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Start with

the power
of 2

VABYSMO™
(faricimab-svoa) is
the only treatment
that delivers
powerful first-line

efficacy with
1-4 month dosing'~>*"

*Primary endpoint of non-inferiority vs
aflibercept was defined as the mean change
from baseline in BCVA (measured by the
ETDRS letter score) to 1 year (average of
weeks 40, 44, and 48 in NnAMD and weeks 48,
52, and 56 in DME) and was tested for non-
inferiority using a margin of 4 letters!

fAfter 4 or 6 monthly loading doses.

Please see below for more information.

*Verana Health data from Q1-Q4 20226

Discover 2 years of
DME data at
vabysmo-hcp.com/start

*Dosing Information:

Fastest-growing treatment
for N AMD and DME%*

VABYSMO

faricimab-svoa injection 6 mg

Image not intended to be a patient portrayal.

DME dosing: at least 4 monthly loading doses followed by extensions <4 weeks or reductions <8 weeks based on OCT and visual acuity evaluations OR 6 monthly
loading doses followed by Q8W. Q4W dosing may be needed (no added benefit). NnAMD dosing: 4 monthly loading doses followed by OCT and visual acuity evaluations
8 and 12 weeks later to inform QI6W (weeks 28 and 44), Q12W (weeks 24, 36, and 48), Q8W (weeks 20, 28, 36, and 44), or Q4W (no added benefit) dosing!

INDICATIONS

VABYSMO (faricimab-svoa) is a vascular endothelial growth factor (VEGF) inhibitor
and angiopoietin-2 (Ang-2) inhibitor indicated for the treatment of patients

with Neovascular (Wet) Age-Related Macular Degeneration (nAMD) and Diabetic
Macular Edema (DME).

IMPORTANT SAFETY INFORMATION

Contraindications

VABYSMO is contraindicated in patients with ocular or periocular infection,
in patients with active intraocular inflammation, and in patients with

known hypersensitivity to faricimab or any of the excipients in VABYSMO.
Hypersensitivity reactions may manifest as rash, pruritus, urticaria, erythema,
or severe intraocular inflammation.

Warnings and Precautions

Endophthalmitis and Retinal Detachments

Intravitreal injections have been associated with endophthalmitis and retinal
detachments. Proper aseptic injection techniques must always be used when
administering VABYSMO. Patients should be instructed to report any symptoms
suggestive of endophthalmitis or retinal detachment without delay, to permit
prompt and appropriate management.

Increase in Intraocular Pressure

Transient increases in intraocular pressure (IOP) have been seen within 60
minutes of intravitreal injection, including with VABYSMO. IOP and the perfusion
of the optic nerve head should be monitored and managed appropriately.

Thromboembolic Events

Although there was a low rate of arterial thromboembolic events (ATEs)
observed in the VABYSMO clinical trials, there is a potential risk of ATEs following
intravitreal use of VEGF inhibitors. ATEs are defined as nonfatal stroke, nonfatal
myocardial infarction, or vascular death (including deaths of unknown cause).

The incidence of reported ATEs in the NnAMD studies during the first year was 1%
(7 out of 664) in patients treated with VABYSMO compared with 1% (6 out of 662)
in patients treated with aflibercept.

The incidence of reported ATEs in the DME studies from baseline to week 100
was 5% (64 out of 1,262) in patients treated with VABYSMO compared with 5%
(32 out of 625) in patients treated with aflibercept.

Genentech

A Member of the Roche Group

WINDOW
TO CHANGE

Adverse Reactions
The most common adverse reactions (25%) reported in patients receiving
VABYSMO were cataract (15%) and conjunctival hemorrhage (8%).

Pregnancy, Lactation, Females and Males of Reproductive Potential

Based on the mechanism of action of VEGF and Ang-2 inhibitors, there is a
potential risk to female reproductive capacity, and to embryo-fetal development.
VABYSMO should not be used during pregnancy unless the potential benefit

to the patient outweighs the potential risk to the fetus. The developmental and
health benefits of breastfeeding should be considered along with the mother's
clinical need for VABYSMO and any potential adverse effects on the breastfed
child from VABYSMO. Females of reproductive potential are advised to use
effective contraception prior to the initial dose, during treatment and for at least 3
months following the last dose of VABYSMO.

You may report side effects to the FDA at (800) FDA-1088 or
www.fda.gov/medwatch. You may also report side effects to Genentech
at (888) 835-2555.

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

References: 1. VABYSMO [package insert]. South San Francisco, CA: Cenentech,
Inc; 2023. 2. Beovu® (brolucizumab-dbll) injection [package insert]. East
Hanover, NJ: Novartis Pharmaceuticals Corp; 2022. 3. Eylea® (aflibercept)
[package insertl. Tarrytown, NY: Regeneron Pharmaceuticals, Inc; 2022.

4, LUCENTIS® (ranibizumab) [package insert]. South San Francisco, CA:
Cenentech, Inc; 2018. 5. SUSVIMO™ (ranibizumab injection) [package insertl.
South San Francisco, CA: Genentech, Inc; 2022. 6. Data on file. South San
Francisco, CA: Genentech, Inc.

BCVA=best corrected visual acuity; ETDRS=Early Treatment Diabetic Retinopathy
Study; OCT=optical coherence tomography, Q4W=every 4 weeks, Q8W=every
8 weeks; Q12W=every 12 weeks; Q16W=every 16 weeks.

THE VABYSMO is a registered trademark of Genentech, Inc,, and the VABYSMO logo is a trademark
of Genentech, Inc. ©2023 Genentech, Inc.; 1 DNA Way, South San Francisco, CA 94080-4990.
All rights reserved. M-US-00018679(v1.0) 02/23
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VABYSMO

. faricimab-svoa injection 6 mg
VABYSMO™ (faricimab-svoa) injection, for intravitreal use

This is a brief summary. Before prescribing, please refer to the full
Prescribing Information

1 INDICATIONS AND USAGE

VABYSMO is a vascular endothelial growth factor (VEGF) and
angiopoietin 2 (Ang-2) inhibitor indicated for the treatment of
patients with:

1.1 Neovascular (wet) Age-Related Macular Degeneration
(nAMD)

1.2 Diabetic Macular Edema (DME)

4 CONTRAINDICATIONS

4.1 Ocular or Periocular Infections
VABYSMO is contraindicated in patients with ocular or periocular
infections.

4.2 Active Intraocular Inflammation
VABYSMO is contraindicated in patients with active intraocular
inflammation.

4.3 Hypersensitivity

VABYSMO is contraindicated in patients with known hypersensitivity
to faricimab or any of the excipients in VABYSMO. Hypersensitivity
reactions may manifest as rash, pruritus, urticaria, erythema, or
severe intraocular inflammation.

5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis and Retinal Detachments

Intravitreal injections have been associated with endophthalmitis
and retinal detachments [see Adverse Reactions (6.1)]. Proper
aseptic injection techniques must always be used when
administering VABYSMO. Patients should be instructed to report
any symptoms suggestive of endophthalmitis or retinal detachment
without delay, to permit prompt and appropriate management /see
Dosage and Administration (2.6) and Patient Counseling Information
(17)].

5.2 Increase in Intraocular Pressure

Transient increases in intraocular pressure (IOP) have been seen
within 60 minutes of intravitreal injection, including with VABYSMO
[see Adverse Reactions (6.1)]. 10P and the perfusion of the optic
nerve head should be monitored and managed appropriately /see
Dosage and Administration (2.6)].

5.3 Thromboembolic Events

Although there was a low rate of arterial thromboembolic events
(ATEs) observed in the VABYSMO clinical trials, there is a potential
risk of ATEs following intravitreal use of VEGF inhibitors. ATEs are
defined as nonfatal stroke, nonfatal myocardial infarction, or
vascular death (including deaths of unknown cause).

The incidence of reported ATEs in the nAMD studies during the
first year was 1% (7 out of 664) in patients treated with VABYSMO
compared with 1% (6 out of 662) in patients treated with aflibercept
[see Clinical Studies (14.1)].

The incidence of reported ATEs in the DME studies from baseline
to week 100 was 5% (64 out of 1,262) in patients treated with
VABYSMO compared with 5% (32 out of 625) in patients treated
with aflibercept [see Clinical Studies (14.2)].

6 ADVERSE REACTIONS
The following potentially serious adverse reactions are described
elsewhere in the labeling:

o Hypersensitivity [see Contraindications (4)]

e Endophthalmitis and retinal detachments [see Warnings and
Precautions (5.1)]

® Increase in intraocular pressure [see Warnings and Precautions
(5.2)]

o Thromboembolic events [see Warnings and Precautions (5.3)]

6.1 Clinical Trial Experience

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

The data described below reflect exposure to VABYSMO in 1,926
patients, which constituted the safety population in four Phase 3
studies [see Clinical Studies (14.1, 14.2)].

Table 1:  Common Adverse Reactions (= 1%)

Adverse VABYSMO Active Control

Reactions (aflibercept)
AMD DME AMD DME

N=664 | N=1,262 | N=662 | N=625

Cataract 3% 15% 2% 12%

Conjunctival 7 8% 8% 7

hemorrhage

Vitreous o o o o

floaters 3% 4% 2% 3%

Retinal

igment o o

spgithelial 3% 1%

tear®

Intraocular

pressure 3% 4% 2% 3%

increased

Eye pain 3% 3% 3% 3%

Intraocular o o o o

inflammation® 2% 1% 1% 1%

Eye irritation 1% <1% <1% 1%

!_acrimation 1% 1% 1% <1%

increased

Ocular o o o o

discomfort 1% 1% <1% <1%

2AMD only

*Including iridocyclitis, iritis, uveitis, vitritis

Less common adverse reactions reported in < 1% of the patients
treated with VABYSMO were corneal abrasion, eye pruritus,
ocular hyperemia, blurred vision, sensation of foreign body,
endophthalmitis, conjunctival hyperaemia, visual acuity reduced,
visual acuity reduced transiently, vitreous hemorrhage, retinal tear
and rhegmatogenous retinal detachment.

6.2 Immunogenicity

The immunogenicity of VABYSMO was evaluated in plasma samples.
The immunogenicity data reflect the percentage of patients whose
test results were considered positive for antibodies to VABYSMO
in immunoassays. The detection of an immune response is highly
dependent on the sensitivity and specificity of the assays used,
sample handling, timing of sample collection, concomitant
medications, and underlying disease. For these reasons, comparison
of the incidence of antibodies to VABYSMO with the incidence of
antibodies to other products may be misleading.

There is a potential for an immune response in patients treated
with VABYSMO. In the nAMD and DME studies, the pre-treatment
incidence of anti-faricimab antibodies was approximately 1.8%
and 0.8%, respectively. After initiation of dosing, anti-faricimab
antibodies were detected in approximately 10.4% and 8.4% of
patients with nAMD and DME respectively, treated with VABYSMO
across studies and across treatment groups. As with all therapeutic
proteins, there is a potential forimmunogenicity with VABYSMO.

8 USEIN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary

There are no adequate and well-controlled studies of VABYSMO
administration in pregnant women.

Administration of VABYSMO to pregnant monkeys throughout
the period of organogenesis resulted in an increased incidence of
abortions at intravenous (IV) doses 158 times the human exposure
(based on C,,,) of the maximum recommended human dose /see
Animal Datal. Based on the mechanism of action of VEGF and
Ang-2 inhibitors, there is a potential risk to female reproductive
capacity, and to embryo-fetal development. VABYSMO should not
be used during pregnancy unless the potential benefit to the patient
outweighs the potential risk to the fetus.

All pregnancies have a background risk of birth defect, loss, and
other adverse outcomes. The background risk of major birth defects
and miscarriage for the indicated population is unknown. In the
U.S. general population, the estimated background risk of major
birth defects is 2%-4% and of miscarriage is 15%-207% of clinically
recognized pregnancies.

Data

Animal Data

An embryo fetal developmental toxicity study was performed
on pregnant cynomolgus monkeys. Pregnant animals received 5
weekly IV injections of VABYSMO starting on day 20 of gestation
at 1 or 3 mg/kg. A non-dose dependent increase in pregnancy
loss (abortions) was observed at both doses evaluated. Serum
exposure (C,,,) in pregnant monkeys at the low dose of 1 mg/kg
was 158 times the human exposure at the maximum recommended
intravitreal dose of 6 mg once every 4 weeks. A no observed adverse
effect level (NOAEL) was not identified in this study.

8.2 Lactation

Risk Summary

There is no information regarding the presence of faricimab in
human milk, the effects of the drug on the breastfed infant, or the
effects of the drug on milk production. Many drugs are transferred in
human milk with the potential for absorption and adverse reactions
in the breastfed child.

The developmental and health benefits of breastfeeding should be
considered along with the mother’s clinical need for VABYSMO and
any potential adverse effects on the breastfed child from VABYSMO.

8.3 Females and Males of Reproductive Potential

Contraception

Females of reproductive potential are advised to use effective
contraception prior to the initial dose, during treatment and for at
least 3 months following the last dose of VABYSMO.

Infertility

No studies on the effects of faricimab on human fertility have
been conducted and it is not known whether faricimab can
affect reproduction capacity. Based on the mechanism of action,
treatment with VABYSMO may pose a risk to reproductive capacity.

8.4 Pediatric Use
The safety and efficacy of VABYSMO in pediatric patients have not
been established.

8.5 Geriatric Use

In the four clinical studies, approximately 60% (1,149/1,929) of
patients randomized to treatment with VABYSMO were = 65 years
of age. No significant differences in efficacy or safety of faricimab
were seen with increasing age in these studies. No dose adjustment
is required in patients 65 years and above.

17 PATIENT COUNSELING INFORMATION

Advise patients that in the days following VABYSMO administration,
patients are at risk of developing endophthalmitis. If the eye
becomes red, sensitive to light, painful, or develops a change
in vision, advise the patient to seek immediate care from an
ophthalmologist /see Warnings and Precautions (5)].

Patients may experience temporary visual disturbances after
an intravitreal injection with VABYSMO and the associated eye
examinations [see Adverse Reactions (6)]. Advise patients not
to drive or use machinery until visual function has recovered
sufficiently.

VABYSMOQ™ [faricimab-svoal
Manufactured by:

Genentech, Inc.

A Member of the Roche Group

1 DNA Way

South San Francisco, CA 94080-4990
U.S. License No.: 1048

VABYSMO is a trademark of Genentech, Inc.

©2023 Genentech, Inc.
M-US-00013249(v2.0) 2/23
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Delphi Panel on Making
Premium IOL Recommendations

he European School for

Advanced Studies in Ophthal-

mology recently conducted a

study to inform surgeons about
presbyopic IOLs." Vito Romano,
MD, cornea specialist at University
of Brescia, Italy, coordinated the
study. “T'his study was planned
because the multifocal IOL market
isn’t equally distributed in Europe,”
he says. “T'here are many more sur-
geons that can plant multifocal IOLs
in Spain compared to all the other
European countries.”

ESASQO’s steering committee
sectioned 105 items into four sec-
tions: preoperative; intraoperative;
postoperative; and IOL selection.
“['The committee] took 10 experts
throughout Europe, put them all to-
gether, and did a Delphi consensus,”
says Prof. Romano. “We chose the
experts geographically with publica-
tion experience, and we asked them
to review questions about complica-
tions, or complaints, when implant-
ing a presbyopic IOL. We reached a
consensus with about 70 percent of
them.”

Preoperative considerations
included 68 items, and consensus
was achieved in 48 of them (70.6
percent). Consensus was reached in
10 out of the 14 intraoperative issues
(71.9 percent) and in 10 out of the
13 postoperative considerations (76.9
percent).

Preoperatively, a patient’s age,
habits, work type and motivations
were all considered important

n REVIEW OF OPHTHALMOLOGY | JULY 2023

when recommending a presbyopic
IOL. Experts considered age as an
important factor, but they didn’t de-
termine an age-range for this study.
Researchers noted that age should
be balanced with other preoperative
aspects, such as the patient’s ocular
health.

The steering committee consid-
ered variables in the study related
to preoperative contraindications.
Out of the possible choices, four
were agreed upon as contraindica-
tions: previous uveitis; previous
squint (strabismus) surgery; epireti-
nal membrane; and previous ocular
surgery. There wasn’t an agreement
on whether these represented an
absolute or relative contraindication.

The experts agreed that the
potential postoperative visual acuity
is crucial in deciding the type of
presbyopic IOL. They noted that
patients with a potential postop
corrected distance visual acuity less
than 0.5 (20/40 Snellen) should con-
sider extended-depth-of-focus IOLs
or non-diffractive IOL designs.
Those expected to emerge postop
with better than 0.5 may benefit
from a multifocal lens.

Recommending presbyopic IOLs
achieved consensus in categories
of refraction, keratometry and 101
power, but axial length saw discrep-
ancy among the panel. Keratometry
between 40 to 45 D and IOL power
between 10 and 27 D were consid-
ered most suitable for a presbyopic
IOL. Researchers suggest any eyes

outside these diopter ranges should
be managed with caution. Despite
axial length discrepancies, agree-
ment on [OL power reveals that
short and long eyes should be man-
aged with care.

Pupil size was also considered
important, with both small and large
pupils potentially causing more
risks. Accordingly, the panel of ex-
perts agreed that an optimal range of
pupil diameter for presbyopic IOLs
is larger than 2.8 mm under photopic
conditions and smaller than 6 mm
under scotopic conditions.

Seven preoperative tests to reduce
postoperative complications were
agreed upon, including corneal
topography and tomography, static
pupillometry, biometry/biometry for-
mula, optical coherence tomography
for assessment of the retinal nerve
fiber layer and macula.

During the study, researchers ob-
served a lack of consensus for IOL
selection, and the experts couldn’t
agree upon parameters for choos-
ing IOL characteristics. However,
consensus was reached on the im-
portance of patient habits for optic
design selection. “I think the reason
IOL selection didn’t reach a consen-
sus was because it’s difficult to find a
surgeon that utilizes all the differ-
ent kinds of lenses, all the different
types of material and optic designs,”
says Prof. Romano.

Prof. Romano notes that this study

(Continued on p. 12)
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Looking at the
Whole Patient

s physicians quickly find out,

when evaluating a patient, one

factor or measurement isn’t the

be-all and end-all, and could
actually lead one down a wrong path.
However, one measurement can, in
many instances, be a good starting
point to direct you toward other fac-
tors to evaluate, and, taken together,
give you a more complete picture of
a particular patient's condition.

Take the body-mass index, for
example. It’s an easy-to-calculate,
inexpensive indicator of someone’s
fitness, at least as far as their weight
is concerned: It has standardized
cuttoff points that can point toward
an underweight, normal or obese
condition.! But, though it’s a handy,
objective measurement, it’s not
perfect.

For instance, an athletic patient
could have a high BMI, but a lot
of their weight is actually muscle.?
While, on the other end of the
scale, someone could have a normal
BMI—maybe a little on the high
side. However, when you look at
their waist size, it turns out it’s more
than 40 inches. Studies have shown
that carrying most of one’s fat in the
abdomen area is actually a risk factor
for problems such as heart disease,
high blood pressure, type 2 diabetes
and stroke.?

Also, BMI indexes may need to
be broken down by sex and race, as
Asians tend to have more body fat
than white patients.!

Despite such limitations, though,
BMI is a good quick jumping-off
point in a series of exams and mea-
surements that can characterize the
patient’s condition fully. The BMI
can be followed by more intensive

measurements, such as bioelec-
tric impedance and/or underwater
weighing.!

Similarly, surgeons interviewed
for this month's cover story on se-
lecting the right laser refractive sur-
gery for a particular patient discuss
how just one or two measurements
or exams might be useful to a point,
but it's when all of the patient's
data are taken together that you can
make a decision on a procedure. For
example, a patient's refractive error
may be well within LASIK's zone
of efficacy and predictability, but
when you look at the cornea, an ir-
regularity might rule out the patient.
Similarly, the patient may have an
acceptable refraction, corneal topog-
raphy/tomography and pachymetry,
but when you inquire about his
hobbies, it turns out he likes to box
(a risk for a displaced flap)—so you
instead might lean toward surface
ablation.

We hope that this deep dive into
the key factors involved in laser
refractive surgery will help you best
align your patient with the right
procedure.

— Walter Bethte
Editor in Chief

1. Harvard T.H. Chan School of Public Health. Measuring
obesity. https:/www.hsph.harvard.edu/obesity-preven-
tion-source/obesity-definition/how-to-measure-body-
fatness/. Accessed June 23, 2023.

2.Centers for Disease Control and Prevention. Body mass
index: Considerations for practitioners. https:/www.cdc.
gov/obesity/downloads/bmiforpactitioners.pdf. Accessed
June 26, 2023.

3. National Heart, Lung and Blood Institute. Assessing
your weight and health risk. https:/www.nhlbi.nih.gov/
health/educational/lose_wt/risk.htm. Accessed June 26,
2023.
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(Continued from p. 4)
Delphi Panel

merely provides recommended
guidelines for ophthalmic surgeons.
“The aim was to give guidance

to young surgeons and to deliver
[information] in an unbiased way,”
he says. “[The experts] never talked
about brands. They never talked

about lenses that were better than
others, but rather their recommen-
dations to let young surgeons, or
surgeons who aren’t cornea/refrac-
tive experts, a chance to learn about
these lenses.”

Romano V, Madrid-Costa D, Alfonso JF, et al. Recom-
mendation for presbyopia-correcting intraocular lenses: A
Delphi consensus statement by the ESASO study group.
Am J Ophthalmol. May 24, 2023. [Epub ahead of print].

Isotretinoin and Tear Dysfunction

sotretinoin was found to alter

meibomian gland morphology,

causing lipid abnormalities.!

Known by its brand name

Accutane, isotretinoin is the most
effective treatment for refractory
acne vulgaris cases. The oral medi-
cation travels through the blood-
stream, affecting oil glands and
reducing sebum production all over
the body, including in the face and
eyelids. Dry eye and meibomian
gland dysfunction with isotretinoin
use have both been reported in the
literature.

"To better characterize the drug’s
ocular side effects, researchers in Po-
land conducted a study of individuals
with an acne vulgaris diagnosis. As a
result of their research, they reported
increased ocular complaints from the
study patients and reversible changes
in meibomian glands.

The study included 48 eyes of 24
patients with acne vulgaris. Each
patient underwent an ophthalmic
exam before initiating isotretinoin
therapy, three months after the start
of treatment and one month after
completion of the treatment.

The researchers reported sig-
nificant increases in Ocular Surface
Disease Index score during and
after treatment compared with pre-
treatment values. During treatment
with isotretinoin, there was substan-
tial meibomian gland loss and de-
creases in meibum quality score and
lid margin abnormality score. These

measures improved once treatment
was stopped.

Additionally, the authors reported
that the frequency of artificial tear
use was positively associated with
meibomian gland loss during and
after treatment. They also noted in
their paper that meibomian gland
atrophy was significantly correlated
with meibum quality scores during
and after treatment. During isotreti-
noin treatment, decreased tear
breakup time values correlated with
an increase in lid margin abnormal-
ity score. Schirmer’s test scores and
blink rates seemed unaffected by
the treatment.

“Systemic therapy with a retinoid
derivative is an independent risk
factor for dysfunction and atrophy
of the meibomian glands in patients
with acne vulgaris,” the researchers
concluded in their paper. “Interest-
ingly, the statistical analysis carried
out in the follow-up study unambig-
uously showed that the side effects
induced by isotretinoin started to
subside.” The investigators added
that further study into this occur-
rence will hopefully shed light on
the mechanism for meibomian
gland regeneration to help patients
suffering from meibomian gland
dysfunction. <

1. Zakrzewska A, Wiacek MP, Stuczanowska-Gtabowska
S, et al. The effect of oral isotretinoin therapy on meibo-
mian gland characteristics in patients with acne vulgaris.
Ophthalmol Ther. June 10, 2023. [Epub ahead of print].



EDITED BY PRISCILLA APRIL 0. LAO, MD

PLASTIC POINTERS

Management of
Facial Nerve Palsy

Part two of a two-part series exploring the diagnosis and

management of facial paralysis.

CYNTHIA M. NOGUERA, MD
MEMPHIS, TENN.

n this, the final part of our series
on facial nerve palsy, we focus on
the medical and surgical manage-
ment of FNP. The treatment for
facial nerve paralysis is a multimodal
approach and planning depends on
the patient’s age, as well as the etiol-
ogy, severity, timing and duration
of the facial paralysis. These factors
must be considered to be sure they
align with the patient’s goals and
outcomes.

Medical Management
Medical management of FNP in-
volves several considerations:

* Treat the underlying cause. Your
approach to medical management
depends on whether the cause is
idiopathic or infectious.

* Idiopathic (Bell’s palsy). Corti-
costeroids within 72 hours of onset
have been included in the evidence-
based treatment guidelines for Bell’s
palsy recommended by the Ameri-
can Academy of Neurology and the
American Academy of Otolaryngolo-
gy-Head and Neck Surgery.! Clinical
guidelines recommend a 10-day
course of oral steroids with five days
at a high dose (prednisolone 50 mg/
day for 10 days or prednisone 60 mg/
day for five days) followed by a five-

This article has

no commercial
sponsorship.

day taper.” The benefit of antivirals
as monotherapy or in combination
with steroids is still debated. Some
experts prescribe valacyclovir 500
mg by mouth twice a day for seven
days along with corticosteroids.’

* Infectious. Infectious etiologies
break down to either Ramsey-Hunt
Syndrome (RHS) or Lyme disease.
Similar to Bell’s palsy, RHS should
be treated with corticosteroids to
decrease vertigo and postherpetic
neuralgia.! These patients should
also be treated with an oral antiviral
to improve recovery and decrease
complications.’

For Lyme-associated FNP, the
typical treatment is a three-week
course of oral doxycycline. Unlike
Bell’s palsy and RHS, corticosteroid
treatment in Lyme disease results in
worse outcomes.!

* Manage the ocular surface.

In the acute phase of FNP, oph-
thalmologists play a pivotal role in
preventing irreversible blindness
from corneal exposure.* This is
particularly important when ocular
signs or symptoms of exposure kera-
topathy are present. The clinician
must also evaluate corneal sensation.
Patients with corneal hypesthesia in
combination with corneal exposure
are at extremely high risk for corneal
ulceration and perforation. Artificial
tears and thicker gel or ointment-
based lubricants are the mainstay

of therapy. If frequent dosing is
needed, switch to preservative-free
formulations to reduce allergic or
toxic reactions. You can also use
lipid-enhanced artificial tears. Some
clinicians may consider autologous
serum tears; however, these can be
very expensive for patients.

As the normal blink function is
impaired, the normal tear film physi-
ology is dysregulated. Therefore, it’s
best to take measures to improve
the tear film quality. These include
the usual eyelid hygiene measures
such as warm compresses and
eyelid scrubs for meibomian gland
dysfunction and blepharitis. Oral
medications may include omega-3
supplementation (fish and flaxseed
oil), doxycycline or azithromycin. A
recent study reported equivalency of
effects of azithromycin as compared
with doxycycline.’ Routine eyelid
procedures such as thermal pulsation
techniques (Lipiflow) may alleviate
symptoms of MGD,® however, these
aren’t typically covered by insur-
ance.

Moisture retention methods
such as manually taping the eyelids
shut, eye masks and humidification
goggles/moisture chambers may also
provide relief. Patients may consider
optimizing their home environment
by using humidifiers and turning
off oscillating fans. Obstruction of
tear outflow with punctal plugs or
thermal punctal cautery helps tear
retention in aqueous deficient dry
eye. Bandage contact lens placement
may also be considered; however,
this will require antibiotic prophy-
laxis and patient compliance for
regular follow-ups. Scleral contact
lenses may be beneficial for patients
who require long-term solutions but
can be cost-prohibitive as they are
not covered by insurance.

Dr. Lao is an assistant professor of ophthalmology and neurology at the University of Tennessee Health Science Center/Hamilton Eye Institute in Memphis.

JULY 2023 | REVIEW OF OPHTHALMOLOGY m



PLASTIC POINTERS | Facial Nerve Palsy

K

C) end-to-end coaptation of SON to

sural nerve graft; (D) external photographs of dual sural nerve grafts split into fascicles for corneal grafting.
Image credit: Charlson ES, Pepper JR Kossler AL. Corneal neurotization via dual nerve autografting. Ophthalmic Plast Reconstr Surg

2022,38:1:€17-e19. Used with permission.

Chemical Denervation
Botulinum toxin use has gained pop-
ularity in the management of facial
nerve paralysis. This neuromodula-
tor may be used to temporarily relax
muscles, thereby improving facial
symmetry and function. Protec-

tive ptosis can be induced with 5
units/0.1 ml of botulinum toxin
directly injected into the levator
muscle.” The most common adverse
effect is diplopia, which can last up
to three months and presents as a
vertical misalignment that clinically
behaves as a superior rectus palsy.’
The majority of these will resolve
with observation. Botulinum toxin
can additionally be used to address
symptoms of aberrant facial nerve
innervation including hypertonicity
of the affected side, synkinesis of
facial muscles along with neuromus-
cular retraining therapy, and gusta-
tory lacrimation (“crocodile tears”).%?

Surgical Management

Once the cornea is adequately
protected and recovery deemed
unlikely, longer-term planning for
eyelid and facial reanimation may
take place in an individualized man-
ner.* The specific surgical approach
depends on factors such as the etiol-
ogy and density of facial paralysis,
the patient's overall health and the
surgeon's expertise.

* Occlusive techniques. Should
patient symptoms persist despite
conservative measures, or if there
are suspected long-term sequelae
of their facial nerve palsy, surgical
procedures should be considered
concurrently with ocular surface

m REVIEW OF OPHTHALMOLOGY | JULY 2023

lubrication. Less invasive surgical
treatments that may be performed
in the clinical setting are temporary
tarsorrhaphy or a small permanent
tarsorrhaphy. These are the simplest
and most common procedures that
are also used in conjunction with a
variety of oculoplastic procedures.
These can also be used as tempo-
rizing measures as a bridge for a
patient who may not yet be medi-
cally optimized for the operating
room to undergo general anesthesia.
The useful occlusive techniques are
the following:

* Temporary suture tarsorrha-
Phy to fully close the eyelids. This is
commonly used for patients unable
to fully blink, with a poor protec-
tive Bell’s reflex, and/or with severe
lagophthalmos. One must consider
the visual status, as these will oc-
clude the visual axis. This approach
has also been used longer term for
severe neurotrophic ulcers to assist
with healing.

e Lateral permanent tarsorrbha-
Phy is a quick procedure that can be
done in the office setting and is the
most common form of permanent
eyelid closure. However, closing the
temporal palpebral fissure can limit
peripheral vision, contribute to me-
chanical ptosis of the upper eyelid,
and not be aesthetically pleasing to
the patient.

* Medial permanent tarsorrba-
phies are less commonly performed
but can improve the medial descent
of the lower eyelid when theres poor
orbicularis tone. These will usually
require closure of the puncta simul-
taneously and can also be helpful for

aqueous deficient dry-eye patients
(permanent puncta occlusion).

Less common measures include
botulinum toxin (as detailed in the
previous section), hyaluronic acid
gel (fillers) and external temporary
eyelid weights. The upper eyelid
can be mechanically weighed down
with hyaluronic acid gel fillers. This
is reversible with hyaluronidase.
External temporary eyelid weights
typically have an adhesive backing
that can be applied to the skin of the
upper eyelid to assist with immedi-
ate closure, however long-term uses
of adhesive can cause skin break-
down of the delicate eyelid skin.
Although these procedures are less
commonly seen, they may provide
temporizing measures or may be
ideal for the patient who isn’t medi-
cally stable enough for the operating
room.

* Static techniques. Static tech-
niques improve the resting symme-
try of the face without restoration of
movement. FNP is associated with
multiple periocular sequelae affect-
ing the dynamic function and static
appearance of the eyelids, including
lagophthalmos, brow ptosis, upper
and lower eyelid retraction, lower
evyelid ectropion and secondary skin
contracture.! Multiple procedures
are often required to restore eyelid
function and symmetry and protect
the ocular surface.!” Although these
are static procedures, restoring the
normal anatomical repositioning of
the eyelids can augment the natural
blink reflex. A few of the most com-
mon procedures used to address the
specific challenges associated with
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FNP include:

* Gold weight implantation. This
involves placing a gold or platinum
weight within the upper eyelid to
assist with complete eyelid closure.
The weight counteracts the weak-
ness or paralysis of the orbicularis
muscle responsible for eyelid closure
and protection of the cornea.

* Brow lifts. A variety of brow
lift techniques may be employed
to assist with eyelid lifting surger-
ies. A recent case series described
a “switch technique” that uses
full-thickness skin grafts from direct
brow lift surgery to repair the skin
contracture and paralytic lower eye-
lid ectropion, addressing multiple
sequelae into one surgery.'

* Ectropion repair. Paralytic lower
eyelid ectropion repair involves re-
positioning the suspension tissues of
the lower eyelid to provide support
and improve the natural blink func-
tion. This addresses the lower eyelid
skin laxity and loss of orbicularis
tone seen in FNP.

* Cheek/midface lift. In conjunc-
tion with lower eyelid ectropion
repair, the surgeon must recognize
that paralysis of the malar-cheek
soft tissues in addition to orbicularis
paralysis contributes to the lack of
support of the lower eyelid. The
paralysis results in the weakening
of medial and lateral canthal liga-
ments and orbitomalar ligaments.
When evaluating these patients for
reconstruction, the surgeon should
consider a simultaneous midface
lift. This may include suborbicularis
oculi fat repositioning (SOOF lift),
lateral orbicularis orbital suspension,
and lateral canthopexy and/or can-
thoplasty with fixation sutures at the
lateral orbital rim. These techniques
have been shown to be effective
in static lower eyelid malposition
surgery.

* Corneal neurotization. When
neurotrophic keratitis is present, cor-
neal neurotization reinstates corneal
sensation through the induction of
donor nerve tissue. The donor nerve
(most commonly the inferior orbital

m REVIEW OF OPHTHALMOLOGY | JULY 2023

nerve) is placed subconjunctivally
near the corneal limbus. A single
case report described the use of a
dual nerve grafting approach via
simultaneous parallel sural nerve
grafts from both the supratroch-
lear and supraorbital nerves to the
affected contralateral cornea with
return of sensation by postoperative
week 11."

* Dynamic techniques. Facial
reanimation surgery, also known as
facial nerve reconstruction, is aimed
at restoring symmetry of the face
with restoration of facial movement.
The procedure involves the repair,
redirection or replacement of the
damaged facial nerve or its branches
to reestablish innervation to the
facial muscles. Depending on the
specific needs of the patient, tech-
niques include:

— Nerve grafting. Here, a
healthy nerve from another part of
the body (typically the sural nerve
from the leg) is harvested and used
to bridge the gap of the damaged
facial nerve.

— Nerve transfer. Contralateral
facial nerve grafts are also performed
where the contralateral (unaffected)
facial nerve is bridged to the dam-
aged facial nerve.

— Muscle transfer. 'This involves
transferring an adjacent function-
ing muscle (usually the temporalis
muscle) from its original insertion to
replace the paralyzed muscles and
is connected to the remaining facial
nerve or nerve graft to restore move-
ment.

— Free muscle transfer. A donor
muscle from another part of the
body (typically the gracilis muscle in
the thigh) is harvested along with its
blood supply and transferred to the
face.

— Microneurovascular free flap.
"This approach uses microsurgical
techniques to carefully dissect and
reconnect blood vessels and nerves
during the flap transfer, ensuring
blood supply and innervation to the
newly transplanted tissue.

The goal of facial reanimation

surgery is to restore facial sym-
metry, improve facial movement,
and enhance the patient’s ability to
communicate, express emotions and
perform daily activities. Post-surgery,
patients may require rehabilitation,
including physical therapy and exer-
cises, to optimize facial function and
achieve the best possible outcomes.

Special Cases

Facial nerve palsy can also occur
due to special circumstances, or in
unique patient populations.

* Trauma/iatrogenic. Because
the facial nerve courses through the
rigid bony structures of the temporal
bone, craniofacial trauma commonly
causes FNP either through direct
damage from bony fragments or
ischemia nerve compression from
expansile edema. High-resolution
computed tomography is used for
the localization of nerve injury in
suspected cases of temporal bone
trauma. In the absence of gross
radiographic abnormalities, electro-
physiologic testing helps predict the
likelihood of spontaneous recovery.
In patients with deteriorating facial
nerve injuries by electroneuro-
nography, surgical exploration is
the preferred management.'? The
accepted recommendation for surgi-
cal management is indicated for
patients with immediate-onset and
complete paralysis. Patients who,
due to their severe general condi-
tion, can’t undergo early facial nerve
decompression may benefit from
delayed treatment for up to three
months after the injury."™

* Congenital. There are special
considerations in the pediatric
population. Although children as
young as 2 years old have success-
fully undergone free tissue transfer
for smile restoration,'* waiting until
at least 5 or 6 years of age, around
the time the child is school-aged and
becomes self-aware, is preferred.
Delaying major procedures until this
age provides time for the growth of
nerves and vessels, whose small cali-
ber may lead to free flap failure, and



allows children to be mature enough
to understand and participate in
their own care.™

Postoperative Care

Postoperative healing in FNP
patients can be prolonged due to

the impaired venous and lymphatic
drainage system. Lymphatics play a
crucial role in the body's healing pro-
cess by removing excess fluid, debris
and immune cells from the surgical
site. In facial paralysis, the physi-
ologic action of the musculoskeletal
pump is impaired. There’s a lack of
rhythmic contraction and relaxation
of facial muscles and therefore slow-
ing of venous and lymphatic drain-
age. Some considerations for postop-
erative healing in patients with facial
paralysis include the following:

e Elevate the surgical site above
the heart. Sleep with the head
elevated and avoid sleeping on the
surgical side as edema will accumu-
late with gravity.

® Proper wound care involves
keeping the surgical site clean,
dry and protected from infection.
Cool compresses in the immediate
postoperative period have also been
shown to decrease bruising. Close
monitoring of the wound is essential
to detect any signs of infection or
delayed healing.

e Manual lymphatic massage using
gentle pressure creates rhythmic
movements that help to mobilize
fluid and promote drainage. This
may also improve circulation,
promote wound healing and reduce
swelling. In one study, manual lym-
phatic drainage has been effective
in reducing facial measurements in
orthognathic surgery postoperatively.
However, when considering the pa-
tient’s pain and swelling perception,
the researchers found no difference.'®

® Close follow-up and monitor-
ing: Patients with poor lymphatics
require close monitoring during the
postoperative period. Regular follow-
up appointments with the surgical
team are necessary to assess wound
healing, manage complications and

adjust the treatment plan as needed.

Edema is part of the normal heal-
ing process after surgery. However,
in patients with poor facial muscle
function, swelling can be more sig-
nificant and persistent. The surgeon
should set these expectations for the
patient and provide education. This
can be a challenging period for our
patients and requires reassurance
and emotional support throughout
the postoperative course.

Complications

Prolonged or poorly managed expo-
sure keratopathy can be detrimental,
especially in the setting of poor cor-
neal sensation. Concomitant corneal
hypesthesia and exposure put the
eye at high risk for corneal ulcer-
ation, corneal melt with perforation
and blindness, which may precede
evisceration or enucleation. Facial
muscle wasting over time can lead
to significant facial asymmetry that
may be difficult to manage. The
postoperative course after recon-
structive surgeries can be prolonged
with pronounced periorbital and
facial edema. This is mainly due to
impaired venous static pumps of
the facial lymphatics from lack of
muscular impact.

Prognosis
Recovery from facial paralysis varies
and depends on the etiology and
severity of paralysis at presentation.
Patients with idiopathic Bell’s palsy
typically begin to recover at three
weeks and continue to recover for
six months. These patients typically
don’t require surgical management.
However, patients with Ramsay-Hunt
syndrome carry a poorer prognosis.
Although self-limiting, complete
recovery occurs in only half of cases.!
Among patients who present with
dense, flaccid paralysis, approximately
61 percent recover with full function.
In contrast, patients who present
with facial weakness, but not com-
plete paralysis, recover full function
in 94 percent of cases.! The most
devastating facial nerve paralysis cas-

es are in those instances after trauma
or tumor, where the facial nerve
must be sacrificed during surgical
resection. This results in perma-
nent and complete facial paralysis;
these cases should be considered for
permanent surgical interventions,
including static or dynamic facial
nerve reanimation.

In conclusion, the medical and sur-
gical management of FNP is highly
individualized, and the specific treat-
ment plan will depend on the under-
lying cause, severity of symptoms and
the patient’s overall health. A more
general way to approach facial nerve
palsy is based on suspected time for
improvement for return of facial nerve
function and severity of symptoms.
Time periods can be generalized by:

® “Soon” (weeks to moniks). 'This
necessitates supportive management
with tears, ointment, taping eyelid
shut, etc.

® “Later” (six months to a year).
Depending on the severity of prob-
lems (corneal exposure, concomitant
corneal hypesthesia with risk for ul-
ceration, functional status, and patient
comorbidities), start with conservative
measures and after the observation
period, you may consider proceed-
ing with surgical management (gold
weight, ectropion repair, etc.). These
patients may later be considered can-
didates for facial reanimation.

® “Never” (i.e., transected facial
nerve). These are the typical facial re-
animation patients; however, as nerve
regeneration will take one to two
years; it’s prudent to provide further
support with static eyelid and/or facial
reconstruction.

While medical and surgical inter-
ventions can be promptly initiated,
extensive eyelid and facial reconstruc-
tion should involve consultation with
a skilled oculoplastic or facial plastic
surgeon who specializes in facial
nerve palsy to determine the most
appropriate surgical approach for each
patient. €

1. MaclIntosh PW, Fay AM. Update on the ophthalmic
(Continued on p. 50)
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Indication

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

Important Safety Information

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

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

- To avoid the potential for eye injury or contamination of the solution, patients should not
touch the tip of the single-use container to their eye or to any surface.
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» Contact lenses should be removed prior to the administration of Xiidra and may be
reinserted 15 minutes following administration.

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

Please see Brief Summary of Important Product Information on adjacent page.

'Pivotal trial data

The safety and efficacy of Xiidra were assessed in four 12-week, randomized, multicenter, double-masked, vehicle-controlled
studies (N=2133). Patients were dosed twice daily. Use of artificial tears was not allowed during the studies. The study
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Effects on symptoms of dry eye disease: A larger reduction in EDS favoring Xiidra was observed in all studies at day 42 and
day 84. Xiidra reduced symptoms of eye dryness at 2 weeks (based on EDS) compared to vehicle in 2 out of 4 clinical trials.’

Effects on signs of dry eye disease: At day 84, a larger reduction in ICSS favoring Xiidra was observed in 3 of the 4 studies.
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XIIDRA® (lifitegrast ophthalmic solution), for topical
ophthalmic use
Initial U.S. Approval: 2016

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

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

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

6 ADVERSE REACTIONS

The following serious adverse reactions are described else-

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

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

conditions, adverse reaction rates observed in clinical trials

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

In five clinical trials of DED conducted with lifitegrast ophthal-

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

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

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

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

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

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

6.2 Postmarketing Experience

The following adverse reactions have been identified during

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

Rare serious cases of hypersensitivity, including anaphylactic

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

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

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

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

Data

Animal Data

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

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

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

8.2 Lactation

Risk Summary

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

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

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

Considerations for
Fuchs’' and Cataract

The severity Fuchs' may create some challenging variables for
a patient's treatment. Here's guidance.

WINSTON CHAMBERLAIN, MD, PHD
PORTLAND, OREGON

ataract surgeons will often come

across patients with Fuchs’

endothelial corneal dystrophy

as well as cataract. The progres-
sive nature of Fuchs’ leads to corneal
decompensation and vision loss, and
it’s important to investigate whether
their symptoms are due to Fuchs’ or
to cataract, and the severity of the
disease, before determining the ap-
propriate treatment path.

Staging Surgery or Combining It
In the presence of milder Fuchs’,

if your clinical judgment is that the
cataract is a bigger contributor to a pa-
tient’s vision problem, removing the
cataract may result in a significant im-
provement in vision. However, if the
patient has central guttae and they’re
visually significant, you can con-

sider combining cataract surgery with
Descemet’s Stripping Only procedure
with or without a Rho-associated
protein kinase (ROCK) inhibitor, if
you have access to them. Studies have
shown ROCK inhibitors promote
corneal endothelial cell proliferation
in vitro and migration 7 vivo.!

When a patient has more exten-
sive guttae, there are three classical
pathways a surgeon may consider for
this scenario, including staged surger-
ies or combined procedures (Figure

This article has

no commercial
sponsorship.

7). The first steps in staged treatment
could be cataract first, followed by
Descemet’s membrane endothelial
keratoplasty vs. DMEK/Ultrathin
Descemet’s stripping automated
endothelial keratoplasty first and
cataract second.

"There are advantages to each. If
you perform cataract surgery first, the
subsequent DMEK and IOL stabi-
lization may be easier. DMEK first
has numerous advantages and, in my
opinion, it’s easier to do DMEK on a
phakic eye and you may have a better
view to the IOL afterwards.

"The third approach is combining
DMEK/UTDSAEK with phaco.
"This approach probably accounts for
most of my surgeries in such cases.
Many patients prefer having only one
surgery, but we have to take certain

variables into consideration.

If the cataract isn’t very dense but
the guttae are dense in the center,
then we might deduce that a bigger
proportion of that is attributed to
Fuchs’ and a smaller portion of that is
cataract, which would probably drive
us to consider doing the transplant.
But then we have to ask ourselves:
Should we do the cataract at the same
time?

One of the reasons to hold off on
cataract surgery is that, if we normal-
ize the cornea first, we actually get it
into a more natural state, after which
we may achieve a better refractive
outcome during cataract surgery.
When we combine the cases we tend
to get surprises in the refraction.
Nowadays, surgeons generally assume
in their calculations that a majority of
patients are going to shift in the far-
sighted direction, so they aim a little
bit nearsighted on the lens. [ would
say that works across the population
on average fairly well, but there are
patients that shift in the opposite
direction.

We did a randomized controlled
trial looking at this and we actu-
ally found that about 38 percent of
patients shifted nearsighted in that

FUCHS" AND CATARACT

Milder Fuchs’

Cataract

Consider DSO+/-
ROCK Inhibitor

Fuchs’ with extensive guttae or
tomographic alterations

DMEK/UTDSAEK DMEK/UTDSAEK

l Triple

Secondary REE
DMEK Cataract

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 Visioné.
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trial.” Because we aimed nearsighted
initially, patients ended up more
nearsighted than we wanted them to
be. There are probably a number of
variables driving that—most of them
have to do with how the posterior and
anterior shape of the cornea change as
a result of corneal transplant surgery.

In our trial, we also discovered
a dip in the total corneal refractive
power at three months, which then
reversed partially at six months and
12 months.? We believe there may be
a redistribution of endothelial cells
at the edge of the graft where there’s
more damage, causing central thin-
ning faster and then a slight steepen-
ing because of redistribution in the
periphery. I’d like to see enhanced
variables that allow us to predict—
based on a patient’s grade of Fuchs’ or
based on their preoperative topo-
graphic features—how that cornea is
going to change in response to having
a DMEK/DSAEK surgery done. This
would help us to better predict what
lens power we should put in the eye
to appropriately match that.

When you consider these factors,
an argument could be made for stag-
ing the surgery. But of course, if we
staged the surgery, we’re doing two
things: we’re exposing the patient to
potentially additional risks with two
surgeries, and we’re exposing them
to the risk of damaging the graft
after they’ve healed. It may not be a
major threat for most skilled cataract
surgeons, but we don’t have long-
term data to know if grafts actually do
a little bit more poorly over time after
staged surgery due to the additional
trauma from cataract surgery.

The Impact on Lens Calculations
We know that changes after endothe-
lial keratoplasty aren’t immediate—
they take time. This is a challenge if
you’re staging patients. The data sug-
gests that the cornea isn’t stable yet
even if it’s clear, and that the cornea
will continue to change its shape for
six to 12 months after surgery. This
raises the question of the appropri-
ate timing for the cataract surgery. |
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This 64-year-old male patient presented
with Fuchs’ and cataract with central
corneal guttae and a few small bullae
centrally. He complained of foggy vision
lasting until noon. I performed phakic
DMEK first to normalize the cornea and his
visual acuity went from 20/30 to 20/20 at
three months postop. Cataract surgery was
performed approximately one year later.

don’t think we have a good amount of
evidence to answer that question yet,
but the evidence we do have sug-
gests that you might want to wait at
least six months. This is relevant for
new lens technologies, including the
Light Adjustable Lens from RxSight.
Once it’s in the eye, the lens power
can be changed, which makes it very
appealing for eyes with corneal find-
ings—post-keratoplasty, keratoconus
or previous radial keratotomy. We can
potentially put that lens in and shift
its power up to 2 D on label, probably
a little bit more off label, in either
direction if we’re off.

It’s not a perfect solution, though.
"The problem with a changing cornea
in a Fuchs’ patient is not knowing
if that cornea will drift out of that
correction, because once you put
the LAL in and adjust it, it must be
locked in place. After that, it can’t
be adjusted again. Surgeons may
decide not to lock it in place until the
cornea stabilizes, but that requires the
patient to wear UV-protected goggles
(per FDA Label) full time until
they’re adjusted and locked in. It’ll be
a little bit trickier to determine when
that optimal stablization point for the
cornea is in patients with endothelial
keratoplasty. They’re going to have to
wait longer and accept some sort of a
UV protection for their eyes if they go
down that path.

DSO with or without ROCK inhibi-

tors is a growing procedure among
transplant and cataract surgeons.
There’s some retrospective data from
Greg Maloney’s group (Australia) sug-
gesting that there may be a mild myo-
pic shift in patients that undergo DSO
vs. the hyperopic shift we see after
DMEK or DSAEK. This could be be-
cause, in those particular patients, the
cornea swells centrally, which causes

a central bulging or steepening of the
cornea and that could increase power
in the cornea. This complicates lens
calculations.

Personally, I tend to favor conven-
tional IOLs in Fuchs’ patients. I don’t
usually use toric lenses in these pa-
tients because the change in toricity
in the cornea is a little less predict-
able, although the data suggest that
it’s not the toricity change as much as
a change in total corneal power. Total
corneal power can affect any lens
choice you pick, but if you select a
toric lens and the total corneal power
changes, then you might be off in two
directions—astigmatically and from a
basic spherical equivalent standpoint
as well, causing the patient to end up
more nearsighted or farsighted.

I also avoid multifocal or extended-
depth-of-focus lenses in my patients.
I know some surgeons are advocates
of that, but I feel there’s too much un-
predictability in a combined surgery
to actually get the refractive outcome
that the patient would expect when
they’re paying out of pocket. You
might also degrade the optics in
the eye a little bit in some of these
patients by doing a multifocal or an
EDOF lens because of aberrations in
the cornea.

There’s some emerging data on
the LAL, and even though it’s not
published yet, I think we’re going to
see some positive results from this.
Surgeons are going to have to wait
for data that gives us a little bit of
guidance on when to adjust that lens
or when to put it in. If we combine
the cataract and DMEK or DSAEK,
we’ll need to prepare our patients to
wait awhile to get that adjustment,
or we're going to have to perform the



endothelial keratoplasty and come
back and put the LAL in three to four
months later, and then consider doing
the adjustment at five to six months,
depending on the stability.

Even if they’ve undergone DMEK,
we can’t treat Fuchs’ eyes as neces-
sarily being optically equivalent to
a normal cornea, since that can lead
to refractive disappointment, which
could then require lens exchanges, or
just a lot of postoperative counseling,.
Surgeons need to be mindful of the
choices they make. They’re under
pressure to provide the best refractive
outcomes for patients and, often, that
leads them to make decisions that
aren’t in the patients’ best interests
and choose a premium lens that won’t
deliver. Even after endothelial kerato-
plasty, the cornea may be more aber-
rated than it is in a normal situation.

Preoperative Imaging
Many surgeons still rely on specular
photomicroscopy to grade Fuchs’.
feel specular microscopy in its current
form is probably inadequate because
the images it generates are central
corneal images, and that’s where
the guttae are most concentrated. [t
makes it difficult to get an accurate
idea of cell count or cell morphol-
ogy with central guttae. Some of my
peers have referred to it as a ‘random
number generator.” Others have ar-
gued that looking at corneal thickness
may suggest the level of disease, but
in general, there’s a lot of variation
in corneal thickness in patients with
Fuchs’ dystrophy and that’s probably
also misleading in terms of determin-
ing the health of the cornea as well
as for making a decision. There have
been some papers that argued if a
cornea is over a certain thickness then
you should do endothelial kerato-
plasty as well—I think that’s outdated
information, however. There are
better ways to look at the health of
the cornea specifically by looking at
tomographic changes.

One technology that’s going to
emerge over the next few years is
the use of next generation OCT to

better characterize isolated layers of
the cornea preoperatively. We cur-
rently see value in broader maps of
the cornea using the newly approved
Optovue Solix OCT-A (Visionix).
We’re prospectively looking at our
Fuchs’ patients pre- and postopera-
tively to see how their corneal OC'T
maps change as a result of surgery.
"Total pachymetric maps as well as
stromal and epithelial maps as imaged
by OCT may return to normal after
DMEK based on pattern standard
deviation analysis (a method that has
been used for years to assess changes
in visual field maps). So OC'T may be
a tool to predict features of corneas
preoperatively that allow surgeons

to determine whether we should do
transplants at the same time as cata-
ract surgery.

Emerging into the mainstream is
some of the work that’s come out of
the Mayo Clinic, specifically from
Sanjay Patel, MD, and his group,
looking at changes in corneal tomog-
raphy with Scheimpflug imaging.?
They looked at preoperative features
of the cornea that may predict signifi-
cant deformation or changes in the
cornea as a result of Fuchs’, namely
the loss of circular isopachs, which
reflect a bulging in the back side of
the cornea as a direct result of swell-
ing from Fuchs’.

Scheimpflug imaging can give you
a map of the corneal thickness over a
large area, and that thickness gradu-
ally increases as you move peripher-
ally and the colors change similar to
what we see on topography, but the
colors on a pachymetric map actually
represent changes in thickness as
you go from one region to the next.
We expect these to be relatively
normal in a normal eye with circular
changes, but in an eye with Fuchs’
often what we see is a distortion of
that pachymetric progression. We
see some of the thinnest points will
be more off center now because the
cornea is actually swelling centrally
from the guttac. We see a displace-
ment of that thinnest center point
and then we see a loss of regularity in

those isopachs and sometimes they
appear more D-shaped or irregular. In
our own retrospective analysis, what
we’ve seen is that if you do DMEK
on these patients, those shapes return
to normal, which suggests that the
endothelial cell function that’s driving
those changes is actually driving opti-
cal changes in the cornea as well.

In our study, I recommended
looking at the posterior curvature of
the cornea, which the Scheimpflug
imaging is very good at—you can ac-
tually see the posterior axial or sagittal
curvature map. Cornea surgeons are
used to looking at the front map or
the average map on the front and the
back, but randomized controlled trials
have defined that the biggest changes
in the cornea as a result of Fuchs’,
and also after endothelial kerato-
plasty, are in the posterior cornea. If
we look at the posterior cornea of a
patient preoperatively and we see a
large irregularity in the axial map, that
can be a predictor of what’s actually
driving optical problems in the eye
and may sway the surgeon to decide
to do endothelial keratoplasty first or
to combine it with cataract surgery.
We also see those irregularities or
distortions correct or normalize after
endothelial keratoplasty is done,
which again is a suggestion that the
optical problems are being driven by
the endothelial cell layer. <
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Water, Water,

Everywhere

Musings on life, medicine and the practice of ophthalmology.

MARK H. BLECHER
CHIEF MEDICAL EDITOR

¢ earth is mostly water—71
percent, to be exact. Our bodies
are mostly water, between 45 to
70 percent depending on age,
body habitus and hydration. Water is
kind of important to life, yet I would
guess that most of us don’t really
understand how fragile the flow of
potable—or even irrigable—water is.

Water comes from basically three
places: the sky; the Earth’s surface;
and below ground (duh). And its
variability as a source is in that order
from most variable to least. Also,
depending on where you are and your
local geography, the relative amounts
can vary widely. When we talk about
water availability we usually focus on
rainfall as it’s easy to see and measure.
Less rain equals more drought. But
more than half of our water is drawn
from underground aquifers, and even
more is drawn from that source in
some areas than others. However,
not all aquifers are created equal, and
we’re draining them far faster than
they naturally recharge. So, at some
point at current usage, they’ll run dry.
The Ogallala, underneath most of the
Midwest, is our largest aquifer, and
estimates are that 70 percent of it will
be depleted in the next 50 years.

We can argue over exact numbers,
but the fact remains we’re using more
water than is naturally replenished.
"That’s an issue. It’s an issue that’s

already led to conflicts in some parts
of the world and will likely lead to
outright war in the future. It’s more
likely that we’ll fight over water than
oil.

A9

At the moment, Arizona isn’t lik-
ing California very much because of
changes to water distribution from the
Colorado river. So, what are we doing
about it? We can conserve by using
less and by evaluating the relative
importance of the industries that use
the most water. We can recycle water
and we can generate fresh water.

But we need to acknowledge the
problem and address it together. It’s
insane that water conservation could
be political. Yet some are making fun
of low-flow toilets, bans on having a
lawn in the desert, or restricting de-
velopment where there isn’t enough
water already. I mean I love almonds,
but to grow them you have to flood
the fields in hot, dry California.

Almonds alone use as much water as

LUSET Y R WA L BT RRIL B T Dr. Blecher is an attending surgeon at Wills Eye Hospital.
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all indoor water use in California. And
almonds aren’t the most water ineffi-
cient crop. Sugarcane is. The point of
this is we have to look at everything
we do to better manage available
resources.

But conservation alone won’t save
this precious resource. We need to
rethink everything about water, es-
pecially given that rainfall trends are
falling, and the air is heating up. Yes,
both of those are naturally occurring
phenomena. The planet has gone
through cycles, but it hasn’t seen this
much draw down of fresh water be-
fore. And it doesn’t much matter why
there’s less rain, or warmer air. Argu-
ing why it’s occurring is secondary to
acknowledging the reality and doing
something about it, or our grand-
children won’t have enough. You’d
think that fact alone would motivate
people, yet it doesn’t.

We can create fresh water with
desalination, at a cost of energy, of
course, among other considerations.
But these desalination plants can
only work in certain areas, cost a lot
to build and operate, and have a very
long lead time to construct. They
likely need to be a part of a multifac-
eted plan, along with conservation
and recycling. And we need to take a
hard look at allowing development in
areas without water. Putting people
in deserts without knowing how to
provide sufficient water should be
criminal. But it’s not. Sometimes real-
ity conflicts with what you want, and
it’s difficult to tell Americans what
they can and can’t do. The reality
of continued development, a larger
population and changing rainfall
patterns is prodding us to act, but
not quickly enough. The occasional
flooding rain can make this difficult to
reconcile, but we could find ourselves
with water, water, everywhere and not
a drop to drink. €
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MATCGHING PATIENTS
WITH LASIK, SMILE OR PRK

How refractive surgeons identify the optimal candidates for these laser-vision correction procedures.

CHRISTINE YUE LEONARD
SENIOR ASSOCIATE EDITOR

urgeons today have a number of

corneal refractive procedures to

offer and customize to patients’

needs or specific anatomic
considerations. But, as surgeons know,
more options also mean many more
factors to consider when it comes to
patient selection, from corneal mea-
surements and co-existing pathology
to lifestyle and personality.

Here, experts share how they select
patients for LASIK, SMILE and
PRK, and the key inclusion and ex-
clusion criteria that help narrow down
the options.

Assessing the Cornea

Candidacy for a corneal refractive pro-
cedure begins with a thorough screen-
ing to ensure that the patient isn’t at
risk for ectasia, which can develop as a
result of corneal biomechanical failure
or external factors such as eye rubbing
or laser vision correction itself. Beeran
Meghpara, MD, co-director of the
refractive surgery department at Wills
Eye Hospital in Philadelphia, says the
gold standard for ectasia screening

is Placido-based corneal topography,

which helps to identify subtle areas of
inferior steepening, but a host of other
complementary modalities is also key.

“Nowadays, we go beyond topogra-
phy and employ tomography (Pen-
tacam) as well to look for elevation
changes in the anterior and the pos-
terior cornea,” he explains. “Probably
the newest modality we use is OC'T
epithelial mapping of the cornea,
looking for areas of focal thinning.
The corneal epithelium is remark-
ably uniform across the entirety of a
patient’s cornea and among patients
in the general population. Very small
changes in epithelial thickness are
risk factors for, or potential early signs
of, keratoconus. These changes may
show up earlier on epithelial mapping
than on some other imaging mo-
dalities, so all of my patients undergo
evaluation with all three.”

“T'he pachymetry, topography and
manifest refraction are the three main
factors I consider when screening pa-
tients, though there are many others
to consider,” says John Odette, MD,
in practice at Austin Eye in Texas.
“When I’'m trying to decide whether
a patient is a good candidate for a pro-

cedure, [ start by ruling out patients
who have significant corneal risk
factors, such as a cornea with irregular
topography, a prescription that’s too
high, and of course, a cornea that’s
too thin.”

Kathryn M. Hatch, MD, director
of the refractive surgery service and
site director of Massachusetts Eye
and Ear in Waltham carefully evalu-
ates several factors when screening
patients for laser vision correction.
“On corneal topography and tomog-
raphy, anterior and posterior corneal
shape as well as the central corneal
thickness are critical when screening
patients,” she says. “Additionally, it’s
important to assess for higher order
aberrations and consider doing epi-
thelial thickness mapping. “On Pen-
tacam, | check for elevation changes
and assess D-score, on the Belin/
Ambrosio Enhanced Ectasia Display
for keratoconus, which combines nine
different keratometric indices and
assigns a risk factor for keratoconus.
It’s usually white when it’s normal,
yellow when somewhat abnormal and
red when clearly abnormal with an
extremely high probability of kerato-
conus. Usually, if the number is less
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than 1.6, it’s safe; however, sometimes
the D-score is white but one of the
indices is red, and it might still look
abnormal. You can’t base your deci-
sion solely off this score, of course. It’s
important to look at the indices and
the map itself for anything concerning
on tomography.”

Enough Tissue?

Surgeons must consider the degree
of impact that a certain laser proce-
dure would have on the cornea. As
in years past, many say they would
avoid performing such surgery in
patients who have corneas thinner
than 500 pm preoperatively.

“LLASIK involves the most corneal
manipulation of the three procedures
since a flap is created in addition to
tissue removal,” says Dr. Meghpara.
“With PRK, no flap is created, so less
cornea is affected and treated. With
more residual cornea, the biome-
chanical strength of the cornea is
potentially greater compared with
LASIK. However, creating this
epithelial defect has its associated
downsides, such as pain in the im-
mediate postoperative period, a very
low risk of haze and a longer healing
time. SMILE’s impact on the cornea
is somewhere between the two. The
incision is smaller than in LASIK,
and no epithelial defect is created.
SMILE usually creates less discom-
fort than LLASIK and more rapid
visual recovery than PRK.”

There’s ongoing debate about the
best way to measure residual cornea,
says Dr. Odette. Some surgeons go
by residual stromal bed thickness
while others go by the percentage of
corneal tissue altered; many consider
both. “I tend to lean toward residual
stromal bed thickness, where poten-
tial candidates will have at least 300
pm,” he says.

Dr. Meghpara agrees. “Everyone
has their own cut off as far as what
the residual stromal bed thickness
should be,” he says. “The traditional
number in the literature is 250 pm,
but many surgeons including me are
more conservative and like to have at
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least 300 pm of residual stromal bed
thickness.

“With PRK and SMILE, this
amount is whatever amount of
stroma is left over,” he explains.
“With LASIK, we have to take into
account the flap thickness as well
as how much stroma is removed as
a result of the treatment because
the flap no longer contributes to the
biomechanical strength of the cornea
afterwards.”

The percentage of tissue altered
is a ratio of the amount of cornea
altered (flap thickness plus ablation
depth) divided by the total preop-
erative central corneal thickness.

“If it’s greater than 40 percent,” Dr.
Meghpara says, “then the procedure
will increase the risk of ectasia. Gen-
erally, a patient with a P'TA greater
than 40 percent is a poor candidate
for any of the treatments.”

Selecting a Procedure

After corneal testing comes the
question: What would you do in this
patient? “Most patients who come
into the clinic for a refractive surgery
consultation are probably candidates
for multiple procedures and would do
fine with a number of them,” says Dr.
Meghpara. “Irying to explain the dif-
ferent options and which one is best
for their lifestyle and recovery goals

is the challenge. It’s a lot easier if a
patient would clearly do better with
one option compared with another.”

Experts say that LASIK is often the
go-to procedure due do its safety and
excellent visual outcomes. The treat-
ment is approved for up to -12 D of
myopia, up to +6 D of hyperopia and
up to 6 D of astigmatism in patients
over the age of 18. Many surgeons,
however, prefer to wait until patients
are in their mid-20s after their pre-
scription has stabilized.

“LLASIK has an amazing track
record with very good results,” Dr.
Meghpara says. “In fact, among the
general public, LASIK has become
synonymous with any sort of laser
vision correction procedure. Even if a
patient didn’t have LASIK—maybe

they had SMILE or PRK—they’ll
probably still tell their friends that
they had LASIK. If someone’s a good
candidate for LASIK, that’s generally
the direction we’ll go in.”

“The vast majority of the time, 20-
to 40-year-olds are great candidates
for LASIK,” Dr. Odette says. “Low to
moderate myopes tend to be the best
population, even if they have some
mixed astigmatism. High myopes and
hyperopes tend not to do as well with
keratorefractive procedures, on the
other hand.”

“When a patient comes for a refrac-
tive surgery evaluation and they fit all
the parameters of LASIK, we really
don’t have a conversation about other
procedures because LASIK is typi-
cally the safest and most predictable
procedure with the fastest healing,”
says Steven M. Silverstein, MD, an
assistant professor of ophthalmology
at the University of Missouri Kansas
City Medical School and in practice
at Silverstein Eye Centers in Kansas

City.

Lifestyle Factors

Of course, LASIK isn’t suitable for
every patient. In addition to a too-thin
cornea, certain lifestyle factors may
rule out the option of LASIK due to
concerns about flap complications. In
these cases, PRK is often preferred.
"The procedure is approved to treat
between -1 and -12 D of myopia, with
up to 4 D of astigmatism, and be-
tween +1 and +6 D of hyperopia, with
up to 4 D of astigmatism in patients
over age 18.

“I consider work and recreational
activities to be two of the most im-
portant aspects to ask patients about
because that’s where people spend
the majority of their day,” says Dr.
Odette. “Activities such as contact
sports, boxing and mixed martial arts,
and certain careers such as construc-
tion, are risk factors for flap disloca-
tion. If a patient has a high risk of be-
ing poked in the eye, a flap procedure
might not be the best option.”

Dr. Meghpara agrees, adding that
professional athletes, police officers
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and individuals in the military are also unlikely to be suit-
able LASIK candidates for this reason. “We steer these
individuals away from LLASIK because of concerns that
such activities could dislocate the flap,” he says. “PRK or
SMILE may be better options.”

Recovery and Safety

“Choosing a refractive procedure for a patient requires a
comprehensive approach,” Dr. Hatch says. “I go through
an algorithm in my head each time, taking into account
many different aspects, from personality and lifestyle to
ocular anatomy.

“I like to think about LASIK and SMILE as one group
and PRK in its own category from a healing perspective,”
continues Dr. Hatch, who has been offering SMILE since
its FDA approval. “Recovery is an important aspect of
surgery to consider, and patients also really like the idea of
a smaller incision. So, if a patient is a candidate for all three
techniques, I usually offer SMILE as a first choice and
always double consent for LASIK as well, so that in the
rare situation that we can’t complete SMILE, we can con-
vert to LASIK. I also use similar criteria for SMILE as for
LLASIK. The patient must be a good candidate for LASIK
in order to offer them SMILE.

“I don’t believe SMILE is replacing LASIK or excimer
lasers,” she adds. “I view it as an additive procedure that
will help grow refractive surgery in general and allow sur-
geons to offer comprehensive refractive surgery procedures
to patients.”

“LLASIK has the quickest recovery time, so if a rapid re-
covery is important to the patient, and they’re a candidate,
then LASIK may be the best option,” Dr. Meghpara says.
“SMILE is next, and PRK has probably the slowest heal-
ing or visual rehabilitation time, but relatively speaking,
it’s probably the safest of the three procedures. We have to
assess where the patient falls on the scale of convenience
versus safety. All three surgeries are very safe, but if we
want to stack the deck in favor of safety, then PRK may be
the best choice.”

“When safety is a principal factor, as far as not creating
ectasia, then PRK and sometimes SMILE may be the only
options,” Dr. Silverstein says. “T'hat being said, patients
generally prefer to heal and return to activities of daily
living as quickly as possible, which is why LLASIK remains
the most popular refractive procedure we offer.”

SMILE’s treatment indications were expanded a few
years ago to allow correction up to -10 D of myopia and
up to 3 D of astigmatism for patients 22 and older. Dr.
Silverstein says, “I'he SMILE procedure is equally ben-
eficial for people with mild to moderate nearsightedness
and mild to moderate astigmatism but there’s typically
less opportunity or availability to access that particular
machine or laser, with the excimer laser used for LASIK
and PRK being much more widely available.”

“For the most part, anyone who’d be a good candidate
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for PRK would be a good candidate
for SMILE,” Dr. Meghpara says.
“The reason I would choose to

go with SMILE is that the vision
recovers more quickly and there’s
less postoperative discomfort. That
being said, SMILE isn’t some
magic procedure that can be done on
everybody. If someone isn’t a good
candidate for PRK, then they really
shouldn’t be a candidate for SMILE
either.”

Managing Expectations
Educating patients to ensure they
have realistic goals is an important
part of the refractive surgery journey.
Dr. Hatch says that “sometimes
managing patient expectations and
setting them appropriately is the
most difficult part.”

“Usually, after we get testing done,
and after speaking with the patient, |
can make a very good recommenda-
tion,” Dr. Odette says. “But once in
a while, patients disagree and want
something else done, so we have a
discussion to figure out why they
might want a procedure that may not
be the best fit for them, and then
figure out whether we could actually
do that procedure safely.

“For particular type-A personali-
ties,” Dr. Odette adds, “you need
to have a little caution because
sometimes these patients won’t like
an outcome despite its being quite
good.”

“Personality is a significant fac-
tor,” says Dr. Silverstein. “We have
a very careful conversation and a
sign-off by the patient about realistic
expectations, including the potential
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need for glasses for certain activities,
especially reading and night driving
in the presbyopic demographic. The
patient has to know that they may
still require glasses when driving
in inclement weather, for example,
even after a successful corneal-based
refractive procedure. If their expec-
tations can’t be appropriately main-
tained, they may not be a candidate
for any refractive procedure.”
Ensuring older patients under-
stand these visual compromises can
be difficult, experts say. “This is a
conversation that [ have even with
patients in their late 30s and early
40s who may need reading glasses
within the next five years,” says Dr.
Hatch. “Many times, patients will
say they don’t need readers, or they
already wear contacts, but won’t
realize their contacts have a little bit
of mini monovision. | find that once
we actually put the prescription into
the patient’s eyes, it most certainly
increases the need for readers. Even
when we tell patients again and
again, it’s still hard for them to grasp
because right now, they don’t need
readers. It’s important for them to
understand the progressive nature
of presbyopia. It’s not a conversation
you can hurry.”

Considerations and
Contraindications

As with any surgical procedure, it’s
important to ensure the risks don’t
outweigh the benefits. Potential can-
didacy for LASIK, PRK and SMILE
can be narrowed down beyond
corneal parameters, lifestyle and age
when medical and medication his-
tory—both ocular and systemic—are
taken into consideration.

Here are some situations that raise a
few red flags:

* Progressive corneal thinning. 1f a
patient has any degree of keratoconus
or pellucid marginal degeneration,
they’re not a candidate for corneal
refractive surgery.

“A patient with forme fruste kera-
toconus may still proceed with careful
discussion and if their vision easily

corrects to 20/20 preoperatively,”

Dr. Silverstein says. “You can still
successfully achieve full correction in
mild to moderate refractive cases with
minimal risk of surgically induced
ectasia. In forme fruste keratoconus,
SMILE may be the best option for
corneal stability postoperatively. Of
course, a lens-based procedure would
mitigate the risk of corneal ectasia in
these patients, as would an ICL.”

He adds, “In a patient with topog-
raphy demonstrating against-the-rule
astigmatism in a sagging mustache
pattern, I’d recommend against all
corneal refractive procedures.”

Some surgeons have tried adding
simultaneous cross-linking to corneal
refractive surgery in order to reduce
the risk of iatrogenic ectasia. A review
of the current literature on simultane-
ous accelerated crosslinking reported
that this treatment is effective for
myopia but it’s still unclear whether
the additional crosslinking step re-
duces ectasia incidence.'

Dr. Silverstein says he doesn’t
perform corneal cross-linking on these
patients before a procedure. “First of
all, the results of cross-linking aren’t
predictable enough, and the long-
term effects of cross-linking, as it
pertains to refractive procedures and
keratoconus isn’t known. I've suc-
cessfully performed LLASIK or PRK
in forme fruste keratoconic patients
many times without the development
of ectasia over the last 25 years.”

* Dry eye. Dry eye can occur after
any corneal refractive surgery, but
it may be more severe if the patient
has preexisting dry eye. Of the three
corneal refractive procedures, LASIK
carries the greatest risk for postopera-
tive dry eye, with reported incidences
of 94.8 percent, 85.4 percent and
59.4 percent of patients experiencing
symptoms at one day, one week and
one month, respectively.?

“Severe dry eye is a marked contra-
indication, and probably our second
biggest worry after ectasia,” says Dr.
Odette.

“Patients with poorly controlled
dry eye shouldn’t undergo any sort
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of laser vision correction or corneal
refractive surgery unless they receive
good, aggressive treatment for it,”
agrees Dr. Meghpara. “For patients
with a little bit of dry eye or mild

dry eye that’s well controlled, we’d
potentially avoid LASIK, as SMILE
or PRK might be a better option for
them.”

Surgeons say that it’s important to
wait for the ocular surface to stabilize
before performing a procedure. “I’ll
treat lid margin disease and ocular
surface disease aggressively for six
weeks and then reevaluate,” Dr.
Silverstein says. “We want to get
good, accurate measurements and
keratometry before proceeding.”

* Epithelial basement membrane
dystrophy. EBMD affects the ante-
rior cornea and may cause recurrent
corneal erosions and lead to de-
creased vision. LASIK can worsen
the condition.

Dr. Hatch says it’s important to
perform a careful slit lamp evalu-
ation to rule out EBMD. “This
condition often has a subtle presen-
tation and requires careful examina-
tion in every patient,” she explains.
“I always check the cornea with
fluorescein to assess for the nega-
tive staining pattern in addition to
assessing the tear film.”

“In patients with EBMD, I typi-
cally recommend PRK,” she says.
“EBMD can be easily missed and
also cause problems preoperatively,
intraoperatively and postoperatively,
so we need to be very good observ-
ers of the epithelium.”

* Stromal neovascularization.
Corneal neovascularization is a com-
mon complication of keratitis and
occurs in a number of other pa-
thologies, often leading to decreased
visual acuity. “Caution should be
used in patients with deep stromal
neovascularization, especially when
it involves more than one quadrant
of vessels,” Dr. Silverstein says.

* Significant corneal scarring.
“Patients with significant scarring
involving the central visual axis who
don’t correct to 20/20 may not be good
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candidates for refractive procedures,”
says Dr. Silverstein. “Other poor
candidates may include those with
significant interior stromal scarring
from EBMD or those with significant
Salzmann’s dystrophy. If the visual
axis is uninvolved, which is usually
not the case in these two situations,
SMILE may be an option.”

* Corneal guttata. “If a patient
has stable, mild to moderate dystro-
phy with one to two or more corneal
guttae, they could undergo success-
ful LASIK, PRK or SMILE,” Dr.
Silverstein says. “However, patients
with three or more guttae with any
element of endothelial pathology
or corneal swelling shouldn’t have a
corneal-based procedure.”

It’s important to
approach patients with a
comprehensive refractive
mentality.

— Kathryn M. Hatch, MD

* Prior radial keratotomy or
LASIK. “If a patient has had RK, I
lean toward PRK because I don’t like
to make a flap into RK incisions,”

Dr. Odette says. “I know many doc-
tors who’ve successfully made flaps
into old RK incisions, so I know it
can be done, but it’s not my favorite
approach. Doing PRK over an old
LLASIK flap can be problematic as
well, with epithelial hyperplasia.
There’s no perfect answer on what to
do with prior LASIK—do you lift the
flap and risk epithelial ingrowth, or
do you do PRK over the top? Neither
is perfect, unfortunately.”

* Prior corneal graft. Dr. Odette
says he prefers not to perform corne-
al refractive procedures over corneal
grafts. “I have done a couple PRKs
over corneal grafts, but it’s very rare.
There’s a risk for graft rejection, so I
really lean away from that and don’t
recommend it.”

* Retinal disease. Dr. Silverstein
says it’s important to perform a
fully dilated posterior segment
exam when screening patients for
refractive surgery. “If a patient has
significant macular disease, such as
macular scarring or soft fluid drusen
from macular degeneration, signifi-
cant diabetic retinopathy or history
of vascular occlusive disease (beyond
a mild branch retinal vein occlusion
in the past, greater than six months
prior with a return to 20/20 vision),
these patients should be counseled
against refractive procedures, not be-
cause of safety concerns but because
they’ll achieve a less than desired
visual outcome.”

* Glaucoma. Refractive surgery
poses some risks for glaucomatous
eyes. During LASIK flap creation,
the elevated eye pressure may dam-
age the optic nerve. Additionally,
postoperative steroid use, especially
after PRK, runs the risk of a patient
developing steroid-induced glauco-
ma. Experts say that SMILE or PRK
may be safer for glaucomatous eyes
since no flap is involved. Refractive
surgery that thins the cornea may
also lead to underestimation of IOP
on Goldmann applanation tonometry.

* Pregnancy and lactation. “Preg-
nancy and nursing are contraindica-
tions for refractive surgery because
the patient’s prescription or refrac-
tion changes postoperatively,” Dr.
Meghpara says.

These changes in the eye’s refrac-
tive index are thought to be caused
by hormonal changes that cause fluid
retention in the cornea’ or by an in-
crease in lens curvature that leads to a
myopic shift.* “Patients should wait at
least six months from when they de-
livered their child and three months
after they stop nursing to undergo a
procedure,” he says.

* Systemic diseases. Autoimmune
conditions are often listed among the
considerations or contraindications
for corneal refractive surgery because
their immunosuppressive treatments
may hinder the body’s healing re-
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sponses. Examples include Sjogren’s
syndrome, type-1 diabetes, systemic

lupus erythematosus and rheumatoid
arthritis.

“I’d be very hesitant to perform a
corneal procedure on a patient being
treated for rheumatoid arthritis,” Dr.
Silverstein says. “Not necessarily a
diagnosis of rheumatoid arthritis but
being treated systemically for it would
be a contraindication.

“Patients who are on systemic treat-
ment for thyroid eye disease need to
be consulted about the significance of
dry eye caused by LLASIK,” he adds.
“Having abnormal anatomy, where
the cornea isn’t properly covered and
protected, would exclude a patient
from corneal refractive procedures.”

“Some surgeons consider many
autoimmune diseases as red flags or
contraindications,” Dr. Odette says. “I
consider them mild contraindications
because many patients with autoim-
mune diseases are asymptomatic and
do quite well with refractive surgery,
though I know that that’s debated.”

“If a patient with an autoimmune
condition is well controlled and their
dry eye is similarly well controlled, 1
might avoid LASIK and do SMILE
or PRK instead,” Dr. Hatch says.
“These procedures may have less
drying potential and risk for dry

”»

eye.

Non-LVC Candidates

Patients who aren’t candidates for cor-
neal refractive surgery still have op-
tions. In addition to intraocular lenses,
experts say implantable collamer
lenses or a refractive lens exchange
are options:

e Implantable collamer lenses. The
EVO ICL (Staar) is an artificial lens
made of collagen and plastic that’s
suitable for patients with moderate
to high myopia under the age of 50
who don’t have cataracts. The lens
is implanted between the natural
crystalline lens and the iris. Experts
say ICLs may be good options for
patients with more severe dry-eye
disease.

“Now that we have the EVO ICL,
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we have more options for patients
who have corneal pathology or who
may not be the best laser vision cor-
rection candidate,” Dr. Hatch says.
“It’s a one-step procedure with no
need to perform peripheral iridoto-
mies.”

Dr. Silverman says, “An ICL.
may be the best option for patients
who have significant nearsighted-
ness (greater than 6 D) with mild to
moderate astigmatism, and for whom
a corneal-based procedure isn’t ap-
propriate—perhaps due to corneal pa-
thology such as Salzmann’s nodules,
which can recur even after removal.”

* Refractive lens exchange.
Experts say that depending on the
patient’s age and anatomic consid-
erations, a refractive lens exchange
with or without femtosecond laser
assistance may be a good long-term
option.

Dr. Silverstein explains, “For
patients in their 50s or older who are
presbyopic with mild or greater cata-
ract, this option offers the potential
for multifocal lenses that give more
range of vision or the Light Adjust-
able Lens, which can be adjusted
after implantation and appropriate
corneal healing in order to achieve
high postoperative accuracy and
predictability in the final refractive
outcome.”

“Now that we have such ad-
vanced [OL technologies, I think
it’s even more important that we
approach the patient with a com-
prehensive refractive mentality,” Dr.
Hatch says. “When we see patients
50 and older, for example, with mod-
erately high amounts of refractive er-
ror including hyperopia, myopia and
astigmatism, we should talk to them
about refractive lens exchange. Pa-
tients should know there are many
different options for treating their
presbyopia in addition to their other
refractive errors.

“When I have patients come in
who are in their 50s—even if they’re
not interested in a refractive lens
exchange and don’t have signs of
lens changes yet—I still always ask

questions about their vision when
they drive at night or in inclem-

ent weather,” she continues. “I ask
whether it’s challenging and whether
they’ve noticed any increased dif-
ficulty. These are very early indicators
that some lens-based changes are
happening. I tell these patients, ‘If we
do laser vision correction on you, this
won’t improve. In fact, your vision
may stay the same or get worse.’

“This can be a determining factor
for those with early lens changes,”
she says. “We may want to advise
patients to wait until their cataract
develops more. Or, if the patient is
really excited or ambitious about
having their vision corrected, then
doing a refractive lens exchange in
older patients may be the best way
to go.”

Dr. Hatch says she doesn’t gener-
ally consider performing a refractive
lens exchange in a patient under 50.
“Patients who are in their forties still
have accommodation and attached
vitreous, so I tend to wait until
they’re a bit older,” she explains.
“That said, I do think we have to
approach patients from a compre-
hensive mentality and explain all
the possible options, even those that
might open up down the road, and
even if you don’t offer refractive lens
exchange. We also need to make
sure they understand the implica-
tions of having had prior laser vision
correction at the time of cataract
surgery. The impact the laser has on
their cornea can affect what implant
technology we might be able to offer
them at the time of cataract surgery
due to the shape change of the cor-
nea. Keratometry shape, as we know,
is so critical in the IOL selection. 4
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HOW TO MAKE
PHACO MORE EFFICIENT

A look at the modern technology and machine functions that can increase efficiency during phacoemulsification.

ANDREW BEERS
ASSOCIATE EDITOR

veryone’s probably heard the

phrase “work smarter, not

harder” at least once in their

lives. While the basic prin-
ciples of phaco haven’t changed, the
technology used for it has advanced
over the years, providing surgeons
with various options to efficiently
improve their operations and work
smarter. Here, cataract surgeons pro-
vide insight into the latest technol-
ogy advancements and how they use
them to achieve greater efficiency in
their cataract procedures.

Machine Settings:

Best Practices

There are many different brands
and models of phaco machines on
the market, but they all come with
the same basic settings: power;
vacuum; and aspiration flow rate.
Normally, a representative from the
phaco machine manufacturer will
visit a physician’s office or operat-
ing room to program the machine
settings. But, in most cases, the
settings can be easily altered pre-,

intra- and/or postoperatively.

“For each step of the procedure,
you’d dial in different parameters,”
says Kevin Miller, MD, the Koloko-
trones Chair in Ophthalmology at
UCLA. Dr. Miller received his un-
dergraduate degree in bioengineer-
ing from John Hopkins University
and consults for many companies in
the phaco industry. Because of his
technical background, Dr. Miller
finds himself modifying his machine
settings regularly. “I’'m one of those
people that likes to tweak things.

If 'm struggling at some point in
the procedure, then I’ll make little
tweaks. As I finish the case, and if
I like those tweaks, then I'll save
them so that they’re permanent.”

Dr. Miller understands that the
factory settings on phaco machines
are standardized for cataract surgery,
which leads to many surgeons losing
efficiency during operation. He says,
“I do know that the vast majority of
surgeons, once the phaco specialist
comes in and sets up the machine
and after the surgeon goes through
their first five cases, they will never
touch the settings. They’ll come
back 10 years later, and it’ll have the

same settings.”

"To increase efficiency during
cataract surgery, Dr. Miller suggests
more vacuum, more phaco power
and more aspiration flow rate. “T'hat
allows you to blast through the
cataract, get it out of the eye and
rip it out really fast,” he says. “But
those very same settings that allow

UOJSI/ UOSUYO[ B UOSUYOP

Veritas’ settings are toggled via the touch-
screen. Twenty setup options can be pro-
grammed onto the machine. The default
settings, “Advanced Fluidics Program” and
“Advanced Infusion Program,” are avail-
able on the touchscreen as well.

This article has no commercial " . . o ) )
Dr. Miller consults for Alcon and Johnson & Johnson Vision. Drs. Waite and Parker have no financial interests in the products discussed.
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you to go faster actually reduce the
safety of the procedure. All it takes
is for one bad capsule and you could
just throw away any efficiency gains
that you had gotten for that day.”

If increasing settings reduces
safety, then what’s a good practice to
adjust settings without jeopardizing
a patient’s safety? Aaron Waite, MD,
from Waite Vision in Utah, sets his
phaco machine, Oertli’s CataRhex
3, to toggle between different set-
tings using the foot pedal. “When
you do something as precise as eye
surgery you want to make sure your
settings are set for all comers,” he
says. “Set the settings for the dens-
est lens you’re going to encounter,
and then you have the modification
of the power to use only when you
want. So, if a patient comes in and
they have a super dense lens, I'm
all ready to go. If they’ve got a soft
lens, piece of cake.

“Anytime you’re around a new
machine, you have to realize you’re
going to have to optimize the set-
tings for you as a surgeon,” Dr.
Waite continues. “For example,
I’ve used a couple of really good
machines that I wasn’t happy
with because the settings weren’t
optimized, but I know if I had the
time to sit down and play with
the machine, then I’d probably
be completely satisfied with those
machines.”

Dr. Miller explains why he be-
lieves surgeons are hesitant to touch
the machine settings. “[A phaco
machine is] a versatile tool with a lot
of settings that you can adjust, but
most people are afraid to touch them
because [they’re afraid to break
the device],” he says. “It’s like an
80-year-old who gets an iPhone who
doesn’t want to break the phone
by pressing on the icons. You can’t
break it. You push on it and things
pop up, you press on other things
and more stuff pops up. You play
with it and then eventually you
figure out how the phone works.
Same thing with a phaco machine.
So, there are all these little things
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Kevin Miller, MD

In April, during an Alcon Advanced Cataract Surgery Course in Irvine, Calif., surgical
residents learned about the technology for the Centurion system. Residents could test the

settings and functions of the machine.

you can tweak to make it more com-
fortable for the patient, optimize
your efficiency, and also balance

it out with safety. But, it means
overcoming the fear of breaking the
machine by touching it and getting
below the settings. And most of

the companies—I would say all the
companies—have phaco specialists
who would be happy to come back
and help you optimize your settings
based on how they see the cases that
you’re doing.”

Some surgeons find the default
settings to be comfortable and
familiar to their practice. Vestavia,
Alabama’s Jack Parker, MD, believes
adjusting the settings can cause
issues cognitively when using the
machine. “Usually, I don’t do very
much adjustment intraoperatively,”
he says. “The reason is that once
you start fiddling around with things
a little bit, you sort of just lose your
sense of predictability about what’s
happening and then you become a
little less familiar of what’s going on
at what speed. So, typically I’'m more
comfortable just leaving everything
alone during the case.”

Dr. Miller says that, though the
phaco settings are important, they’re

not the end-all be-all when it comes
to total efficiency. “The 30,000-foot-
view issue is that for most surgeons,
the nucleus removal only takes
about a minute, so it’s pretty quick
no matter how you do it,” he says.
“No matter how unsophisticated
you are, or how geeky you are,
you’re talking about a minute, plus
or minus a little bit, for most people
to get through the nucleus removal.
So, if you’re really trying to eke

out efficiency, how much addi-
tional time can you shave off of that
minute, and do those few seconds
really make a difference in terms of
the number of cases you're going to
do on a given day? Probably not. I
would say most efficiency gains in
surgery will have nothing to do with
phaco settings. Even though we
obsess about it, and there are things
you can do to get through the phaco
part faster, in the grand scheme of
things, they probably don’t amount
to a hill of beans.”

Longitudinal, Torsional and
Transversal

Years ago, phaco companies altered
the movement of the phaco probe in
an effort to gain more efficiency and
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safety. Most phaco machines use longitudinal ultrasound
to breakdown the nucleus in the lens. Other platforms
like Alcon’s Centurion and Johnson & Johnson Vision’s
Veritas use different forms of ultrasound to reduce
thermal energy during surgery. Here’s a review of these
alterations and what they bring to the table.

"Transversal ultrasound, found in the Veritas system,
minimizes chatter from the nuclear fragments that are
being emulsified. This type of modulation results in the
ability of a “side-to-side” movement that may reduce
the frictional heat commonly generated by longitudinal
movement, according to the company.' Alcon says the
torsional oscillation effect found in the Centurion sys-
tem reduces the amount of energy and increases the ef-
ficiency required to remove the nucleus by fragmenting
the cataract via shearing, in place of the conventional
jackhammer effect from longitudinal ultrasound.’

“There’s an efficiency advantage of having pure tor-
sional over pure longitudinal,” says Dr. Miller. “In pure
longitudinal, the phaco needle basically pistons forward
and backward at about 40 kHz. The tip, virtually at full
throttle, pistons at about 3.5 ml./min at 40 kHz. With
torsional, it’s different. For the exact same amount of
energy applied into the eye, there’s twice as much cut-
ting. So, that’s obviously more efficient.” Although the
frequency of torsional phaco is lower than longitudinal
phaco at 32 kHz to 40 kHz, at least one study found that
the reduction of the repulsive effect and cutting in the
lateral direction by torsional phaco make it efficient.?

J&J’s Veritas doesn’t use pure transversal ultrasound,
but rather a combination of longitudinal and transversal
movements.® In a 2023 study, researchers compared the
grooving efficiency between longitudinal and trans-
versal ultrasound handpieces. They didn’t observe a
significant difference in grooving time between the
two phaco probes. Transversal ultrasound had a statisti-
cally significant decrease in time as the power settings
were increased from 25 to 75 percent (5.22 +0.758 and
4.63 +0.69 seconds).* However, researchers speculated
that transversal can be more efficient than longitudinal
phaco due to increased chatter from longitudinal move-
ments.*

Phaco Machines

No two phaco machines are exactly the same, and vari-
ous models provide features that can increase efficiency
when performing phacoemulsification.

* Bausch + Lomb Stellaris Elite. Bausch + Lomb’s
Stellaris Elite Microsurgical System offers both cataract
and retina capability in a single platform. The machine
features B+L's Adaptive Fluidics with dynamic infu-
sion compensation, which the company says monitors
and compensates fluid flow in the eye. B+L says that
efficiency gains in fluidics stem from the rotary vane
pump that features a low start-up torque and high-flow



capability. Furthermore, instead of
traditional longitudinal, the Stellaris
uses “Attune” energy. B+L says that
this form of energy uses longitu-
dinal ultrasound but combines it
with acoustic cavitation technology.
Acoustic cavitation is the growth and
collapse of preexisting microbubbles
under the influence of an ultrasonic
field in liquids.®

The Stellaris uses a touchscreen
display to control machine param-
eters. Here, surgeons can access
phaco power, aspiration flow rate,
vacuum and more. Phacoemulsifica-
tion frequency runs at up to 28.5
kHz with a pulse mode range of 1 to
250 pulses per second. Irrigation can
be manipulated using either gravity,
pressurized air or both. Air pressure
maxes out at 100 mmHg and the
vacuum can fluctuate between 0 and

600 mmHg.

The Stellaris is equipped with
vitreous removal. B+L's Bi-Blade vit-
rectomy cutter is a dual-edge blade
that effectively cuts at 15,000 CPM.
Another retina feature specific for
the Stellaris is the Vitesse hyperson-
ic vitrectomy system. This system
produces high-frequency longitu-
dinal vibrations that aim to liquify
vitreous, as opposed to a traditional
guillotine vitrectomy system that
cuts vitreous at a high rate.’

* Alcon Centurion. The
Centurion Vision System is similar
to the Alcon Infiniti Vision System.
The Centurion is equipped with tor-
sional phaco, and features the “Ac-
tive Sentry” handpiece. According
to Alcon’s website, this handpiece
has a built-in pressure sensor that
regulates IOP and chamber stability.

Surgical residents in Southern California test the settings of Bausch + Lomb's Stellaris

Elite. These are not recommended settings, but rather an example of the settings and

features presented on the machine.

I

“With the Centurion, I have a
sculpt that’s on continuous, a chop
which is on burst, and a quad which
is on pulse,” says Dr. Waite. “The
other thing is that it has torsional
and longitudinal phaco. So, the
phaco tip has sort of a bend to it so
if you twist it, [it phacoemulsifies
the cataract], where if you have a
straight tip and twist it, it does noth-
ing. So, the torsional phaco can only
work with a certain type of phaco
tip, but the Alcon machine uses
what the company calls ‘intelligent
phaco,” which is predominately tor-
sional, but then it kicks into longitu-
dinal once you have occlusion.”

T'he Centurion begins to become
more efficient when torsional power
reaches 60 percent.” This occurs
when the machine’s vacuum is set
at 550 mmHg, aspiration at 50ml/
min, and IOP at 50 mmHg.* During
a 2016 study, researchers found no
efficiency gains after increasing the
torsional power above 60 percent.
They reported that chatter was
highest at 10-percent power and
decreased linearly as power was
increased up to 60 percent, and chat-
ter didn’t improve above this power
level.®

* Johnson & Johnson Vision
Veritas. The Veritas features a dual
pump fluidics system, which J&]J
says increases phaco efficiency by al-
lowing surgeons the ability to switch
between peristaltic and Venturi
pumps and adapt to clinical needs.

In order to optimize the Veritas
system for surgery, researchers
determined the most efficient set-
tings for both available pump types.
During an 7 vitro laboratory study,
researchers hardened porcine lens
nuclei with formalin to simulate a
human cataract lens.® Using a Ven-
turi pump, researchers concluded
that the phaco system became most
efficient when the bottle height was
set at 100 cm, the vacuum was set to
600 mmHg, and the power was set
to 80 percent.® Aspiration flow rate
wasn’t measured during the study.

In a separate study using porcine
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lens nuclei, researchers determined
the most efficient settings with a
peristaltic pump attached to the
Veritas. They concluded that set-
ting the bottle height at 100 cm,
vacuum at 600 mmHg, aspiration
rate of 50 or 60 ml./min, and power
at 90 percent provided the most
efficient parameters.’

* Oertli CataRhbex 3. “There
isn’t a traditional software operat-
ing system on the CataRhex. It’s
a direct push of a button to func-
tion, like a handheld calculator.
"This means there are no software
glitches, problems, or updates, and
due to this approach, the CataRhex
is remarkably low maintenance,”
says Dr. Waite. Oertli describes its
phaco machine, the CataRhex 3, as
compact and portable. The device
itself weighs 11 Ibs., and all connec-
tions and features can be accessed
on the front of the device. Also, the
CataRhex is equipped with Oertli’s
Speep pump, which is a peristaltic-
Venturi pump hybrid. The pump al-
lows for surgeons to independently
control both the flow and vacuum.

The CataRhex 3 allows surgeons
to toggle between what it calls
Phaco 1, 2 and 3. Dr. Waite worked
closely with an Oertli representa-
tive to choose specific parameters

Oertli offers optional accessories such as
a carrying case, a sterile touching device
and an infusion pole to make the CataRhex
3 simpler to transport, set up and operate
in most clinics.
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that fit his needs for each phaco
settings. “What I use for my Phaco
1, we’re going to call that one
‘sculpt,” is continuous phaco at 60
percent, flow at 18mL/min and the
vacuum set to 100 mmHg. Phaco 2,
which is ‘chop,’ is in a burst mode.
The burst’s power is at 70 percent,
the flow is at 40mL./min and the
vacuum is at 475 mmHg. Phaco 3 is
the ‘quad’ setting. That’s in a pulse
mode. Pulse is at 55 percent, flow is
at 40 mL/min and the vacuum is at
565 mmHg,” he says.

Dr. Parker is also a CataRhex 3
user. “We use a low vacuum usually
between 60 and 100 mmHg and a
higher phaco power: about 80 per-
cent. Flow is usually about 10 mL./
min,” he says. “T'he settings that [
quoted aren’t particularly aggressive;
they’re the default settings recom-
mended by the company.”

* DORC EVA System. Dutch
Ophthalmic Research Center offers
the EVA Nexus, an ophthalmic
surgical system, with the upgraded
phaco-vitrectomy system. The
integrated footswitch comes with
six programmable buttons that al-
low surgeons the ability to switch
between phaco and vitrectomy sur-
geries. The company offers custom-
izable inlays to allow for alternative
foot positions and comfort. Surgeons
can control the device’s vacuum and
flow using Vacuflow V'Ti technology.
"This eliminates the risk of unwant-
ed pulses or flow. The vacuum runs
between 0 to 680 mmHg and the
flow runs between 0 to 90 mL/min.

The EVA platform is meant for
both phacoemulsification and vit-
rectomy. The vitrectomy handpiece
cuts at a max speed of 16,000 CPM,
but surgeons can opt for a different
device. DORC’s TDC cutter has a
cut speed of up to 8,000 CPM and is
designed to facilitate cutting tissue
on the return of each stroke of the
vitrectome. For phacoemulsifica-
tion, phaco pulse mode runs at a
maximum 250 PPS at 40 kHz. In the
EVA EquipPhaco platform, DORC

provides disposable and reusable

phaco tips in four sizes: 1.8 mm; 2.2
mm; 2.4 mm; and 2.8 mm.

The latest phacoemulsification
technology is continuously being ad-
vanced through the numerous phaco
platforms on the market. “I think
the phaco machines of the future
will have a little bit of Al, or smart
programming, in it to figure out if
you’re struggling. It’ll learn how to
auto adjust for you so that it hap-
pens intuitively. I think things like
that will happen down the road,” Dr.
Miller speculates. “Things like that
smart software that will be running
in the background will make novice
surgeons look like more experienced
surgeons because it’s going to help
optimize the technology portion of
what they’re doing. But the technol-
ogy isn’t there, yet. We're still in
the phase where you have to set the
things yourself.” <4
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THE LATEST TECHNIQUES AND
TEGH FOR DMEK AND DSAEK

DMEK is the procedure of choice for Fuchs' dystrophy, with DSAEK typically reserved for complex eyes.

MICHELLE STEPHENSON
CONTRIBUTING EDITOR

escemet’s stripping automated

endothelial keratoplasty

and Descemet’s membrane

endothelial keratoplasty have
advantages over full-thickness cor-

neal transplants, namely a decreased

risk of tissue rejection, faster visual
recovery and the potential for better
vision.

According to Winston
Chamberlain, MD, PhD, who is in
practice in Portland, Oregon, the
primary indication for corneal
transplant surgery in the Western
world is Fuchs’ dystrophy. “His-
torically, we have thought of it as
being a Caucasian disease, but it’s
actually probably present in many
different populations,” he says.
“The genetic variants that drive it
may be different, and it probably
accounts for about 60 percent of
all corneal transplants now in the
United States. Most physicians in
the U.S. would choose to perform

Nandini Venkateswaran, MD

approaches to these transplantation
procedures.

Candidates for DMEK/DSAEK
Nandini Venkateswaran, MD, who
is in practice in Boston, says DMEK
is her go-to procedure for patients
with Fuchs’ endothelial dystrophy
or pseudophakic bullous keratopa-
thy. These are often straightforward
cases. “I tend to reserve DSAEK for

more complex cases, such as patients

who’ve had prior retinal detachment
surgery or prior glaucoma surgery,
who may be aphakic or have an

anterior chamber intraocular lens,
or who may have a more complex
anatomic structure, such as iris de-
fects and atypical anterior chamber
depth, that may hinder a DMEK
graft from successfully attaching in
the eye,” she says. “As you incor-
porate both of these techniques in
practice, a lot of your DMEK cases
tend to go faster than your DSAEK
cases because you self-select the
tougher cases for DSAEK. For pa-
tients with an existing but edema-
tous penetrating keratoplasty, both
DSAEK and DMEK can work, but
I tend to do more DSAEK in
those scenarios.”

Clara Chan, MD, who is in
practice in Toronto, agrees.
“DMEK is the more anatomi-
cally correct way to replace the
stripped diseased endothelium
and Descemet’s membrane,” she
says. “T'issue handling can be

52 more challenging with DMEK;
. N and being able to visualize inside
the anterior chamber is crucial
— { ) because the donor tissue is in-
k. bt \ » 3 serted as a scroll, which requires
Figure 1. Insertion of DMEK graft with a Geuder a variety of tapping maneuvers
cannula. in a shallowed anterior chamber

YIERT Y FRY LR LB ET Dr. Venkateswaran has a financial interest in CorneaGen. Drs. Chamberlain and Chan have no financial interest in any of the products or companies
sponsorship. mentioned in this article.
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to open up and position properly.
DSAEK more commonly has

a role in complex eyes, such as
those with prior vitrectomy, an
anterior chamber intraocular lens,
multiple iris defects, aniridia,
aphakia, or advanced corneal
edema such that the view into the
anterior chamber is very poor.”

Tips and Techniques for DMEK
According to Dr. Chamberlain, the
most common surgical method in
the United States for DMEK is to
use pre-loaded tissue, which has
made the surgery accessible to
more corneal surgeons. “T'his basi-
cally means that the eye bank does
a lot of the work for the surgeon,”
he says. “T'hey cut the graft, peel it
off, and put it in an injector/shooter.
When the surgeon receives it, the
injector/shooter is bathing in a media
that supports the corneal cells. And
then the surgeon just has to inject
or pull it into the eye. There are a
few injectors out there, and they are
all about equivalent in terms of how
much they damage the cells. The
most popular ones are made of glass,
and there is a bit of a trend toward
using narrower openings.

“A Jones Tube-based injector was
originally modified by Mike Straiko,
MD, and more recently remodified
by Gunther Weiss, to be narrower and
go through a 2.2-mm wound,” Dr.
Chamberlain continues. “The advan-
tage is that you have smaller incisions
with a more stable anterior chamber
when injecting and manipulating the
graft in the eye. One of the dangers
of having an unstable chamber is that
the graft can shoot back out through
the wound, and that can damage the
endothelial cells.”

"Typically, the endothelium of
the graft is rolled out, which is the
natural roll. There’s a new trend
of forcing the endothelium to face
inward by locking the scroll in an
inverted orientation inside a narrow
injector tube. “We call it endo-in,
and the advantage is that you can
actually pull it into the eye with an
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Figure 2. “S" stamp with SF6 gas in DMEK.

instrument and the graft will be in
the right orientation in the anterior
chamber,” Dr. Chamberlain says.
“Experienced DMEK surgeons are
probably not as concerned about this
orientation issue on routine DMEK
surgeries, but there are some
theoretical advantages for more
complicated eyes, such as those with
a damaged iris, aphakia or post-
vitrectomy. Because this method
puts the graft in the proper orienta-
tion, it can be positioned against the
posterior cornea while being held

in place by the second instrument
to keep the surgeon from losing the
graft onto the retina in aphakic eyes
or pressing it against an intraocular
lens in eyes with large or damaged
pupils, or where the chamber can’t
be shallowed. Several eye banks are
starting to provide surgeons with an
option to get tissue prepared in that
orientation.”

Dr. Chan says that she marks the
tissue to ensure the correct orien-
tation, and she pre-places a 10-0
nylon interrupted suture in the main
incision. “I try to get the graft into a
double-scroll configuration prior to
injecting into the eye because then
it is much easier to unfold and to
orient the endothelium side down,”
she says. “The anterior chamber
must be shallowed and have a low
pressure during the injection or the
DMEK tissue risks being ejected
out of the wound. Once the DMEK

graft is in the anterior chamber, it
has to remain shallow to pin the
graft in place. I tie the suture us-
ing a slip knot, then I use a couple
27-ga cannulas attached to 3-cc
syringes to gently tap open the
graft and massage it into position.
[ do a 10-minute pressurized full
fill using approximately 14 per-
cent SF6 gas (0.7 cc SF6 in a 5-cc
syringe) and then lock the slip
knot while the anterior chamber
is in a physiologic shape. Lastly,

I reduce the bubble size to about
60 percent, making sure that it
covers the diameter of the DMEK
graft, by injecting a phenyleph-
rine cocktail similar to that used in
floppy iris cataract cases to ensure
that the pupil dilates as well. In eyes
with tubes or trabs, I will leave in a
full gas fill with the IOP around 25.
"Topical cyclogel is also used fol-
lowed by a subconjunctival injection
of ancef and dexamethasone.”

Tips and Techniques for DSAEK

According to Dr. Chamberlain,
DSAEK accounts for approximately
one-third of the transplants being
performed in the United States. “It
is still largely performed by surgeons
using a pre-cut graft,” he says. “It’s
cut at the eye bank and comes intact
on a corneoscleral rim. The surgeons
trephinate the tissue to the desired
size and put it into the eye. There
are various ways to do that. Some
surgeons slide it into the eye in the
correct orientation on a Sheets glide.
Many surgeons use an injector or
pull-through method, and there are
several available. Some eye banks
are now taking these injectors and
pre-loading them with DSAEK
grafts. The surgeon receives the
graft, and he or she just has to pull

it in the eye with a microforceps or
push it in with fluid. That saves the
surgeon some steps in the OR and
cuts down on OR time. I personally
have been a little concerned about
storing DSAEK grafts and those
injectors because they’re much

thicker than DMEK grafts, and



there may be some crowding, with S ¥
a reduction in access and diffusion < §
of storage media over the storage
time, but several eye banks have
validated this storage technique
and vouch for its safety.”

Dr. Chan adds that there are
many instruments and inserter
systems available for both DMEK
and DSAEK, and she recommends
practicing using these instruments
in a wet lab prior to perform-
ing live surgery. “Some cornea
surgeons prefer a pull-through
technique for DSAEK, while oth-
ers prefer an injector or push-in
technique,” she says.

Francis W. Price

Figure 3. The graft is unfolded and in place; air
placed in the anterior chamber helps to hold it
there. (Arrows mark the edge of the graft.)

Dr. Venkateswaran primarily
uses the EndoSerter from
CorneaGen. “The EndoSerter gets
attached to the irrigation/aspiration
unit on your phaco machine, and it’s
nice because it has ongoing irrigation
as you're inserting the graft into the
anterior chamber,” she says. “This
allows you to maintain the anterior
chamber depth and have a smooth
and atraumatic insertion of the graft
as compared with other techniques
like folding forceps or direct pushing
of the graft into the eye on a Sheets
glide with a small needle. Some
ophthalmologists use the Tan Endo-
Glide from Innovia Medical, which
is also a great tool. | like the fact
that the EndoSerter allows for an
ongoing infusion with it, so I don’t
need to place in an anterior chamber
maintainer when I do these cases.”

Dr. Chamberlain adds that some
surgeons are using support mecha-
nisms, such as an anchor stitch
through the graft, for complicated
DSAEKSs. “Surgeons can run a stitch
through the graft to pull it into the
eye and/or anchor it to the back
of the cornea,” he explains. “The
most common method is probably
a single suture superiorly or nasally.
It may damage the endothelium at
one discrete point, but if it’s done
carefully, it’s very effective at reduc-
ing postoperative manipulation in
the event of a detachment. It doesn’t
keep the graft from detaching, but

it keeps it from dislocating. This is
a useful technique for complicated
eyes where the bubble might escape
to the back of the eye or go up into
a glaucoma shunt or trabeculec-
tomy bleb the night after surgery. It
can be easily rebubbled at the slit
lamp the next day or at the 1-week
visit in clinic if the graft has partially
detached from the posterior cornea,
similar to a DMEK rebubbling step.”
Dr. Chan says that, for DSAEK,
she uses an anterior chamber main-
tainer hooked up to the irrigation
on a phaco machine with IOP set
to 40 mmHg with a pull-through
technique using the Tan curved
DSAEK forceps and a reusable in-
serter device, such as the Macaluso
or Busin glide. For DMEK, she uses
the Geuder glass cannula attached
to a 3-cc syringe filled with balanced
salt solution to inject the tissue.
“DSAEK tissue, no matter how thin,
will typically open up in the correct
orientation,” she says. “I like to pre-
place a 10-0 nylon suture in the main
incision. Before the forceps lets go of
the tissue, I inject a small air bubble
underneath the graft to keep it float-
ing against the cornea. Then, I tie
the slip knot and bump the graft into
position using the 19-gauge cannula,
which is usually attached to a large
BSS bottle, then pressurize the eye
to an IOP of about 40 with a full air

i '1 fill in the anterior chamber for 10

minutes. | finish tying off the su-
ture at the main incision now that
the anterior chamber is physiolog-
ic in shape before reducing the air
bubble to about 60 percent, ensur-
ing that it covers the diameter of
the graft. In complex eyes at no
risk for pupil block, I will release
some air to bring the IOP down to
about 25 mmHg, but will keep the
anterior chamber completely filled
with air.”

She adds that patients are kept
supine in the recovery area for
one hour after DSAEK and for
two hours after DMEK. Instruc-
tions are given to maintain supine
positioning as much as possible or
on the opposite side to the surgical
eye so that the bubble covers the
temporal incision (a frequent loca-
tion for graft detachments especially
in DMEK if the graft overlaps the
irregular internal main wound).
“Patients’ vision and IOP are then
checked in the clinic and a drop of
cyclogel and antibiotics is instilled,
before being repatched and shielded
and checked again the next morn-
ing,” she says. “Having a consistent
technique and being detail-oriented
with each surgical step helps to
ensure consistent successful results
with a low rebubble rate.”

The Future

Dr. Venkateswaran says that ad-
vances to these corneal procedures
will continue. “DSAEK tissue didn’t
come pre-loaded until recently.
Now, we’re seeing multiple eye
banks and insertion devices hav-

ing pre-loaded DSAEK tissue, just
like we have pre-loaded DMEK
tissue. This simplifies and shortens
your surgical and procedural time
and increases efficiency, and I think
many surgeons are transitioning over
to these techniques. I do think that
corneal surgery will continue to play
a role, but we’re seeing the advent
of injectable endothelial cell therapy,
which may supplant surgical options
in the future,” she says. €
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THE IMPACT OF DRCR
PROTOCOL STUDIES

Researchers in the field of diabetic eye disease discuss how various Protocol trials have influenced treatment

LIZ HUNTER
SENIOR EDITOR

or the past two decades, the

Diabetic Retinopathy Clini-

cal Research Network has

centered its mission on col-
laborative research that sheds light
on benefits and risks to certain
treatments for patients with dia-
betic retinopathy and other retinal
diseases. Ophthalmologists perhaps
know better than any other type of
physician the ubiquity of diabetes
and its consequences to individu-
als. The advent of therapies such
as anti-VEGF have given retina
specialists a lot to consider in their
approach to treatment, and there’s
constantly something new to keep
an eye on.

We spoke with some of the re-
searchers who took part in a few of
the DRCR’s key studies in recent
years and asked how each Protocol
trial has impacted treatment para-
digms and what questions are yet to
be answered.

planning for PDR, DME and others.

Protocol S

Protocol S caused a significant shift
in treatment of proliferative diabetic
retinopathy. Published in 2015, it
compared panretinal photocoagula-
tion vs. the anti-VEGF ranibizumab.!
At the time, PRP was the standard

of care, but there were recognized
risks associated with it, such as retinal
damage that could result in peripheral
vision loss or worsening diabetic mac-
ular edema. Protocol S questioned if
ranibizumab as first-line treatment
would be non-inferior to PRP.

A total of 305 adults with PDR
were randomized into the ranibizum-
ab group (n=191 eyes): intravitreal 0.5
mg ranibizumab with PRP if treat-
ment failed; ranibizumab as needed
for DME; and the PRP group (n=203
eyes): PRP; ranibizumab as needed
for DME.! Visual acuity results
showed treatment with ranibizumab
was non-inferior to PRP treatment
at two years. The ranibizumab
group had a mean visual acuity letter
improvement of +2.8 at two years vs.
+0.2 in the PRP group.

This article has no commercial sponsorship.

Five-year results of Protocol S
showed severe vision loss and PDR
complications were rare in both
the ranibizumab and PRP groups,
although the ranibizumab group had
lower rates of developing diabetic
macular edema and less visual field
loss.? Protocol S gave confidence
in anti-VEGF as initial treatment,
however, there were patient factors
for every ophthalmologist to con-
sider before diving into it, including
patient compliance. Even with the
DRCR’s considerable resources to
reach patients—including investiga-
tors, coordinators and a third-party
search service—the five-year results
showed relatively high rates of loss-to-
follow-up: 74 eyes in the ranibizumab
group didn’t complete their five-year
visit (53 withdrawn, 21 died); and 80
eyes in the PRP group (65 withdrawn,
15 died).’

Jennifer K. Sun, MD, MPH, an
associate professor of ophthalmology
at Harvard University, helps lead the
DRCR Retina Network’s diabetes
research initiatives, and says, de-

Dr. Maturi is a consultant for Allegro, Allergan, Allgenesis, Eli Lilly, Dutch Ophthalmic, Novartis, neurotech and Jaeb Center for Health Research. He receives research support from
Allergan, Genentech, Ophthea, Kalvista, Samsung Bioepies, Graybug, Santen, Thromobgenics, Gyroscope, Gemini, Boehringer Ingelheim, Allegro, Senju, Ribomic, NGM biopharma-
ceuticals, Unity, Graybug and Clearside. He's also the Safety Committee Chair of Aiviv. Dr. Pieramici receives research funding from and consults for Genentech, Inc. and Regeneron
Pharmaceuticals. Dr. Sun discloses research support from Adaptive Sensory Technologies, Boehringer Ingelheim, Janssen, Novartis, Novo Nordisk, Optovue, Physical Sciences, Inc.

and Genentech/Roche.
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spite Protocol S’ consistent results, it
spurred discussions among those in
the field.

“There’s been a lot of discussion
in the years since the primary results
of Protocol S were released in 2015
around the fact that anti-VEGF in-
tervention is a very effective therapy
in terms of regressing retinal neovas-
cularization, but frequently it’s not a
durable therapy,” she says. “Patients
with proliferative retinopathy are at
pretty high risk for missing follow-
up visits, and there’s a whole variety
of reasons why that happens. Even
though they may have been doing
very well with anti-VEGE, once that
effect wears off and the vessels start
growing again, if they miss follow-up
visits, occasionally we’ll see patients
come back in who have really florid
retinal neovascularization with po-
tential vitreous hemorrhage, retinal
detachments. We just hope we can
get back in and treat that before they
have irreversible vision loss.”

Dr. Sun says the majority of
clinicians these days in practice are
probably using a combination of the
two treatments for many of their
patients. “One of the next studies I'd
like to see would be a very careful
characterization of combination treat-
ment therapy with both anti-VEGF
and PRP—to understand what the
outcomes are,” she says. “Would that
give us a more durable response than
anti-VEGF therapy alone over the
long term while still reducing rates of
diabetic macular edema compared to

PRP alone?”

Protocol T and Protocol AC

It’s not uncommon for the results of
one Protocol study to inspire another.
For example, Protocol I, published in
2010, looked at treatments for center-
involved DME and determined that
eyes treated with ranibizumab 0.5 mg,
with prompt or deferred focal/grid
laser demonstrated superior visual im-
provements vs. the other groups: laser
alone vs. intravitreal triamcinolone

plus focal/grid laser.® Prior to ranibi-
zumab’s FDA approval for DME,

bevacizumab (Avastin) was being
used off-label, spurring the DRCR

to organize Protocol 'T' to compare
ranibizumab and bevacizumab for
DME. However, in the process of be-
ginning the study, the FDA approved
aflibercept for neovascular AMD, thus
it was added to Protocol T.

In the study, 660 eyes with a visual
acuity ranging from 20/32 to 20/320
and center-involving DME were
randomized into one of the three
anti-VEGF treatment groups. Study
participants couldn’t have undergone
anti-VEGF therapy in the previous
12 months, nor any laser or steroids
for DME in the prior four months.*
"The primary outcome was the mean
change in visual acuity letter score
from baseline to one year. Aflibercept
showed the greatest improvement,
with a mean of +13.3 letters gained,
vs. +11.2 with ranibizumab vs. +9.7
with bevacizumab. However, at two
years, aflibercept and ranibizumab
showed no differences between the
two groups, yet bevacizumab re-
mained inferior to aflibercept but not
ranibizumab.

“Protocol T needed to tackle this
question of finding out if one or more
of these therapies were better than
the others not only to help us give
the most effective treatment, but also
because there’s a huge cost difference
between these agents,” says Dante
Pieramici, MD, a member of the
DRCR Protocol T writing committee
and a private practitioner in Santa Bar-
bara, California. “Avastin is less than
$100 per injection, while the others
are upwards of $1,500 to $2,000 each.

“Over a two-year period, both of
the more expensive drugs turned out
to be better at improving vision and
reducing retinal thickness, but most
of this was driven by patients who
had worse disease,” he continues.
“So, if you did a subgroup analysis of
patients who had vision better than
20/50 compared to those that had
20/50 vision or worse at baseline, you
found that there really wasn’t a big
difference between the drugs as far as
visual acuity was concerned. Whereas

in the patients who had worse vision
at baseline (20/50 or worse), most of
that difference was driven by this
group of patients.”

Further questions were raised from
Protocol T though, particularly in
response to insurance mandates on
step therapy.

“It was very clear that after Proto-
col T, the standard of care became
treatment with aflibercept or possibly
ranibizumab in eyes with moderate
or worse vision impairment,” says Dr.
Sun. “That being said, we know that
there are also differences in terms
of cost and availability of medica-
tions and we were starting to see, as
practitioners, that step therapy was
being mandated by private payers
more frequently over the previous
few years. No one had actually done
a careful study to say ‘would this kind
of approach potentially be harmful to
patients?” ”

"This was the origin of Protocol AC
in which patients were either started
on bevacizumab and transitioned to
aflibercept at 12 weeks or later (if
criteria were met) or were placed in
an aflibercept monotherapy group.®

“We wanted to know, if you started
with the less expensive therapy
and switched, if there wasn’t a good
response, would that put the patients
at a disadvantage?” says Dr. Pieramici.
Medicare data in the study reports the
cost of aflibercept at $1,830 vs. $70
per dose of bevacizumab.

“We had very specific switch cri-
teria,” says Dr. Sun. As stated in the
study, switch criteria included: persis-
tent center-involved diabetic macular
edema (defined as the central subfield
thickness being above the eligibility
threshold); an adequately treated eye
(administration of bevacizumab injec-
tions at the previous two consecutive
Visits); no recent improvement in eye
condition (no improvement of visual
acuity by 25 letters and no decrease
in central subfield thickness of 210
percent as compared with each of
the two preceding visits or between
each of the two preceding visits); and
suboptimal vision (visual acuity, 20/50
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or worse before 24 weeks or 20/32 or
worse at 24 weeks or later).’

“Over the course of the study, the
huge majority of eyes in the bevaci-
zumab group did end up switching—
about 70 percent by the end of two
years,” continues Dr. Sun. “The ma-
jority of them switched within the first
year of treatment, but we found that
over two years, we really didn’t see
differences in terms of mean change
in visual acuity from baseline to two
years.” At two years, the mean change
in visual acuity from baseline was
14.7£14.5 letters in the aflibercept-
monotherapy group (in 132 eyes) and
15.9£12.4 letters in the bevacizumab-
first group (in 128 eyes), with an
adjusted between-group difference of
-1.8letters (95% CI, -4.9 t0 1.2).°

“When we look at the retinal
thickness outcomes, the eyes that
were treated with aflibercept first
probably had slightly better improve-
ment in retinal thickness early on,
but again, by the end of two years,
the bevacizumab-first group had
caught up very nicely and had very
similar results,” Dr. Sun says. The
study reported similar percentages of
eyes with a central subfield thickness
below thresholds for diabetic macular
edema: 60 percent in the aflibercept-
monotherapy group and 55 percent in
the bevacizumab-first group.®

“The similarity between the visual
acuity results in the two groups is
there, whether you look at mean
change in vision or whether you look
at thresholds of vision improvement,”
Dr. Sun summarizes. “What Protocol
AC does to some extent is give us a
standardized retreatment regimen
and criteria for step therapy that we
haven’t had before in the community,
with very good characterization of
what happens if you use the bevaci-
zumab-first strategy with rescue with
aflibercept as needed (if you do it the
way we did in the study). If we’re
using that kind of approach, then
we’re able to reassure our patients and
ourselves that the visual outcomes
are excellent over two years and very
similar to treating with aflibercept
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Figure 1. Four-year findings from Protocol W showed that patients with non-proliferative
diabetic retinopathy gained no visual acuity benefit with early anti-VEGF treatment.

from the beginning.”

She warns other practitioners not to
take this study as blanket approval for
any step-therapy regimen. “If you use
different anti-VEGF agents or a dif-
ferent treatment algorithm, you may
end up with different results. Another
factor that’s important to recognize is
that we followed these patients very
carefully in the clinical study. We
were getting very frequent imaging,
frequent follow-up visits, and those
are things to pay attention to, not just
that you’re using the same agents, but
that you’re also following and manag-
ing the patient similarly,” she says.

Both Dr. Sun and Dr. Pieramici say
this study may be further challenged
as new agents come to market, such
as faricimab (Vabysmo), high-dose
aflibercept (Eylea) and biosimilars for
bevacizumab.

“Now we’re wondering how these
will fit into treatment. What would it
look like if we start our diabetic macu-
lar edema patients on Vabysmo or
Eylea? And if there’s a biosimilar for
Awvastin, then it will likely increase the
price of Avastin, which eliminates the
cost savings,” says Dr. Pieramici.

“The question will always arise as
new agents come into the market and
are approved, how they compare to
what’s already out there,” adds Dr.
Sun. “It’s difficult to know when it’s
optimal to perform the next compara-
tive effectiveness study. There will be

questions about how different agents
perform. There are a lot of new treat-
ments that are out there and bio-
similars are coming to the market. It’s
hard to do a study that addresses each
and every single one of them, but it’s
something that every now and then
might be worth doing so that patients
have the best data possible to make
their decisions.”

Protocol V

"There’s no shortage of questions
about when and which anti-VEGF
therapies to use on diabetes patients,
and Protocol V asked: “Should we be
starting anti-VEGF immediately in
everybody who has center-involved
diabetic macular edema, or in eyes
that start with good vision, despite
CI-DME, is it okay to hold off on
injections?”

Dr. Sun says Protocol V stemmed
from Protocol I and Protocol T. “We
know that DME can wax and wane,
and sometimes you can improve
spontancously,” she says. “Protocol
V (published in 2019) arose from a
discussion I was having with a fellow
of mine at Joslin Diabetes Center,
who saw a patient in clinic right after
the Protocol I results were released,
showing anti-VEGF should really
be the new treatment standard for
CI-DME. And she said, ‘Dr. Sun, this
patient has CI-DME and I know that

the new study shows that we should
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Figure 2. Protocol V investigated the idea of observation vs. injections for patients with
center-involved DME but good visual acuity. In these OCT scans of two patients with
center-involved DME who were observed and didn't receive treatment over a two-year
period (baseline A and C, two-year follow-up B and D), both patients had residual edema

yet maintained their baseline visual acuity.

use anti-VEGF treatment, but her
vision is 20/20 and she has no visual
symptoms. Is it really worth starting
multiple years’ worth of injections for
her in this eye that’s seeing so well?’ ”
Up until this time, all of the DRCR
studies had included eyes with some
level of visual impairment, usu-
ally 20/32 or worse, she explains. “In
Protocol V, which included eyes that
were seeing well (20/25 or better)
despite having CI-DME, we ran-
domized them to either immediate
anti-VEGE laser treatment or just
observation initially,” says Dr. Sun.
“Again, these were just initial manage-
ment strategies. Over the course of
the study, if the eyes in the laser or the
observation groups were starting to
lose vision, then we went ahead and
treated them with anti-VEGE. At two
years we found that the groups all did
very similarly; they all did very well.
"The average vision at the end of the
two-year study was 20/20 in each of
the groups and so we concluded that
it’s pretty safe to hold off on treatment
initially in eyes with good vision and
CI-DME, as long as you’re following
them carefully and you’re instituting
anti-VEGF therapy if the vision starts
to worsen.”®
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Since these results were released,
Dr. Sun thinks there’s been a fairly
widespread recognition that this is a
reasonable strategy. “But, this isn’t
to say that in any individual patient
there might be characteristics that
might make you choose to be more
aggressive about starting therapy,”
she says. “Some patients have a
faster need for visual recovery that
makes them interested in starting
therapy earlier. I think overall there’s
been pretty good uptake across the
community that there’s not a need to
rush into treatment for everyone with
center-involved DME as long as the
starting vision is good and they are
able to follow-up as recommended.”

Protocol W
In the same wheelhouse as Protocol
V, the more recent Protocol W also
weighed the risks of monitoring
disecase progression vs. immediate
anti-VEGF therapy, this time for pa-
tients with non-proliferative diabetic
retinopathy. Earlier this year, four-year
results from Protocol W were released
and confirmed that early treatment of
NPDR with anti-VEGF offered no
long-term visual acuity benefit.”

“The goal was to figure out when

1s the best time to start anti-VEGF
for patients,” says Raj Maturi, MD, of
Indiana University School of Medi-
cine and Retina Partners Midwest
and chair of the protocol report. “We
already know that anti-VEGF works
really well when patients have dia-
betic macular edema and when they
have proliferative diabetic retinopa-
thy. However, what we don’t know is,
1s it useful to utilize these drugs even
before the onset of these two key
complications of diabetes, would it
give better visual acuity outcomes?”
Protocol W was designed as a four-
year study, he continues. The study
included 328 patients (399 eyes) who
were randomized into 2-mg afliber-
cept injections vs. sham injections.
Injections were administered at one
month, two months, four months and
every four months for the first two
years, and then continued quarterly
through year four unless the eye
improved to mild disease. Any eyes
that developed vision-threatening
complications were given additional
anti-VEGF injections as needed.
“First, we wanted to see if there
would be a difference in retinopa-
thy development progression with
anti-VEGF vs. observation. At two
years we did see retinopathy levels
decrease with treatment. Around this
same time, the PANORAMA trial re-
sults were released and confirmed our
findings as well,” Dr. Maturi says.
PANORAMA was a randomized
clinical trial that investigated if treat-
ment of moderately severe to severe
NPDR with aflibercept injections
would result in 2-step or greater im-
provement on the Diabetic Retinopa-
thy Severity Scale in more eyes, fewer
vision-threatening complications,
and fewer center-involved diabetic
macular edema events from baseline
through 100 weeks compared with
sham injections.®
Next was the more important ques-
tion of visual acuity. “We needed four
years to observe what would happen
and we showed that there was no
visual acuity difference at all between
patients who got early treatment vs.



who were observed until they de-
veloped one of the two key features
PDR or DME,” says Dr. Maturi. The
four-year cumulative probability of
developing PDR or center-involved
DME was 33.9 percent in the afliber-
cept group and 56.9 percent in the
sham group (p<0.001). The mean
change in visual acuity from baseline
to four years was -2.7 6.5 letters in
the aflibercept group and -2.4 +£5.8 let-
ters in the sham group (p=0.52).

Dr. Maturi admits to being a little
surprised by the results. “As physi-
clans, we want to treat patients with
the goal of getting a functionally ben-
eficial outcome,” he says. “L.ooking
at the outcomes and how similar they
were, it tells us, if it’s still functionally
beneficial to wait, then maybe hold-
ing off on treatment is reasonable.”

"The researchers involved in the
study also looked closely at subgroups
to see if they could find statistically
significant results. “We created a sub-
group analysis based on baseline dia-
betic retinopathy level, the presence
of non-central DME, race and sex to
see if any of these criteria mattered
and none of these groups cleared
zero, which is none of them favored
aflibercept in a statistically significant
manner,” Dr. Maturi says.

Some may argue that even if there’s
no difference in visual outcomes,
treating the patient anyway will help
improve their diabetic retinopathy
levels. Dr. Maturi says to consider
the burden, cost and risk of injec-
tions on the patient’s behalf. “The
patients who were randomized to the
aflibercept group ended up getting 13
injections over this four-year period
and in the sham group, the average
was only 3.5—almost 10 injection dif-
ference between the two groups,” he
says, amounting to an average cost of
$20,000 per patient.

Dr. Maturi says Protocol W es-
tablishes what the right level before
treatment is, yet there are always out-
liers. ““T’here might be a few patients
who still, despite the study, end up
getting treated a little earlier—maybe
they’re on dialysis, are at risk for loss-

to-follow-up, are worried about their
fellow eye that has severe disease and
have NPDR in the fellow eye. It may
be warranted to treat those eyes ear-
lier,” he says. “We didn’t study certain
subgroups, and clinician judgment

is paramount. However, large stud-
ies like this give us some really good
data that we can bank on as to which
general, large groups of patients need
treatment and at what point.”

He remains concerned about the
progression of diabetic retinopathy
even with treatment. “I think the
biggest takeaway here is that with or
without injections, diabetic retinopa-
thy is a disease that progresses rapidly.
"T'he majority of patients progressed
to PDR when they had baseline
NPDR and not to DME with vision
loss. Looking for signs of PDR in
these patients that follow up is a really
important thing. If you have a patient
with NPDR, especially if it’s in the
moderate to severe range, every three
to four month follow-up is essentially
what the AAO practice guidelines
say,” Dr. Maturi says. “Considering
other treatment modalities—PRP or
even vitrectomy—may be beneficial
in patients with diabetic retinopathy
to halt their progression.”

Final Takeaways

Dr. Sun says, “We’ve now had about
20 years’ worth of studies in dia-

betic eye disease performed by the
DRCR Network and it’s really been a
privilege to be part of this era with the
introduction of anti-VEGF. I think
the take-home message that we see
across our studies is that anti-VEGF is
a very effective treatment for diabetic
macular edema and proliferative
retinopathy. It’s first-line treatment
for many of our patients with diabetic
macular edema and vision loss and it
works very well for our patients that
have proliferative disease.

“Some of the importance of the re-
cent studies has also been to show us
not just when eyes should get treated
with anti-VEGF and how to treat
them with anti-VEGE, but also when
you can hold back on treatment,

when it’s safe to not give injections,

as long as you know that this patient
will be good with follow up, will come
in routinely and that you’re going to
be doing the appropriate imaging and
evaluations,” she continues.

Dr. Maturi reminds his fellow
ophthalmologists of the longevity of
diabetes. “Even though Protocol W
(for example) was a four-year study,
diabetes is not a four-year disease.
Diabetes is a lifetime disease and it’s
likely the next 30 to 40 years for that
patient,” says Dr. Maturi. “We’ve
done a great job with clinical medi-
cine to increase diabetics’ lifespan,
and the disease in the eye is not going
away on its own.” <«
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MANAGING ACANTHAMOEBA
AND OTHER INFECTIONS

A look at infectious keratitis and how to best manage it.

FRANCIS MAH, MD
LA JOLLA, CALF.

orneal ulcers are a leading

cause of blindness worldwide

with at least 1.5 to 2 million

cases estimated annually.
Because progression can lead to
significant corneal melt, perforation,
endophthalmitis and corneal blind-
ness, diagnosis and management are
time sensitive.

Epidemiology

Infectious keratitis is particu-
larly prevalent in developing
countries that have difficult
access to medical care, risk for
trauma related to agricultural
work, and worse health at
baseline.

In more developed
countries, the incidence of
microbial keratitis is increas-
ing, due to the prevalence of
contact lens use and instances
of poor contact lens hygiene.

The specific pathogens
of infectious keratitis have
geographic differences based
on climate-related flora and

type of trauma, including contact
lens wear. In Europe, North America
and Australia, for example, microbial
keratitis is typically Staphylococcus
epidermidis, Staphylococcus aureus or
Pseudomonas aeruginosa." In contrast,
the Asia Corneal Society Infectious
Keratitis Study reports a predomi-
nance of fungal keratitis, Fusarium,
in India and China. The worldwide
prevalence of Acanthamoeba is about
1 to 3 percent of infectious keratitis.?

In cases of Acanthamoeba infection, the patient’s photophobia
and pain are out of proportion with what is seen on the clinical
exam.

Diagnosis

The definitive diagnosis of infec-
tious keratitis can be achieved via
the following;:

o Clinical presentation. Bacterial
keratitis typically presents as an
epithelial defect with a suppurative
stromal infiltrate that can progress
to varying degrees of thinning. Sur-
rounding structures exhibit inflam-
mation, such as lid swelling, ciliary
flush, corneal edema and iritis with
or without a sterile hypopyon.

Certain causes of infectious
keratitis are more clinically
indistinguishable from each
other, making diagnosis
difficult. Acanthamoeba and
herpes simplex virus both
start with irregular epithelia
and photophobia. For Acan-
thamoeba, the photophobia and
pain are out of proportion with
what is seen on the clinical
exam, meaning the patient’s
pain is worse than what’s seen
clinically. In more advanced
stages, a pathognomonic ring-
shaped infiltrate or perineuri-
tis can develop.

"The risk factors for Acan-

This article has no commercial
Dr. Mah is director of the Cornea and External Disease department, and co-director of Refractive Surgery, at the Scripps Clinic in La Jolla.
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thamoeba keratitis are
contact lens use, freshwater
exposure (€.g., swimming
pools and hot tubs) and agri-
cultural trauma. For HSV, a
history of hypoesthesia, cold
sores, recurrent unilateral
eye infections and a history
of dendritic or geographic
epithelial defects are charac-
teristic of herpetic keratitis.
® Microbiology workup.
A consensus published by
the AAO Preferred Practice
Pattern recommends stain-
ing and culture for ulcers
that are larger than 2 mm,
vision-threatening by depth
of involvement, show stromal melt,
have a central location, are refrac-
tory, or those that appear in eyes
that have undergone ocular surgery.?
Specimens for stains and cultures
are obtained at the leading edge of
infiltrates. Ways to maximize yield
include collecting specimens with
a broth-moistened calcium alginate
swab, Dacron swab or a sterile me-
tallic instrument. Avoid tetracaine
and BAK use in order to preserve
the viability of the pathogen. Care-
ful sample collection prevents con-
tact with lashes and the conjunctiva
where the normal flora can confound
the results.?

Microbial culture is considered
the gold standard, because identify-
ing the organism often confirms the
diagnosis.* A major challenge with
cultures is their limited yield. The
sensitivity of using blood, chocolate,
thioglycolate and mannitol bacte-
rial media is approximately 42 to 58
percent. Sensitivity is even more
limited for Acanthamoeba at about
33 to 60 percent, in either buffered
charcoal yeast extract or E. coli over-
lay on non-nutrient agar.

The low sensitivity of cultures and
prolonged incubation periods war-
rant adjunctive methods to quickly
identify pathogens with staining
methods. Gram stains can be used
to visualize bacteria, fungi and
Acanthamoeba. 'The sensitivity for

The American Academy of Ophthalmology criteria for staining and
culturing for ulcers includes such factors as a size larger than
2 mm, a central location and stromal melt.

identifying bacteria ranges from 36
to 75 percent. KOH wet mounts are
68 to 98 percent sensitive for fungal
species, whereas it’s higher at 84 to
91 percent for Acanthamoeba.*

Polymerase chain reactions and
PCR-based assays have a sensitivity
of 73 to 90 percent, with a specificity
of 94.7 to 98 percent for both bacte-
ria and fungi. PCR can also identify
Acanthamoeba.

Confocal microscopy can aid in
identifying atypical organisms and
in assessing the depth of corneal
involvement. Using this technology,
Acanthamoeba appears as a hyperre-
flective, spherical and well-defined
double-walled cyst.’ Bacteria are
too small and obscured by a sea of
inflammatory cells to be detectable.
One exception is Nocardia.

Several challenges exist with
confocal microscopy, however: it’s
mainly a research tool, limiting ac-
cess; it’s poorly reimbursed by insur-
ance, therefore patients may have to
pay for the test; the false-negative
and false-positive rates are high;
and the person administering the
test should have significant experi-
ence, since identifying normal—let
alone pathology—is difficult for the
novice.

Treatment
"Treatment is targeted to the etiol-
ogy to reduce ocular morbidity and

visual impairment. Empiric
therapy for bacterial ulcers
involves frequent dosing of
broad-spectrum antibiotics.
Loading doses can be ap-
plied initially, followed by
hourly dosing while awake,
until clinical improve-
ment. Then, the dose can
decrease to q2hrs until
re-epithelialization of the
cornea, followed by further
reduction to q.i.d until
resolution.’

"Treatment for Acan-
thamoeba Keratitis requires
clearance of both cystic and
trophozoite forms of the
parasite. Early amoebic keratitis is
mainly intraepithelial, and debride-
ment reduces the microbial burden
while facilitating antimicrobial pen-
etration. First-line therapy are the
biguanides, chlorhexidine gluconate
0.02% to 0.2% or polyhexameth-
ylene biguanide (PHMB) 0.02% to
0.06%, with monotherapy a consid-
eration for early cases. For chronic
or later stages, dual therapy with
propamidine isethionate 0.1% or oral
or topical voriconazole 1% may be
needed to reduce resistance to thera-
py. Dosing is hourly for a continuous
48 hours, followed by hourly while
awake for the next 72 hours, then
q2 to q3h for three to four weeks.
Dosing for the oral anti-fungal agent
1s 200 mg b.i.d. Response to therapy
may not be apparent for up to two
weeks.® For refractory cases lasting
three to four months, miltefosine
(Impavido, Profounda) is an FDA-
approved oral medication for Acan-
thamoeba keratitis dosed at 50 mg
t.i.d. and continued until resolution
of the keratitis.”

Concomitant severe inflammation
can present as a sterile hypopyon,
synechiae formation and scleritis
(most commonly inflammatory in-
stead of infectious scleritis). Adjunc-
tive use of oral NSAIDs, immuno-
suppressive drugs and judicious use
of steroids may be indicated. Case
reports reveal some success with
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phototherapeutic keratectomy and
cross-linking, but further studies
are needed to demonstrate efficacy.
In these cases of severe inflamma-
tion, the duration of treatment is
prolonged from three to 12 months,
and recurrences have been reported
up to three months after treatment
cessation. Acanthamoeba eradica-
tion is difficult to assess because it’s
indistinguishable by PCR, and dead
and viable cysts are both visible on
confocal microscopy. Therefore,
repeat cultures, scrapings and biopsy
may be needed. Of note: There is a
minority of cases in which Acantham-
oeba are polymicrobial with con-
comitant HSV or fungal keratitis, so
clinical suspicion should remain high
when assessing response to therapy.®
Close monitoring is required to
assess response to empiric antibi-
otic use. Up to 94 percent of bacte-
rial ulcers will resolve.* If there’s
no clinical stability by 48 hours or
improvement within four to seven
days, further evaluation is recom-
mended. A lack of clinical stability
could be medication non-compli-
ance, incorrect empiric drug choice
or frequency, or a polymicrobial in-
fection. Repeat stain and culture can
be performed while on the current
regimen or after cessation of antibi-
otics for 12 to 24 hours. To obtain a
specimen that might be embedded
deeper in the cornea, a braided (e.g.,
7-0 or 8-0 vicryl or silk) suture can
be passed through the abscess. A bi-
opsy of the cornea may be needed to
submit a specimen for histology and
microbiology. With this technique,
a2 mm to 3 mm diameter dermatic
punch is used to construct a partial
thickness trephination to extract a
strip of affected corneal stroma.?

Achieving Success

Infectious keratitis is an ophthal-
mic emergency that can progress to
significant visual impairment from
corneal melt and scarring. Even
worse, endophthalmitis, perfora-
tion and loss of intraocular contents
can occur. For these severe cases,

m REVIEW OF OPHTHALMOLOGY | JULY 2023

temporizing measures during this
infectious and inflammatory phase
are required to delay deep anterior
lamellar keratoplasty, or optical
penetrating keratoplasty should be
performed to avoid graft failure.
Adjunctive measures to secure the

Case reports reveal

some success with
phototherapeutic
keratectomy and corneal
cross-linking, but further
studies are needed to

demonstrate efficacy.

b R

structure of the cornea may require
cyanoacrylate sealant, amniotic
membrane grafting, and tectonic or
therapeutic penetrating keratoplasty.
With high suspicion, immediate
introduction of treatment, judicious
guidance from the microbiology
laboratory, and excellent follow-up
and patient compliance to manage-
ment, complications from microbial
keratitis can be mitigated. «
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GLAUCOMA MANAGEMENT

Time for

A New Angle?

Angle-recession glaucoma is tricky to treat. Based on the
current literature, it might be time to revise our approach.

DANIEL B. MOORE, MD
LEXINGTON, KY.

s glaucoma goes, angle reces-

sion is likely more common

than we realize, but it’s still

a relatively rare subtype. As
such, it’s hard to gather data on the
condition, especially considering
that it usually occurs decades after
the inciting event, making pro-
spective studies difficult to carry
out. In fact, since the 1960s, no
more than eight studies have been
published in a single year on this
topic.

Given the dearth of studies on
angle-recession glaucoma, many of
which are quite small and decades
old, it’s worth reviewing the origi-
nal literature on which we base our
current management approaches.
Here, I’ll discuss how I approach
these cases and which treatments
have the most robust evidence
behind them.

Pathophysiology
Angle recession is the traumatic
separation of the circular and
longitudinal fibers of the cili-
ary body."? Clinically, it’s noted
on gonioscopy as an irregularly
widened ciliary body. However,
the widening often appears uni-
formly throughout the entire angle
and can look quite symmetric. It’s
This article has

no commercial
sponsorship.

often only with the evaluation of
the fellow eye that the asymmetry
becomes apparent. This is why it’s
important to compare the angle
appearance in both eyes when
evaluating for recession.

Mechanism of Action
Angle recession is the result of non-
penetrating or blunt trauma to the
eye. With this type of trauma, the
force extends anterior to posterior,
causing expansion along the equa-
tor of the eye, with greatest risk
of damage to equatorial structures
such as the ciliary body.?

The ciliary body is made up of
longitudinal and circular fibers
that act in a contradictory fashion.
The longitudinal outermost fibers
contract anteriorly-posteriorly while
the circular innermost fibers con-
tract equatorially. There’s a poorly
understood and weaker oblique
middle zone between these two
areas, and that’s the part at greatest
risk of injury. When there’s sudden
equatorial expansion, the oblique
fibers can be torn. Aqueous humor
is also jettisoned toward the ciliary
body when there’s sudden change
in globe shape, potentially contrib-
uting further to injury.

Demographics
After blunt trauma, some individu-
als will have immediate IOP issues,

A traumatic cataract with dense central
opacity. Blunt ocular trauma may damage
a number of structures, including the lens,
angle and ciliary body. Delayed onset

of angle-recession glaucoma can occur
decades after the inciting event.

often due to hyphema or other ob-
struction of the traditional outflow
pathway. But typically, when we
think of angle-recession or trau-
matic glaucoma, we’re looking at
the patient population experienc-
ing delayed onset of the disease,
usually decades after the inciting
event.

A substantial number of patients
with a history of trauma have angle
recession. Studies have identified
angle recession in 71 to 86 percent
of traumatized eyes using careful
gonioscopy.* The percentage of
eyes with angle recession that go
on to develop glaucoma is relative-
ly small at around 10 percent, but
this is still a considerable number
of patients who often aren’t get-
ting routine eye care because they
have no reason to think they’re at
risk decades later. The better we
can educate patients at the time of
trauma, the better chance they’ll
have of potentially being seen over
the long term to help with risk
management.

Risk Factors
Risk factors for glaucoma secondary
to angle recession include age and

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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sex (young males are more likely
to experience eye trauma), sever-
ity of the trauma, and the clinical
findings, such as a large amount of
angle recession (>240 degrees),’
increased trabecular meshwork
pigmentation,® elevated IOP at
presentation’ and hyphema.*°
In general, the worse the trauma,
the higher the risk of secondary
glaucoma.

Interestingly, while traumatic
glaucoma is unilateral, these pa-
tients are more likely to have typi-
cal open-angle glaucoma in their
fellow eye compared with the nor-
mal population. There are a few
reasons why this may be, though
there’s no definitive answer. One
possibility is that these patients
are already being monitored and
treated for their traumatic glau-
coma, and therefore open-angle
glaucoma in the fellow eye is iden-
tified at a much higher rate than in
the standard population.

Another possibility is that
patients who develop traumatic
glaucoma, particularly decades
later, may already be predisposed
to open-angle glaucoma in both
eyes to begin with, owing to some
underlying cause for a compro-
mised outflow system. The trauma
may just speed up the disease
process and/or increase its severity.
These are patients who may have
bilateral but still highly asymmet-
ric disease.

Lastly, there may be an au-
toimmune component to this
phenomenon. Trauma to one eye
may cause some systemic changes,
leading the other eye to develop
open-angle glaucoma. However,
none of these explanations is fully
substantiated, and it’s likely a com-
bination of factors leading to the
predisposition.

Clinical Exam

In angle-recession patients, ante-
rior segment findings may include
corneal scars, iris trauma such as
iridodialysis or traumatic iris de-
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fects. The initial trauma may also
have caused cataracts or zonular
damage leading to a subluxated
lens, phacodonesis or pseudo-
phacodonesis.

Gonioscopy of the anterior seg-
ment is a key part of the clinical
exam for angle recession. The
main finding is the widened ciliary
body band. Any patient who’s had
trauma to the eye should undergo
gonioscopy,'! once the eye is stable
and any hyphema has resolved.
This can help prognosticate future
risk for traumatic glaucoma based
on the risk factors above. As noted
before, it’s important to compare
findings with the fellow eye to
avoid mistaking uniform widening
for normal anatomy.

Trauma is likely a much
more common cause of
glaucoma than we think.

—Daniel B. Moore, MD

Routine visual fields and OCT as
well as a posterior segment exam
for glaucoma should also be per-
formed. On the posterior exam, you
may see retinal manifestations of
prior trauma, such as chorioretinal
lesions.

Unilateral glaucoma is atypi-
cal, so it’s important to maintain
suspicion for a non-glaucomatous
ctiology of an optic neuropa-
thy, especially in the absence of
elevated intraocular pressure and
other compelling factors. Rule out

compressive lesions to the optic
nerve; infectious, nutritional or au-
toimmune conditions; and vascular
insults to the nerve or within the
brain itself.

Management

Intraocular pressure management
in patients with angle-recession
glaucoma is challenging because
their disease can be recalcitrant to
more conservative measures. These
patients tend to proceed to surgery
much more quickly or consistently
than the standard open-angle
glaucoma patient. Since unilateral
vision loss may go unnoticed for
years, if the patient has one fully
functioning eye, they often aren’t
aware of their risk and frequently
present late with severely elevated
pressures and advanced disease.
On the other hand, having a fellow
eye with disease can reduce the
patient’s overall functional vision
loss and impact on activities of
daily living.

As mentioned before, as a rarer
glaucoma subtype, there are rela-
tively few robust published stud-
ies on angle-recession glaucoma.
Many of our current management
approaches are based on a handful
of small, retrospective studies from
decades ago.

Is it time to revise some of our
management approaches? Here’s
what the literature says:

* Medical management. Pilocar-
pine is relatively contraindicated in
angle-recession glaucoma because
it’s said to cause a paradoxical rise
in intraocular pressure. It’s pre-
sumed to decrease uveoscleral out-
flow, and patients who already have
a compromised traditional outflow
system could experience a pressure
increase.

TABLE 1. RIS REGISTRY SLT FAILURE RATES IN ANGLE RECESSION VS. OVERALL®

Angle Recession (n=560)

Overall (n=79,332)

Failure at six months (%) 21

6

Failure at 18 months (%) 48

41




TABLE 2. SUMMARY OF TRABECULECTOMY SUCCESS RATES™

Mermoud A, et al. 1993
(n=35)

57 percent (overall)

Manners T, et al. 2001
(n=43)

85 percent at one year; 66 percent at three years

Senthil S, et al. 2022
(n=32)

88 percent at one year; 77 percent at two to five years

The data supporting this con-
traindication comes from a single
case report in 1979."2 A single
patient was given pilocarpine and
their pressure went up. They were
then administered a cycloplegic
and their pressure came back
down. Despite this limited data,

I think there’s reason to worry
about this effect. There’s likely a
good amount of anecdotal informa-
tion supporting this finding, and
certainly, it makes sense mecha-
nistically. The traditional medical
management approach for glauco-
ma is otherwise reasonable for this
angle-recession subtype.

* Laser trabeculoplasty. SLT
is traditionally contraindicated
in traumatic glaucoma, or at least
highly discouraged. One of the
presumed mechanisms of trau-
matic glaucoma is an epithelial
membrane that forms across the
trabecular meshwork, one that
isn’t penetrated with traditional
laser trabeculoplasty. In fact,
treating the trabecular meshwork
with ALT was found to produce
a blanching effect in some cases,
similar to what you’d see with
epithelial downgrowth. This was
thought to prove that a membrane
grows with angle recession and
that laser trabeculoplasty doesn’t
work well.

Our three major glaucoma text-
books and our BCSC residency
educational series all recommend
against SL’T. This information
comes from two retrospective,
single-center studies in the early
1980s that looked at a broad range
of indications for AT One

study included six patients and the

other had four patients with angle
recession. All did relatively poorly,
compared with the broader range
of other disease states. However,
we rarely use ALT nowadays, and it
has a slightly different mechanism
of action from SLT.

More recently, a much larger
2021 study using IRIS Registry
data'>'® looked into factors associ-
ated with favorable laser trabeculo-
plasty outcomes (7able ). Overall,
79,332 patients had SL'T. A total of
560 had angle recession. (Limited
conclusions can be drawn since the
study didn’t specify the indication
for SL'T or any patient characteris-
tics.)

For the angle-recession patients
who underwent SLT, the study
reported a 21-percent failure rate
at six months and a 48-percent
failure rate at 18 months. While
these rates are high, the overall
ST failure rate was 6 percent at
six months and 41 percent at 18
months—a mere 7-percent differ-
ence between angle recession and
all other forms of glaucoma in the
study. This difference is statisti-
cally significant, but what about
the clinical significance? According
to this study, there’s a 50-percent
chance that SLT will “work” (i.e.,
avoid surgery). On this basis, |
would argue it’s not unreasonable
to consider doing SL'T in an ap-
propriate patient with angle reces-
sion, especially if the next step is
surgery.

There certainly is a legitimate
concern for the abnormal pathol-
ogy of the angle compared to other
indications for SLT. Laser may not
be as effective in these patients.

However, we simply don’t have
sufficient data to demonstrate
whether or not that’s truly the case,
and angle recession probably can’t
be reduced to a single mechanism.
We’re limited diagnostically in
terms of identifying what specific
angle malfunction a patient has or
whether or not an individual pa-
tient would respond well or poorly
to SLT.

o Trabs and tubes. Angle-reces-
sion patients commonly require
incisional glaucoma surgery carlier
in the treatment algorithm, and de-
spite that they may still do poor-
ly—this mantra is commonly taught
for the management of angle-
recession glaucoma. However, it’s
based on only a few single-center
retrospective studies with small
sample sizes.

Before mitomycin-C was rou-
tinely used with trabeculectomy,

a 1993 study reported 43-percent
treatment success and 0-percent
long-term success after six years in
angle-recession glaucoma.'” With
antimetabolites, failure rates of
roughly 50 percent two to three
years after incisional surgery were
reported in older studies. As a sec-
ondary procedure, trabeculectomy
plus antimetabolite was successful
in four of seven cases (57 percent)
in a retrospective 1993 study of

65 patients undergoing drainage
procedures.'”® Among tube shunt
procedures in the same study, suc-
cess rates were 56 percent at one
year and 27 percent at five years
using Molteno single-plate implan-
tation (n=20).18

These are all small studies with
significant limitations to them, but
more recent surgical results from
other single-center retrospective
studies demonstrate that the out-
comes are better than what we’ve
traditionally believed (7ables 2 and
3). A 2001 retrospective study of 43
trabeculectomy procedures using
mitomycin-C reported 85-percent
success at one year and 66-percent
success at three years.” In 2022, a
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study of 32 eyes reported complete
survival of trabeculectomy with
mitomycin-C in 88 percent of eyes
at one year and 77 percent two to
five years postoperatively.?’

In 2001, a study reported Mol-
teno success rates for 38 procedures
of 80 percent at five years and 72
percent at 10 years.?' Success rates
reported in 2017 for Ahmed (n=10)
and Baerveldt (n=7) tubes were
83 percent at one year.”? In 2022, a
study reported a 90-percent success
rate for Ahmed tubes at two-and-a-
half years (n=38).%

With the caveat that failure
and inclusion criteria differ, the
outcomes reported in these small
retrospective studies surpris-
ingly show higher success rates
than those reported in our largest
randomized trials, the Tube Versus
Trabeculectomy Study,** the
Ahmed Versus Baerveldt Study and
the Ahmed Baerveldt Comparison
Study,* which demonstrated failure
rates at five years between 34 and
49 percent, with more than a quar-
ter of patients requiring additional
procedures within five years.?
Whether these higher success rates
in the smaller studies hold true in
clinical practice remains to be seen,
but the more recent, albeit limited,
literature we have is a bit more
encouraging. I think the takeaway
is that the literature doesn’t give
us the same impression as what’s
taught, nor is the literature as con-
clusive as we tend to think when it
comes to treating angle-recession
glaucoma with tube shunts and
trabeculectomies.

* MIGS. Considering that mini-
mally invasive glaucoma surgeries
are relatively new procedures,
there’s little in the literature
about their use in angle-recession
glaucoma. However, a retrospec-
tive single-center study published
in 2022 found that penetrating
canaloplasty may be an effective
treatment option.” The study
included 40 eyes of 40 patients
with angle recession and reported
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TABLE 3. SUMMARY OF TUBE SUCCESS RATES™ 7%

Mermoud A, et al. 1993
(n=20 Molteno)

56 percent at one year; 27 percent at five years

Fuller JR, et al. 2001
(n=38 Molteno)

80 percent at five years; 72 percent at 10 years

Yadgarov A, et al. 2017
(n=10 Ahmed, n=7 BVT)

83 percent at one year

Kaushik J, et al. 2022
(n=38 Ahmed)

90 percent at two and a half years

success rates of 87.5 percent at
six months and 89.5 percent at
12 months. Mean IOP decreased
from baseline 37.8 +£12.3 mmHg
to 14.8 £3.6 mmHg on 0.1 0.5
medications at 12 months postop
(p<0.05).

The authors advocate that
if MIGS is an option, an angle
penetrating surgery—either an
ab externo or ab interno penetrat-
ing canaloplasty—should be
performed, rather than a stenting
procedure or a non-penetrating or
limitedly penetrating angle-based
procedure, based on the presumed
mechanism of a functional ob-
struction of the trabecular mesh-
work.

Importantly, if performing MIGS
on an angle-recession patient,
carefully monitor the frequency
and duration of postoperative topi-
cal steroids because these patients
may be more prone to an IOP
spike. In 1967, George Spacth,
MD, demonstrated a correlation
between steroid responsiveness
and angle recession,” and a more
recent study published in 2022
found that patients with angle
recession were much more likely
to have a steroid response (defined
as an [OP increase >5 mmHg
beginning at least three days after
surgery) after MIGS.*

* Cyclodestructive procedures.
Patients with more severe and ad-
vanced glaucoma may be amenable
to a cyclodestructive procedure
such as transscleral laser or poten-
tially endoscopic cyclophotocoagu-
lation.

In summary, trauma is likely a
much more common cause of glau-
coma than we think. Many patients
forget they’ve had trauma unless
it was very significant, but even
minor trauma can cause this dis-
ease, so be sure to perform a good
and careful gonioscopy in these
patients and maintain suspicion for
angle-recession glaucoma, espe-
cially if the presentation is asym-
metric. Additionally, since angle-
recession glaucoma remains a more
difficult disease to manage than
open-angle glaucoma, it’s important
to counsel patients appropriately
so they’re aware of what they may
be facing. Lastly, consider SL'T in
appropriate patients, especially if
the next step on the decision tree is
surgery. 4
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An Update on
White Dot Syndromes

Their rarity and different manifestations can make these
chorioretinopathies a challenge to deal with. Here's help.

SRUTHI AREPALLI, MD
ATLANTA

he heterogeneous group of in-
flammatory chorioretinopathies
that make up the disease entity
commonly known as “white
dot syndrome” can result in multiple
visual and anatomic sequelae, and
can be challenging to diagnose due
to their rarity and varying pathogen-
esis and other factors. This review
will detail each disease separately
and cover predisposing conditions
and pathogenesis, genetic factors,
clinical features and treatments.

WDS Background

"T'he white dot syndromes group
includes a heterogeneous mix of in-
flammatory chorioretinopathies. Pa-
tients typically present with blurred
vision, scotomas, photopsias and
floaters. On examination, the main
commonality between these disor-
ders lies in the presence of white,
yellow-white, or gray-white lesions
involving the outer retina, retinal
pigment epithelium and choroid.
T'he white dot syndrome category
includes: multiple evanescent white
dot syndrome (MEWDS); acute
posterior multifocal placoid pig-
ment epitheliopathy (APMPPE);
idiopathic multifocal choroiditis
(IMFC); punctate inner chorioreti-

This article . . T .
oy numerous major international clinical trials.

commercial
P of Retina Specialists and on the Executive Committee for the Vit Buckle Society, where he is also the vice president for academic programming.
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nopathy (PIC); serpiginous chorio-
retinopathy; acute zonal occult outer
retinopathy (AZOOR); and birdshot
chorioretinopathy (BSCR).!

These diseases are relatively rare,
with an estimated incidence of 0.45
in 100,000 per year.? The rarity of the
condition makes it difficult to conduct
studies assessing the predisposing
factors for disease development;
thus, the exact pathogenesis of these
syndromes is undetermined. Patients
often describe a viral prodrome, but
the WDS have also been linked to
a variety of other inciting factors,
including—but not limited to—bac-
terial infections, vaccinations and
certain haplotypes.?

Initial reports believed that
all white dot syndromes fell on a
common inflammatory spectrum
and shared a similar pathogenesis.*
Recently, multi-modal imaging has
improved our understanding of the
pathophysiology of these diseases,
and it’s become evident that not all
of these conditions may fit along
the same continuum. In particular,
MEWDS, APMPPE, IMFC, PIC and
serpiginous may fit into one group,
while AZOOR and BSCR have dis-

tinct inflammatory profiles.!

Multiple Evanescent
White Dot Syndrome
MEWDS has been linked to mul-

Figure 1. A 19-year-old female presented
with photopsias and blurred vision. Fundus
examination revealed a slight granular-

ity to the macula, composed of pinpoint,
yellow-white lesions. These are dem-
onstrated on autoflourescence with a
hyperfluorescent pattern.

tiple exposures, the two most com-
mon of which include viruses and
vaccinations, such as the Epstein-
Barr, hepatitis A and B, human pap-
illoma and herpesviridae family.>
One of the proposed mechanisms of
MEWDS explains the phenomenon
as an immune reaction to a viral in-
fection, or the result of a complex in-
terplay of genetic and environmental
factors. Three main hypotheses exist
to explain the pathophysiology of
MEWDS based on in-depth imag-
ing analysis: 1) hypoperfusion of the
choriocapillaris leading to ischemic
damage to overlying tissue; 2) im-
mune damage of the RPE causing
photoreceptor decline; or an im-
mune attack targeting photorecep-
tors themselves.

MEWDs has traditionally been
classified as monophasic and unilat-
eral, but recent reports have shown
evidence of it being an asymmetrical,
bilateral process, with a recurrence
rate of about 10 percent.”” There can
be no overlying inflammation but,
occasionally, mild intraocular inflam-

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
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Figure 2. A 10-year-old male presents with
blurred vision and creamy, yellow-white
lesions throughout the fundus consistent
with APMPPE. Given the widespread dis-
tribution, the patient was started on oral
steroids, with resolution of the lesions.

mation exists, with typical findings in-
cluding vitritis or optic nerve edema.'”
An enlargement of the blind spot
may also occur. Interestingly, many
initial cases of MEWDS were wrongly
categorized as acute idiopathic blind
spot enlargement (AIBSE)."! On
dilated examination, small, discrete
or confluent yellow-white dots are
visible, usually ranging in size from
100 pm to 200 pm through the outer
retina or the RPE. These are typically
located in the macula but they can
also involve the mid-periphery.'? Ad-
ditionally, a macular granular change
can occur; in rare cases this granularity
may be the only finding if the deep
retinal or RPE dots have resolved.
Likely with all white dot syn-
dromes, multi-modal imaging is
instrumental in making the diagno-
sis. Optical coherence tomography
often reveals photoreceptor damage,
and fluorescein angiography shows
retinal pigment epithelium abnor-
malities. These most often present
with a typical wreath pattern of early
hyperfluorescence and late staining of
the lesions, while indocyanine green
angiography is helpful, as it reveals
more hypocyanescence lesions than
appreciated on examination. Autoflu-
orescence can show areas of hyperflu-
orescence that correlate to the lesions
seen on ICGA, and the presence of
hyperfluorescence can indicate cur-
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Figure 3. OCT shows outer retinal disorga-
nization and photoreceptor loss, consis-
tent with changes from APMPPE.

rent or recent activity (Figure 1). The
enlarged blind spot can be confirmed
with visual field testing.

Acute Posterior Multifocal
Placoid Pigment Epitheliopathy
Similarly to MEWDS, APMPPE has
been connected to infectious prim-
ers, including viruses, tuberculosis
or vaccinations.” Other immune
conditions linked to APMPPE in-
clude psoriasis, sarcoidosis, erythema
nodosum, granulomatosis with
polyangitis, polyarteritis nodosa and
diabetes.” The most recent litera-
ture identifies the choriocapillaris as
the primary site of immune attack,
which results in destruction of the
overlying photoreceptors.'
APMPPE often presents as an
acute, bilateral disorder in young
healthy adults. Fundoscopy shows
multifocal, creamy to yellowish
placoid lesions in the posterior pole
(Frigure 2). OCT confirms disturbance
of the outer retina and photorecep-
tors, along with RPE hyperreflectivity
(Figure 3). Early phases of fluorescein
angiography reveal hypofluorescent
lesions, which later become hyper-
fluorescent, and ICGA demonstrates
hypocyanescence in both early and
late phases.” Cases are usually self-
limited and don’t require therapy,
although the use of oral steroids
have been advocated, especially in
foveal threatening disease. Despite
being traditionally characterized as
a self-resolving disease, there are
variations of APMPPE that have a
worse prognosis, including persistent
placoid maculopathy and relentless
placoid chorioretinitis. Their clinical

10

course is prolonged and characterized
by multiple relapses.'®

Of note, patients who present with
signs of APMPPE should also be
assessed for neurological symptoms.
Clinicians should have a low thresh-
old for obtaining neurological imag-
ing. In one review, half of patients
with neurological symptoms in the
setting had cerebral vasculitis. Other,
more unusual complications include
meningioencephalitis, viral meningi-
tis, cavernous sinus thrombosis, and
sixth-nerve palsy.!” Rarely, death can
result from cerebrovascular complica-
tions."®

IMFC and PIC

Both idiopathic multifocal choroiditis
and punctate inner chorioretinopathy
have been linked to a viral prodrome
or vaccination, but a definitive cause
remains elusive. Characteristically,
IMFC is chronic and recurrent, with
unilateral or bilateral involvement.
The hallmark of this disease requires
subretinal lesions located throughout
the macula and peripheral retina, with
possible overlying vitreous inflam-
mation. These lesions range from 50
to 350 pm and are yellow to yellow-
white, while hyperfluorescence can
demonstrate areas of activity'® (Figure
4). Vision loss occurs when these
lesions result in chorioretinal atrophy
or choroidal neovascular membrane
(CNVM) development.'” The OCT
demonstrates loss of photoreceptors,
with retinal architectural changes
tracking to the inner retina. Optical
coherence tomography angiography
can also be very helpful in these

Figure 4. Multiple chorioretinal lesions
throughout the fundus in a 27-year-old
female consistent with idiopathic multifo-
cal choroiditis. Hyperfluorescent areas
demonstrate areas of recent activity.
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Figure 5. A) A 34-year-old female presents
with blurred vision, with fundus ex-
amination showing peripapillary scarring
extending into the macula consistent with
serpiginous choroidopathy. B) On OCT, a
choroidal neovascular membrane formed
at the peripheral edge, requiring anti-VEGF
injections.

cases, and confirm dropout of mid-
sized vessels in the choriocapillaris.
Additionally, in patients presenting
with bilateral MEWDS, or MEWDS
that recurs with chorioretinal scarring,
IMFC should be considered, as it can
initially present as MEWDS. 12

PIC shares many of the same
features of IMFC, and differentiation
of the two may be difficult. In classic
cases, traditional PIC lesions are lo-
cated in the posterior pole and range
from 100 to 300 pm. The disease is
almost always bilateral, even if the
patient initially presented with uni-
lateral disease.”® In contrast to IMFC,
PIC has no inflammation, but does
carry with it a high risk of CNVM

development.

Serpiginous Chorioretinopathy
Much like the other white dot syn-
dromes, a viral prodrome has been
described before symptom onset
with serpiginous chorioretinopathy.
PCR testing of the aqueous humor
in these eyes has revealed herpes
virus in a subset of patients, but
this hasn’t been universally true.”!
Serpiginous chorioretinitis most
often has a geographic yellow to
yellow-grey choroiditis that extends
from the optic nerve with no to
very little overlying inflammation
(Figure 5A). Recurrences usually
occur at the margins of prior scarring,
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and concurrent active and inactive
lesions typify the disease. Reactiva-
tion is common (50 percent within
five years), and macular involvement
occurs in approximately 90 percent
of untreated patients.? In cases
where the serpiginous disease isn’t
treated, the chorioretinitis typically
burns out over two decades, but
leaves extensive scarring and fibrosis
behind.* Optical coherence tomog-
raphy demonstrates outer retinal
disorganization and hyperreflectivity
of the RPE, and hyperfluorescent
areas can delineate areas of carly
disease activity or recurrence.” CNV
can also develop at the margin of
impacted tissue (Figure 5B).

While the above five diseases
(MEWDS, APMPPE, IMFC, PIC,
serpiginous) all involve occlusion or
non-perfusion to the choroid, differ-
ences exist in the caliber of vessels
involved. MEWDS is thought to
preferentially impact the end capillary
vessels, while APMPPE, IMFC and
PIC involve the mid-sized chorio-
capillaris vessels, and serpiginous is
hypothesized to destroy the larger
choriocapillaris.”* Of note, certain re-
searchers believe that IMFC and PIC
are variations of the same disease, and
that MEWDS may represent early
IMFC if it recurs.?

Acute Zonal Occult Outer
Retinopathy (AZOOR)

Unlike the previously described
diseases that mainly involve the
choriocapillaris, AZOOR refers to an
inflammation aimed at the photore-
ceptors, but the exact mechanism

is poorly understood. Some believe
that a viral infection also predisposes
the body to attack the photorecep-
tors but this hasn’t been proven.?
The disease mainly impacts young
to middle aged myopic women,
with 75 percent developing bilat-
eral symptoms. Initially, the fundus
examination may be inconspicu-
ous, but ultimately a faint, white

to greyish white line delineating

the normal area from the involved
retina may appear.?’ It’s rare to

have overlying inflammation in the
vitreous. The OCT shows photore-
ceptor destruction, and fluorescein
angiography either demonstrates
leakage or staining over these areas.
Fundus autofluorescence can reveal
a stereotypical trizonal pattern:
hypofluorescence over the area that
has already been involved, a hy-
perfluorescence area at the border,
and normal pattern after the area of
AZOOR (Figure 6). AZOOR usually
stabilizes at six months, and patients
often maintain good vision. You can
consider treatment with local or oral
steroids however, especially in foveal
threatening disease or recurrence.

In a large report, the recurrence rate
was documented in 15 percent of
patients.”

Birdshot

Chorioretinopathy (BSCR)

BSCR is hypothesized to be an
inflammation of both the retina and
choroid and linked to the haplotype
HILA-A29. This link is so strong
that, in a patient with negative
HILA-A29, testing should raise the
possibility of an alternative diag-
nosis. It’s also important to note

that HLLA-AZ29 positivity is already
present in 7 percent of the general
population; therefore, its pres-

ence does guarantee a diagnosis of
birdshot. Recent studies have also
shown a link between BSCR and en-
doplasmic reticulum aminopeptidase

2 (ERAP2). ERAP2, like HLA-A29,

Figure 6. A 47-year-old male presents with
bilateral blurred vision, and fundus exami-
nation shows a faintly pigmentary changes
around the nerve. Autofluorescence shows
the typical trizonal pattern, including inner
hypofluorescence, a rim of hyperfluores-
cence, and normal retina outside of the
area of involvement.



is involved in the antigen presenta-
tion process, and the increase of this
may activate the immune response
in those with the HILA-A29 phe-
notype, but the true mechanism
remains poorly understood.”’

BSCR presents with the typical
range of WDS symptoms, in addition
to visual field constriction. Unlike
most of the other WDS, patients tend
to develop BSCR later in life. Fundus
examination reveals vitritis overlying
scattered choroidal creamy yellow-
white lesions, with a high concentra-
tion located inferonasally (Figure 7).
Fluorescein angiography can reveal
disc edema, macular leakage or
retinal vascular leakage. Like other
WDS, ICGA can reveal choroidal
lesions that aren’t seen on fundus
photography. OCT can show macular
edema, photoreceptor and ellipsoid
zone disruption as well as choroidal
thinning. Visual field monitoring is
important, since the earliest signs
can be peripheral visual loss. Given
its chronic and progressive nature,
treatment is important in patients
with BSCR. The treatment regimen
is usually stepwise, initially beginning
with local or oral steroids, with subse-
quent progression to steroid-sparing
therapy.*

In conclusion, prompt recognition
of these diseases is essential to obtain
the best visual outcomes. Multi-mod-
al imaging has provided new insights
into the classification and understand-
ing of the pathophysiology of these
diseases. In certain cases, the patient
can be watched, but in severe cases,
involving foveal-threatening disease,
or complications such as choroidal
neovascular membranes, treatment is
necessary. €
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Systemic Adverse Events
And Anti-VEGF

nvestigators wrote that anti-vascu-

lar endothelial growth factor agents

are the mainstay of treatment for

diabetic retinopathy. Although ef-
fective, data on their systemic safety
remains inconclusive, particularly
in high-risk patient groups. As such,
they looked at the systemic safety of
intravitreal anti-VEGF agents among
patients with diabetes, as part of a
retrospective, longitudinal popula-
tion-based analysis of the Corporate
Data Warchouse database of patients
within the U.S. Veteran Health Af-
fairs.

All patients 18 years and older with
type 2 diabetes seen at any Veterans
Affairs health-care facility between
January 1, 2011, and December 31,
2012, were identified. Data were
then extracted by incident systemic
adverse events among the patient
cohort from January 1, 2013, to De-
cember 31, 2017. All individuals with
diabetes who did and didn’t receive
anti-VEGF injections were included.
Patients with a history of prior
systemic adverse events and those
who received an intravitreal injection
between January 1, 2011, and Decem-
ber 31, 2012, were excluded. Data
were analyzed from October 2019 to
March 2023.

T'he main outcomes and measures
included the proportion of patients
with any incident systemic adverse
event, acute myocardial infarction,
cardiovascular disease or kidney
disease at one-, three- and five-year
follow-up.

A total of 1,731,782 patients (mean
[SD] age, 63.8 [12.3] years; 1,656,589
[95.7 percent] male) with type 2 dia-
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betes were included. Here are some
of the findings:

¢ DR was present in 476,013 pa-
tients (27.5 percent), and 14,022 (0.8
percent) received injections.

¢ Of the type 2 diabetes patients,
321,940 (18.6 percent) developed sys-
temic adverse events between 2013
and 2017.

¢ 'The five-year cumulative inci-
dence of any systemic adverse event
was 37 percent (5,187/14,022) in
the injection group vs. 18.4 percent
(316,753/1,717,760) in the non-injec-
tion group (p<0.001).

¢ Anti-VEGF injections were in-
dependently associated with a higher
likelihood of developing any systemic
adverse event (OR, 1.8; CI, 1.7 t0 1.9)
when controlling for age, race, sex,
ethnicity, tobacco use, severity of DR,
Deyo-Charlson Comorbidity Index
score, mean hemoglobin Alc, number
of injections and statin use.

Though investigators found that
intravitreal anti-VEGF injections
were independently associated with a
higher likelihood of systemic adverse
events among patients with diabetes,
a commentary on the study indicates
that further study is warranted before
any definitive conclusion can be
reached.

JAMA Ophthalmol 2023; Jun 1.

[Epub ahead of print].
Zafar S, Walder A, Virani S, et al.

Diabetes, Fuchs’ Associations
Scientists assessed risk for demo-
graphic variables and other health
conditions associated with Fuchs’
endothelial corneal dystrophy.

They developed a case-control
algorithm based on structured
electronic health record data and
confirmed accuracy by individual
review of charts at three Veterans Af-
fairs Medical Centers. This algorithm
was applied to the Department of
VA Million Veteran Program cohort
from whom sex, genetic ancestry,
comorbidities, diagnostic phecodes
and laboratory values were extracted.
Single-variable and multiple variable
logistic regression models helped de-
termine the association of these risk
factors with FECD diagnosis.

Here are some of the findings:

¢ Being a FECD case was as-
sociated with female sex, European
genetic ancestry and a greater number
of comorbidities.

e Of 1,417 diagnostic phecodes
evaluated, 213 had a significant as-
sociation with FECD and with ocular
and non-ocular conditions, including
diabetes mellitus.

e Five of 69 laboratory values were
associated with FECD, with four be-
ing consistent with diabetes mellitus.

¢ Insulin dependency and type
1 diabetes mellitus raised risk to a
greater degree than type 2 diabetes
mellitus, like other microvascular
diabetic complications.

Scientists concluded that fe-
male sex, European ancestry and
multimorbidity increased Fuchs’
endothelial corneal dystrophy risk.
Endocrine/metabolic clinic encoun-
ter codes and altered patterns of
laboratory values supported diabetes
mellitus increasing FECD risk, and
a threshold model revealed that a
FECD phenotype was intensified
by diabetes mellitus and potentially
other health conditions that alter
corneal physiology. €

Cornea 2023; May 12.[Epub ahead

of print].
Nealon CL, Halladay CW, Gorman BR, et al.

This article has no commercial sponsorship.
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‘ PP WILLS EYE RESIDENT CASE REPORT
€

A child with heterochromia, hemorrhage and
an intraocular mass presents at Wills Eye.

SANDY WONG, MD, AND CAROL SHIELDS, MD
PHILADELPHIA

Presentation

A 5-year-old male presents with incidentally found heterochromia. Approximately one year prior to presentation, the
patient’s mother noted that the child’s left eye was darker than his right eye. The patient himself did not report any
symptoms or visual changes. An optometrist’s examination at the time was reportedly normal. One year later, the pa-
tient was evaluated by an ophthalmologist who noted vitreous hemorrhage in the left eye with presence of an intraocu-
lar mass. The patient was then referred for evaluation by the Wills Ocular Oncology Service.

History

The patient was born at full term without
complications, and didn’t have any notable past
medical or ocular history. He didn’t take any

medications. Family history didn’t reveal any . . E S o e TR
cases of cancers or early childhood blindness. Figure 1. External photographs showing green colored iris of the
Review of systems was negative. right eye and brown colored iris of the left eye with an inferotemporal

episceral sentinel vessel.

Examination

Ocular examination demonstrated visual acuity of
20/25 in the right eye and light perception in the left
eye. Pupils were reactive with no evidence of an affer-
ent pupillary defect. Extraocular movements were full
bilaterally. Intraocular pressures were 13 mmHg
bilaterally.

Anterior segment evaluation revealed heterochromia "
with green-colored iris in the right eye and brown- Figure 2. Fundus photography of the right and left eye during exami-
colored iris in the left eye (Figure 1). There was no iris nation under anesthesia, showing normal findings in the right and
neovascularization. In the left eve, there was a dilated, hazy view with an inferotemporal intraocular mass in the left eye.
tortuous sentinel episcleral vessel overlying the inferotemporal quadrant of the left sclera (Figure 7). The left eye had
a dense cataract obscuring the view to the fundus.

Dilated fundus examination revealed normal findings in the right eye, including clear vitreous without hemorrhage
or cells (Figure 2). 'The left vitreous was noted to have pigment dispersion in the anterior vitreous with hazy view to
the optic nerve, macula and vessels (Figure 2). 'There was a large intraocular mass appearing to arise from the infero-
temporal ciliary body measuring 16 by 16 mm.

What's your diagnosis? What further work-up would you pursue? The diagnosis appears on p. 64.
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WILLS EYE

Work-up, Diagnosis and Treatment

\

Figure 3. Transscleral illumination high-
lighting an inferotemporal mass
extending from 2 to 6 o'clock in the left
eye.

retinal vessels.

Figure 4. A/B-scan ultrasonography and
ultrasound biomicroscopy showing the
mass arises from the ciliary body and
measures 11.8 mm in thickness and 13.5
mm at its base.

Figure 5. Fluorescein angiography of the
right and left eye, respectively, showing
a hyperfluorescent tumor posterior to the
lens in the left eye with no view of the

the tumor cells show dyscohesive epithelioid
cells with loosened intercellular connections, a
feature of malignancy. (Bottom) A zoomed view
of these tumor cells, adjacent to a population of
melanophages.

Our suspicion was for ciliochoroidal
melanoma, but since the patient was
only 5 years of age, we performed fine
needle aspiration biopsy to differenti-
ate melanoma from melanocytoma,
pigmented medulloepithelioma or
adenoma. The patient was taken to
the operating room for an examination under anesthesia.
Scleral transillumination revealed an anteriorly located
tumor extending from 2 to 6 o’clock (Figure 3). A/B-scan
ultrasound showed a ciliochoroidal mass with a thickness of
11.8 mm and a base of 13.5 mm (Figure 4). Ultrasound bio-
microscopy showed the mass originated within the ciliary
body, with the tumor pushing on the lens causing cataract
(Figure 4). There was no evidence of extraocular extension.
Fluorescein angiography demonstrated a hyperfluorescent
tumor posterior to the lens with no view of the retinal ves-

sels (Figure 5).

m REVIEW OF OPHTHALMOLOGY | JULY 2023

Figure 6. Gross pathology of the
enucleated eye showing a tumor based
in the ciliary body stroma and
mushrooming into the ocular cavity.

Figure 8. Close examination of the epithelioid
cells shows low mitotic figures and prominent
pleomorphism, with many binucleate and
trinucleate tumor cells.

The patient underwent fine needle aspiration biopsy of
the mass, which revealed epithelioid cell type malignant
melanoma. Given the pathologic diagnosis and extent of
the malignant tumor, a decision was made to proceed with
enucleation. Gross pathology of the globe is shown in Fig-
ure 6. Microscopic examination was notable for dyscohesive
cells with loosened intercellular connections, a feature of
malignancy (Figure 7). Interestingly, the specimen con-
tained many binucleate and trinucleate cells with relatively
few mitotic figures (Figure §).



Discussion

Our patient is a 5-year-old male who first presented with
asymptomatic acquired heterochromia. The differential
diagnosis for acquired heterochromia includes sympathetic-
innervation heterochromia, ocular trauma, Fuchs’ het-
erochromic uveitis, iris neovascularization and pigment
dispersion on the iris whether from nevus or melanoma.

In sympathetic-innervation heterochromia such as Horner
syndrome or neuroblastoma, unilateral lack of sympathetic
innervation interferes with melanin production in melano-
cytes. In contrast, cases of melanocyte infiltration such as
diffuse nevus or melanoma cause increased iris pigmenta-
tion in the affected eye.! In this case, the acquired hetero-
chromia was related to congenital uveal melanocytosis that
gradually darkened in the first few years of life and lead to
development of the ciliary body melanoma that was ulti-
mately treated with enucleation.

Uveal melanoma is a rare intraocular tumor that arises
from the melanocytes of the iris, ciliary body or choroid.?
It’s the most common primary intraocular malignancy in
adults, with a prevalence of 5.1 per million.> The majority
are located posterior to the equator. Ciliary body location
is the least common site for uveal melanoma but portends
the least favorable prognosis. Tumors with epithelioid cells
also have poorer prognosis compared to spindle or mixed
spindle-epithelioid cell types.*”

"The biggest advance in prognostication has been through
understanding the molecular mechanisms driving this
malignancy. In a large retrospective cohort study of 1,001
eyes with uveal melanoma, cases were categorized accord-
ing to The Cancer Genome Atlas based on tumor DNA
and followed for melanoma-related metastasis at five and
10 years. The Kaplan-Meier rate of liver metastasis, lung
metastasis or any distant metastasis was highest in class D
tumors with monosomy 3 and gain of chromosome 8q. Rates
of metastasis were lowest in class-A tumors with disomy 3
and disomy 8. This classification strategy is used to guide
treatment, particularly for class-C and -D tumors that may
require adjuvant therapy.®

Compared to that of the adult general population, uveal
melanoma in pediatric patients is much rarer and with
more favorable prognosis. Based on a large series of 8,033
patients with uveal melanoma, only 1 percent occurred in
patients aged 20 years or younger, whereas 53 percent were
diagnosed in patients aged 21 to 60 years old and 45 percent
diagnosed in patients over the age of 60. Patients under 20
years old with uveal melanoma were more likely to be non-
white with lower rates of tumor-related metastasis and death
compared to adults, similar to cutaneous melanoma. These
patients were more likely to have melanoma located in the
iris, more remote from the fovea and optic disc, and with
smaller tcumor diameter and thickness. It’s speculated that
younger patients have a more favorable prognosis indepen-

dently of tumor size due to declining host defense mecha-
nisms with advancing age.’

Focusing specifically on pediatric choroidal and ciliary
body melanomas, a 2016 survey by the European Ophthal-
mic Oncology Group studied 299 patients, of whom 114
were children younger than 18 years of age and 185 were
young adults between the ages of 18 and 25 years. Patients
with iris melanoma were excluded from the study. The au-
thors found that adjusting for TNM stage and gender, chil-
dren with choroidal and ciliary body melanoma have more
favorable survival than young adults. Male children tended
to have a more favorable survival compared to female chil-
dren. Similar to the general adult population, higher TNM
staging and monosomy 3 with 8q gain predicted the highest
risk for metastasis.'

In conclusion, our patient presented with asymptomatic
acquired heterochromia that was found to be secondary to a
case of pediatric ciliary body melanoma. Cases of pediatric
uveal melanoma are rare and require special consideration.
Compared to adult uveal melanomas, pediatric cases tend
to carry a more favorable prognosis. They share many of the
same molecular and genetic basis as their adult counterparts,
with similar metastatic outcomes based on The Cancer
Genome Atlas categorization. The cytogenetic analysis of
tumor DNA and genomic testing for conditions, including
BAP1 tumor predisposition syndrome, is still pending to
complete the work-up for this unique case. 4
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THE POWER OF 3

The Beginning of the
Interventional Glaucoma Revolution

infinite possibilities

Brought to you by the founder of MIGS, iStent infinite® is the first-ever micro-invasive, standalone implantable
alternative. Built on the #1 MIGS platform worldwide, it is designed to provide powerful technology that delivers
foundational, 24/7, long-term IOP control in glaucoma patients who have failed prior medical and surgical intervention.’

REFERENCE
1. Glaukos Data on File.

iStent infinite® IMPORTANT SAFETY INFORMATION

INDICATION FOR USE. The iStent infinite® Trabecular Micro-Bypass System Model iS3 is an implantable device intended to reduce the intraocular pressure (I0P) of the eye. It is indicated for use in
adult patients with primary open-angle glaucoma in whom previous medical and surgical treatment has failed. CONTRAINDICATIONS. The iStent infinite is contraindicated in eyes with angle-closure
glaucoma where the angle has not been surgically opened, acute traumatic, malignant, active uveitic, or active neovascular glaucoma, discernible congenital anomalies of the anterior chamber (AC)
angle, retrobulbar tumor, thyroid eye disease, or Sturge-Weber Syndrome orany other type of condition that may cause elevated episcleral venous pressure. WARNINGS. Gonioscopy should be performed
prior to surgery to exclude congenital anomalies of the angle, PAS, rubeosis, or conditions that would prohibit adequate visualization that could lead to improper placement of the stent and pose a
hazard. MRI INFORMATION. The iStent infinite is MR-Conditional, i.e., the device is safe for use in a specified MR environment under specified conditions; please see Directions for Use (DFU) label for
details. PRECAUTIONS. The surgeon should monitor the patient postoperatively for proper maintenance of I0P. Three out of 61 participants (4.9%) in the pivotal clinical trial were phakic. Therefore,
there is insufficient evidence to determine whether the clinical performance of the device may be different in those who are phakic versus in those who are pseudophakic. ADVERSE EVENTS. The most
common postoperative adverse events reported in the iStent infinite pivotal trial included IOP increase = 10 mmHg vs. baseline 10P (8.2%), loss of BSCVA = 2 lines (11.5%), ocular surface disease
(11.5%), perioperative inflammation (6.6%) and visual field loss = 2.5 dB (6.6%). CAUTION: Federal law restricts this device to sale by, or on the order of, a physician. Please see DFU for a complete list of
contraindications, warnings, precautions, and adverse events.

Glaukos® and iStent infinite® are registered trademarks of Glaukos Corporation. All rights reserved. ©2022 G L A U K@S
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