANAGING

IRREGULAR ASTIGMATISM

An etiology-based approach is key when addressing this complex refractive situation.

CHRISTINE YUE LEONARD
SENIOR ASSOCIATE EDITOR

ne of the more frustrating refrac-

tive challenges for both surgeons

and patients, corneal irregular

astigmatism can arise from a vari-
ety of factors, leading to unpredictable
visual outcomes. The irregular curvature
of the cornea not only affects visual
clarity but also increases higher-order
aberrations such as coma and trefoil,
resulting in discomfort from glare and
halos around light sources. Treatment
strategies must be tailored to address
the specific underlying causes in order
to achieve the best possible results.

Here, experts delve into the intricacies

of corneal irregular astigmatism,
exploring its causes and the management
approaches that enhance patient
outcomes.

Highly Irregular

Brian M. Shafer, MD, of Shafer
Vision Institute in Plymouth Meeting,
Pennsylvania, explains that corneal
irregular astigmatism is defined
topographically when the meridians
of astigmatism aren't perpendicular

to each other. “This results in reduced

best corrected visual acuity that’s not
correctable with glasses or soft contact
lenses,” he says. “In regular astigmatism,
the meridians are perpendicular to each
other, and it’s correctable with optical
lenses in front of the eye.”

Clinicians rely heavily on corneal
topography when assessing irregular
astigmatism. “Placido disc imaging
is a great technique for assessing the
corneal surface, in addition to elevation
mapping like the Pentacam,” says
Jonathan Rubenstein, MD, Chairman
of Ophthalmology at Rush University
Medical Center in Chicago. “Treatment
goals vary, depending on the degree of
irregular astigmatism and the treatment
endpoint. Is the surgeon looking for
some degree of improvement in vision
or are they looking to provide a patient
with functional uncorrected visual
acuity? Preoperatively, surgeons need to
normalize the cornea enough to make it
amenable to astigmatic treatment at the
time of cataract surgery. For example,
in cataract surgery, we might aim to
normalize the cornea so it can be treated
with a toric lens that you couldn’t offer
before.

“It’s important to discuss treatment
options with the patient and explain

how far you can go with treatment,”

he continues. “Significant irregular
astigmatism due to severe scars from
trauma or infections often can't be
treated without keratoplasty. Treatment
options depend on the degree of corneal
pathology.”

Key Causes

A variety of conditions and situations
can contribute to abnormal corneal
shape and irregular astigmatism. Here
are some of the causes commonly seen
in clinic:

* Corneal ectasia. Ectatic conditions
such as keratoconus (Figure 1), pellucid
marginal degeneration and post-LASIK
ectasia are among the most common
etiologies for irregular astigmatism,
characterized by irregular thinning,
steepening and bulging of the cornea.

* Scarring. Scarring may result from
events such as trauma or old infections
such as herpes, bacterial infections or
fungal infections. “If you have a scar on
the cornea from a prior infection, that
area becomes very flat after the infection
heals and the scar sets into place,” Dr.
Shafer explains.

“It’s important to realize that it’s really
not the opacity from the scar that tends

This article has no Dr. Rubenstein is a consultant for Alcon. Dr. Shafer is a consultant for CorneaGen, which cuts CTAK tissue, and Glaukos. Dr. Jacobs and Dr. Blitzer have
CLLECER LS ) related financial disclosures.
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to decrease vision, but rather the shape
change, or irregular astigmatism induced
by the scar that causes decreased visual
acuity,” Dr. Rubenstein notes.

* Prior RK. Radial keratotomy
flattens the central cornea to improve
vision by creating multiple incisions.
Irregular astigmatism can result from
the RK incision scars. Though it’s not
performed anymore, having fallen
out of favor in the wake of newer,
more predictable refractive procedures
like LASIK, Andrea Blitzer, MD,
of NUY Langone’s Department of
Ophthalmology, says that “many
patients who had RK in the 80s are now
experiencing hyperopia, astigmatism or
scarring of the cornea, causing further
astigmatism.”

* Ocular surface disease. “Various
disease entities can damage the tear
film,” Dr. Rubenstein says. “Ocular
surface disease, and more specifically dry
eye, is probably the most common cause
of irregular astigmatism in my practice
(Figure 2). An irregular surface causes
degraded optics, poor visual acuity and
the inability for the accurate assessment
of corneal power that’s required for lens
implant calculations before cataract
surgery.

“With ocular surface disease, we're
looking at three components of the tear
film which may be altered: the aque-
ous component; the oil component; and
the mucus component. The aqueous
component can be altered in all sorts of
conditions that cause dry eye, from com-
mon causes such as aging and reduced
aqueous production to decreased blink
rate related to driving, or staring all day
at computers, cell phones and TVs.

“Chronic meibomian gland dysfunc-
tion affects the oil component of the tear
glands,” he continues. “Anything that can
affect the ability to produce a normal oil
layer on the outside of the tear film can
result in chronic ocular surface disease
from evaporative dry eye. The third
component is mucin. Mucus comes from
goblet cells in the conjunctiva. Scarring
of the conjunctiva, for example, leads to
decreased goblet cell density. This leads
to decreased mucus formation, which
destabilizes the tear film.”
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* Epithelial abnormalities. Condi-
tions such as epithelial basement mem-
brane dystrophy can lead to irregular
astigmatism, though typically not to the
same degree as something like ectasia or
scarring. “In EBMD, there’s redundancy
in the basement membrane and the
epithelium is irregular, which on its own
can create some irregular astigmatism,”
Dr. Shafer says.

* Salzmann’ nodules. “These can
grow anywhere on the cornea,” he says
(Figure 3). “They typically start in the
peripheral or mid-peripheral zones and
lead to irregular astigmatism.”

* Pterygium. “A pterygium typically
grows in from the nasal aspect of the
conjunctiva and may cross into the
central visual axis, creating flattening
in that area and inducing irregular
astigmatism,” he says (Figure 4).

Optical Strategies

If the patient has a low amount of
irregular astigmatism, spectacles are a
non-invasive treatment worth trying.
However, clinicians say it’s common for

Zum
Elevation
Height
Figure 1. Irregular astigmatism associated with keratoconus, with inferior steepening and
thinning.

patients to remain unsatisfied with this
management approach. When it comes
to lens-based strategies for irregular
astigmatism, hard contact lenses! and
pinhole IOLs are the go-to for many
doctors.

“A soft contact lens might neutralize
some irregular astigmatism, if it’s a mild
amount, and particularly if it’s a lens
with a more rigid modulus, such as a
silicone hydrogel lens. But typically,
irregular astigmatism requires a rigid lens
of some sort,” says Deborah S. Jacobs,
MD, of Massachusetts Eye and Ear.

“I think most corneal specialists
have been in a situation where they
originally thought a patient had such a
large degree of irregular astigmatism or
corneal scarring that the only treatment
was keratoplasty, but instead found that
when the patient was fitted with a scleral
contact lens, they achieved an excellent
level of visual acuity,” Dr. Rubenstein
says. “The advances that have occurred
in hard contact lens design—with
computer programs that design the
contact lens fit to the development of
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Figure 2. Dry eye is one of the most
common and fixable causes of irregular
astigmatism. Treatments targeting

tear production and the lids may help,
depending on the type of dry eye.

scleral lenses—have really helped to
treat irregular astigmatism and have
offered many potential surgical patients
a non-surgical alternative treatment.”

Scleral lenses and RGP lenses work
by masking the irregular surface of
the cornea. “The refractive element
of the cornea is really the cornea-tear
film interface,” explains Dr. Shafer.
“Functionally, [these lenses] create a
normal surface that can bypass the
irregularity and allow the patient to
see more clearly when you correct their
manifest refraction as well.”

Scleral lenses are useful options for
rehabilitating eyes with conditions
such as keratoconus, pellucid marginal
degeneration and after penetrating
keratoplasty. “They’re more predictable
than incisional surgery to correct
irregular astigmatism and may be more
appropriate for some patients than PRK
or LASIK,” says Dr. Jacobs.

These lenses are typically used as a
treatment for bilateral problems. Dr.
Jacobs says that it’s rare for patients
to tolerate a rigid lens in just one eye.
“If the irregular astigmatism is the
after effect of trauma or surgery or an
infection, and it’s affecting only one eye,
then the patient is much less likely to
accept or adapt to wearing one contact
lens,” she says. “In these cases, surgical
or laser approaches make more sense.
'That said, a rigid scleral lens might fare
better [than a rigid corneal lens] if it’s
well-fitted.”

Dr. Rubenstein adds that hard contact
lenses are also an important diagnostic
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modality to assess the effects of irregular
astigmatism on visual acuity, since the
irregularities can be masked with a

hard contact lens. “You can place a hard
contact lens on the patient in the office
and see if that improves their acuity,” he
says.

In addition to rigid lenses, surgeons
now have the opportunity to manage
irregular astigmatism with a small-
aperture intraocular lens implant, the
Apthera lens (formerly the IC-8). “This
lens works via the pinhole principle,”
Dr. Shafer says. “It bypasses some of
the irregularity by filtering out the
scattered light and only letting through
the focused light. This can help correct
some of the aberrations induced from
irregular astigmatism.”

Ectasia

Before turning to optical correction for
the irregular astigmatism induced by
ectatic conditions such as keratoconus,
pellucid marginal degeneration and
post-LASIK ectasia, surgeons often
perform corneal collagen cross-linking.
“This procedure strengthens the cornea
to prevent it from progressing and
becoming more cone-shaped, but it
doesn't fix the irregular astigmatism
that’s already occurred—it’s more of

a way to halt further progression,” Dr.
Blitzer says.

'The decision to cross-link before or
after a procedure “is a philosophical
question that will differ from surgeon
to surgeon,” Dr. Shafer says. “My
personal approach at this point in time
is to cross-link the patient first, wait six
months, and then place ring segments,
just because we know that the cornea
does change a little bit after cross-
linking. I like to see it stabilized before
doing something like [ring segments].
However, there are surgeons who
perform ring segments first and then
cross-link the patient later. I think that’s
totally reasonable also.”

Dr. Blitzer says she prefers to cross-
link the patient as soon as indicated.
“It’s really important to halt the
progression, so as soon as I see a patient
who's progressing with keratoconus and
they have no contraindication to getting
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cross-linked, I recommend that as an
early procedure.

“After cross-linking, I recommend
contact lenses for many of these patients
as well,” she continues. “Much of the
irregular astigmatism that we see,
including with keratoconus, can be
improved with RGP lenses and scleral
lenses. These can provide good quality
vision.”

Some corneas are too cone-shaped for
contact lenses or may need additional
flattening before glasses or contact
lenses can be used to correct the
refractive error. Procedures involving
implantable corneal ring segments
flatten the cornea and may help stave
off the need for a future transplant
procedure.

Some options include artificial
implants such as Intacs, corneal
allogenic intrastromal ring segments
and a new procedure called corneal
tissue addition keratoplasty. “Artificial
ring segments, which are made out of
PMMA, are placed underneath the
area of the ectasia to reinforce it and
help correct irregular astigmatism,”
Dr. Shafer says. He notes that implant
extrusion is one complication to be
aware of, which can occur with further
stromal thinning or ring migration and
leads to chronic pain and discomfort for
some patients.

'The corneal allogenic intrastromal
ring segments procedure, developed
by Soosan Jacob, MS, FRCS, DNB,
employs donor corneal tissue instead
of synthetic implants to flatten the
cone and improve vision. Since 2018,
customized CAIRS has tailored the
tissue based on the patient’s unique
features, including keratometry and
pachymetry, allowing for improved
visual outcomes.?

Corneal tissue addition keratoplasty
is an emerging allogenic inlay procedure
for keratoconus. “Custom femtosecond
laser-cut tissue segments, created
based on a patient’s Pentacam or
tomography imaging, are implanted
into a femtosecond laser-cut channel
in the host cornea,” says Dr. Shafer.
“The goal is to bolster some of the
area that’s irregular so you can move it



more centrally and make the meridians
more perpendicular to each other,
therefore making the astigmatism more
correctable with glasses or soft contact
lenses.”

'The results of a prospective CTAK
clinical trial (NCT02649738)
published last year in the Journal of
Cataract and Refractive Surgery report
improved visual acuity and topography
in patients with keratoconus and
ectasia. The single center study involved
21 eyes of 18 patients, each of whom
received a custom-cut tissue inlay of
preserved corneal tissue. The study
reported a significant improvement in
uncorrected distance visual acuity from
1.21 +0.25 logMAR to 0.61 +0.25
logMAR (Snellen equivalents: 20/327
to 20/82). Corrected distance visual
acuity improved significantly from 0.62
+0.33 to 0.34 +0.21 logMAR (Snellen
equivalents: 20/82 to 20/43). Average
MRSE improved significantly as well,
and the researchers reported that 20
eyes gained more than two lines of
UDVA, 10 eyes gained more than six
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lines and no eyes grew worse. Twelve
eyes gained at least two lines of CDVA
and one eye worsened by more than

two lines. At six months, the researchers
reported an average Kmean flattening of
-8.44 D (p=0.002), Kmax flattening of
-6.91 D (p=0.096) and mean Kmaxflat
of -16.03 D.

Dr. Shafer recently completed his
first CTAK procedure. “Procedurally,
it’s similar to doing an intracorneal ring
segment implantation, but requires a bit
more nuance since it’s not as rigid of a
segment,” he explains. “I'm excited to be
offering this to more patients.”

When a patient’s ectasia is too severe
for options such as crosslinking or ring
segments, a cornea transplant may be
necessary. “Keratoconus does very well
with deep anterior lamellar keratoplasty,
because typically, unless the patient has
had an episode of acute hydrops, the
posterior cornea is relatively normal,”
Dr. Blizter says. “A DALK is preferred,
but a penetrating keratoplasty is another
reasonable option.”

According to retrospective study of
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Figure 3. Irregular astigmatism resulting
from Salzmann's nodules.

long-term keratoplasty outcomes for
keratoconus, DALK resulted in higher
endothelial survival and lower risk of
postoperative ocular hypertension than
PKP*
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Corneal Scars

“If a scar is causing astigmatism, it can

be treated with either a laser or surgical

modality,” Dr. Rubenstein says. “If it’s

a superficial scar, it can be treated with

a mechanical superficial or photo-

therapeutic keratectomy. If it’s deeper,

it might warrant an anterior lamellar

keratoplasty; if it’s deeper still, a deep

lamellar keratoplasty. If the entire cornea

is affected, then sometimes you might

have to do a penetrating keratoplasty.”
For corneal ulcers and scars from prior

infections, Dr. Blitzer urges caution

when performing procedures such as

topography-guided LASIK or PRK.

“I'd hesitate to do any ablative surgery

on those eyes,” she says. “However, these

patients would still be good potential

candidates for contact lenses and for

DALK or PKP if needed.”

Radial Keratotomy

Today, clinicians are managing the
late-stage complications of RK. “Some
patients do well with contacts, but many
of them are also at cataract surgery age,
and if their astigmatism in the center of
the cornea is relatively regular, they may
do well with a toric intraocular lens,” Dr.
Blizter says. “The Apthera is another
option.”

“The ideal patient [for the Apthera
lens implant] has irregular corneal
astigmatism, either from perhaps a
previous keratoplasty or keratoconus,”
Dr. Rubenstein says. “The best patients
seem to be those who had previous radial
keratotomy. Radial keratotomy can cause
all sorts of funny aberrations, especially
those who had RK years ago with more
and longer incisions. I've found that the
Apthera is a real advantage for these
patients.”

Ocular Surface Disease

Dry eye is a common culprit for irregu-
lar astigmatism, and it’s important to
treat the root cause. “You have to figure
out which part of the ocular surface

is affected and what the cause is,” Dr.
Rubenstein says. “We're basically talking
about tear film deficiency. So, you have
to break it down into its components. Is
it an aqueous deficiency? Is it a mucin
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Figure 4. Pterygium in the right eye of a patient.

or mucus deficiency? An oil deficiency?
How you treat it depending on the
etiology.

“If it’s more aqueous-deficient, try to
increase use of artificial tears or anti-
inflammatory drops,” he continues. “You
can stimulate tear production, perhaps
with some of the newer entities like
Tyrvaya, for example, or you can block
tear outflow with punctal occlusion in
various ways. If it's more of an oil-related
etiology, options include performing
good eyelid hygiene or using different
approaches to physically remove the
excess eyelid oil and debris. Some
treatments mechanically try to evacuate
the oil glands. If it’s a mucus problem,
then it’s usually due to conjunctival
scarring which can be harder to treat
other than with replacement of a more
viscous artificial tear.”

Other Corneal Conditions
“Other pathological entities that cause
irregular astigmatism are epithelial
basement membrane disorders, such as
epithelial basement membrane dystro-
phy or epithelial basement membrane
abnormalities,” says Dr. Rubenstein.
“These lead to an irregular basement
membrane and an overlying irregular
corneal epithelium that’s thrown into
slight folds, resulting in an irregular
surface.” These patients are treated with
debridement plus superficial keratec-
tomy with diamond burr polishing.

“If the irregularity is related more to
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corneal roughness of the surface than

a specific dioptric optical feature, one
option would be a phototherapeutic
keratectomy, which can serve to
regularize an irregular surface,” Dr. Jacobs
says. ‘A customized excimer ablation

or topography- or wavefront-guided
ablation are other options.”

Like PTK, superficial keratectomy
also addresses a variety of ocular
surface disorders,’ including EBMD.®
Salzmann’s nodules are another condition
benefiting from superficial keratectomy.
“The epithelium is removed, and the
Salzmann’s nodules are peeled away from
Bowman’s layer,” Dr. Shafer says.

Dr. Shafer adds that “for a pterygium,
excise the pterygium and remove it from
the cornea. Use either a conjunctival
autograft or an amniotic membrane
graft to fill in the area over top of the
sclera.” «
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PLATEAU IRIS AND ANGLE
CLOSURE MANAGEMENT

Experts offer their perspectives on how to approach narrow angles and plateau iris

LIZ HUNTER
SENIOR EDITOR

arly identification and treat-
ment of primary angle closure
suspects are crucial steps to help
lower patients’ risk of develop-
ing glaucoma. The anatomical nature
of their narrow angles will influence
how they can be managed and how
they respond, particularly if the patient
has a plateau iris configuration. We
spoke with several glaucoma special-
ists who offered advice on the clinical
definitions and confirmation of narrow
angles and plateau iris, treatment op-
tions and what to expect in long-term
monitoring of these patients.

Differentiating Narrow Angles
And Plateau Iris

The first observation a comprehensive
ophthalmologist makes is during a
gonioscopy exam. They’ll notice the
trabecular meshwork isn't visible for at
least half of the angle.

“For an angle to be classified as nar-
row, it must be occludable in at least
two quadrants,” says Lauren S. Blieden,
MD, associate professor of ophthal-
mology at the Cullen Eye Institute,

configuration to mitigate glaucoma risk.

Baylor College of Medicine and Texas
Children’s Hospital in Houston. “This
scenario describes what we refer to

as primary angle closure suspect. In
the case of primary angle closure the
situation is similar, but patients also
exhibit elevated intraocular pressure or
findings of synechial closure or periph-
eral anterior synechiae on gonioscopy.
Symptoms may vary from subtle com-
plaints like new headaches with vision
changes, such as halos around lights, to
more pronounced manifestations like
pain with blurred vision or full-blown
acute angle closure attacks.”

"The most severe condition in this
spectrum is primary angle closure
glaucoma, where there’s demonstrable
damage to the optic nerve, anatomi-
cally or functionally characterized by
visual field changes. “When distin-
guishing between narrow angles and
plateau iris, it’s important to recognize
that they fall on a clinical spectrum,
with overlapping characteristics,” Dr.
Blieden says.

Plateau iris will have a different ap-
pearance on gonioscopy. “Rather than
exhibiting a typical bombe configura-
tion—where the iris billows forward
and occludes the pupil in primary

angle closure—plateau iris displays
more of an anterior rotation or ante-
rior displacement of the ciliary body
and the iris root,” she continues. “In
this case, the iris root is pushed more
peripherally into the angle because of
the anatomical variations versus the
iris simply bulging into the angle.”
Many general ophthalmologists
aren’t familiar with the diagnostic
teatures associated with plateau iris.
On gonioscopy, specific findings
suggestive of plateau iris include the
“double-hump sign” where one can see
a ripple effect of the peripheral iris.
“If the anterior chamber depth
is deep centrally and narrow in the
periphery, there’s a good possibility
that the patient may have plateau iris
configuration,” says James C. Tsai,
MD, MBA, the president of the New
York Eye & Ear Infirmary of Mount
Sinai. “The classic pupillary block type
of angle closure suspect is a patient
with a narrow central anterior cham-
ber depth as well as narrow periphery.
Observed very commonly in young
patients with narrow angles, plateau
iris configuration features an abnormal
anterior position of the ciliary body.
The entity is characterized by appo-

This article has no Dr. Asrani reports no relevant disclosures. Dr. Blieden consults for Alcon, New World Medical and Abbvie. Dr. Tsai is a consultant/scientific advisory board
commercial sponsorship. member for Al Nexus Healthcare, Eyenovia and Smartlens.
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On gonioscopy, the iris bombe is the classic presentation of primary angle closure,
where the iris billows forward and occludes the pupil.

sitional angle closure with a flat iris
configuration as compared to anterior
bowing of the iris in the more typical

angle closure glaucoma suspect patient.

When the pupils are dilated, the

angle gets crowded by focal bunching
together of the peripheral iris, thereby
causing an increase in intraocular pres-
sure and an angle closure attack.”

Further confirmation can be ob-
tained by ultrasound biomicroscopy,
says Dr. Blieden. “Standard AS-OCT
doesn't penetrate beyond the iris; how-
ever, UBM can reveal crucial anatomi-
cal features that distinguish plateau iris
from primary angle closure,” she says.
“The definitive indicator of plateau iris
on UBM is the anterior rotation of the
ciliary body, accompanied by a notable
loss of the ciliary sulcus space.”

Understanding patient risk factors
will also help guide the diagnosis.
“When I examine a patient with nar-
row angles, I think of the four major
risk factors for angle closure besides
family history: hyperopia; female sex;
older age; and Asian ethnicity,” says
Dr. Tsai.

Typically, patients with plateau iris
syndrome present as narrow angles
before age 40 and tend to be female.!
One way to confirm this diagnosis
is following a laser iridotomy, the
common first-line treatment for nar-
row angles. “After they undergo laser
iridotomy, they may experience high
intraocular pressure after dilation,
despite the iridotomy,” explains Sanjay
Asrani, MDD, professor of ophthalmol-

ogy at Duke University. “In contrast,
those with narrow angles without pla-
teau iris generally don’t have a pressure
spike after dilation. It’s important to
note that while some individuals over
40 may experience a pressure spike af-
ter dilation, they’re more likely to have
a phacomorphic narrow angle, which is
lens-induced.”

Treatment vs. Observation

As mentioned earlier, peripheral iri-
dotomy has been the standard therapy
for narrow angles. However, there are
differences of opinion on whether or
not laser is always warranted.

First, Dr. Tsai says ophthalmolo-
gists must consider the true risk of the
patient developing PAC or PACG. The
ZAP study, a prospective, randomized
clinical trial that compared LPI in one

200 pm
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eye vs. observation in the contralat-
eral eye of 889 patients with PACS,
showed a low risk of patients progress-
ing to PAC or acute PACG.? Al-
though the 14-year follow-up lost 390
LPI-treated eyes and 388 control eyes,
PAC was found in two LPI-treated
eyes and four control eyes.?

Using that same cohort of untreated
eyes from ZAP, another study de-
termined the baseline predictors of
progression from PACS to PAC.* They
cited “higher IOP, shallower central
and limbal ACDs, and smaller TISA
at 500 pm and light-room ARA at
750 pm may serve as baseline predic-
tors for progression to PAC in PACS
eyes.”

Dr. Tsai provided a published com-
mentary’ on this study, saying, “As
a clinician evaluating a patient with
bilateral, asymptomatic PACS (i.e.,
normal IOP, non-suspicious optic
nerve examination findings [with
OCT confirmation], no evidence of
PAS on dynamic gonioscopy, and no
history of an AAC episode), it’s com-
forting to know that the likelihood of
that patient developing PAC or PACG
is rather low based on the results of
the large randomized clinical trials
described here. In deciding whether to
recommend prophylactic LPI or close
observation in an asymptomatic pa-
tient with PACS, the ZAP trial results
indicate that the clinician can make
this clinical determination based on

The “double-hump sign” is suggestive of plateau iris, showing a ripple effect of the
peripheral iris. Accurate identification of plateau iris configuration influences treatment

planning, say glaucoma specialists.
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IOP, central ACD and limbal ACD
without the need for more sophis-
ticated AS-OCT measurements. In
addition to the comprehensive ocular
examination (including dynamic go-
nioscopy), patient factors such as age,
sex, race, ethnicity and refractive status
should be considered, since risk factors
for the development of PACG include
older age, Asian race, female sex, hy-
peropia and positive family history.”

Dr. Tsai says that if a patient has
multiple risk factors but is asymptom-
atic, he will often consider performing
the 15-minute dark room prone pro-
vocative test to obtain additional IOP
information on these patients.

“In the dark room prone provocative
test, the clinician records the patient’s
IOP and then turns down the lights in
the room,” he says. “The patient places
their head down, and in the dark, their
pupils should dilate. The clinician
returns and measures their eye pres-
sures after 15 minutes. This method is
presumably positive (i.e., predilection
for future angle closure attack) if the
IOP is increased by at least 8 mmHG.
If the IOP goes up by even 4 or 5
mmHg, that’s enough for me to be
worried and strongly consider recom-
mending laser iridotomy.”

Glaucoma experts say it’s impor-
tant to discuss the success rates of
LPI, as well as the side effects. It’s not
uncommon for the patients to Google
the procedure and find worst-case
scenarios online, and ophthalmologists
should be prepared to temper those
misconceptions.

“Patients frequently express con-
cerns about potential side effects
following an iridotomy, particularly
regarding dysphotopsias,” Dr. Blieden
says. “While these visual disturbances
can occur, they’re not as common as
some might believe, and for the major-
ity of patients, they’re not debilitating.
However, significant findings from
the EAGLE trial revealed instances of
complications such as macular edema,
persistent inflammation and uncon-
trolled IOP post-LPI. These complica-
tions sometimes necessitated further
surgical interventions.”
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If the angle remains closed post-PI,
the next step has traditionally been
iridoplasty. However, this approach is
less frequently employed today, and
clear lens extraction is becoming the
preferred technique to eliminate the
narrow angle issue altogether.

“If one is diagnosed with narrow
angles, he/she may have plateau iris
configuration, and a laser iridotomy
won't remedy and/or cure this condi-
tion,” says Dr. Tsai. “So in my opinion,
you're subjecting a person with normal
vision, a normal optic nerve on OCT
analysis, normal visual field, and no
previous symptoms of angle-closure
attack to an invasive laser procedure.
What are the well-known risks of laser
iridotomy? Well, these risks include
bleeding, inflammation, ghost images,
a keyhole effect and precipitation or
worsening of a cataract.”

“The landscape of treatment has
changed since EAGLE and ZAP,
particularly with the realization that
early cataract extraction can effec-
tively open the angle in the majority
of these patients,” Dr. Blieden says.
“Thus, performing lens extraction has
become a more favorable solution. In
fact, it’s exceedingly rare for a plateau
iris patient to not experience sufficient
angle opening following cataract sur-
gery. Some surgeons will combine lens
extraction with endocyclophotocoagu-
lation to help rotate the ciliary body
down and away from the angle.

“In comparing groups from the
EAGLE trial, it was evident that those
undergoing laser iridotomy faced a
statistically significant rate of subse-
quent glaucoma-related surgeries and
interventions compared to the clear
lens extraction group,” she continues.

Can smartphones prevent an angle closure attack?

Since the advent of the smartphone, the field of ophthalmology has found ways to take
advantage of its multifunctionality, whether it's with telehealth, imaging or accessing

EMR. One feature that James C. Tsai, MD, MBA, the president of the New York Eye & Ear
Infirmary of Mount Sinai, has found useful is its bright flashlight, and the potential it has to

prevent an angle closure attack.

“Years ago, if a patient noted that an angle closure attack was happening (e.g., at the mov-
ies), they had little recourse since the lights in the movie lobby (or available flashlights)
wouldn't likely be bright enough to constrict their pupil to reverse their pupillary dilation
and an angle closure attack,” he says. “But smartphone flashlights are even brighter than

the pen lights ophthalmologists use.”

For patients who've never had signs or symptoms of an angle closure attack—eye pain,
headache, blurred vision, red eyes, nausea, vomiting—and their eye pressures and visual
fields are normal and their optic nerve looks healthy on OCT, a laser iridotomy procedure
could eliminate their risk of relative pupillary block, but comes with considerable side

effects and complications.

“If they're asymptomatic, | can offer a more conservative approach,” Dr. Tsai continues. “If
they take this latter approach, patients must promise that they'll keep their smartphones
with them at all times. If they feel any symptoms of angle closure attack, they're instructed
to shine the smartphone flashlight in their eyes. Since pupillary constriction is a bilateral
response, the patient doesn't even have to identify the eye that has the potential angle clo-
sure attack. If they shine the light in one eye, both pupils automatically constrict.”

Dr. Tsai feels this is a better alternative than the previously recommended pilocarpine for
those who had an increased risk of angle closure attack. “The problem with pilocarpine is
the increased risk of retinal detachment as well as additional side effects such as brow
ache,” he says. “Thus, the smartphone flashlight appears to be a readily available option
for aborting an angle closure attack in patients with a diagnosis of primary angle closure
suspect.”

However, if a patient does feel an attack coming on, which is then reversed by the flash-
light, Dr. Tsai says conservative management would no longer be appropriate. “In these
patients, | recommend prompt laser iridotomy.”



Not everyone agrees that a laser
iridotomy should be skipped, though.

“I generally don’t recommend clear
lens extraction without prior laser
treatment,” says Dr. Asrani. “This
approach is unusual and could pose
unnecessary risks. Laser iridotomy
is essential to eliminate the possibil-
ity of pupillary block, and that may
be all the patient needs. The success
rate is very high for a laser iridotomy
for narrow angles, and I feel that
one shouldn’t bypass this part of the
treatment process. Furthermore, one
shouldn't perform a clear lens extrac-
tion on a patient with normal IOP and
an undamaged optic nerve. If a patient
shows significant glaucoma damage
to the optic nerve and is on maximum
tolerated medical therapy but contin-
ues to progress, clear lens extraction
can be considered, preferably after laser
iridotomy has been performed.”

Close observational management
can be a reasonable alternative, says Dr.
Tsai. “I'm not saying it should be the
only option. I believe it’s a reasonable
alternative if patients desire a more

conservative approach to avoid post-
LPT adverse effects. However, if you
as an ophthalmologist are concerned,
you can always recommend the laser
iridotomy procedure,” he says. “But
please be on the lookout for patients
with plateau iris syndrome since the
laser isn’t going to solve the problem in
these cases. Ophthalmologists should
understand that if they perform suc-
cessful laser iridotomy on a patient
with plateau iris configuration, this
patient will still be at risk of an angle
closure attack with pupillary dilation.”
Patients who may not be candidates
for conservative management could
include diabetics who require an an-
nual dilated retinal exam. “I wouldn't
recommend following this patient
conservatively,” Dr. Tsai says. “I'd
want to eliminate the pupillary block
component of their narrow angles, and
therefore I'd recommend performing
LPI to minimize as much as possible
the risk of angle closure attack (since
the patient needs to have repeated di-
lated pupillary exams). In my opinion,
the more times a patient with PACS

gets dilated, the more likely they are to
have an angle closure attack.

“Furthermore, alerting these patients
to the utility of their smartphone
flashlight and providing the potential
benefits of immediate and bilateral
pupillary constriction in aborting a
suspected acute angle closure attack
appears warranted,” he continues (see
sidebar).

Navigating conversations with
patients about their treatment options
really depends on the practitioner. “For
patients who wear bifocals and exhibit
signs of PAS or symptoms of angle
closure, I recommend lens extraction,”
Dr. Blieden says. “For younger patients
who aren't already reliant on bifocals,
the discussion becomes more nuanced;
they may be apprehensive about losing
their ability to accommodate.”

For ophthalmologists who do
choose to perform a clear lens extrac-
tion, Dr. Blieden says it’s essential for
them to recognize that narrow angle
cataracts behave somewhat differently
from typical cataracts. “Be prepared
for the possibility of shallow anterior
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Plateau iris presents with an abnormal anterior position of the ciliary body with the iris
root pushed more peripherally into the angle.

chambers and understanding how

the iris may respond intraoperatively,
and the potential of a higher risk for
aqueous misdirection during the peri-
operative period is crucial,” she says.
“Additionally, awareness of the risk for
myopic surprises due to the effective
lens position of the IOL is vital dur-
ing patient consultations.”

Overall, she says the findings from
ZAP have helped calm her when
approaching treatment for patients
with narrow angles. “I no longer feel
the need to panic upon identifying a
narrow angle,” says Dr. Blieden. “We
used to think they were a ticking time
bomb for an angle closure. In reality, it
just doesn’t happen that often, or that
quickly. Instead, I believe in adopting
a more cautious and measured ap-
proach, emphasizing patient education
about their risk factors and treatment
options. Keep an open dialogue and
assess the patient’s anxiety level. Ulti-
mately, it’s their decision, and it’s my
job just to counsel them based on the
evidence I have.”

Long-term Management and
Ongoing Research
Dr. Asrani says there’s a misconcep-
tion among patients that an LPI
protects them for life.

“After laser iridotomy, it’s crucial to
inform patients that although their
pressures are initially normal, there

remains a risk of developing chronic
angle closure as they age,” he says.
“The lens continues to grow and may
lead to increased pressure over time.
Therefore, patients should be advised
to schedule annual follow-ups with
their ophthalmologist or optometrist
to monitor their optic nerve health
and intraocular pressure. It’s impor-
tant to convey that having had laser
treatment doesn't protect them from
developing other forms of glaucoma,
such as low-tension glaucoma.”

Dr. Blieden says she follows her
clear-lens extraction patients similarly
to POAG patients. “Historically, I'd
schedule follow-up visits every six
months; however, I've recently tran-
sitioned to annual visits,” she says. “I
can’t completely let them go because
we don't know what those angles are
going to do in 15 or 20 years. These
patients are often younger—typically
in their 50s—so as they age, par-
ticularly when they reach their 70s,
we may not yet fully understand the
long-term implications of their nar-
row angle diagnoses. The potential
for increased risk factors over time
is something we need to monitor,
which is why annual check-ups seem
reasonable until more data becomes
available.”

Ophthalmologists should also keep
tabs on their patients’ medications and
which ones can cause dilated pupils.
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“Many subspecialties of medicine, in-
cluding urology, psychiatry and ENT
are realizing that their commonly
prescribed drugs have anticholinergic
properties,” says Dr. Asrani. “Just one
extra medication, such as an antide-
pressant or decongestant, is sometimes
all a patient needs to push them into a
narrow angle attack.”

Dr. Tsai adds that Botox shots
(botulinum injections) and over-
the-counter cold medications that
contain phenylephrine can cause pupil
dilation, and scopolamine patches (for
motion sickness) can cause long-
term pupillary dilation (three days
to two weeks). “Therefore, I stress to
my patients that if they want to take
a conservative approach with their
narrow angles, they should avoid these
medications,” he says.

'The glaucoma specialists we
spoke with are closely monitoring
the research taking place regarding
diagnosis and treatment for narrow
angles. Dr. Asrani says he’s particu-
larly interested in studies on imaging
techniques that will help reduce the
reliance on expert interpretation of
gonioscopy.

“It’s a skill that many providers
aren't well-versed in,” he says. “Litera-
ture suggests that over half of newly
diagnosed glaucoma patients don't re-
ceive a gonioscopy, which could result
in undetected narrow angles. Ongoing
research is focusing on anterior seg-
ment optical coherence tomography
and algorithms to improve diagnostic
accuracy without the need for gonios-
copy.” <
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MANAGING CROSS-LINKING
COMPLICATIONS

Although rare, patients may experience issues following
treatment for keratoconus and other corneal conditions.

ANDREW BEERS
ASSOCIATE EDITOR

hether a patient has kera-

toconus, ectasia following

refractive surgery, or pel-

lucid marginal degenera-
tion, corneal collagen cross-linking
can be used to prevent progression.
This treatment is a particularly safe
and effective procedure, and rarely
do complications arise. However,
complications can occur, and some
patients may experience negative
effects, vision-threatening symptoms
as well as continuous progression.
Here, experts share their knowledge
on what complications may arise
following CXL and how to manage
patients.

Complications and Their
Management

There are several complications that
can present postoperatively. Some are
far more common and don’t pose as
much of a threat compared to others.
In most cases, these problems can
easily be treated with topical drugs
and contact lenses, but severe cases
may need to be retreated with CXL

or could lead to a corneal transplant.

“Most of the side effects—compli-
cations of cross-linking—are really
related to epithelial removal,” says
Peter Hersh, MDD, of Teaneck, New
Jersey, and the U.S. medical moni-
tor of the original CXL FDA trial
by Avedro, which was acquired by
Glaukos in 2019.

* Ocular pain. Common amongst
invasive surgeries, patients do
experience pain and discomfort
following CXL due to the epithelial
debridement. The epithelium-off
CXL technique is the only
technique approved by the
United States Food and Drug
Administration. Although pain
isn’t touted as a complication,
it’s best to ensure that patients
are satisfied through this process
and given proper care for any
irritation that may arise.

“There’s expected pain, which I
wouldn't call a complication, and
it could worsen, which I wouldn’t
call a complication either,”
suggests Brad Feldman, MD, a
cornea and refractive surgeon
at Philadelphia Eye Associates
in Pennsylvania. “Most patients

have pretty well-tolerated pain that
they’re able to sleep off in the first
several hours after the procedure,
and by the next morning, they’re no
longer in pain. They just have some
mild discomfort, tearing or foreign
body sensation, but there are some
patients who have more intense or
prolonged pain, as well as folks who
have no initial pain and develop it
at day two or three. That’s pretty
uncommon, but it can happen.

“So, for people who have very
sensitive eyes, it’s just a matter of
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An eye presenting with infectious keratitis four
weeks after cross-linking. If infection persists
to severe stages, then a corneal transplant may
have to be employed.

This article has no Dr. Hersh is the U.S. medical director for Glaukos and a consultant for Corneagen. Dr. Greenstein consults for Glaukos. Dr. Syed is a consultant for
commercial sponsorship. Glaukos. Drs. Feldman, Kang and Thulasi have no related finacial disclosures.
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giving them NSAIDs topically,
maybe getting them a pain
medication beyond just ibuprofen or
acetaminophen,” he continues. “It’s
pretty rare that I would prescribe

a narcotic, but maybe I'll prescribe
one once every couple of years. Then,
there’s the people who are doing fine
and they start having pain a few days
later, and the most common cause
of that would be the contact lens
falling out and not being noticed by
the patient, or tight lens syndrome,
where they start to swell up and get
a keratitis from that. In that case, we
just swap the lens out for a looser
one.”

* Delayed epithelial healing.
Similar to ocular pain in the
sense that it’s one of the earliest
complaints a patient has following
CXL, delayed reepithelization, if not
treated properly, can lead to more
severe complications, but these cases
are rare.

“Delayed epithelial healing can
occur due to many reasons, such as
age, steep corneas, poor hygiene, poor
compliance with medication, pre-
existing ocular surface disease and
more,” explains Joann Kang, MD, a
cornea and refractive surgeon at the
Montefiore Medical Center in New
York. “Delayed epithelial healing
then in turn puts a patient at risk
for other complications.” This is one
of the more frequent complications
that arises following CXL, with
rates varying between 4 and 26
percent, depending on the literature.!
She notes that, if the wound from
removing the epithelium doesn’t
heal correctly, then it can result in
permanent visual sequelae.

“In the early stages after cross-
linking, the most common thing
to see would be a delayed wound
healing,” adds Steven Greenstein,
MD, who practices with Dr. Hersh.
“So generally, we see that the
epithelium heals somewhere between
three to four days. It heals mostly
because a high volume of patients
are pretty young. We generally will
take out a bandage contact lens at
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A slit-lamp photograph of a patient’s left eye with deep corneal haze. Although not seen
as a complication, haze can progress late after cross-linking and cause further issues to
arise. (Creative Commons License: https://creativecommons.org/licenses/by-nc/4.0/.)

about five days for these patients,
and rarely you'll see a slower wound
healing where they still have an
epithelial defect. Even with those,

I would say most tend to heal with
minimal additional intervention,
but sometimes they do need things
like serum tears or even amniotic
membrane to help them heal. It’s
extremely rare to see infection with
it. I can count on one hand the
number of cases we've seen over the
course of a decade that we’ve done
cross-linking.”

* Corneal haze. “One of the things
that we most noticed as a general
event after cross-linking is a cross-
linking associated corneal haze,” says
Dr. Hersh. Corneal haze is an effect
that occurs in most patients but isn't
always described as a complication.

“Most patients who undergo cross-
linking initially develop a generalized
haze in the anterior corneal stroma
soon after the procedure, and then
this tends to evolve into what we
call a demarcation line,” Dr. Hersh
explains. “If you look carefully under
the slit lamp or with OCT, you can

see a little bit of haziness down to
the area of cross-linking, and this
demarcation line delineates really
the area of cross-linked tissue from
the area of non-cross-linked tissue
posteriorly. Typically, with a standard
procedure, this is about 250 or 300
microns deep.

“Now, what we find with the
cross-linking associated haze is that
it peaks in a month, it plateaus at
three months, and then it returns to
baseline,” he continues. “Typically,
it goes back to baseline by the first
year. It’s very important that the
ophthalmologist recognizes this, and
we always will advise the patient that
this haze will generally subside over
time.”

Both Drs. Hersh and Greenstein
were a part of clinical trials for
corneal cross-linking, and they
published a study in the early days
of the procedure which reported that
90 percent of eyes that were cross-
linked experienced stromal haze.? If
there are so many patients presenting
with this, then why should it be seen
as a complication?
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“It’s always been a big debate
whether haze is even a complication
at all,” explains Dr. Greenstein. “It’s
important when you talk about haze
in cross-linking to really distinguish
the type of haze that you expect
to see. We did a lot of early work
and published papers in terms of
the natural course of haze, which
tends to increase to its peak and
then generally returns to baseline
somewhere between six months and
a year. That we don’t really consider it
a complication. In fact, in some ways,
we view that as the cross-linking
taking effect and working.

“On the other hand, a longer-term
haze, which kind of leads to more
corneal stromal scarring, is certainly
a rare complication that you can see
with cross-linking in the later phases
somewhere between three months
and a year down the road,” he adds.
'The standard postop regimen for
CXL at Drs. Greenstein and Hersh’s
clinic includes a combination of
antibiotics and steroid drops, which
are tapered over three weeks. But,
in cases of long-term haze, Dr.
Greenstein notes that they extend
the steroid taper and try to limit
any inflammatory response that may
be seen.

“More recently, we've tried topical
losartan, which we’ve compounded,”
Dr. Greenstein adds. “There’s been
some early studies that have shown
that that might be effective in
corneal scarring. We haven't seen it
work that well post-cross-linking,
but we have tried that as an option.”

* Corneal scarring. This com-
plication is tricky. Some patients
may present with scarring before
the CXL procedure, and some may
develop scarring afterwards. In one
study, the incidence of scarring
was reported to be 2.9 percent.® As
explained earlier, scarring can occur
due to long-term haze in patients,
and losartan can be employed to
treat this, although it’s used off-
label.

What ophthalmologists
need to be aware of is that pre-

The most critical thing with
cross-linking is to really drill
into patients that thisis a
stabilizing procedure.
—Steven Greenstein, MD

| (1)

existing corneal scarring is seen as

a contraindication for CXL and

can increase the risk of further
complications following the
procedure. “Assess the thickness of
any pre-existing scarring because this
may lead to a greater incidence of
haze or scarring after the procedure,”
notes Dr. Hersh. “Patients who have
central scarring might require a
corneal transplant, and patients who
have more peripheral scarring, where
the risk of haze might be somewhat
increased, [should be seen as a
contraindication].”

Demareation Line

250-300 um

The demarcation line seperates the area of
cross-linked tissue from the area of non-cross-
linked tissue posteriorly in a case where haze
is present.
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“We know that if we treat people
who have scars in the cornea, they’re
more likely to develop haze, and I
typically won't treat those patients
with cross-linking,” adds Dr.
Feldman. “Instead, depending on the
size of the scar, we either offer scleral
or specialty contact lenses alone, or
if it’s a dense scar that the patient
can’t see well out of, then we can do
a corneal transplant.”

* Infectious keratitis. Infections
can be caused by a whole host of
reasons and should be avoided if
possible. Cases of infection are
rare, but they’re seen as one of the
most dreaded complications to
arise following CXL, according to
Praneetha Thulasi, MD, an assistant
professor of Ophthalmology and
Visual Sciences at Washington
University School of Medicine in
St. Louis, and a cornea specialist
at the Washington University Eye
Center. In a large population study,
researchers found that infection
occurs in 0.12 percent of cases.®

“[At our practice], we
treat patients with steroids
postoperatively,” says Dr. Thulasi.
“With cross-linking and steroids,
patients do have sort of an
immunosuppressed state. So,
infectious keratitis is the thing that
we worry the most about. It’s fairly
rare. It’s usually related to some sort
of patient compliance issue, but I've
done this for nine years now, and I've
seen this in three cases. Only one
patient had a really severe infection
to the point where we needed to do a
corneal transplant.

“[Infectious keratitis] could
be from possible contamination
during the surgery,” she continues.
“These aren’t technically sterile
procedures. They’re what we call
‘clean procedures.” So, surgeons aren’t
doing them in the operating room.
It could be from the fact that we
put a contact lens on the patient for
postoperative pain management. It
could be from patients not using
antibiotics after treatment. Also, the
few patients I've had were all young
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folks who had trouble putting
drops in. It could’ve stemmed
from that. I don’t think we
have a definitive answer as to
what causes these infections,
but those are all the things
we look at any time we have a
complication.”

Zeba Syed, MD, a cornea
and refractive surgeon at Wills
Eye Hospital in Philadelphia,
makes a procedural plan with
her team prior to CXL to
avoid infection and treat it if
it occurs after the procedure.
“I always use povidone-
iodine to cleanse the eyelids
prior to cross-linking and
minimize the risk of eyelid
flora resulting in infectious
keratitis,” she says. “My team
members involved in the
procedure always wear masks
while cross-linking to reduce
the chances of oral flora
contaminating the surgical
field. An antibiotic drop is
placed at the conclusion of
the procedure, and patients
are advised to start antibiotic
treatment immediately
afterwards.

“These infections are cultured,
and the patients are started
on fortified antibiotics, and culture
results will guide more targeted
therapy,” she continues. “I'll typically
discontinue any corticosteroid drops
until culture results return or the
clinical picture starts improving.”

What both Drs. Thulasi and
Syed are alluding to are bacterial
infections that may occur after
the procedure, but there are other
causes. Fungal infections are also
a rare possibility that may occur
following CXL. “Typically, our
first-line drug would be a fourth-
generation fluoroquinolone [to
treat infection], but I think it’s also
particularly important to look for
unusual organisms in some of these
patients,” suggests Dr. Hersh. “We’ve
found in our practice a couple of
fungal infections after cross-linking.

Corneal melt presenting in a 15-year-old patient post-
CXL. (A) Patient's eye with diffuse infiltrates three days
postop. (B) Patient’s eye with corneal melt six days
postop. They were treated with penetrating keratoplasty.
(Creative Commons License: https.//creativecommons.org/

Additionally, it should be
noted that herpes simplex
keratitis can cause infection
and should be noted as a
contraindication for CXL.
“Anybody with a history of
viral keratitis, particularly
herpetic keratitis, we know
any procedure can trigger
recurrence of that virus again,
and they’ll have delayed
healing as well,” adds Dr.
Thulasi.

* Corneal melt. In some
cases of infection, the patient
may progress to having a
corneal melt. “In severe
infections, if the patient isn’t
improving or they progress to
having a corneal perforation
or melt, we may need to do a
corneal transplant, but severe
infections are generally pretty
rare,” says Dr. Thulasi.

Corneal melt can be
induced by NSAIDs
prescribed to patients for a
presenting epithelial defect.
'This treatment, along with
others, can produce changes in
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So, one needs to be wary of that kind
of infection as well. You certainly
should recommend first, a genetic
culture and sensitivity, including a
fungal culture and, secondly, if there
isn't a good response to antibiotics,
perhaps re-culture and consider a
fungal infection.

“Fungal keratitis has been the most
severe complication that we saw [in
clinical trials], but is that directly
affected by the cross-linking? If the
epithelium isn’t completely smooth
and healed, those patients are more
prone to infection. Certainly, if
they’re also on prolonged steroid
treatment, they’re more susceptible
to infection, particularly the
possibility of fungal infection. Again,
fungal infection is very rare, but it’s
one of the more unusual things that
we have seen.”

m REVIEW OF OPHTHALMOLOGY | NOVEMBER 2024

the cornea which increase the
risk of melt and perforation.
There are ways to reduce the
epithelial defect and mitigate
the risk of corneal melt.

“In these cases, I'll typically place
amniotic membrane in the clinic
to help reduce inflammation and
promote epithelialization,” says Dr.
Syed.

* Disease progression. Sometimes
conditions such as keratoconus
progress following surgery. The
experts in this article tend to see a
younger patient population for CXL,
therefore these patients’ corneas are
still progressing naturally as they
get older. While CXL is meant
to prevent further progression of
corneal diseases, the condition can
relapse due to patients’ changing
corneas.

“In cases of disease progression,
repeat cross-linking is usually
indicated,” says Dr. Syed. “I counsel
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patients who've been cross-
linked that even though they’re
now at a decreased risk of
progression, they should still
avoid rubbing their eyes because
progression is possible. Increased
rates of progression after
cross-linking typically occur in
younger age groups.”

The incidence of disease
progression for keratoconus is
staggeringly lower than the rates
of progression for other dis-
eases. For keratoconus, CXL is
quite successful, with only a 7.6
percent failure rate according
to one study.” In another study
looking at the disease progres-
sion three years after treatment for
both keratoconus and post-LASIK
ectasia patients, keratoconus
progressed in 5 percent of subjects,

Corneal collagen cross-linking was approved for
keratoconus in 2016, and has been effective in
treating cases in the center and periphery of the
cornea. Also, it's able to treat other peripheral
conditions such as pellucid marginal degeneration.
(Creative Commons License: https://creativecommons.

org/licenses/by-nc/4.0/.)

while ectasia progressed in 25
percent of subjects.®

If the patient begins to complain
about their disease progression
and how it’s affecting their vision,
then moving forward with another
treatment option could satisfy them.
“Contact lenses, particularly the new
scleral lenses for keratoconus are very
helpful in patients who don’t have
good spectacle-corrected vision, and
then there are a number of surgical
procedures that are now available,”
shares Dr. Hersh. “One of the things
that we're particularly interested in
is what we called CTAK, or corneal
tissue addition keratoplasty, in which
we use a shaped allograph to preserve
corneal tissue in order to improve
corneal topography and vision. But
that’s really separate and distinct
from the need for retreating for
progression.”

Pearls for CXL
There are ways to mitigate com-
plications following CXL. While
precautions can be made to avoid
infection by keeping the procedure
sterile, evaluation of each patient
prior to treatment can help avoid any
surprises that may occur.

“Good patient selection and

preoperative comprehensive
discussion with patients regarding
risk/benefits [helps prevent
complications],” says Dr. Kang.

“I discuss in detail what to expect
and the importance of follow-

up and adherence to treatment
recommendations.”

Dr. Hersh shares how his clinic
selects the right patient for CXL.
“What you want to do is evaluate
the ocular surface and any ocular
surface disease should be treated
[prior to cross-linking],” he says.
“This includes dry eye, blepharitis
and meibomian gland dysfunction.
So, we recommend a complete ocular
surface examination and observe
tear breakup time and perhaps
look at imaging of the tear film.
Some people will also use tear-film
osmolarity. So, we recommend that
any ocular surface, dry eye, tear film
abnormality or blepharitis be treated
beforehand. I think this is one of the
most important things in preventing
a complication.”

In some cases, adjusting the
position of the UV light can help,
but ensure that the limbus is
protected when cross-linking the
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periphery of the eye. “Sometimes
for very peripheral cones, we
might de-center the UV light
somewhat toward the periphery
of the cornea. Although there
hasn’t been enough proven data
that that affects the limbal stem
cells, you're clearly shining more
of the UV light in that area, so
sometimes we’ll place a limbal
protector around that area to
prevent the light from hitting it,
but that’s for specific cases. We
don’t do that across the board.”
He notes that post-LASIK
ectasia patients sometimes
present with peripheral cones,
in which case he’ll de-center the
UV light and add protection to
the limbus.

After the procedure, there
are a host of options to avoid
complications. For instance, Dr.
Feldman provides his patients
with UV light-blocking sunglasses
and requires patients to wear them
for three months after treatment.
In addition, physicians try to keep
the cornea lubricated, possibly with
a bandage contact lens, to ensure
re-epithelialization. But Dr. Feldman
notes that an epithelial defect may
persist even with the presence of
a bandage contact lens covering
exposed nerve endings, since the
epithelium was removed during the
procedure.

an Mwiyg s

Talking with Patients
Keep in mind that CXL is a relative-
ly safe and effective procedure, but
physicians can’t always rely on preop-
erative and postoperative treatment
management. Patients must be made
aware of the signs and symptoms
of their case as early as possible to
alleviate treatment burden. “From a
public health point of view, the field
would be greatly helped and the loss
of vision from keratoconus would be
dramatically reduced if patients were
recognized early and received proper
treatment early on,” states Dr. Hersh.
When a patient walks into the
clinic presenting with keratoconus or
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Patients might not understand how cross-linking treats their condition. Ensure each
patient is informed about the procedure, its outcomes and any possible complications

that may arise.

some other CXL-treated condition,
begin a conversation with them.
Every physician’s goal is to satisfy
their patients’ needs, and that’s
reliant on how much the patient
complies to the treatment plan.

“The most critical thing with
cross-linking is to really drill into
patients that this is a stabilizing
procedure,” comments Dr.
Greenstein. “Patients expect results
that’ll improve their situation
when they go through a procedure
anywhere on the body. So, when it
comes to eye procedures, patients
are expecting that the procedure is
going to improve their vision. While
all of our studies have indicated
that cross-linking, on average, does
slightly improve spectacle-corrected
vision, those changes are incredibly
small, and for the vast majority of
our keratoconus patients, they’re not
really noticeable.

“We have other procedures that
can help with improving corneal
curvature and vision, but the key is to
stress the stability component of the
procedure and that we don't expect

things to get better from a vision
standpoint, or even significantly
from a curvature standpoint, simply
by doing cross-linking alone,” he

continues.

Advancements Towards
Safety and Efficacy

Dr. Thulasi says certain advancements
are improving CXL and improving
the safety and efficacy of the
procedure. “There are three groups
of people I can think of where

we could use advancements,” she
explains. “One is to decrease risk of
complications of infection and pain.
So, epithelium-on cross-linking,

at least according to the data that
we have so far, shows efficacy. It
essentially eliminates any pain. So,
that’s something we’re very excited
about.

“The second issue is that cross-
linking is a really long procedure,”
she continues. “It takes an hour and
a half during which a patient has
to sit in a room. And so, there are
accelerated cross-linking and certain
variable-fluence cross-linking that do
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decrease the duration significantly,
and that would increase tolerance. It
would allow us to do cross-linking on
patients such as kids or patients with
Down syndrome or other patients
where they wouldn’t be able to stay
still for about an hour. So, that would
really expand the number of patients
we could offer this to safely.

“And the third issue is that
patients who come in with advanced
keratoconus who are already below
the threshold of 400 microns don’t
have the required corneal thickness
for treatment,” she continues. “So,
there are some newer ideas out there.
One being contact lens-assisted
cross-linking, which can artificially
boost the thickness of the cornea, so
to speak, and prevent complications.
There’s also some interesting research
on this method. Investigators are
individualizing the duration of
cross-linking to each person’s corneal
thickness and that would certainly
allow for effective treatment without
ruling all these patients out and
letting them progress to needing a
corneal transplant. So, those would
be the groups that could use these
advancements. I think some of these
advancements are very exciting in
those particular subgroups.” <
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GLAUCOMA MANAGEMENT

Intraocular Tumors
And Glaucoma

Benign or malignant, a tumor in the eye can lead to rising
pressures and difficult-to-treat glaucoma.

CAROL L. SHIELDS, MD
PHILADELPHIA

hen dealing with glaucoma

secondary to intraocular

tumors, it’s essential to have

a systematic approach. These
cases can be complex, often requiring
a careful evaluation to differentiate
between typical glaucoma causes and
those linked to tumors. If there’s a
tumor, glaucoma management efforts
must be planned with care.

Here, I'll review the most common
types of intraocular tumors that should
be on every glaucoma specialist’s radar
and discuss the crucial treatment do’s
and don’ts.

The First Signs

When assessing a patient, the glauco-
ma specialist should consider intraocu-
lar tumor if the patient has unilateral
or refractory glaucoma. It’s essential to
rule out a tumor, particularly if there
are additional signs such as melanocy-
tosis—pigmentation of the sclera—or
if gonioscopy reveals a brown hue in
the anterior chamber angle. These fea-
tures strongly suggest the potential for
melanoma. With unilateral glaucoma,
it’s crucial to determine the underlying
cause, as a small minority of cases may
be due to intraocular tumors, which
aren’t limited to melanoma alone;
other types of intraocular tumors can

This article has

no commercial
sponsorship.

also lead to glaucoma.

Glaucomatous Mechanisms
Intraocular tumors can cause glaucoma
in a number of ways. One of the most
common mechanisms involves angle
invasion from the tumor, which can be
seen with iris melanoma, ciliary body
melanoma that invades the iris or even
melanocytoma—a benign tumor that,
while not malignant, can drop pigment
into the angle, leading to glaucoma.
This results in tumor-related open-
angle glaucoma.

A second common mechanism
is neovascular glaucoma, where the
tumor produces excessive VEGEF, or
in cases of retinal detachment, causes
neovascularization of the iris in the

anterior segment, which then leads to
glaucoma. While neovascular glau-
coma is very rare with melanoma or
metastasis, it can occur, particularly
when a patient has a significant retinal
detachment, as the ischemic retina
promotes the development of NVI.

Intraocular Tumors
The most common tumors that
produce secondary glaucoma are iris
melanoma or ciliary body melanoma
with angle invasion. Uveal melanomas
represent 5 percent of all melanoma
(including skin melanoma) diagnosed
in the United States.! Secondary
glaucoma has been reported to occur
in 33 percent of eyes with iris mela-
noma, with significantly higher rates in
American Joint Committee on Cancer
Classification category T4 versus T1.?
It’s crucial not to wait for the patient
suspected of having iris melanoma to
exhibit extraocular extension; instead,
examine the angle for brown pigmen-
tation. If it appears brown, perform an
ultrasound biomicroscopy and check
the retina with indirect ophthalmosco-
py-induced scleral depression to see if
there’s any pigmented mass posteriorly.

Figure 1. Autofluorescence and fundus photography showing dense vitreous hemorrhage
in an 86-year-old woman with choroidal melanoma with neovascular glaucoma and loss to
follow-up for three years.

Dr. Singh is a professor of ophthalmology and chief of the Glaucoma Division at Stanford University School of Medicine. He is a consultant to Alcon, Allergan, Santen, Sight
Sciences, Glaukos and Ivantis. Dr. Netland is Vernah Scott Moyston Professor and Chair at the University of Virginia in Charlottesville.
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Figure 2. An external photograph of the
same patient from Figure 1, showing iris
neovascularization.

If uncertainty remains, refer the pa-
tient to an ocular oncologist, who can
perform a fine needle aspiration biopsy
to confirm whether the pigmentation
in the angle is or isn't a tumor. We
frequently use fine needle aspiration
biopsy in our practice.

A specific form of iris melanoma
infiltrates the trabecular meshwork.
Patients with this type of melanoma
typically present with eye pain and
elevated intraocular pressure. Upon
examining the angle, if it appears
chocolate brown, this raises the suspi-
cion of melanoma localized to the tra-
becular meshwork. At that point, we'd
perform a fine needle aspiration biopsy
to sample the trabecular meshwork. If
melanoma is detected, we proceed to
irradiate the entire anterior segment,
including the trabecular meshwork
and a bit of the ciliary body, to ensure
that all affected cells are treated.

In cases of iris metastasis, second-
ary glaucoma has been reported to
occur in 37 percent of eyes. Treat-
ment with anti-VEGF agents such as
ranibizumab* and bevacizumab®® has
shown success in secondary neovascu-
lar glaucoma. Iris metastasis manifests
as yellow, white or pink nodules in the
iris stroma. Hyphema or pseudohy-
popyon may be present as well, along
with poorly defined iris thickening and
iridocyclitis.

Ciliary body melanoma, or ring
melanoma, as its other name suggests,
extends in a ring-like fashion around

the ciliary body. It’s often missed on
the exam, but there are several diag-
nostic clues that indicate its presence,
including shadow on transillumina-
tion, multilobular mass and bulging
episcleral veins.’

Melanoma of the choroid has a pig-
mented, dome or mushroom-shaped
appearance. It’s often accompanied by
subretinal fluid, orange pigment and
exudative retinal detachment. This type
of melanoma accounts for 90 percent
of all uveal melanomas, and secondary
glaucoma occurs in 2 percent of cases.®
Cream-colored or yellow lesions may
be indicative of choroidal metastasis.
This condition is often associated with
serous retinal detachment. Secondary
glaucoma occurs in 1 percent of cases.’

Retinoblastoma and retinal astro-
cytic hamartoma can also result in
secondary glaucoma.” Among children,
retinoblastoma is the most common
malignant intraocular tumor and leads
to secondary glaucoma in 17 percent
of cases.” Its white, elevated lesions
located in the sensory retina are ac-
companied by afferent and efferent
blood vessels and intratumoral calcifi-
cation. Retinal astrocytic hamartoma
is benign but in rare instances may
cause iris neovascularization, leading
to secondary glaucoma. It appears as a
slightly elevated, transparent or white
lesion in the retinal nerve fiber layer.

When evaluating a child with
unilateral glaucoma, it’s crucial to
check the fundus for retinoblastoma or
retinal detachment and to examine the
ciliary body for medulloepithelioma, a
very rare nonpigmented ciliary epithe-
lial tumor of which we encounter, on
average, only two cases per year. These
tumors are often misdiagnosed long-
term because clinicians may not think
to look in the ciliary body. Ultrasound
biomicroscopy or anterior segment
OCT can help image the ciliary body,
especially in cases of neovascular
glaucoma. Before inserting a tube
shunt or performing any manipulation,
a full exam under anesthesia to exclude
medulloepithelioma is warranted.

In adults, neovascular glaucoma
typically arises from classic conditions
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like diabetic retinopathy, ocular isch-
emic syndrome, or central retinal vein
obstruction—vasculopathic causes.
However, in children presenting with
neovascular glaucoma, the suspicion
should be for tumors, primarily retino-
blastoma or medulloepithelioma, and
potentially juvenile xanthogranuloma,
which can lead to vascular changes in
the iris. This highlights the different
focuses in diagnosis: vasculopathic in
adults versus tumor-related in chil-
dren. If you see a child with unilateral
neovascular glaucoma, it’s essential to
investigate thoroughly; you may not
find an ischemic retina, but rather a
small ciliary body medulloepithelioma,
which can be as tiny as a pea or even
smaller, yet still produce extensive
neovascular glaucoma with ectropion,
making early detection vital.

Misdiagnoses

Intraocular tumors can be overlooked
in unilateral open-angle glaucoma,
though other masqueraders are pos-
sible. In one case report, non-Hodgkin
lymphoma of the iris masqueraded

as uveitis-glaucoma-hyphema syn-
drome."

Usually, glaucoma specialists are
comfortable with gonioscopy and
would notice that the angle appears
brown in color or irregularly pigment-
ed. If there’s an iris mass, they may
consider iris melanoma with seeding.

However, in cases of trabecular
meshwork melanoma, general ophthal-
mologists might diagnose the patient
with unilateral glaucoma and start
treatment with eye drops. When the
glaucoma remains uncontrolled, they
may increase the medication or add
more drops before eventually referring
the patient to a glaucoma specialist.
Upon conducting thorough gonios-
copy, the specialist might observe that
the angle does look brown and then
refer the patient to an ocular oncolo-
gist. This process can lead to delays of
six months or even a year on eye drops
while the tumor continues to develop.

I can’t emphasize enough how
important UBM is in these cases. We
perform UBM by taking images at
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every clock hour—12 o'clock, 1 olock,
2 oclock, 3 oclock and so on—to
confirm that there’s no solid mass in
the ciliary body.

If there’s still a question as to
whether or not an intraocular tumor is
present, obtaining a good MRI can be
very helpful. An MRI will show you
a medulloepithelioma, which is often
quite small and can still promote neo-
vascular glaucoma. It’s believed that
medulloepithelioma releases VEGE,
leading to neovascular glaucoma. If
you can’t determine the cause, an MRI
is warranted. Ensure that thin slices
are taken through the globe—both
axial and coronal cuts—to thoroughly
visualize the ciliary body and confirm
that nothing is missed. We typically
obtain T'1 with fat suppression plus
gadolinium, as well as T2 images.

In our practice, we typically see
a patient with an intraocular tumor
causing glaucoma about once every
month or two. The first thing we em-
phasize in our correspondence to refer-
ring doctors is, “Please don’t perform a
trabeculectomy, tube shunt, or MIGS,”
because we worry that tumor spread
through the globe opening could oc-
cur. Our approach is to treat the tumor
first, then manage with topical drops,
and finally consider cyclophotocoagu-
lation. This is about all we can offer the
patient, as we want to avoid opening
the eye.

Managing Tumor-induced
Glaucoma
Is it safe to insert a tube shunt,
perform a trabeculectomy or place a
MIGS valve in these patients? The
answer is yes, it can be done, but the
tumor should hopefully be treated first.
We avoid any open globe surgery if the
patient has iris melanoma, but it’s fine
to perform this surgery after treatment
of choroidal melanoma in the back of
the eye.! We recommend the first line
of treatment for treated iris melanoma
be topical drops, and if those fail,
cyclophotocoagulation.

Coping with glaucoma secondary
to intraocular tumor, especially iris
melanoma, is a long and challeng-

TABLE 1. FREQUENCY AND MECHANISM OF SECONDARY GLAUCOMA BY TUMOR TYPE

Tumor Type Mechanism for Glaucoma Frequency of Secondary
Glaucoma

Iris melanocytoma Seeding into angle 11 percent

Iris melanoma (nodular or Angle invasion, NVI, hyphema 33 percent

diffuse)

Iris melanoma (TM type) TMinfiltration 100 percent

Iris metastasis Angle invasion, NVI 37 percent

Iris lymphoma Angle invasion, NVI 29 percent

Ciliary body melanoma Angle invasion, seeding into angle, angle closure, 35 percent
NVI

Choroidal melanoma Angle invasion, angle closure, NVI, hyphema, 2 percent
suprachoroidal hemorrhage

Choroidal metastasis Angle closure, NVI 1percent

Retinoblastoma Angle closure, tumor seeding, NVI 17 percent

Medulloepithelioma Angle invasion, angle closure, NVI 44 to 46 percent

Adapted from Camp DA et al.’

ing journey for the patient, as we’re
unlikely to permit a tube shunt or
trabeculectomy due to the risk of seed-
ing the tumor outside the eye. Tumor
seeding could lead to more serious
complications, including dead or vi-
able tumor in the orbit. For choroidal
melanoma, tube shunt or trabeculec-
tomy can be employed after treatment
of the melanoma.

'This presents a difficult scenario,
which is why many patients with
glaucoma resulting from an intraocular
tumor undergo enucleation. However,
if the pressure isn't excessively high, it’s
sometimes possible to manage it ef-
tectively while preserving vision. Once
the pressure rises to around 45 to 50
mmHg, though, enucleation is neces-
sary, as nothing can effectively lower
the pressure if the eye has a tumor
infiltrating the angle.

At Wills Eye Hospital, we've
encountered all sorts of cases where
the glaucoma was discovered and
the tumor remained hidden. In these
cases, if glaucoma surgery is performed
before tumor treatment, the conjunc-
tiva might eventually turn black from
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hidden melanocytoma or melanoma
seeding into the subconjunctival space.
So again, with unilateral glaucoma, it’s
crucial to ensure there’s no underlying
tumor.

Missing an intraocular tumor is a
fear shared by all glaucoma specialists.
To ensure there’s no tumor present, it’s
common to refer patients with unilat-
eral glaucoma and unclear causes for
further examination, and we’re happy
to assist. We conduct a comprehensive
examination of both the anterior and
posterior segments, performing ultra-
sound biomicroscopy, anterior segment
OCT and even transilluminate the
eye to detect any abnormalities in the
ciliary body. We also perform a fundus
evaluation that includes scleral depres-
sion all the way up to the pars plana to
make sure we can see everything.

Tumor Management

Intraocular tumors can be addressed in
several ways, depending on the specific
tumor. Some management options
include observation, local resection,
plaque radiotherapy, enucleation and
systemic chemotherapy.
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Years ago, we conducted a
study of retinoblastoma and
found that about 15 percent of
retinoblastomas have NVI. In the
past, we would enucleate those
eyes, but nowadays we treat them
with chemotherapy: The tumor
shrinks, the retinal detachment
resolves and the NVI disappears.
Recently, we had a new pediatric
patient with NVI and a large
retinoblastoma that we managed
with intra-arterial chemotherapy.

Unfortunately, the same ap-
proach doesn’t quite apply to
melanoma. Most melanoma
cases with NVI involve very large
tumors that are less responsive
to regression from radiotherapy.
However, we now have a new drug
called darovasertib, which we’re using
with large melanomas. This medica-
tion is used in a neoadjuvant setting,
which means if a patient presents with
a large tumor and is heading towards
enucleation, we can administer this
chemotherapy to shrink the tumor.
Our hope is that it will even resolve
retinal detachment and neovascular
glaucoma. Currently, it’s in Phase 11/
IIT (NCT05987332),"? and as of now,
glaucoma—or any type of glaucoma—
is an exclusion criterion, though NVI
is not. But down the road, once it’s
hopefully approved by the FDA,
we may use it to reduce tumors and
resolve NVI. This represents a major
breakthrough in ocular oncology.

Co-management
Collaboration and good communica-
tion are vital when co-managing a
patient with ocular oncology. If we see
an iris melanoma, we know our radio-
therapy for the tumor might create a
cataract. We advise that the cataract
should be left alone for at least three
years to ensure all tumor activity is
under control. This is a key guideline
we teach all glaucoma specialists and
cataract surgeons.

We don’t permit any open globe
procedures—no trabeculectomies,
no tube shunts and no MIGS, for
patients with iris melanoma. We want

Figure 3. Ultrasound revealed a large tumor in the patient
from Figure 2. Enucleation was performed for this case.

to avoid filtering the aqueous into the
subconjunctival space, as that could
lead to bigger problems such as orbital
tumor, access to blood vessels and
lymphatics, and from there to poten-
tial metastatic disease.

If a tube shunt is inadvertently
placed before a tumor is detected, we
always remove the eye with the tube
shunt in place. This is a rare occur-
rence; it happens once or twice a year.
A patient presents with unilateral
glaucoma, and the glaucoma special-
ist treats it with a tube shunt, only
for a tumor to be discovered later. In
such cases, we remove the eye and
tube shunt as one specimen, and then
we walk it to our pathology lab. They
section everything—the globe, the
tube and the valve—and we also take
a sample of the orbit where the valve
was to check for any deposition of
seeds into the orbit. Most of the time,
the results are negative, which is good
news. If there’s any doubt, we irradiate
the socket.

The Takeaway

Establish your routine for evaluating
a patient with unilateral glaucoma.
Start with a thorough slit lamp exam
and a comprehensive fundus exam to
rule out diabetic retinopathy, CRVO,
ocular ischemic syndrome or even tu-
mor. Perform gonioscopy to check for
pigment in the angle or disinsertion
of the iris from its scleral attachment,
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which could indicate a small
melanoma. Don't forget to get
UBM to ensure there’s no ciliary
body mass.

By following an organized
evaluation, you'll likely catch most
cases and rule out other condi-
tions. However, if you're still in
doubt, get an MRI with gado-
linium. This will help confirm that
there’s no tumor in the eye. And if
you're still unsure, consult with an
ocular oncologist for a thorough
evaluation. <€
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adiation retinopathy is a chronic
and progressive retinal vascu-
lopathy resulting from radia-
tion to the orbit, globe, head
or neck.! We use the term radiation
maculopathy to describe RR limited
to the macula, where vascular damage
leads to the most significant changes
in visual acuity. RR/RM is the most
common cause of severe, irrevers-
ible vision loss in eyes treated with
radiotherapy.?
Here, we’ll highlight the diagnostic
clues to watch for, the risk factors
to take into account and the various
treatment methods to consider when
faced with a possible case of radiation
retinopathy.

Background

While this review will primarily focus
on RR caused by treatment for intra-
ocular tumors, such as uveal mela-
noma, it’s crucial to recognize that
radiation therapy for non-ocular neo-
plasms of the head, neck, and brain
can also lead to this condition. In the
case of intraocular tumors, we often
use plaque brachytherapy, where a
tiny radioactive plaque (about the size
of a grain of rice) is inserted directly
adjacent to the tumor. For extraocular
tumors or, in some specific centers or
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circumstances for intraocular tumors,
proton beam irradiation, delivered
externally, may be the preferred treat-
ment method.

Radiotherapy has replaced enucle-
ation for small, medium and some
large uveal melanomas since the
Collaborative Ocular Melanoma
Study of 1985 demonstrated there
was no difference in mortality be-
tween the two treatments for medi-
um-sized choroidal melanoma.® As a
result, radiation has become the go-to
treatment, allowing us to preserve
the eye, maintain useful vision and
improve our patients’ quality of life.

Clinical Presentation and
Diagnostics

Radiation to the orbit immediately
disrupts the capillary endothelium
and causes accumulation of fibrin-
ous material within vascular walls,
eventually leading to vessel occlu-
sion and ischemia of the retina.* In
RR, retinal ischemia presents with a
variable spectrum of retinal nonperfu-
sion, retinal capillary leakage, neo-
vascularization and hemorrhage.® The
pathology of RR is similar to diabetic
retinopathy. In both diseases, vascular
endothelial growth factor is released
in response to ischemia and stimu-
lates angiogenesis—or neovascular-
ization of the retina—which poses
well-known, significant problems

because the newly formed vessels are
disorganized, weak and susceptible to
leakage. Over time, these leaky ves-
sels lead to edema and hemorrhage,
which distort the retinal architecture
and lead to the visual changes seen by
these patients.

Vascular damage is hypothesized
to begin immediately after the retina
is exposed to radiation.*® On aver-
age, clinical features of RR present
about 32 months after treatment.’
During a dilated fundus examina-
tion, you might spot macular edema,
retinal hemorrhage, microaneurysms,
cotton-wool spots, hard exudates and
disc swelling. While these findings
are similar to diabetic retinopathy,
there are a couple of key differences
to keep in mind. RR is more likely to
be unilateral and tends to have fewer
microaneurysms. By contrast, diabetic
retinopathy often lacks atrophic reti-
nal pigment epithelium.® Depend-
ing on the specific pathology at play,
you might classify a patient’s RR as
exudative (due to endothelial tight
junction damage and fluid accumula-
tion), hemorrhagic (caused by capil-
lary weakness or abnormal neovascu-
larization) or atrophic (characterized
by thinning of the retinal pigment
epithelium and retinal disorganiza-
tion).’

Fluorescein angiography is a sensi-
tive test for the vascular impact of
RR. Given the occlusive nature of
RR, capillary non-perfusion is an
early and consistent sign.” In the
early 90s, a team at Queen’s Hospital
Belfast developed a staging system
using FA to classify RR based on
microvascular changes.!® Later, the
team at Wills Eye Hospital, led by
Carol Shields, MD, created a classifi-
cation system based on the severity of
macular edema on optical coherence

Dr. Regillo is the director of the Retina Service of Wills Eye Hospital, a professor of ophthalmology at Thomas Jefferson University School of Medicine and the principle investigator for

Dr. Yonekawa is an assistant professor of ophthalmology at Sidney Kimmel Medical College at Thomas Jefferson University. He serves on the Education Committee of the American Society

NOVEMBER 2024 | REVIEW OF OPHTHALMOLOGY m



RETINAL INSIDER | Radiation Retinopathy

tomography.'* OCT has become an
incredibly valuable tool in detect-
ing early macular edema even before
we can see any signs of retinopathy
during a clinical exam (Figure 1). In
fact, studies have shown that macular
edema can be present in up to 33
percent of eyes with no clinically ap-
parent retinopathy.®

OCT-angiography is highly sensi-
tive to vascular changes in RR, with
high definition and delineation of
the retinal layers allowing for quan-
tification of capillary disruption.” A
study from the Wills team in 2016
compared 65 patients with choroi-
dal melanoma treated with plaque
brachytherapy to non-irradiated pa-
tients. Using OCTA, they discovered
enlargement of the foveal avascular
zone and decreased capillary density,
even in eyes without clinically evident
RR.2 In another study led by
Alexandre Matet, MDD, of the
Jules-Gonin Eye Hospital in
Switzerland, 93 patients underwent
OCTA imaging, and the results were
striking. They found that the same
features—larger foveal avascular zone
and decreased capillary density—were
associated with worse visual acuity.?®
Since then, multiple other studies
have echoed this link between OCTA
and pre-clinical detection of vascu-
lar changes in RR.*** It’s become
clear that OCTA is a sensitive tool
for picking up on the subtle vascular
changes that occur before we can see
any clinical signs of RR.

This highlights the importance of
multimodal imaging in early detec-
tion. By combining the powers of FA,
OCT and OCTA, we can spot the
earliest signs of RR and potentially
intervene before irreversible damage
occurs. As appropriate treatments are
identified; this could be the key to
preserving vision in irradiated eyes
and giving our patients the best pos-
sible outcomes.

Risk Factors
In 1999, a study from Wills Eye
Hospital analyzed 1,300 patients with

posterior uveal melanoma treated

B L

Figure 1. Color fundus photograph and optical coherence tomography of the right eye
one year after plaque radiotherapy for uveal melanoma. (A) The color fundus photograph
reveals regressed uveal melanoma inferotemporally with no overt retinal hemorrhages or
exudates typical of radiation retinopathy. (B) The OCT, however, reveals cystoid macular
edema, indicating the presence of radiation maculopathy.

with plaque radiotherapy. They found
that 42 percent of patients developed
non-proliferative radiation macu-
lopathy at the five-year mark, while
8 percent progressed to proliferative
radiation maculopathy.'® After three
years, over half of the patients treated
with plaque brachytherapy have visual
acuity worse than 20/200 (Figure 2).3
What factors influence the risk of de-
veloping visually significant RR? The
dose of radiation and the location and
size of the tumor play a crucial role.
Tumors located within 4 mm of the
foveola, or 5 mm of the optic disc are
associated with an increased risk of
RM.1'7 Larger tumors require more
radiation and are associated with in-
creased rates of RR, especially tumors
with thickness greater than 4 mm.'®
When it comes to external beam
radiation, cumulative doses greater
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than 45 Gy and doses greater than
or equal to 1.9 Gy per fraction have
been linked to the development of
RR.* However, a technique called
hyperfractionation, where the total
dose is divided into smaller fractions,
can reduce the risk of RR in patients
receiving more than a 50 Gy total
dose.?®

Nevertheless, radiation isn’t the
only factor at play. Patients with
underlying vascular diseases, such as
diabetes or hypertension, are more
likely to develop RR.? In fact, for
diabetic patients, the risk of visual
loss from RR was reported to increase
by a staggering 300 percent.?? The
synergistic effect of diabetes (af-
fecting the pericytes) and radiation
(affecting the endothelial cells) is a
dangerous combination for the retinal
vasculature. Age is another important



consideration. Younger patients, par-
ticularly those under 50, are at higher
risk of developing RR."7?! This mir-
rors what we see in diabetes, where a
younger age at presentation is associ-
ated with a higher risk of developing
proliferative diabetic retinopathy.® A
recent study from Wills Eye Hospital
in 2020 looked at 1,131 eyes treated
with prophylactic anti-VEGF therapy
after plaque radiotherapy and con-
firmed that patients under 50 were
more likely to develop both RIM and
RR compared to older age groups.?

In 2019, one of this article’s authors
(LD) and co-authors developed a no-
mogram for visual acuity after plaque
radiotherapy based upon clinical risk
factors. They found the most impor-
tant risk factors were initial presen-
tation of the tumor with subretinal
fluid involving four quadrants, tumor
thickness >4 mm, presenting visual
acuity <20/30, non-Caucasian race,
tumor shape (mushroom, bilobed or
multilobulated) and insulin-depen-
dent diabetes.” Risk of poor visual
acuity at two and four years increased
from 11 percent and 24 percent with
40 nomogram points to 97 percent
and >99 percent with 304 points.”
These findings underscore the impor-
tance of individualized risk assess-
ment and long-term monitoring for
patients undergoing radiation therapy
for ocular tumors. By understanding
the factors that influence the develop-
ment of RR, we can better counsel
our patients, tailor our treatment
strategies and work towards preserv-
ing vision in the face of this challeng-
ing complication.

Management

When it comes to treating RR, our
primary goals are to halt the progres-
sion of the disease and preserve visual
acuity. It’s important to note that
currently, there’s no FDA-approved
treatment specifically for RR, and the
therapies we’ll discuss are considered
“off-label” uses. The data in this field
are largely derived from clinician-led
pilot studies or retrospective chart
reviews, and there is a notable scarcity

of large-scale randomized controlled
trials.

* Laser photocoagulation. Be-
fore the era of anti-VEGF therapy,
retinal laser therapies were the go-to
treatment for RR. The idea was to
kill off the ischemic tissues that
were releasing VEGF and driving
neovascularization. Multiple stud-
ies showed promising results, with
panretinal photocoagulation or focal
laser photocoagulation improving or
stabilizing visual acuity and decreas-
ing macular edema in patients with
RR.?¢% Panretinal photocoagula-
tion can be especially useful in the
setting of proliferative RR to cause
lasting regression of neovasculariza-
tion and prevent recurrent vitreous
hemorrhage. However, there are some
limitations to laser therapy, particu-
larly when ocular tumors involve the
fovea or optic disc. In these cases, the
risks of laser treatment may outweigh
the potential benefits.

¢e

When it comes to treating
radiation retinopathy, our
primary goals are to halt the
progression of the disease

and preserve visual acuity.

b R

* Anti-VEGEF therapy. Intravitreal
anti-VEGF therapies have revolu-
tionized the treatment of RR, much
like they have for other ischemia-
driven retinal pathologies. The
mid-2000s marked a turning point
in the management of RR, with the
introduction of these game-changing
medications. A 10-year prospective
study from Dr. Paul Finger’s team
at New York Eye and Ear’s ocular
oncology service treated 120 pa-
tients with uveal melanoma who had
developed macular vasculopathy after
plaque brachytherapy. The results
were impressive: Anti-VEGF agents

(bevacizumab and ranibizumab) were
found to be both safe and effective
in reducing macular edema, and 80
percent of patients maintained their
visual acuity within two lines or bet-
ter.t

Subsequently, Timothy Murray,
MD, and his team at Bascom Palmer
Eye Institute conducted a two-year
prospective trial using aflibercept.
They included 40 patients with
uveal melanoma treated with plaque
brachytherapy who had developed
visually compromising radiation
maculopathy. The results mirrored
those of Dr. Finger’s study: Afliber-
cept was deemed safe and effective
for maintaining VA and reducing
macular edema.*

Furthermore, aflibercept may
be more effective as a second-line
treatment in patients who've failed
bevacizumab treatment for RR. A
study in 2022 looked at 30 patients
who had previously failed bevaci-
zumab treatment. When switched to
aflibercept, the patients showed both
statistical and clinical improvement
in VA and central foveal thickness.*!
'The Aflibercept for Radiation Reti-
nopathy Trial (ARRT) from Retinal
Consultants of Texas took a slightly
different approach. They conducted a
small, randomized trial of 30 patients
with clinical evidence of macular
edema after radiation. The focus of
the study was to investigate a “treat-
and-extend” regimen of aflibercept
injections.*? The results were promis-
ing—96.7 percent of the entire cohort
had VA better than 20/200 at one
year, and the treat-and-extend group
showed significant improvement in
central retinal thickness (182.4 pm)
and VA (6.69 letters).*

Another Phase IIb randomized
trial, from the Ranibizumab for
Radiation Retinopathy (RRR) Study
Group, investigated the efficacy of
a treat-and-extend ranibizumab
regimen in 40 eyes with radiation-in-
duced macular edema and decreased
visual acuity.*® During the first year,
the cohort received monthly ranibi-
zumab injections, which resulted in
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Figure 2. Montage color fundus photograph, optical coherence tomography angiography,
and optical coherence tomography of the right eye three years after plaque radiotherapy
for uveal melanoma. (A) The color fundus photograph shows signs of atrophic radiation
retinopathy and maculopathy, including retinal hemorrhages and radiation papillopa-
thy. OCTA reveals an enlarged foveal avascular zone (FAZ) and capillary dropout in the
macular area. The disrupted and reduced capillary network indicates significant macular
ischemia. (C) OCT shows thinning of the retina secondary to atrophy.

statistically significant improvements
in visual outcomes, with a gain of
four letters, and a reduction in central
macular thickness.*® In the second
year, the study protocol was modified
to treat-and-extend ranibizumab to
more closely mimic real-world clini-
cal care.® At the end of the two-year
study period, some of the initial visual
improvements had regressed, with a
loss of 1.9 letters compared to the end
of year one. However, visual acuity
remained above baseline levels, and
the anatomic improvements in central
macular thickness were maintained,
with no significant change from base-
line at the study’s conclusion.*®

Brolucizumab, a relatively new anti-
VEGEF agent, is currently undergoing
testing for macular edema, including
in the setting of RR patients who
have failed prior anti-VEGF treat-
ments. While there have been some
concerns about intraocular inflamma-
tion and vasculitis with brolucizumab,
it may still hold promise for complex
eyes that have been unresponsive to
aggressive intravitreal pharmaco-
therapy.®*

To sum it all up, a recent systematic
review and meta-analysis of seven
studies, including a total of 922 pa-
tients, found that anti-VEGF therapy
can significantly improve VA (-0.34
logMAR) and reduce central retinal
thickness (-34.65 pm).* However,
it’s important to note that improv-
ing macular edema, as measured by
OCT, doesn't always translate to
improved visual outcomes, especially
in eyes that have undergone ischemic
changes or repeated periods of oxida-
tive stress.

* Steroids. Corticosteroids have also
been explored as a potential treatment
option for RR, given their anti-in-
flammatory properties. The rationale
behind their use is that radiation
induces an inflammatory reaction
in the retina, and steroids may help
to mitigate this response. Several
small studies have investigated the
use of intravitreal dexamethasone or
fluocinolone acetonide implants in
the treatment of RR. A team from
the University of Padova in Italy
looked at 13 patients treated with
intravitreal dexamethasone, while a
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German study included five patients
who received fluocinolone aceton-
ide implants. Both studies reported
improvements in macular edema and
VA‘36,37

Arun Singh, MD, and colleagues
from the Cleveland Clinic Cole Eye
Institute took a slightly different ap-
proach. They trialed “rescue” steroids
in seven patients who had previ-
ously failed anti-VEGF treatment.
These patients received fluocinolone
acetonide implants, and the results
showed stable VA and a reduction in
central retinal thickness (-30 pm).%
One of the potential advantages of
steroid implants is that they reduce
the burden of frequent intravitreal
injections, which can improve patient
satisfaction. However, the superiority
of steroids over anti-VEGF therapy
in the treatment of RR remains
unclear. A study by Berlin’s Ira Siebel
and his colleagues in 2016 compared
intravitreal anti-VEGF (n=38) with
intravitreal steroids (n=35) and found
no significant differences between
the two treatment modalities.* It’s
important to approach the use of
steroids cautiously in patients who
have undergone radiation treat-
ment. Steroids have the potential to
exacerbate glaucoma or contribute to
the development of radiation-induced
cataract.

* Prophylaxis. The concept of pro-
phylactic treatment for RR has gained
significant attention in recent years,
fueled by the advent of advanced
imaging techniques like OCTA that
allow for earlier detection of retinal
vascular changes. The rationale behind
this approach is to intervene before
visual or clinical signs of RR develop,
with the goal of preserving vision and
preventing the progression of retinal
damage.

One of the initial studies that
sparked interest in prophylactic treat-
ment was the 10-year anti-VEGF
study by Dr. Finger and associates.
While they found that anti-VEGF
therapy improved the clinical mani-
festations of radiation maculopathy,
the patients still developed evidence



of retinal microaneurysms, capillary
nonperfusion and retinal telangiecta-
sias.® This suggested that despite on-
going periodic anti-VEGF treatment,
the disease process was progressive
and required more intensive treat-
ment over time.®

Drawing parallels to other pro-
gressive retinal vasculopathies, like
diabetic retinopathy, where earlier
intervention is associated with bet-
ter outcomes, researchers began to
investigate the potential benefits of
prophylactic management of RR.2 A
study from Wills Eye Hospital, led
by Carol Shields, MD, and associates,
compared prophylactic bevacizumab
(given every four months starting
after plaque removal) with a histori-
cal control group who didn’t receive
bevacizumab.® This large 10-year
retrospective study included 1,131
eyes and demonstrated that the treat-
ment group had better visual acuity
outcomes than the controls every year
for four years.** There was also signifi-
cantly less clinical evidence of RM at
24, 36 and 48 months, and less macu-
lar edema at 24 and 36 months.*

In the setting of proton beam ir-
radiation for uveal melanoma, a pilot
study from Mass Eye and Ear, led by
Ivana Kim, MD, investigated prophy-
lactic ranibizumab (given every two
months for two years) in 40 patients.
'They found that 97 percent (30/31) of
the prophylactic ranibizumab group
had VA better than 20/200, compared
to 42 percent (92/105) of controls.*
This effect was more pronounced in
small/medium tumors, likely due to
the lower dose of radiation, with only
a third (8/24) developing clinical evi-
dence of radiation maculopathy versus
68 percent (42/62) of controls.*? Tara
McCannel, MD, PhD, from UCLA
reported that vitrectomy with silicone
oil tamponade in conjunction with
plaque brachytherapy could be useful
in preventing RR. This prophylactic
silicone oil placement was found to
reduce central macular thickness and
improve VA in 20 patients undergo-
ing treatment for uveal melanoma.*

Other treatment strategies have

been proposed to reduce the risk of
radiation retinopathy, although their
efficacy has yet to be reported. Image-
guided radiation, a real-time imaging
technique used to deliver external
beam radiation directly to the tumor
without damaging the surrounding
healthy retina, is one such approach.*
Dose hyperfractionation is another
method.?

Future Directions

'The upcoming randomized clinical
trial, Protocol AL, led by Arun Singh,
MD, in the Diabetic Retinopathy
Clinical Research Retina Network,

is an exciting development in the
field of RR research.® This study will
evaluate how prophylactic, repeated
injections of faricimab or fluocinolone
acetonide implants affect long-term
vision compared to initial observa-
tion and as-needed treatment for
radiation side effects, with the goal of
determining if these interventions can
prevent or alter the course of macular
edema and visual acuity outcomes
related to RR.#

Another important aspect of this
study is the evaluation of the natu-
ral history of RR using multimodal
imaging techniques, such as fundus
photography, FA and OCTA.* 'This
comprehensive approach to monitor-
ing the progression of RR will pro-
vide valuable insights into the disease
process and may help to identify early
markers of retinal damage that could
guide future treatment strategies. The
significance of this trial can’t be over-
stated, as RR is a devastating conse-
quence of radiation therapy that can
have a profound impact on patients’
quality of life.

As we have discussed throughout
this review, RR is 2 common and vi-
sually significant complication, and its
risks should be thoroughly discussed
with patients undergoing radiation
for ocular, head or neck malignancies.

'The varied clinical presentations
of RR highlight the importance of
maintaining a high index of suspi-
cion in any patient with a history of
radiation exposure. Clinicians must

be vigilant in monitoring for signs of
RR, even years after the initial treat-
ment, and should consider multi-
modal imaging techniques to detect
subtle changes in retinal vasculature
before visual decline or overt clinical
signs manifest.

Emerging evidence for the preven-
tion of RR, particularly with the use
of prophylactic anti-VEGF therapy, is
promising and offers hope for delay-
ing or reducing the incidence and
severity of this condition. However,
current management strategies still
primarily aim to prevent progression
and further visual loss once RR has
developed.

Treatment options for RR are var-
ied and often mirror the treatments
available for other common vascu-
lopathies, such as diabetic retinopathy.
These include anti-VEGF agents,
corticosteroids and laser photoco-
agulation. However, it’s important
to acknowledge that the evidence
for these treatments in the specific
context of RR is limited, with most
studies being small and retrospective
in nature.

In conclusion, RR remains a
significant challenge for patients un-
dergoing radiation therapy for certain
malignancies. The upcoming DRCR
Retina Network trial, Protocol AL,
represents an important step forward
in our understanding of this condition
and the potential for early interven-
tion to prevent or mitigate vision loss.

In the years to come, we’ll have a
stronger evidence basis for RR man-
agement decisions as a result of this
trial. In the meantime, as clinicians,
it’s our responsibility to remain vigi-
lant in monitoring for signs of RR,
to use the latest imaging techniques
to detect early changes in retinal vas-
culature, and to provide our patients
with the best available evidence-based
care.

While there’s still much work to
be done in this field, the future holds
promise for improving outcomes and
preserving vision in patients at risk
for radiation retinopathy. <
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PP WILLS EYE RESIDENT CASE REPORT

A 64-year-old man was referred to Wills Eye Hospital for a
suspicious conjunctival lesion in his left eye.

THOMAS M. CATAPANO, BS, ERIC B. LEE, MD, TATYANA MILMAN, MD, CAROL L. SHIELDS, MD
PHILADELPHIA

Presentation

A 64-year-old man was referred to Wills Eye Ocular
Oncology clinic for a pigmentary lesion on his left
eye. He had seen an ophthalmologist three months
prior, at which point the pigmented area had already
been noted for approximately four months. The patient
denied any vision changes, pain, redness or discharge.

History
The patient had an ocular history of central retinal Figure 1. External photograph of both eyes in primary gaze highlighting gray
vein occlusion in the left eye 10 years prior. He also conjunctival inferonasal pigmentation on the left eye.

had dry eyes, for which he took an over-the-counter
eye drop. His medical history was notable for hyper-
lipidemia and benign prostatic hypertrophy, for which
he took pravastatin and finasteride. He was a former
smoker. Ocular family history included macular de-
generation. Review of systems was unremarkable.

Examination

At presentation, corrected visual acuity was 20/20
in the right eye and 20/30 in the left. The pupils were
round and reactive in both eyes without an afferent pu- | b ,
pillary defect in either eye. Intraocular pressures were Figure 2. External photography at presentation of the right eye (A) and left eye
20 mmHg OD and 22 mmHg OS. Extraocular motility () in primary gaze. Left upper eyelid eversion showing superior tarsus clear of
was full bilaterally. pigmentation (C). The inferonasal conjunctiva demonstrated pigmentation (D),

The anterior segment examination OD was unre- that was absent superiorly (E) and temporally (F).
markable (Figures 1 and 2). The anterior segment
examination OS revealed a diffuse (30 x 20 mm
diameter) area of ill-defined gray pigmentation of the
inferonasal bulbar conjunctiva, extending from the
inferonasal limbus and involving the tarsal conjunc-
tiva, plica semilunaris and caruncle (Figures 1 and 2).
There was no skin, scleral, iris or choroidal involve-
ment. Anterior segment optical coherence tomography
of the conjunctiva OS was normal with no atypical Figure 3. (A) Anterior segment OCT and (B) B-scan ultrasonography of the left
thickening, hyperreflectivity or cystic changes. B-scan  eye with normal findings.
ultrasonography OS was unremarkable with no evi-
dence of scleral or choroidal abnormalities (Figure 3).

What's your diagnosis? What management would you pursue? The case continues on the next page.
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Work-up, Diagnosis and Treatment

'The differential diagnosis for a conjunctival pigmentary lesion includes
benign and malignant melanocytic tumors such as complexion-associated
melanosis (CAM), primary acquired melanosis (PAM), secondary
acquired melanosis (SAM) and conjunctival non-melanin pigmentation
from trauma, exposure, systemic diseases (ochronosis), mascara, tattoos or
medications. Since the lesion was gray and unilateral, conjunctival deposi-

tion of an unidentified material was the suspected diagnosis.

'The patient underwent an incisional biopsy with cryotherapy to better
understand the diagnosis. Histopathology demonstrated black, punctate,
uniform size, non-birefringent deposits scattered deep to the epithelium
between collagen fibrils in the stroma, and in a perivascular distribution
(Figure 4). The deposits were primarily extracellular and associated with
a mild chronic non-granulomatous inflammatory infiltrate. There was
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Figure 4. (A) Histopathologic specimen of the left eye from
the nasal bulbar conjunctiva and plica semilunaris showing
black, punctate nonbirefringent deposits (arrows) in the
stroma, underlying the epithelium and focally in a perivas-

cular distribution.

no evidence of malignancy. Further history revealed the patient used a
medication, Nature’s Sunshine brand Silver Shield eye drops for nine years for dry-eye symptoms, three to four times a day, instilled

directly into the eyes as advised by his naturopathy practitioner.

Odur final diagnosis was conjunctival secondary acquired pigmentation (SAP) from Silver Shield eye drops. This medication was
advised to be discontinued. The patient didn't require additional treatment.

Discussion
Pigmented lesions of the conjunctiva include a variety of
neoplastic and non-neoplastic conditions.' Melanocytic neo-
plasms can present with few symptoms and include benign ne-
vus, CAM, PAM and SAM, but it should be noted that serious
life-threatening neoplasms can also occur in the conjunctiva,
such as melanoma and pigmented squamous cell carcinoma.
SAM can result from a number of conditions including
conjunctival trauma, inflammation, exposure from edema or
exposure from elevation over pinguecula/pterygium/squamous
cell carcinoma, by a mechanism of reactive melanosis of the
conjunctival epithelium. In contrast, SAP can be caused by
systemic disorders (such as Addison’s disease), ochronosis,
or exposure to radiotherapy or chemicals. SAP can also be
caused by deposition of medications (Argyrol, silver-dosed eye
medications, oral minocycline/tetracycline), periocular makeup
(mascara) or periocular/ocular tattoos.*® In contrast to SAM,
SAP is pathologically characterized by deposition of pigment
without melanosis, though clinically the presentation of SAM
and SAP can be difficult to distinguish.* An understanding of
each of these conditions is important as each carries different
implications on the ocular and systemic management.*’
Notable to this case, SAP was from chronic conjunctival
silver deposition and is known as conjunctival argyrosis, a
condition that can be mistaken for CAM and PAM."# The
clinical symptoms of argyrosis relate to the gray discoloration of
the conjunctiva that results from deposition of silver within the
epithelium and later infiltration into the subepithelial layers.””
While this clinical manifestation may be cosmetically disfigur-
ing, ocular argyrosis dosn't cause visual disturbance.”
Historically, naturally occurring silver was used for various
applications. In the late 1800s, silver nitrate was used as pro-
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phylaxis for neonatal ophthalmia to prevent the eftects of ocular
infections.' Silver-containing drops are no longer used.’ Silver
is still used for wound dressings (Nanocrystalline silver) and
medical devices (bone cements, catheters, surgical sutures, car-
diovascular prostheses and dental fillings) as a broad-spectrum
anti-infection agent.” Other common causes of ocular argyrosis
include unintended exposure to silver compounds from inad-
equate eye protection in workplaces, such as with silver workers
including polishers, engravers, and smelters; and workers in the
photographic film and X-ray film manufacturing industry.”®

In summary, this patient demonstrated conjunctival SAP
from chronic exposure to silver eye drops. It’s worth noting that
manifestations of SAP can masquerade as potentially a neo-
plastic process and it’s important to review the patient’s history,
medication use, systemic conditions and exposures to uncover

the proper etiology. «
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INTERVENTIONAL GLAUCOMA
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(travoprost intracameral
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The catalyst to advance the interventional
glaucoma revolution, helping you and
your patients take back control of their
treatment journey.

- iDose TR is a long duration intracameral
‘ procedural pharmaceutical that delivers
prostaglandin analog therapy for the reduction
of intraocular pressure in patients with open-
angle glaucoma or ocular hypertension.’

4 @ Actual size

1.8mm x 0.5mm
1. iDose TR (travoprost intracameral implant) 75 mcg Prescribing Information. Glaukos Corporation. 2023.
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prescribing
information at
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INDICATIONS AND USAGE
iDose TR (travoprost intracameral implant) is indicated for the reduction of intraocular pressure (I0P) in patients with
open angle glaucoma (OAG) or ocular hypertension (OHT).

IMPORTANT SAFETY INFORMATION

DOSAGE AND ADMINISTRATION
For ophthalmic intracameral administration. The intracameral administration should be carried out under standard aseptic conditions.

CONTRAINDICATIONS

iDose TR is contraindicated in patients with active or suspected ocular or periocular infections, patients with corneal endothelial cell dystrophy (e.g., Fuch's Dystrophy,
corneal guttatae), patients with prior corneal transplantation, or endothelial cell transplants (e.g., Descemet's Stripping Automated Endothelial Keratoplasty [DSAEK]),
patients with hypersensitivity to travoprost or to any other components of the product.

WARNINGS AND PRECAUTIONS
iDose TR should be used with caution in patients with narrow angles or other angle abnormalities. Monitor patients routinely to confirm the location of the iDose TR at the
site of administration. Increased pigmentation of the iris can occur. Iris pigmentation is likely to be permanent.

ADVERSE REACTIONS

In controlled studies, the most common ocular adverse reactions reported in 2% to 6% of patients were increases in intraocular pressure, iritis, dry eye, visual field defects,
eye pain, ocular hyperaemia, and reduced visual acuity.

Please see full Prescribing Information.
You are encouraged to report all side effects to the FDA. Visit www.fda.gov/medwatch, or call 1-800-FDA-1088. GLAU K@S

You may also call Glaukos at 1-888-404-1644. TRANSFORMING VISION
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