
REVIEW
 OF OPTOM

ETRY • VOL. 161, NO. 6 • JUNE 15, 2024  •  M
yopia M

anagem
ent: Putting Theory into Practice  •  AM

D Staging: M
ore than W

et vs. Dry  • The OD’s Role in Stopping Diabetic Eye Disease  •  Posterior and Panuveitis  •  Inherited Retinal Dystrophies

Your Role in Stopping 
the Progression of 
Diabetic Eye Disease

BONUS FEATURE

Myopia Management: 
Putting Theory 
Into Practice

Page 36

Vicarious Liability Leads to Blindness, p. 88  •  Cardiopulmonary Effects of Beta Blockers, p. 90

June 15, 2024 • reviewofoptometry.com Leadership in clinical care

Learn what to pay attention to and 
when to take charge. PAGE 58

25TH ANNUAL DRY EYE REPORT

15TH ANNUAL RE TINA REPORT

PLUS: 

AMD Staging: More 
Than Wet vs. Dry
PAGE 50

Understanding Uveitis: 
Causes and Clinical Clues
PAGE 72

EARN 2 CE CREDITS:
Are You Up to Speed 
on Inherited Retinal 
Dystrophies?
PAGE 78

A trio of specialty eye care products scientifically formulated for the sensitive eye area.
Clinically proven with 15,000 product applications up to 12 weeks.

Your patients can find this in the eye care aisle.
© 2023 Bausch + Lomb       PN11256 LEM.0152.USA.23       LUMIFYeyes.com

F R O M  T H E  E Y E  C A R E  E X P E R T S  A T

Non-irritating formulas Clinically-provenDeveloped with Eye Doctors and Dermatologists





REVIEW
 OF OPTOM

ETRY • VOL. 161, NO. 6 • JUNE 15, 2024  •  M
yopia M

anagem
ent: Putting Theory into Practice  •  AM

D Staging: M
ore than W

et vs. Dry  • The OD’s Role in Stopping Diabetic Eye Disease  •  Posterior and Panuveitis  •  Inherited Retinal Dystrophies

Your Role in Stopping 
the Progression of 
Diabetic Eye Disease

BONUS FEATURE

Myopia Management: 
Putting Theory 
Into Practice

Page 36

Vicarious Liability Leads to Blindness, p. 88  •  Cardiopulmonary Effects of Beta Blockers, p. 90

June 15, 2024 • reviewofoptometry.com Leadership in clinical care

Learn what to pay attention to and 
when to take charge. PAGE 58

25TH ANNUAL DRY EYE REPORT

15TH ANNUAL RE TINA REPORT

PLUS: 

AMD Staging: More 
Than Wet vs. Dry
PAGE 50

Understanding Uveitis: 
Causes and Clinical Clues
PAGE 72

EARN 2 CE CREDITS:
Are You Up to Speed 
on Inherited Retinal 
Dystrophies?
PAGE 78



INDICATION
MIEBO™ (perfl uorohexyloctane ophthalmic solution) is a semifl uorinated alkane indicated for the treatment of 
the signs and symptoms of dry eye disease. 
IMPORTANT SAFETY INFORMATION
•  MIEBO should not be administered while wearing contact lenses. Contact lenses should be removed before use 

and for at least 30 minutes after administration of MIEBO
•  Instruct patients to instill one drop of MIEBO into each eye four times daily
•  The safety and effi cacy in pediatric patients below the age of 18 have not been established
•  The most common ocular adverse reaction was blurred vision (1% to 3% of patients reported blurred vision and 

conjunctival redness)
You are encouraged to report negative side effects of prescription drugs to the FDA. Visit www.fda.gov/medwatch or 
call 1-800-FDA-1088.
Please see accompanying Brief Summary of full Prescribing Information for MIEBO.

©2024 Bausch + Lomb
MBO.0098.USA.23 V2.0

References: 1. MIEBO. Prescribing Information. Bausch & Lomb, Inc; 2023. 2. Sheppard JD, Nichols KK. Dry eye disease associated with 
meibomian gland dysfunction: focus on tear fi lm characteristics and the therapeutic landscape. Ophthalmol Ther. 2023;12(3):1397-1418. 
doi:10.1007/s40123-023-00669-1 3. Vittitow J, Kissling R, DeCory H, Borchman D. In vitro inhibition of evaporation with perfl uorohexyloctane, 
an eye drop for dry eye disease. Curr Ther Res Clin Exp. 2023;98:100704. doi:10.1016/j.curtheres.2023.100704 4. Data on fi le. Bausch & Lomb, Inc; 
2023. 5. Tauber J, Berdy GJ, Wirta DL, Krösser S, Vittitow JL; GOBI Study Group. NOV03 for dry eye disease associated with meibomian gland 
dysfunction: results of the randomized phase 3 GOBI study. Ophthalmology. 2023;130(5):516-524. doi:10.1016/j.ophtha.2022.12.021 6. Sheppard JD, 
Kurata F, Epitropoulos AT, Krösser S, Vittitow JL; MOJAVE Study Group. NOV03 for signs and symptoms of dry eye disease associated with 
meibomian gland dysfunction: the randomized phase 3 MOJAVE study. Am J Ophthalmol. 2023;252:265-274. doi:10.1016/j.ajo.2023.03.008

Indicated for the 
treatment of the signs 
and symptoms of DED

Learn more at 
MIEBO-ECP.COM

Rapid and 
sustained relief1†

•  Improvement in tCFS and 
eye dryness as early as Day 15 
continued through Day 57 in 
2 pivotal studies  

Excellent 
tolerability1,4-6‡

•  Low rate of burning or stinging 
on instillation

•  Blurred vision and conjunctival 
redness were reported in 1%-3% 
of individuals

Inhibits tear 
evaporation1-3*

•  Forms a monolayer at the 
air-liquid interface of the tear 
fi lm which can be expected to 
reduce evaporation

MIEBO is the fi rst and only Rx eye drop for DED that directly targets evaporation1

*The exact mechanism of action for MIEBO in DED is not known.1

† Study design: Two 57-day, multicenter, double-masked, saline-controlled studies (GOBI and MOJAVE) were conducted in adults ≥18 years 
old with a self-reported history of DED in both eyes. Across GOBI and MOJAVE, 614 patients received MIEBO and 603 patients received control 
with 591 and 575, respectively, assessed on Day 57. Primary endpoints were change from baseline in tCFS and change from baseline in eye 
dryness score at Day 57. Day 15 was the earliest time point at which signs and symptoms were evaluated in the trials. Day 57 was the last.1,5,6

‡ In 2 pivotal studies of >1200 patients (614 patients received MIEBO), there were no incidences of serious ocular AEs with MIEBO. Most AEs were 
considered mild. The discontinuation rate for MIEBO was comparable to control (pooled: 0.2% vs 0.5%; GOBI: 0.3% vs 1.0%; MOJAVE: 0% vs 0%). 
0.5% (pooled) of patients experienced instillation site pain AEs, such as burning or stinging (GOBI: 1.0%; MOJAVE: 0%). Blurred vision (pooled: 
2.1%; GOBI: 3.0%; MOJAVE: 1.3%) and conjunctival redness (pooled: 0.8%; GOBI: 0%; MOJAVE: 1.3%) were reported in 1%-3% of individuals.1,4-6

AE, adverse event; DED, dry eye disease; tCFS, total corneal fl uorescein staining.
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BRIEF SUMMARY OF PRESCRIBING INFORMATION

This Brief Summary does not include all the information needed 
to use MIEBO safely and effectively. See full Prescribing 
Information for MIEBO.

MIEBO™ (perfluorohexyloctane ophthalmic solution), for topical 
ophthalmic use 
Initial U.S. Approval: 2023

1 INDICATIONS AND USAGE

MIEBO™ (perfluorohexyloctane ophthalmic solution) is indicated for 
the treatment of the signs and symptoms of dry eye disease (DED).

4 CONTRAINDICATIONS

None.

5 WARNINGS AND PRECAUTIONS

MIEBO should not be administered while wearing contact lenses. 
Advise patients that contact lenses should be removed prior to 
and for at least 30 minutes after administration of MIEBO.

6 ADVERSE REACTIONS

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

In patients with DED, 614 patients received at least one dose of 
MIEBO in two randomized controlled clinical trials across 68 sites in 
the United States. The most common ocular adverse reaction was 
blurred vision. Blurred vision and conjunctival redness were reported 
in 1-3% of individuals.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy 

Risk Summary

There are no adequate and well controlled studies with MIEBO in 
pregnant women. 

In animal reproduction studies with oral administration of  
perfluorohexyloctane during the period of organogenesis, no  
adverse maternal or developmental effects were observed in rats  
at doses up to 162 times the recommended human ophthalmic 
dose (RHOD) (see Data). Maternal toxicity, miscarriages and  
reduced fetal weights were observed in rabbits at all doses tested, 
with the lowest dose as 41 times the RHOD.

All pregnancies have a risk of birth defect, loss, or other adverse 
outcomes. In the US general population, the estimated background 
risk of major birth defects is 2 to 4%, and of miscarriage is 15 to 20%, 
of clinically recognized pregnancies. 

Data 

Animal Data 

An embryofetal study was conducted in pregnant rabbits  
administered perfluorohexyloctane by oral gavage on gestation  
days 6 to 19, to target the period of organogenesis.

Perfluorohexyloctane produced maternal toxicity, characterized  
by reduced body weight gain and food consumption, and  
miscarriages at all doses tested, with the lowest dose as  
≥ 250 mg/kg/day (41 times the RHOD based on body surface area). 
Reduced fetal weights were also observed at ≥ 250 mg/kg/day but 
no fetal mortality or malformations. A no observed adverse effect 
level (NOAEL) for maternal toxicity was not established in rabbits.

An embryofetal study was conducted in pregnant rats administered 
perfluorohexyloctane by oral gavage on gestation days 6 to 17, to 
target the period of organogenesis. There was no evidence of  
embryofetal toxicity or teratogenicity at doses up to 2,000 mg/kg/day 
(162 times the RHOD).

8.2 Lactation

There are no data on the presence of perfluorohexyloctane in  
human milk, the effects on the breastfed infant, or the effects  
on milk production. The lack of clinical data during lactation  
precludes a clear determination of the risk of MIEBO to an infant 
during lactation; however, the developmental and health benefits 
of breastfeeding should be considered along with the mother’s  
clinical need for MIEBO.

8.4 Pediatric Use

The safety and effectiveness of MIEBO in pediatric patients below 
the age of 18 years have not been established.

8.5 Geriatric Use

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

12 CLINICAL PHARMACOLOGY

12.3 Pharmacokinetics

The pharmacokinetics of perfluorohexyloctane following topical 
ocular administration of MIEBO has not been quantitatively  
characterized in humans. A single pharmacokinetic (PK) study was 
conducted that showed low systemic perfluorohexyloctane blood 
levels after topical ocular administration. Perfluorohexyloctane was 
not metabolized by human liver microsomes in vitro.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Long-term studies in animals have not been conducted to evaluate 
the carcinogenic potential of perfluorohexyloctane. 

Perfluorohexyloctane was not mutagenic or clastogenic in a  
standard battery of genotoxicity tests, including a bacterial  
mutagenicity assay (Ames assay), an in vitro chromosome  
aberration assay using human peripheral lymphocytes, and  
an in vivo bone marrow micronucleus assay in rats.

17 PATIENT COUNSELING INFORMATION

Use with Contact Lenses

Advise patients that contact lenses should be removed prior to 
and for at least 30 minutes after administration of MIEBO.

Administration Instructions

Advise patients to instill one drop of MIEBO four times daily into 
each eye as depicted in the Administration Instructions.

Distributed by: 

Bausch & Lomb Americas Inc. Bridgewater, NJ 08807 USA

Patented. See https://patents.bausch.com for US patent information. 

©2023 Bausch + Lomb

MBO.0046.USA.23 Issued: 5/2023
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Non-arteritic anterior ischemic 
optic neuropathy (NAION), 
the most common acute optic 

neuropathy in those over 50 years 
old, is not well understood and causes 
irreversible blindness. Glucagon-like 
peptide-1 (GLP-1) receptor analogs 
are a newer, highly effective category of 
medication for diabetes management. 
Drugs such as semaglutide (Ozempic 
and Wegovy, both Novo Nordisk), 
as well as tirzepatide (Mounjaro, Eli 
Lilly), have risen in popularity because 
of their efficacy for glycemic control 
and weight loss promotion. With an 
increasing number of diabetic patients 
being prescribed these drugs, it is im-
portant that eyecare providers under-
stand the implications. At ARVO 2024 
in Seattle, researchers from Massachu-
setts Eye and Ear as well as Harvard 
Medical School presented findings that 
highlighted the link between prescribed 
GLP-1 inhibitors and the development 
of vision loss due to NAION.

The retrospective cohort study exam-
ined the association between the GLP-
1R agonist and the development of 
NAION over a six-year period in the 
neuro-ophthalmology clinic. Patients 
with no prior NAION events were 

identified from a centralized clinical 
data registry and patients were matched 
by cardiovascular risk factors, contrain-
dications and indications for the use of 
this GLP-1R agonist. From a total of 
17,292 patients, 6,426 unique patients 
were identified to have risk factors 
for NAION, and 307 were prescribed 
and dispensed GLP-1R agonists. Of 
those, 30 patients were diagnosed with 
NAION (incidence rate: 4.83). From 
the 1,236 patients in the non-GLP1R 
agonist-exposed cohort, 88 patients 
were diagnosed with NAION (inci-
dence rate: 1.05 and risk ratio: 4.59).

This study found that the hazard 
of NAION was 3.24 times higher in 
individuals exposed to the GLP-1R 
agonists compared with those who 
were not, after adjusting for confound-
ers. Males had a higher risk of NAION 
compared to females. Those with diabe-
tes as well as those with hyperlipidemia 
were also at a higher risk. The model’s 
overall significance was confirmed by 
the likelihood ratio test, Wald test and 
score test, all of which showed highly 
significant p-values.

“Clinicians and patients may con-
sider this risk before initiating this 
GLP-1R agonist in those with a his-

tory of NAION, monocular patients 
and those with low vision at baseline,” 
the researchers wrote in their abstract.

As more patients are started on 
GLP-1 analogues, optometrists should 
be aware of the frequency of potential 
worsening retinopathy that occurs with 
rapid, improved glycemic control. 

Original abstract content ©2024 
Association for Research in Vision and 
Ophthalmology.

Carreno-Galeano JT, Krasniqi D, Rizzo JF, et al. Non 
arteritic ischemic optic neuropathy in patients receiving a 
glucagon-like peptide receptor agonists in a tertiary care 
center. ARVO 2024 annual meeting.

NAION Risk Higher in Patients on GLP-1 Drugs 
Exposure to agonists such as Ozempic and Mounjaro was associated with a 3.24-fold higher 
likelihood, study finds.
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Men on these weight loss/diabetes control 
drugs had a higher risk of NAION compared 
with women.

IN BRIEF
g Post-cataract IOP Spike is Sig-
nificant Predictor of Spike in Fellow 
Eye. Research has established sev-
eral contributing factors to elevated 
intraocular pressure (IOP) after cata-
ract surgery, including male gender, 
high myopia, longer axial length, 
shallow anterior chamber depth, 
history of glaucoma treatment and 

high baseline IOP. However, a study 
presented at ARVO 2024 explored the 
connection between an IOP spike in 
the first eye and its potential role in 
predicting one in the second eye.

The retrospective cohort study 
included 5,226 cataract patients in 
the University of Colorado Cataract 
Outcomes Database. IOP spike was 
defined as a post-surgery day one IOP 
>30mm Hg or IOP >10mm Hg change 

from baseline. Researchers used 
multivariable logistic regression to 
assess the primary association with 
adjustment for potential confound-
ing variables. They found the overall 
incidence of IOP spikes in the second 
eye was 4.6%, and 4.5% in the first 
eye. Patients who had an IOP spike 
in the first eye had a 23.9% incidence 
of an IOP spike in the second eye. 
The incidence rate was only 3.8% for 

patients who didn’t have an IOP spike 
in their first eye.

The authors concluded that a 
first-eye IOP spike has a profound 
influence on a second-eye IOP spike, 
regardless of other established 
preoperative and intraoperative risk 
factors. 

Gnanaraj R, Taravella M, Lynch A, Patnaik J. First eye 
intraocular pressure spike as predictor of second eye 
spike in cataract surgery. ARVO 2024 annual meeting.
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Low-dose Aspirin Not Effective in Preventing AMD

Although treatments that restore 
vision lost from AMD have 
flourished in the nearly two 

decades since the advent of anti-VEGF 
agents, there remains no proven in-
tervention that can prevent onset on a 
widespread scale. Clinicians are left to 
advising patients on lifestyle modifica-
tions, including dietary changes and 
considerations of AREDS supplements. 
Aspirin, it seems, will be no help either.

That intervention was explored in a 
new study published recently in JAMA 
Ophthalmology. Researchers of this 
investigation looked at data from a large 
double-masked, placebo-controlled trial 
called Aspirin in Reducing Events in 
the Elderly (ASPREE), jointly conduct-
ed in the US and Australia from 2014 to 
2018 that tested for efficacy of low-dose 
aspirin to prolong disability-free survival 
of older adults. An offshoot of the main 
study called ASPREE-AMD looked 
specifically at aspirin’s influence on the 
course of the disease.

This substudy enrolled a total of 4,993 
Australian individuals in ASPREE 
aged 70 or older without dementia, 
independence-limiting physical disability, 
cardiovascular disease or chronic illness 
limiting five-year survival and with 
gradable retinal images at baseline. 
Participants either received 100mg per 
day of aspirin or a placebo for three years. 
At trial termination, retinal follow-up 

data were available for 3,208 patients, 
with 3,171 being analyzed for AMD 
incidence and progression. This resulted 
in a median age of 73.5 years of age and 
median follow-up tome was 3.1 years. The 
aspirin group saw a cumulative AMD 
incidence of 19.4% (195 of 1,004) while 
the placebo group’s AMD rate was 19.1% 
(187 of 979). Cumulative progression 
from early/intermediate AMD to late 
AMD rates were also similar; the aspirin 
group rate was 2.3% (14 of 615) and the 
placebo group was 3.1% (18 of 573).

It should be noted that the ASPREE 
trial was terminated early and thus cap-
tured fewer cases of AMD progression. 
However, there was also no subgroup of 
participants for which the effects were 
different from the main results. That is, 

aspirin’s impact on AMD was not af-
fected by age, use of alcohol or smoking, 
sex, BMI, hypertension or use of statins. 
As well, no evidence suggested that late 
AMD was more likely to occur in the 
group randomized to low-dose aspirin.

The study authors relay in their 
journal article that aspirin was proposed 
as an intervention for AMD because of 
its anti-inflammatory property, since in-
flammation likely plays a role in AMD 
pathogenesis. These suggestions that 
aspirin may be beneficial for reducing 
either AMD risk or progression came 
from the earlier randomized clinical tri-
als of the Physicians’ Health Study with 
five-year treatment and the Women’s 
Health Study with 10-year treatment. 
However, neither result in these two 
studies were significant, despite the 
larger sample sizes and longer aspirin 
exposure. Both were limited instead by 
reliance on self-reported AMD status 
and confirmed by medical reports. Self-
reporting is inaccurate, though, espe-
cially in early AMD stages. 

In the article, the authors succinctly 
summarize that, “overall, these results do 
not support the suggestion that low-
dose daily aspirin prevents the develop-
ment or progression of AMD.”

Robman LD, Wolfe R, Woods RL, et al. Effect of low-dose 
aspirin on the course of age-related macular degeneration: a 
secondary analysis of the ASPREE randomized clinical trial. 
JAMA Ophthalmol. May 23, 2024. [Epub ahead of print].

Low-dose aspirin was not found to have any 
benefit for AMD, although evidence was 
weaker for progression of AMD due to low 
numbers of cases that progressed.

Photo: Jessica Haynes, OD
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IN BRIEF
g Glaucomatous Eyes with 
High Systolic Blood Velocity May 
Progress Faster. The role of intra-
ocular pressure (IOP) in glaucoma 
is central to discussions of disease 
management. Curiously, however, the 
interplay of IOP and blood pressure 
(BP) is likely a bit underemphasized 
in clinical practice.

In an ARVO study, researchers 
used a mathematical model based 
on the properties of blood flow in a 
large number of healthy eyes. Using 
color Doppler imaging (CDI), they 
documented a metric called peak 
systolic velocity and combined those 
findings with physiological principles 
to characterize POAG eyes and 

identify those at a higher risk. Higher 
values for peak systolic velocity 
indicate stenosis, often in the carotid 
artery, as thinner vessels cause 
blood to traverse more rapidly.

The model developed by this 
team synthesizes cardiovascular 
principles with ocular findings. “If we 
feed it values that are easily mea-
sured like blood pressure, IOP and 
heart rate, it can estimate properties 
of blood in the body related to the 
eye,” the researchers wrote in their 
abstract. “One of these properties 
is the systolic velocity of blood in 
the central retinal artery, which is 
important in getting the blood from 
the heart to the eye.”

Over 900 POAG eyes with mea-
surements of systolic velocity were 

studied. Each subject’s individualized 
IOP, blood pressure and heart rate 
values were then used estimate the 
peak velocity that would be expected 
from a standard healthy eye. The 
values estimated by the model were 
compared with CDI-measured values 
for each eye, then classified into 
three groups based on the difference 
between the model-estimated and 
the CDI-measured results as follows:

Group 1: <2cm/s difference
Group 2: 2-5cm/s difference
Group 3: >5cm/s difference
Eyes in Group 1 had the highest 

values for retinal nerve fiber layer 
thickness, lowest cup-to-disc ratios 
and the lowest mean deviation and 
patterned standard deviation. In 
contrast, Group 3 showed the worst 

structural and functional markers 
among the groups.

“We found that the eyes with the 
largest difference show the most 
damage. This shows promise for 
helping doctors recognize glau-
coma eyes that are more at-risk of 
progressing,” the authors explained 
in their abstract. The research con-
tinues to clarify the relationships 
between blood flow and IOP in ways 
that should help doctors to more 
strongly perceive that ocular health 
in the context of overall health and 
cardiovascular health specifically.

Rai R, Harris A, Verticchio A, et al. Physiology-guided 
classification of primary open-angle glaucoma eyes 
based on systolic velocity deviation: a structural and 
functional analysis. ARVO 2024 annual meeting.



See more clinical data 
OXERVATE.com/hcp

N O T  J U S T  A N Y  S O L U T I O N

Complete and long-lasting resolution of NK for most patients*1-4

•  Up to 72% of patients achieved complete corneal healing in clinical trials*†1-3

•  80% of these patients remained healed at 1 year (REPARO trial)*4

*Resolution was evaluated in clinical trials as complete corneal healing, defined as the absence of staining in the lesion area and  
no persistent staining in the rest of the cornea after 8 weeks of treatment and as <0.5-mm lesion staining at 48-week follow-up.1-3

† Key study findings were after 8 weeks of treatment, 6 times daily. REPARO (Study NGF0212): 52 patients with Stage 2 or 3 
neurotrophic keratitis (NK) in 1 eye per group; 72% (36/50) of patients completely healed; vehicle response rate 33.3% 
(17/51). Study NGF0214: 24 patients with Stage 2 or 3 NK in 1 or both eyes per group; 65.2% (15/23) completely healed; 
vehicle response rate 16.7% (4/24). Last post-baseline observation carried forward; chi-squared test. Patients without  
any post-baseline measurements were excluded from the analysis.1-3

For the treatment of all stages  
of neurotrophic keratitis (NK) 

Important Safety Information
WARNINGS AND PRECAUTIONS
Use with Contact Lens
Contact lenses should be removed before applying 
OXERVATE because the presence of a contact lens  
(either therapeutic or corrective) could theoretically  
limit the distribution of cenegermin-bkbj onto the area  
of the corneal lesion. Lenses may be reinserted 15  
minutes after administration.
Eye Discomfort
OXERVATE may cause mild to moderate eye discomfort 
such as eye pain during treatment. The patient should  
be advised to contact their doctor if a more serious eye 
reaction occurs.
ADVERSE REACTIONS
In clinical trials, the most common adverse reaction was 
eye pain following instillation which was reported in 
approximately 16% of patients. Eye pain may arise as 
corneal healing occurs. Other adverse reactions occurring 
in 1% to 10% of OXERVATE patients included corneal 
deposits, foreign body sensation, ocular hyperemia, ocular 
inflammation, photophobia, tearing, and headache.
USE IN SPECIFIC POPULATIONS
Pregnancy
There are no data from the use of OXERVATE in pregnant 
women to inform any drug associated risks.

Lactation
The developmental and health benefits of breastfeeding 
should be considered, along with the mother’s clinical 
need for OXERVATE, and any potential adverse effects  
on the breastfed infant from OXERVATE.
Pediatric Use
The safety and effectiveness of OXERVATE have been 
established in the pediatric population. Use of OXERVATE 
in pediatric patients 2 years of age and older is supported 
by evidence from adequate and well-controlled trials of 
OXERVATE in adults with additional safety data in children.
INDICATION
OXERVATE® (cenegermin-bkbj) ophthalmic solution 
0.002% (20 mcg/mL) is indicated for the treatment  
of neurotrophic keratitis.
DOSAGE AND ADMINISTRATION
Instill one drop of OXERVATE in the affected eye(s),  
6 times a day at 2-hour intervals for eight weeks.
To report ADVERSE REACTIONS, contact Dompé U.S. Inc. 
at 1-833-366-7387 or FDA at 1-800-FDA-1088 or  
www.fda.gov/medwatch.
Please see the Brief Summary of full Prescribing 
Information for OXERVATE on the following page.
References: 1. OXERVATE® (cenegermin-bkbj) ophthalmic solution 0.002% (20 mcg/mL) [US package 
insert]. Boston, MA; Dompé U.S. Inc.; 2023. 2. Bonini S, et al. Ophthalmology. 2018;125:1332-1343.  
3. Pflugfelder SC, et al. Ophthalmology. 2020;127:14-26. 4. Data on File. Clinical Study Report (NGF0212). 
Dompé U.S. Inc., 2016. 

© 2023 Dompé U.S. Inc.  All rights reserved. US-OXE-2200017.1 3.1 12/23
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Brief Summary of full Prescribing Information 
Consult the full Prescribing Information for complete product 
information, available at  
www.oxervate.com/prescribing-information.

INDICATIONS AND USAGE 
OXERVATE® (cenegermin-bkbj) ophthalmic solution 0.002% is 
indicated for the treatment of neurotrophic keratitis. 

DOSAGE AND ADMINISTRATION 
General Dosing Information 
Contact lenses should be removed before applying OXERVATE 
and may be reinserted 15 minutes after administration.
If a dose is missed, treatment should be continued as normal, 
at the next scheduled administration.
If more than one topical ophthalmic product is being used, 
administer the eye drops at least 15 minutes apart to avoid 
diluting products. Administer OXERVATE 15 minutes prior to 
using any eye ointment, gel or other viscous eye drops.
Recommended Dosage and Dose Administration
Instill one drop of OXERVATE in the affected eye(s), 6 times a 
day at 2-hour intervals for eight weeks.

WARNINGS AND PRECAUTIONS
Use with Contact Lens
Contact lenses should be removed before applying OXERVATE 
because the presence of a contact lens (either therapeutic 
or corrective) could theoretically limit the distribution of 
cenegermin-bkbj onto the area of the corneal lesion. Lenses 
may be reinserted 15 minutes after administration.
Eye Discomfort
OXERVATE may cause mild to moderate eye discomfort such 
as eye pain during treatment. The patient should be advised to 
contact their doctor if a more serious eye reaction occurs.

ADVERSE REACTIONS
Clinical Trials Experience
Because clinical studies are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical 
studies of a drug cannot be directly compared to rates in the 
clinical studies of another drug and may not reflect the rates 
observed in practice.
In two clinical trials of patients with neurotrophic keratitis, a 
total of 101 patients received cenegermin-bkbj eye drops at  
20 mcg/mL at a frequency of 6 times daily in the affected eye(s) 
for a duration of 8 weeks. The mean age of the population was  
61 to 65 years of age (18 to 95). The majority of the treated patients 
were female (61%). The most common adverse reaction was eye 
pain following instillation which was reported in approximately 
16% of patients. Eye pain may arise as corneal healing occurs. 
Other adverse reactions occurring in 1% to 10% of OXERVATE 
patients included corneal deposits, foreign body sensation, 
ocular hyperemia, ocular inflammation, photophobia, tearing, 
and headache. 

© 2024 Dompé U.S. Inc. All rights reserved. US-OXE-1900010.2  01/24

Postmarketing Experience
The following adverse reactions have been identified during  
postapproval use of OXERVATE. Because these reactions are 
reported voluntarily from a population of uncertain size, it is not 
always possible to reliably estimate their frequency or establish 
a causal relationship to drug exposure.
Eye disorders: eye irritation, blepharitis (including eyelid margin 
crusting and eyelid edema) and corneal neovascularization.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary 
There are no data from the use of OXERVATE in pregnant 
women to inform any drug associated risks.
Administration of cenegermin-bkbj to pregnant rats or rabbits 
during the period of organogenesis did not produce adverse 
fetal effects at clinically relevant doses. In a pre- and postnatal 
development study, administration of cenegermin-bkbj to 
pregnant rats throughout gestation and lactation did not 
produce adverse effects in offspring at clinically relevant doses.
Lactation 
Risk Summary
There are no data on the presence of OXERVATE in human 
milk, the effects on breastfed infant, or the effects on milk 
production. The developmental and health benefits of 
breastfeeding should be considered, along with the mother’s 
clinical need for OXERVATE, and any potential adverse effects 
on the breastfed infant from OXERVATE.
Pediatric Use 
The safety and effectiveness of OXERVATE have been 
established in the pediatric population. Use of OXERVATE in this 
population is supported by evidence from adequate and well-
controlled trials of OXERVATE in adults with additional safety 
data in pediatric patients from 2 years of age and older. 
Geriatric Use 
Of the total number of subjects in clinical studies of OXERVATE, 
43.5 % were 65 years old and over. No overall differences in 
safety or effectiveness were observed between elderly and 
younger adult patients.

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis and Mutagenesis 
Animal studies have not been conducted to determine the 
carcinogenic and mutagenic potential of cenegermin-bkbj.
Impairment of fertility  
Daily subcutaneous administration of cenegermin-bkbj to male 
and female rats for at least 14 days prior to mating, and at least 
18 days post-coitum had no effect on fertility parameters in 
male or female rats at doses up to 267 mcg/kg/day  
(1709 times the MRHOD). 
In general toxicology studies, subcutaneous and ocular 
administration of cenegermin-bkbj in females was associated 
with ovarian findings including persistent estrus, ovarian follicular 
cysts, atrophy/reduction of corpora lutea, and changes in ovarian 
weight at doses greater than or equal to 19 mcg/kg/day  
(119 times the MRHOD).
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Study Reveals Effect of ADHD  
Medications on Glaucoma Risk

Attention deficit hyperactiv-
ity disorder (ADHD) affects 
between 5% to 10% of children 

and 4% of adults, many of whom manage 
their symptoms with medications includ-
ing atomoxetine, methylphenidate and 
amphetamines. These drugs are contrain-
dicated in patients with a history of angle 
-closure glaucoma (ACG) due to their 
sympathomimetic action, but their role in 
the development of open-angle glaucoma 
(OAG) vs. ACG remains unclear in the 
literature. This recently inspired research-
ers to conduct their own investigation 
with a retrospective cohort design and a 
case-control analysis, strengthened by the 
use of a large national database.

The study followed a total of 240,257 
new users of atomoxetine (6.6% of the 
cohort), methylphenidate (33.8%) and 
amphetamines (44.5%) to the first diag-
nosis of ACG or OAG or until the end 
of follow-up. The mean age was 45, and 

55% of the cohort was female. Four age-
matched controls were selected for each 
case. The researchers adjusted the data 
for confounders and calculated adjusted 
incidence-rate ratios (aIRRs).

Throughout the study period of 2010 
to 2018, 1,159 glaucoma cases were 
reported among the cohort. The data 
showed that regular users of atomoxetine 
and amphetamines had a higher aIRR 
for developing ACG compared with 
non-users (aIRR = 2.55 and 2.27, re-
spectively), while methylphenidate users 
had a higher aIRR for developing OAG 
(aIRR = 1.23).

Although methylphenidate was the 
only drug in this investigation that ap-
peared to increase the risk of OAG, the 
researchers pointed out in their paper 
on the study, published in the journal 
Eye, that, “It is worth noting that in our 
study, amphetamines and atomoxetine 
also trended towards increasing the risk 

of OAG, although this did not reach 
statistical significance.”

The authors concluded, “Given the 
prevalence of ADHD medication use 
(medically and recreationally), fur-
ther studies are needed to confirm our 
findings and investigate associations of 
ADHD medication use and glaucoma,” 
while adding that their study merely 
“suggests a potential signal and not a 
major public health issue at present.”

Darwich R, Etminan M, He B, Eadie BD. Medications for 
attention deficit hyperactivity disorder associated with 
increased risk of developing glaucoma. Eye. May 6, 2024. 
[Epub ahead of print].
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High-dose Aflibercept Pushes Dosing Interval to Five Months

Since the launch of Eylea (afliber-
cept 2mg, Regeneron) over a 
decade ago, retina specialists and 

comanaging optometrists and ophthal-
mologists have relied heavily on this 
anti-VEGF agent for treating patients 
with neovascular age-related macular 
degeneration (nAMD) and other retinal 
disorders. However, the requirement of 
injections every one to two months can 
place a considerable burden on patients 
and practices, which led the company 
to develop a high-dose formulation 
(Eylea HD, 8mg) that can extend the 
maintenance interval by several months. 
The new drug gained FDA approval last 
summer based on the positive results of 
two clinical trials, Photon and Pulsar, 
which demonstrated non-inferiority 
and clinically equivalent vision gains at 
48 weeks with eight-, 12- and 16-week 
dosing regimens after the three initial 
monthly doses.

Last month at ARVO in Seattle, 
researchers presented the 96-week results 
of the Pulsar trial, which evaluated the 
safety and efficacy of Eylea HD for 
nAMD. Similar to the 48-week out-
comes, the drug showed that patients 
receiving high-dose aflibercept every 12 
or 16 weeks—or longer in year two—
maintained similar BCVA gains and 
had a safety profile compared with those 
treated with 2mg every eight weeks.

In the double-masked Pulsar trial, 
patients were randomly assigned 1:1:1 
to receive aflibercept 8mg every 12 or 16 
weeks (8q12 [n=335] or 8q16 [n=338]) 
or aflibercept 2mg every eight weeks 
(2q8 [n=336]), each after three initial 
monthly injections. From week 52 to 
week 96, dosing regimens for the high-
dose aflibercept groups could be extended 
as needed based on study criteria. Here 
are the results recorded at week 96 of the 
Pulsar trial:

Seventy-five percent of 8q12 patients 
and 70% of 8q16 patients maintained 
≥12- and ≥16-week dosing intervals. In 
the combined aflibercept 8mg arm, 47% 
who completed 96 weeks had dosing 
intervals of ≥20 weeks at week 96, and 
28% had a 24-week interval. No new side 
effects were identified with the 8mg dose.

“In participants who received two years 
of aflibercept 8mg, almost half could have 
the time between injections increased 
to at least five months,” the present-
ers wrote. Accordingly, “These findings 
suggest that aflibercept 8mg may reduce 
the need for frequent injections in people 
with wet AMD,” they concluded. 

Original abstract content ©2024 
Association for Research in Vision and 
Ophthalmology.

Sivaprasad S, Korobelnik JF. BCVA gains with aflibercept 
8 mg maintained through week 96 in PULSAR with ex-
tended treatment intervals in patients with nAMD. ARVO 
2024 annual meeting.

Several common ADHD drugs are 
contraindicated in patients with a history 
of angle-closure glaucoma; however, this 
study found that one drug in particular—
methylphenidate—was shown to have a 
greater effect on the risk of POAG.
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Study: Omega-3 Use for 12 Weeks 
Did Not Improve Dry Eye Symptoms

Researchers in South Korea 
recently investigated whether 
the systemic re-esterified 

triglyceride (rTG) form of omega-3 
fatty acid supplementation was effec-
tive in treating dry eye disease (DED) 
associated with MGD, compared with 
grapeseed oil supplementation (which 
has an antioxidant effect) using anti-
oxidant foods that can be consumed 
in daily life as a control group. Their 
findings, which were published recently 
in JAMA Ophthalmology, did not show 
that supplementation of the rTG form 
of omega-3 fatty acid for 12 weeks was 
different from the control group taking 
grapeseed oil for ameliorating signs 
of dry eye by theoretically reducing 
inflammation in the plasma or ocular 
tissues. However, the supplementation 
did suggest greater changes in upper 
and lower eyelid telangiectasia and 
eyelid wiper 
epitheliopathy 
grades than 
with grapeseed 
oil.1

This dou-
ble-masked, 
parallel-group 
randomized 
clinical trial was 
conducted at seven institutions with a 
total of 132 patients (mean age, 50.6 
years; 78.0% women). The mean base-
line OSDI scores of the omega-3 and 
grapeseed groups were 43.5 and 44.1, 
respectively. The study notes that 87.9% 
and 86.4% in the omega-3 and grape-
seed groups, respectively, completed 
the 12 weeks of follow-up. The primary 
endpoint was the Ocular Surface Dis-
ease Index (OSDI) from baseline to six 
and 12 weeks.

The research team found no differ-
ences in compliance with the dietary 
supplement intake between groups 

(omega-3, 95.8% and 
grapeseed, 95.4%). The 
OSDI change from 
baseline to six and 12 
weeks was -20.5 and 
-22.7, respectively, in the 
omega-3 group and -15.1 
and -18.8, respectively, 
in the grapeseed con-
trol group (difference at 
six weeks = -5.4 and at 
12 weeks = -3.9). There 
were no changes in safety 
parameters or adverse 
events related to taking 
the dietary supplement in 
either group. Still, fewer 
than 60 participants were evaluated in 
each group.

“Although the amount of change in 
OSDI in each group was greater than 
the minimal clinically important dif-

ference suggested in 
the previous research, 
the difference in 
the OSDI change 
between groups was 
smaller than the 
minimal clinically 
important differ-
ence,” the researchers 
wrote in their paper.

Despite no differences in upper 
meibomian gland dropout change 
between groups, there was a difference 
suggested for the lower meibomian 
gland dropout changes between groups, 
which the study authors emphasized 
as a hypothesis-generating conclusion 
that warranted future clinical trials to 
determine this efficacy.

“In this study, lower meibomian 
gland dropout was possibly only 
exacerbated in the grapeseed group,” 
the researchers wrote. “Therefore, ω-3 
supplementation could not improve 
meibomian gland dropout, but it might 

prevent the worsening of meibomian 
gland dropout in DED associated 
with MGD if future clinical trials can 
compare this.”1

A commentary also published in 
JAMA Ophthalmology highlighted that 
“the duration of follow-up was only 12 
weeks, so it is unclear how these par-
ticipants would have fared with longer 
durations of omega-3 supplementa-
tion. However, 12 weeks is also the 
median duration of follow-up in pivotal 
randomized, clinical trials submitted 
to the US FDA for approval of topical 
treatments for dry eye.”2

As the study was able to suggest 
omega-3 supplements may be associat-
ed with improvements in other second-
ary outcomes, the commentary author 
wrote that “more work may need to 
be done before the field makes a firm 
conclusion and fully closes the chapter 
on omega-3 fatty acid supplements for 
patients with evaporative dry eye.”2 

1. Eom Y, Jun I, Jeon HS, et al. Re-esterified triglyceride 
ω-3 fatty acids in dry eye disease with meibomian gland 
dysfunction. JAMA Ophthalmol. May 16, 2024. [Epub 
ahead of print].

2. Saldanha IJ. ω-3 fatty acid supplements may not 
improve dry eye symptoms. JAMA Ophthalmol. May 16, 
2024. [Epub ahead of print].

Although no adverse events were noted with the dietary 
supplements, no benefit of the rTG form of omega-3 fatty 
acid was found in ameliorating DED signs by theoretically 
reducing inflammation in the plasma or ocular tissues.

However, the regimen might prevent worsening of meibomian gland dropout in the condition.

Photo: CGM
 Labs

The duration of follow-up 
was only 12 weeks, so it is 
unclear how these participants 
would have fared with longer 
durations of therapy, the 
commentary noted.
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Visit RYZUMVI.com 

THE RYZUMVITM

DIFFERENCE
Reverse dilation and reimagine 
the post-dilation experience 
for patients.1,2

INTRODUCINGINTRODUCING

RYZUMVI is the fi rst and only 
relatively non-selective alpha-1 

and alpha-2 adrenergic 
antagonist approved to reverse 

pharmacologically-induced 
mydriasis.1

RYZUMVI reversibly binds to alpha-1 
adrenergic receptors on the radial iris 
dilator muscle, thereby reducing pupil 

diameter, and indirectly reverses
mydriasis induced by muscarinic 

antagonist effects on the iris 
sphincter muscle.1

The onset of action after 
administration of RYZUMVI 

generally occurs in 30 minutes, 
with the maximal effect seen in 
60 to 90 minutes, and the effect 

lasting at least 24 hours.1

INDICATION
RYZUMVI™ (phentolamine ophthalmic solution) 0.75% is indicated for the treatment of pharmacologically-induced 
mydriasis produced by adrenergic agonists (e.g., phenylephrine) or parasympatholytic (e.g., tropicamide) agents.

IMPORTANT SAFETY INFORMATION
Warnings and Precautions 
•  Uveitis: RYZUMVI is not recommended to be used in patients with

active ocular infl ammation (e.g., iritis).
•  Potential for Eye Injury or Contamination: To avoid the potential for 

eye injury or contamination, care should be taken to avoid touching 
the vial tip to the eye or to any other surface.

•  Use with Contact Lenses: Contact lens wearers should be advised 
to remove their lenses prior to the instillation of RYZUMVI and wait 
10 minutes after dosing before reinserting their contact lenses.

Adverse Reactions
The most common adverse reactions that have been reported are 
instillation site discomfort (16%), conjunctival hyperemia (12%), 
and dysgeusia (6%). 

Please see Brief Summary of Prescribing Information on the 
adjacent page and the full Prescribing Information at RYZUMVI.com.
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BRIEF SUMMARY: Consult the full Prescribing Information for 
complete product information available at www.RYZUMVI.com

INDICATIONS AND USAGE: RYZUMVI is indicated for the 
treatment of pharmacologically-induced mydriasis produced 
by adrenergic agonists (e.g., phenylephrine) or 
parasympatholytic (e.g., tropicamide) agents.

CONTRAINDICATIONS: None.

WARNINGS AND PRECAUTIONS
•  Uveitis: RYZUMVI is not recommended when active ocular 

infl ammation (e.g., iritis) is present because adhesions 
(synechiae) may form between the iris and the lens.

•  Potential for Eye Injury or Contamination: To avoid the 
potential for eye injury or contamination, care should be 
taken to avoid touching the vial tip to the eye or to any 
other surface.

•  Use with Contact Lenses: Contact lens wearers should be 
advised to remove their lenses prior to the instillation of 
RYZUMVI and wait 10 minutes after dosing before reinserting 
their contact lenses.

ADVERSE REACTIONS
Clinical Trials Experience: Because clinical trials are conducted 
under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly 
compared to rates in the clinical trials of another drug and 
may not refl ect the rates observed in practice.
RYZUMVI was evaluated in 642 subjects in clinical trials across 
various subject populations. The most common ocular 
adverse reactions reported in >5% of subjects were instillation 
site discomfort including pain, stinging, and burning (16%) and 
conjunctival hyperemia (12%). The only non-ocular adverse 
reaction reported in >5% of subjects was dysgeusia (6%).
USE IN SPECIFIC POPULATIONS
Pregnancy: Risk Summary: There are no available data with 
RYZUMVI administration in pregnant women to inform a 
drug-associated risk. In animal toxicology studies, when 
phentolamine was administered orally to pregnant mice and 
rats during the period of organogenesis skeletal immaturity 
and decreased growth was observed in the offspring at doses 
at least 24-times the recommended clinical dose. Additionally, 
a lower rate of implantation was seen in pregnant rats treated 
with phentolamine administered at least 60-times the 
recommended clinical dose. No malformations or embryofetal 
deaths were observed in the offspring of pregnant mice, rats, 
and rabbits administered phentolamine during the period of 
organogenesis at doses of at least 24-, 60-, and 20-times, 
respectively, the recommended clinical dose (see Data). 
RYZUMVI should only be used during pregnancy if the potential 
benefi t justifi es the potential risk to the fetus.
Data Animal Data Oral administration of phentolamine to 
pregnant rats and mice at doses at least 24-times the 
recommended clinical dose (based on a body weight per 
surface area (mg/m2) comparison with a 60-kg human) 

resulted in slightly decreased growth and slight skeletal 
immaturity of the fetuses. Immaturity was manifested by 
increased incidence of incomplete or unossifi ed calcanei 
and phalangeal nuclei of the hind limb and of incompletely 
ossifi ed sternebrae. At oral phentolamine doses at least 
60-times the recommended clinical dose (based on a mg/m2

comparison with a 60-kg human), a slightly lower rate of 
implantation was found in rats. Phentolamine did not affect 
embryonic or fetal development in rabbits at oral doses at 
least 20-times the recommended dose (based on a mg/m2

comparison with a 60-kg human). No malformations or 
embryofetal deaths were observed in the rat, mouse or 
rabbit studies.
Lactation: Risk Summary: There is no information regarding 
the presence of phentolamine in human milk, the effects on 
the breastfed infants, or the effects on milk production during 
lactation to inform risk of phentolamine ophthalmic solution 
0.75% to an infant. The developmental and health benefi ts of 
breastfeeding should be considered along with the mother’s 
clinical need for RYZUMVI and any potential adverse effects 
on the breastfed child from RYZUMVI.
Pediatric Use: The safety and effectiveness of RYZUMVI have 
been established in pediatric patients aged 3 to 17 years. No 
overall differences have been observed between pediatric 
and adult subjects.
Geriatric Use: No overall differences in safety and 
effectiveness have been observed between elderly and 
younger adult subjects.

OVERDOSAGE
No deaths due to acute poisoning with phentolamine have 
been reported. Overdosage with parenterally administered 
phentolamine is characterized chiefl y by cardiovascular 
disturbances, such as arrhythmias, tachycardia, hypotension, 
and possibly shock. In addition, the following might occur: 
excitation, headache, sweating, visual disturbances, nausea, 
vomiting, diarrhea, or hypoglycemia. There is no specifi c 
antidote; treatment consists of appropriate monitoring and 
supportive care. Substantial decreases in blood pressure or 
other evidence of shock-like conditions should be treated 
vigorously and promptly. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY
Carcinogenesis: Carcinogenicity studies with RYZUMVI have 
not been conducted.
Mutagenesis: Phentolamine was not mutagenic in the 
in-vitro bacterial reverse mutation (Ames) assay. In the in-vitro 
chromosomal aberration study in Chinese hamster ovary 
cells, numerical aberrations were slightly increased after a 
4-hour exposure to phentolamine without metabolic 
activation, and structural aberrations were slightly increased 
after a 4-hour exposure to phentolamine with metabolic 
activation only at the highest concentrations tested, but 
neither numerical nor structural aberrations were increased 
after a 20-hour exposure without metabolic activation. 
Phentolamine was not clastogenic in two in-vivo mouse 
micronucleus assays.
Impairment of Fertility: The effect of phentolamine on female 
fertility has not been studied. Male rats treated with oral 
phentolamine for nine weeks (four weeks prior to mating, 
3 weeks during the mating period and 2 weeks after 
mating) were mated with untreated females. At doses up to 
648-times human therapeutic exposure levels at the Cmax, no 
adverse effects on male fertility parameters or on 
reproductive parameters in the untreated females mated 
with the treated males were observed.

© 2024 Viatris Inc. and/or its affi liates. All rights reserved. Viatris and the Viatris logo are trademarks 
of Mylan Inc., a Viatris Company. RYZUMVI and the Ryzumvi Logo are trademarks of Ocuphire 
Pharma Inc., licensed to the Viatris Companies. RYZ-2024-0045 4/24

References: 1. RYZUMVI (phentolamine ophthalmic solution). Prescribing Information. Ocuphire. 2. Boyd K. Mendoza O. What are 
dilating eye drops? American Academy of Ophthalmology. Available at: https://www.aao.org/eye-health/drugs/dilating-
eyedrops. Accessed February 8, 2024.

Marketed by: Oyster Point Pharma, Inc., a Viatris company



JUNE 15, 2024 | REVIEW OF OPTOMETRY 13

Obesity is a major health 
concern linked to increased 
mortality risk. Studies show 

that bariatric surgery for morbid obe-
sity effectively reduces BMI and risk 

factors for heart disease and metabolic 
syndrome. Obesity has also been con-
nected to ocular disease states such as 
diabetic retinopathy and glaucoma, 
prompting increased attention on the 

potential effects of this surgery 
on ocular health. In a recent 
paper, researchers found bariat-
ric surgery was linked to future 
risk reduction of several ocular 
disease states.

The retrospective study iden-
tified patients with the ICD-10 
code for morbid obesity and a 
procedural code for bariatric 
surgery in a national database. A 
matched control cohort of those 
without a bariatric surgery pro-
cedural code was also included 
(both groups, n=42,408).

The researchers reported that 
bariatric surgery was associated 

with a reduced future risk of diabetic 
retinopathy, macular edema, vitre-
ous hemorrhage, ocular hypertension, 
glaucoma, use of ocular pressure lowering 
medications, AMD, cataract surgery, and 
low vision and blindness vs. patients who 
didn’t undergo the surgery. Relative risk 
figures are shown in Table 1.

“This study largely supports and 
adds clarity to what has been reported 
in the literature regarding patients 
undergoing bariatric surgery and ocular 
pathology,” the researchers concluded 
in their paper, although they also point 
out that it’s the first conducted across 
a large population and one of the first 
to connect the surgery with changes in 
future glaucoma risk.

Russell MW, Kumar M, Li A, et al. Incidence of ocular pa-
thology following bariatric surgery for with morbid obesity 
across a large United States national database. Eye. April 
27, 2024. [Epub ahead of print].
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Bariatric Surgery May Reduce Risk for Ocular Diseases

TABLE 1. associations with bariatric surgery

Condition Postsurgical Relative Risk

diabetic retinopathy 0.283

macular edema 0.224

vitreous hemorrhage 0.459

ocular hypertension 0.387

glaucoma 0.360

use of glaucoma drugs 0.565

AMD 0.628

cataract surgery 0.524

low vision and blindness 0.328

More Evidence Supports Red Light Therapy in Myopia

As the prevalence of myopia 
continues to grow, there is a 
greater need for treatments to 

slow progression of or reduce incidence 
of the condition. Previous studies have 
shown a difference in the mean change in 
the spherical equivalent refraction (SER) 
between treatments such as atropine and 
low-level red light (LLRL). New research 
published in JAMA Ophthalmology 
evaluating the efficacy and safety of daily 
LLRL for one year found slowing of 
progression in both SER and axial length 
(AL) with no safety concerns.

A total of 336 children between the 
ages of six and 12 were randomly al-
located into the LLRL group or control 
group in a 1:1 ratio. The control group 
contained 86 female patients and the 
treatment group contained 90 female pa-
tients with the mean age of nine. A total 
of 161 in the LLRL group and 159 in the 
control group returned for the six-month 
follow-up. A total of 157 in the LLRL 
group and 152 in the control group 
returned for the 12-month follow-up.

The mean change in SER among 
untreated controls was almost 1D more 
myopic, and these subjects also gained 
about one-third of a millimeter in axial 
length. “These findings suggest daily use 
of 650nm LLRL for one year can slow 
progression of SER and AL without 
safety concerns identified,” the authors 
explained in their paper for the journal. 
“In terms of AL and SER, children with 
myopia benefit 30% or more from 650nm 
intervention treatment than children 
without myopia,” the authors explained.

The authors noted there may be a 
dose-response effect. “In a previous study 
that used 650nm LLRL five days per 
week, the one-year mean difference in 
AL between the treatment and control 
groups was 0.26mm; however, in the 
present study, with a higher frequency 
of seven days per week, the one-year 
mean difference in AL was 0.37mm,” the 
authors noted.

In all these studies, the participants 
were of similar age, the duration of a 
single intervention was the same (three 

minutes) and the power of the laser en-
tering the pupil was the same (0.29mW). 
One of the studies showed a median 
compliance of 75%, and 14.2% of the 
patients had a compliance rate less than 
50%. In this current study, the median 
compliance was 86% and the lowest 
compliance was 63%. The higher compli-
ance may explain why the effect in this 
study seems better than that in previous 
studies, the authors suggested.

Three children reported seeing after 
images and four reported feeling strong 
light; otherwise, no adverse events 
occurred. OCT and fundus images re-
vealed no structural damage to the retina 
and there was no decrease in uncorrected 
distance visual acuity.

“Confirmation of these findings at in-
dependent sites seems warranted, as well 
as determining whether these effects can 
be sustained with or without continued 
treatment,” the authors concluded. 

Cao K, Tian L, M DL, et al. Daily low-level red light for spheri-
cal equivalent error and axial length in children with myopia. 
JAMA Ophthamol. April 25, 2024. [Epub ahead of print.]
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Last month at ARVO 2024 in 
Seattle, many changes and 
advancements in glaucoma 

were discussed, including the evolution 
of visual field testing as more patient 
friendly protocols become mainstream. 
One study specifically delved into the 
topic of differences between SITA 
Standard and the newer strategies of 
SITA Fast and SITA Faster. As prac-
tices adopt the faster testing methods, 
do the SITA Standard criteria to 
classify glaucoma severity and rate of 
expected mean deviation (MD) still 
apply?

This is exactly what a group of 
researchers from Wilmer Eye Institute 
at Johns Hopkins University explored, 
collecting a total of 392,654 visual 
fields (VFs) using the 24-2 pattern for 
all three SITA protocols from 42,035 
glaucoma patients and suspects. All 
included had at least five VFs conduct-
ed at Wilmer over a 26-year period. 
Percent misdiagnosis was estimated 
through the researchers’ construc-
tion of a “within six-month” retest 
distribution, consisting of all sensitivi-
ties measured by a given test strategy 
within six months of a SITA Standard 
baseline dB value. Expected sensitivi-
ties (means of the retest distributions) 
and expected MD values were com-
pared between test strategies and used 
to adjust Hodapp-Parrish-Anderson 
(HPA) criteria for SITA Fast and 
SITA Faster.

The researchers found that HPA 
cutoffs should be adjusted for parti-
tioning MD data into classifications of 

severe, moderate and mild. 
As the two faster protocols 
use fewer stimuli, clinicians 
who move patients from 
SITA Standard to a Fast or 
Faster test sometimes ob-
serve an artificially “better” 
result from the less rigorous 
protocols. Failure to adjust 
for this phenomenon could 
lead to misdiagnosis.

For instance, this study 
found that percentages of 
moderate glaucoma cases 
to be misclassified as mild 
were 21.5% for SITA Fast 
and 22.3% for SITA Faster 
results. Rates of misdiag-
nosis of severe glaucoma as 
moderate were 19.9% for 
SITA Fast and 30.2% for 
SITA Faster. Rapid MD 
worsening (>90th percen-
tile) was misjudged as mod-
erate (75th to 90th percen-
tile) at rate of 9.8% for SITA Fast and 
22.7% for SITA Faster, while moderate 
MD worsening was misconstrued as 
mild at rates of 7.6% for SITA Fast 
and 15.4% for SITA Faster.

The authors consequently note 
that “potentially significant levels of 
misdiagnosis may result when apply-
ing SITA Standard based criteria for 
classifying glaucoma severity and the 
rate of MD worsening to SITA Fast 
and SITA Faster. Classification criteria 
should be appropriately adjusted when 
using SITA Fast or SITA Faster. Based 
on their research, adjustments need to 

be made for the newer SITA protocols 
as seen in Table 1.

Andrew Rixon, OD, of Southern 
College of Optometry, offers some 
greater insight into how these findings 
project clinically. He mentions that the 
study “addresses the concern that in 
moderate and severe diseases progres-
sion may be masked by the faster 
strategies and we need to be vigilant 
in our practices in attaining sufficient 
information to determine change once 
we change strategies.”

He also cautions that “it should rein-
force to us that transitioning to newer 
strategies, even on the same device, 
does not mean these newer strategies 
will blend perfectly with the old.”

Original abstract content ©2024 
Association for Research in Vision and 
Ophthalmology.

Bradley C, Almidani L, Herbert P, Yohannan J. Estimating 
percent misdiagnosis when applying SITA-Standard criteria to 
SITA-Fast and SITA-Faster. ARVO 2024 annual meeting.

SITA Fast and Faster Need Modified Criteria

Glaucoma progression should be closely monitored for 
progression due to a potentially high misdiagnosis rate 
when switching to newer versions of VF testing.

Photo: M
ichael Chaglasian, OD
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TABLE 1. glaucoma Staging by HPA Criteria with Proposed Modifications

Early Moderate Severe

SITA Standard (HPA) below -6 dB between -6 and -12 dB above -12 dB

SITA Fast (proposed) below -5.3 dB between -5.3 and -10.8 dB above -10.8 dB

SITA Faster (proposed) below -5.2 db between -5.2 and -10 dB above -10 dB

One recent ARVO study revealed that applying SITA Standard mean deviation cutoffs to the 
newer protocols can lead to misdiagnosis.
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At the start of 2024, a record 
number of states—more than 
a dozen—were advocating 

for the expansion of their optometric 
scope, 10 of which were proposing the 
use of optometric lasers. We’re nearly 
halfway through the year and just three 
bills remain in pursuit in New Jersey, 
Ohio and Washington D.C. 

� e only state to witness the pas-
sage of its scope bill this year has been 
South Dakota, which brought the tally 
of optometric laser states up to 12. 
Under the new law, which was enacted 
in March and goes into e� ect on July 
1, optometrists in the state with the 
proper certi� cations will be permitted 
to perform SLT, YAG capsulotomy, 
certain injections and intense pulsed 
light.

Several other states pursuing scope 
expansion this year were met with a less 
favorable outcome. California, Utah, Kan-
sas, West Virginia, Vermont, Nebraska, 
Minnesota, Missouri and, most recently, 
New Hampshire, all had their scope bills 
voted against or postponed since January. 
Additionally, a laser bill in Alabama failed 
to make it out of negotiations in time to 
play out in this year’s legislative session.

Wins and losses aside, let’s take a look 
at where things stand with the three ac-
tive scope battles that remain.

New Jersey
Last year, this state introduced two 
identical laser bills (A-920 and S-354) 
proposing to add SLT, capsulotomy, LPI, 
removal of lid lesions and an expansion 
of vaccine and prescription authority. 
� e legislation’s progress has since been 
slow but steady; most recently, on March 
14 the Assembly Regulated Professions 
Committee voted unanimously to release 
A-920 with only minor amendments.

 “� e bill language was tightened up so 
the New Jersey State Board of Optom-
etrists has less authority to identify pro-
cedures that are not speci� ed in the bill,” 
explains Keira Boertzel-Smith, Executive 
Director of the New Jersey Society of 
Optometric Physicians. � e Assembly bill 

is now on second reading in the Com-
mittee.

Meanwhile, S-354 is still pending 
in the Senate Commerce Committee. 
Feeling optimistic, Ms. Smith comments, 
“We are continuing to build support 
for the bill and hope the bill will receive 
further action later in the spring.”

Ohio
Looking to update their 17-year-old 
scope bill, optometrists and advocates 
in this state introduced Senate Bill 129 
last June, which proposes to allow Ohio 
ODs to remove benign lesions, cysts and 
skin tags, as well as use lasers for YAG 
capsulotomy, SLT and LPI. It also seeks 
to broaden ODs’ pharmaceutical author-
ity and permit epinephrine injections. 
Additionally, the bill advocates increasing 
the authority of the Vision Professionals 
Board to establish training guidelines.

SB 129 hasn’t seen much movement in 
the past year since its introduction. It cur-
rently resides in the state’s Senate Health 
Committee, which heard the proponent 
testimony last month on April 24. Op-
ponent testimony will follow, though no 
date has been scheduled at this time.

D.C.
It’s been 25 years since this jurisdic-
tion last updated its optometric scope 

of practice, but that could change as 
soon as next week. On June 3, the 
mayor of D.C., Muriel Bowser, is due 
to respond to Bill 25-0545, which 
seeks to update the practice scope for 
numerous allied health professionals, 
including optometrists.

If passed, the bill would allow ODs 
in D.C. to prescribe and administer 
controlled substances for ocular con-
ditions—a right that’s been granted 
to optometrists nearly everywhere else 
in the country, with the exception of 
Hawaii, Maryland and New York.

The Ones that Got Away
� e constraint of time prevented 
several states’ scope bills from mov-
ing further along this year, though it’s 

likely most will be reintroduced in the 
next legislative session. Here’s what went 
down in a few states whose scope bills 
were recently put on pause. 

New Hampshire. Introduced at the 
start of the year, Senate Bill 400 proposed 
to authorize YAG capsulotomy, SLT 
and other minor surgical procedures. � e 
legislation also intended to increase the 
authority of the state’s optometry board, 
which would allow it to have “more 
ability to approve certain things as new 
training and technology comes along 
without having to go back for legislation 
every time,” explains Angelique Sawyer, 
OD, of the New Hampshire Optometric 
Association.

� e state’s Senate passed SB 400 in 
early February, and on May 13 the New 
Hampshire House Executive Depart-
ments and Administration Committee 
passed the legislation with a vote of 14-6 
but recommended itbe referred for in-
terim study to gather more data on safety. 
Unfortunately, in order to allow time for 
the interim study, the New Hampshire 
House voted to table the bill on May 23; 
essentially, this means that the legislation 
may be considered at a later date. 

Missouri. � is state had two identical 
laser bills in the running this year–SB 
956 and HB 1963–both of which gained 
a favorable vote in their respective com-

Three Scope Expansion Efforts Remain Active, Others Stall

Optometrists across the country continue to 
advocate for the right to practice to the full 
extent of their education by bringing in numerous 
advanced procedures. The always contentious issue 
has seen its share of both wins and losses this year.

NEWS REVIEW | Get the latest at www.reviewofoptometry.com/news
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mittees in late April. Unfortunately, the 
bills didn’t have a chance to be voted on 
by their full chambers before the state’s 
legislative session adjourned earlier this 
month. Hopefully, optometrists and their 
advocates in Missouri will be able to pick 
up where they left o�  next January.

Nebraska. Last year, Nebraska intro-
duced LB 216, legislation proposing to 
add a single laser procedure—SLT—to 
optometrists’ legal practice scope. � e bill 
was heard by the Health and Human 
Services Committee last January and 
carried over into this year’s legislative ses-
sion. Unfortunately, the document didn’t 
make it out of the Committee before 
the session adjourned last month. At the 
time of this writing, the Nebraska Opto-
metric Association (NOA) says it cannot 
yet report on the bill’s future endeavors. 

Looking ahead, the NOA is redirect-
ing its focus on helping to enhance the 
state’s Credentialing Review Program, 
which may require statutory changes (re-
quiring legislation), as well as regulatory 
and administrative process changes and 
could have implications for optometrists’ 

scope of practice in the state. � e process 
will involve the Nebraska Department 
of Health and Human Services, the Ne-
braska Board of Health and allied health 
organizations. 

� e Nebraska Board of Health ap-
pointed a subcommittee to develop 
recommendations for the Program, and 
an interim study is underway now. Keep 
an eye on our News Feed for updates.

Minnesota. While not pursuing 
laser authority for its ODs, Minnesota 
introduced several scope bills last year 
proposing to allow eyelid injections and 
prescribing of oral carbonic anhydrase 
inhibitors, oral antiviral medication and 
oral steroids. Additionally, the legisla-
tion proposes allowing the state’s Board 
of Optometry to establish the scope of 
practice guidelines. � e state wrapped up 
the 2024 legislative session earlier this 
month without granting a � nal verdict 
on any of the proposed bills, though 
hopefully they’ll be considered again next 
year. 

Vermont. � is state’s laser bill (S.233) 
spent the duration of the 2024 legislative 

session awaiting a hearing in the state’s 
Senate Healthcare Committee that, 
similar to in Missouri and Nebraska, 
didn’t have a chance to occur before the 
session adjourned earlier this month. 
� e Vermont Optometric Association is 
currently mapping out its next steps to 
try and push the legislation further along 
in 2025. 

Alabama. Following an unsuccessful 
pursuit of laser authority in 2023, the 
Alabama Optometric Association and 
fellow scope expansion advocates in the 
state have been working alongside legis-
lators to introduce a similar bill. For the 
entirety of this year’s legislative session, 
which wrapped up on May 7, Alabama’s 
laser bill remained in negotiations, a 
process that will continue in the 2025 
legislative session.

Howard Day, OD, president of the 
Alabama Optometric Association, is 
hopeful that by next January, they will be 
able to reach a compromise with orga-
nized medicine and ophthalmology, who 
aggressively pushed back against the bill 
during its last legal run. 
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By Jack Persico 
Editor-in-Chief

OUTLOOK

O ptometry is getting bigger all the 
time. More ODs, more responsibili-
ties, more patients, more products. 
Also, more optometry schools. We 

learned last month that the University of 
Texas Rio Grande Valley is gearing up 
to add a school of optometry. Two others 
have been in the works in North Carolina 
for a while, too. If all three come to pass, 
the US will have 27 schools and colleges 
of optometry in a few years. 

Predictably, this news set off another 
round of hand-wringing about oversup-
ply of ODs. I think rising workforce 
levels are worth being cognizant of—es-
pecially at the local level, where increased 
competition puts downward pressure on 
salaries and earnings—but mostly aren’t 
the existential threat some make them 
out to be. As I harp on all the time in 
this column, ophthalmology’s ranks are 
in decline, so optometry’s growth is both 
necessary and welcome.

Many also express concern over per-
ceived softness in the college acceptance 
process, pointing out that the ratio of ap-
plicants to matriculated students is pretty 
much 1:1 every year. If you want a spot, 
you’ll get it. That’s not a recipe for bring-
ing the best and brightest into optom-
etry’s ranks, detractors say.  The recurring 
bouts of collective panic over that also 
strike me as sort of a knee-jerk reaction. 
It’s not exactly a welcome circumstance, 
but at face value it doesn’t mean those 
new students aren’t up to the task. 

Critics will point to the declining 
NBEO board exam pass rates as evidence 
that too many subpar students do in fact 
get accepted. Admittedly, this one does 
strike a nerve. A whole lot of schools 
have first-time pass rates south of 50%. It 
would be an oversimplification to point 
the finger at any one college—old, new 

or on the drawing board. But I think it’s 
also unfair to pin that on the students 
themselves. Widespread failure rates 
point to a systemic problem more so than 
any individual student’s shortcomings.

Rather, school curricula and teach-
ing methods profession-wide need an 
upgrade, or at least a candid reappraisal, 
especially given the high cost of tuition. 
Optometry schools are enrolling ambi-
tious young people who come in with the 
expectation that the institution’s vetting 
process indicates they’re fairly likely to 
succeed—then the school saddles them 
with six-figure debts. To me, this puts 
the onus on the schools to deliver on that 
bargain. Recent grads and current stu-
dents complain of uninspiring lecturers 
who sometimes just flip through a slide 
deck and call it a lesson. 

The NBEO itself comes in for its share 
of criticism for administering an exam 
process that is opaque to its applicants 
and too focused on esoterica than the 
applied clinical skills that new ODs 
will need. It certainly doesn’t help that 
the footprint of what could/should be 
learned keeps growing as optometric 
scope expands. I know it keeps us at 
Review on our toes. For instance, just 
five years ago myopia control barely got 
a mention. This month, we have Langis 
Michaud giving us a 6,500-word summa-
tion of this burgeoning field and where it 
fits in optometric practice. What will we 
be publishing five years from now? Stick 
around and let’s find out together.

But, that the thing. A field as dynamic 
as optometry needs to evolve its meth-
ods and culture of education to remain 
nimble. I would love to see a summit of 
all the stakeholders in optometric educa-
tion held to hash it out. ASCO, NBEO 
and the societies for a start. Who’s in? g 

Optometric education is both growing and stagnating at the 
same time. New colleges are fine. We need new ideas, too.

School of Hard Knocks
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T
he world of retina care continues 
to move at a rapid rate; staying on 
top of these advances can en-
hance our ability to practice fully, 

provide vision, prevent blindness and 
give hope to those looking for the next 
potential treatment. I had the incredible 
experience of completing a preceptor-
ship at Retina Associates of Kentucky 
and saw patients for more than three 
years, which provided much insight into 
optometry’s current opportunity.

New Approaches to Wet AMD
Two key advances in drug therapy are 
Vabysmo (faricimab-svoa, Genentech) 
and Eylea HD (aflibercept, Regeneron 
Pharmaceuticals). The big advantage 
of these new drugs is that they require 
far less frequent injections. While the 
standard was to treat monthly and then 
extend the interval judiciously, many 
patients receiving Vabysmo or Eylea 
HD are down to about three injections 
per year. 

Hope for GA
The new complement inhibitor intra-
vitreal drugs—Syfovre (pegcetacoplan, 
Apellis) and Izervay (avacincaptad 
pegol, Iveric Bio)—are showing success 
in delaying progression of geographic 
atrophy (GA). 

Before recommending a retina con-
sult to consider these medications, first 
identify appropriate GA patients via 
OCT; the pattern to look for is that of 
a “barcode” hypertransmission through 
lost RPE. Once the “barcode” is identi-
fied, refer to a retina specialist. Auto-
fluorescence, especially with technolo-

gies that better define the lesion, such 
as confocal retinal imaging using the 
Eidon TrueColor Widefield Confocal 
Scanner (iCare), can further refine ideal 
candidates. Patients whose GA spares 
the fovea are some of the best candi-
dates, but keep in mind that this pattern 
will progress faster.

Next, discuss the “needle in the eye.” 
Although it sounds daunting, I tell pa-
tients that between eight and 10 million 
retinal injections are performed each 
year and, although there are risks (en-
dophthalmitis, occlusive vasculitis), they 
are extremely low. Consequently, not 
treating GA will result in the inevitable 
progression to central vision loss.

I also explain how these drugs work. 
Injecting medications in the eye inhibits 
a key component in the inflammatory 
cascade leading to cell loss, thus 
slowing the progression of devitalized 
(damaged) RPE cells. This should 
maintain the vision they have for longer, 
but the great hope is in long-term 
therapy. Recent data suggests it may 
be possible that complement inhibitor 
drugs can further slow (and hopefully 
halt) the progression of healthy RPE 
cells from becoming devitalized and 
then eventually to atrophy.

Separate Yourself
Based on a great discussion with world-
renowned retina specialist John Kitch-
ens, MD, the following actions separate 
the top ODs in this field:

Contact the retina specialist early. 
Even if you are not sure if a referral is 
warranted, reach out to describe the 
patient’s retinal findings to the specialist 

and send imaging such as the OCT or 
retinal photography. If you believe the 
condition requires prompt scheduling, 
text the retina specialist. Certainly, some 
conditions, like a macula-on retinal de-
tachment, require same-day scheduling, 
but others—like wet AMD—have more 
time (two weeks) with little conse-
quence to visual outcome.

Make a follow-up appointment in 
your clinic, even if you are referring 
them; this way they stay in your system. 
These patients require regular exams, 
monitoring of the optic nerve for glau-
coma, dry eye management and more.

Treat the retinal conditions you can 
treat; refer the ones you can’t. A good 
example is post-cataract cystoid macular 
edema. Prescribe Durezol (difluprednate 
ophthalmic emulsion 0.05%) QID 
and possibly a topical NSAID such 
as Prolensa (bromfenac ophthalmic 
solution 0.07%) QD for three weeks. At 
that point, if improvement is noted you 
can discontinue the NSAID but slowly 
taper the steroid to TID for two to 
three weeks, then BID for two to three 
weeks, and then QD for two to three 
weeks, all while regularly monitoring 
intraocular pressure.

No longer is this clinical acumen 
only valuable to the retina specialist. 
Without optometry’s knowledge in this 
space, there would be a significant drop 
in patients being seen in retina practices, 
as well as a significant permanent vision 
loss in patients. ■

There are several new options to manage retinal disease.
Make Your Mark

Dr. Karpecki is the director of Cornea and External Disease for Kentucky Eye Institute and an associate professor at KYCO. He is the Chief Clinical Editor for Review 
of Optometry and chair of the New Technologies & Treatments conferences. A fixture in optometric clinical education, he consults for a wide array of ophthalmic 
clients, including ones discussed in this article. Dr. Karpecki’s full disclosure list can be found in the online version of this article at www.reviewofoptometry.com.
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By paul m. karpecki, OD
chief clinical editor

Through my eyes

While the standard was to 
treat monthly and then extend 
the interval judiciously, many 
patients receiving Vabysmo or 
Eylea HA are down to about 
three injections per year.



TRULY OBJECTIVE TONOMETRY
WITH TONO-VERA® TONOMETER.

NOW
AVAILABLE! 

Introducing the all-new Reichert® Tono-Vera®, an innovative and thoughtfully designed 
handheld tonometer featuring the advanced, patented ActiView™ Positioning System, 

which quickly guides the you to the apex of the cornea and automatically measures 
when aligned. Tono-Vera provides more objective and repeatable results, giving you 

confi dence in your IOP readings, all in a refi ned rebound tonometer experience.

© 2024 AMETEK, Inc. & Reichert, Inc. (05-2024) Tono-Vera is a registered trademark of Reichert, Inc. · Acti-View is a trademark of Reichert, Inc. Designed & assembled in USA · 

L
E

A
R

N
 M

O
R

E

AVAILABLE NOW: REICHERT.COM/TONOVERA 

VISIT US AT AOA #1231!

WITH TONO-VERA TONOMETER.
Introducing the all-new Reichert® Tono-Vera®, an innovative and thoughtfully designed 
handheld tonometer featuring the advanced, patented ActiView™ Positioning System, 

which quickly guides the you to the apex of the cornea and automatically measures 
when aligned. Tono-Vera provides more objective and repeatable results, giving you 

confi dence in your IOP readings, all in a refi ned rebound tonometer experience.

L
E

A
R

N
 M

O
R

E

AVAILABLE NOW: REICHERT.COM/TONOVERA 

VISIT US AT AOA #1231!

creo






REVIEW OF OPTOMETRY | JUNE 15, 202430

I 
have been journaling since Decem-
ber 31, 2012. It started out every 
single day. After all, there is nothing 
more exciting than each and every 

day as an optometrist, right? Watch-
ing real-time broadcasts of local city 
council budget meetings may be the 
only equal.

Why, you may ask, did I start journ-
aling? It’s because I couldn’t remember 
what Renee and I did on New Year’s 
Eve 2011. Easy now… it’s not what 
you think. I’ll admit, there were various 
liquid refreshments that made me for-
get what I did on New Year’s Eve from 
ages 18 through 27, but after achieving 
my Doctor of Optometry degree and 
getting engaged to the lady I call my 
first wife (still Renee since 1980, but 
who’s counting?) I put on a white dress 
shirt and tie (that I borrowed from 
my younger brother since everything I 
owned was tie-dyed) and was suddenly 
sophisticated and in control.

I do remember one New Year’s Eve 
since then. Renee and I had gone to 
bed and missed the New York City ball 
drop. She was very disappointed, which 
has been a theme with her since mar-
rying me, I suspect. I took control and 
looked up the ball drop on the internet. 
We cheerfully counted down: “Three, 
two, one… HAPPY NEW YEAR 
1993!”

Unfortunately, it was actually 1997, 
but I tried.

Why do I bring up my journaling 
and New Year’s Eve experiences in the 
Spring of 2024? Because I wish my 
dad had journaled. Because even our 
little mundane and repetitive, “Which 
is better? Number one or number two?” 

means so much to this lovely person 
in our chair that moment and we need 
to allow ourselves to look back and 
remember that day… this day… this 
patient.

Charting is our professional journal-
ing, right? If you see somebody on June 
3, 2021, you can glance at the chart 
for any important information. To me, 
the most important information on 
a patient’s chart is stuff they told me 
about their kid playing baseball or that 
mom had a fall. That’s right. I put that 
kind of stuff in their notes 
because I want them to 
know that I do see them 
as a person, not as a vision 
plan member.

Mostly this works out 
well when they come 
back the following 
year and say, 
“How did 
you remem-
ber that?” 
Nah. I don’t 
tell them.

But these 
notes can get you in 
trouble when you ask 
about their ski trip last 
year and their seven-year-
old broke his leg and now 
they tell you every moment 
of the whole trip in between, 
“Which is better?”

But, overall, more 
information is always 
better than less, which 
brings us back to journal-
ing. Wonder what Dad 
was thinking out there in 

the North Atlantic on his destroyer es-
cort dodging torpedoes in World War 
II? Wonder what Mom was thinking 
when he came back and proposed?

Wonder what I was thinking when 
I bet my girlfriend on Superbowl XIV 
and lost so I had to propose? Hey, I 
spotted Renee 14 points. That’s love, 
y’all! Wonder what she was thinking 
when she said “OK?”

I don’t need a journal that far back 
to clearly remember that the night 
I announced this to my parents and 
grandmother was the only time, up to 
that age, that I ate green beans I was so 
nervous. And I do remember the reac-
tion. My mom looked ill (could have 
been the green beans) and my grand-

mother muttered, “Oh Law!”
I was in optometry school the 

year we met, but she went 
out with me anyway. I was 
employed in my first private 

practice and she was making 
twice the money work-

ing for 
IBM.

After 
that, I 
don’t 
remember 

anything 
until De-

cember 
31, 2012, 
the day 

of my first journal 
entry. I think there were 

a couple kids and 
grandkids along the 
way, according to the 

journal.
Doctor, journal. Leave some-

thing for your kids of true value. I 
doubt that old pupillometer will give 
them any joy and encouragement, but 
your words, your own smiles and 
worries, will be priceless. ■

Jot It All Down

Dr. Vickers received his optometry degree from the Pennsylvania College of Optometry in 1979 and was clinical director at Vision Associates in St. Albans, WV, 
for 36 years. He is now in private practice in Dallas, where he continues to practice full-scope optometry. He has no financial interests to disclose.
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ChairSide

Looking back at memories of family and patients is priceless.
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I
n all the excitement of writing the 
last column for Focus on Refraction, 
it somehow slipped by us that it was 
the 50th! When I (Dr. Taub) was 

originally approached by the editors to 
help identify authors for a new column 
that focused on refraction and prescrib-
ing, I immediately raised my hand for 
the assignment and drafted Dr. Paul 
Harris as a partner in crime. We wrote 
together, typically taking turns in writ-
ing and editing, for seven years. Once 
he stepped away, I found a new writing 
partner in Dr. Pam Schnell, and we 
have been at it for another two and a 
half years. We have covered a spectrum 
of topics and tools that we use to help 
in prescribing decisions and have even 
waxed the philosophical (just a bit). 

For our 51st column, we wanted to 
do a “clip show” and highlight some of 
the past 50 columns as a refresher for 
those of you who might have missed 
them. They are all available on the Re-
view of Optometry website, so you can 
dig in at your leisure. Here’s a key point 
or two from each.

Buff up Your Buffers (Dec. 2020)
There are two important buffers the 
body has implemented in the visual 
system to help reduce the impacts of 
stress: low hyperopia and low exo-
phoria. In prescribing, especially for 
school-aged children, keeping the two 
values of +0.50D and four exophoria 

in your consciousness is quite crucial. 
Similar to overdraft protection for 
your bank account as a buffer from 
overspending, keeping enough plus 
and exophoria helps from overtaxing 
the visual system. Accidentally over-
minusing in search of that extra line 
of visual acuity or pushing plus on a 
hyperope are obvious ways to blow out 
your buffers.

Prescribing for Young Children 
(April 2020)
Just because you measure something 
does not mean that you need to take 
action. Vision changes in children over 
time and can do so significantly in the 
first few years of life. Prescribing early 
can interfere with natural develop-

ment and emmetropization. Every 
optometrist has a comfort level in their 
prescribing that is based on their expe-
rience in patient care. Presented in this 
column is research from a group of op-
tometrists who practice following the 
developmental/behavioral model. The 
takeaway is that as patients increase in 
age from three months to seven years, 
doctors become more proactive in 
prescribing. 

Take it to the Limit (Dec. 2017)
As mentioned above, over-minusing is 
common and can damage visual devel-
opment. While we are often proud that 
the patient can see the 20/15 line with 
each eye, how many extra clicks were 
needed to attain that visual acuity? 
Giving too much minus can also cause 
trouble with binocular vision/accom-
modation. Please keep in mind the 
impact of your prescribing.

Addition by Subtraction: 
Cutting the Cyl (Dec. 2022)
We have all had patients who show 
small amounts of cylinder at axis 
90 or 180, and we often prescribe it 
without hesitation. What if we didn’t? 

by pamela h. schnell, OD, and Marc B. Taub, OD, MS, Edd

Focus on refraction

Celebrate our halfway point to 100 published columns with some 
of the highlights.

It’s Time for a 
Clip Show!

Dr. Taub is a professor and co-supervisor of the Vision Therapy and Pediatrics residency at Southern College of Optometry (SCO) in Memphis. 
He specializes in vision therapy, pediatrics and brain injury. Dr. Schnell is a professor at SCO and teaches courses on ocular motility and vision 
therapy. She works in the pediatric and vision therapy clinics and is co-supervisor of the Vision Therapy and Pediatrics residency. Her clinical 
interests include infant and toddler eye care, vision therapy, visual development and the treatment and management of special populations. 
They have no financial interests to disclose.

About 
Drs.Taub 

and Schnell

Simulation of significant cylindrical blur.

Photo: Phillip Tribble, Southern College of Optom
etry
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We have found that eliminating the 
small cyl and providing the spherical 
equivalent does not change the visual 
acuity. Prescribing the cyl can embed 
it, making it harder to remove from 
future prescriptions and condemning 
the child to a lifetime of astigmatism 
when it could have been avoided. 

Make Way for Yoked Prism 
(April 2021)
Prism seems to scare the heck out of 
many doctors. They run from it and 
crawl into the fetal position at the 
thought. Well, what if we told you 
that prism prescribed with both bases 
in the same direction can be used 
therapeutically to influence visual 
and body posture and behavior? We 
have successfully used yoked prism for 
patients with brain injury, special needs 
and even strabismus. The changes are 
typically immediate, impactful and 
force the patient to adapt to the altered 
visual input. 

Double the Glasses, 
Double the Success (Feb. 2022)
Some of the most challenging patients 
to work with are those who have suf-
fered a brain injury. They can complain 
of photosensitivity, visual field loss 
and trouble seeing out of their glasses. 
Brain-injured patients often have trou-
ble with fine eye movements, which 
can include putting their eyes in the 
appropriate locations to see out of the 
various aspects of their lenses. Given 
that this population often uses bifocals 
or progressive addition lenses, one of 
the easiest ways to alleviate symptoms 
is to provide the patient with separate 
glasses for distance and near.

Fresnel Prism to the Rescue 
(April 2018)
Diplopia is a common complaint for 
patients with brain injury secondary to 
trauma or stroke. It can be challenging 
to manage due to the spectrum of rea-
sons for the diplopia and the progres-
sion of improvement. Fresnel prism 
can be used for short-term alleviation 
of the condition. It has the benefit of 
being able to be changed frequently 

and easily, in contrast to ground-in 
prism, as the magnitude of the prism 
hopefully decreases. Fresnel prism can 
also be used in a leapfrogging manner 
therapeutically.  

Low-Tech TBI Rehabilitation 
(April 2017)
Patients who have suffered brain 
injuries often have issues with focus-
ing. We have heard this described in so 
many ways, from “something just does 
not feel right” to “the words keep mov-
ing” to “I can’t concentrate on reading.” 
In these cases, we break out the “magic 
tape” and apply binasal occlusion to 
the patient’s glasses. Of course it isn’t 
magic, but when it works, it certainly 
can seem like it to the patient. 

While there are many theories why 
binasal occlusion works, we subscribe 
to the concept that for these patients, 
there is just too much visual noise, as 
there is a duplication of information 
in the center due to the overlapping 
visual fields. Binasal occlusion simply 
reduces the amount of visual input, 
allowing the patient to deal with less 
throughout the healing process. 

Little Occlusion Goes a 
Long Way (Dec. 2016)
The type of occlusion that we high-
lighted in this column is different than 
the binasal occlusion mentioned above. 
Spot or strip occlusion is sometimes 
the only treatment option when a 

brain-injured patient cannot put two 
images together; their brains are just 
not ready for that challenge. This first 
step is temporary and allows for the 
patient to have improved function in 
other therapies, as well as in navigating 
their environment. Generally, within a 
few weeks, we can transition to Fresnel 
prism.  

Looking Through Rose-Colored 
Glasses (Feb. 2023)
Photosensitivity can be life-changing. 
Can you imagine the constant pain 
from not only light outside but also 
from the lights that hang in almost 
any public venue? Using custom tints 
with saturations that range from light 
blockage (15%) to dark (60% to 80% 
blockage), we have the power to give 
patients their freedom back. The most 
common colors that we employ are a 
yellow-orange (FL-41) and blue. The 
changes in visual comfort are immedi-
ate and can even help patients with 
migraines in which light is a trigger.  

 
Visuoscopy Review (Aug. 2023)
Over the years, we have discussed a 
variety of exam techniques to aid in the 
diagnostic process. Visuoscopy takes 
about 30 seconds and provides insight 
into fixation ability and why your 
patient might not be capable of seeing 
20/20. Knowing whether fixation is 
decentered or unsteady helps in the 
treatment decision-making tree and 
provides insight that you would not 
otherwise have gotten through your 
normal exam routine. 

Aiming for 100
Dr. Taub’s grandfather, when asked 
how he was doing, used to respond 
that “the first 100 years are the hard-
est.” Well, we can say that the first 50 
columns were honestly not the hardest, 
but exactly the opposite; we had so 
much fun writing them! They represent 
our philosophy regarding the visual 
process and how we practice, and we 
have been honored to share them with 
you all—or “y’all” if you live in the 
South like we do! We look forward to 
the next 49 on our way to 100! ■

A variety of tints from the Chadwick Optical 
ABI flipper set and the Bowan grating card.
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Q I have seen several post-op 
cataract patients who complain 

of blacking out of vision when going 
from a sitting to standing position. The 
eye looks fine. What is going on? 

A “Intraocular pressure (IOP) 
change after cataract surgery is a 

commonly seen postoperative complica-
tion that can manifest in several 
different ways,” says Himakshi Bhatt, 
OD, of Ophthalmic Consultants of 
Connecticut in Fairfield, CT. “Fortu-
nately, these events can be easily handled 
in office by any comanaging doctor.”

Elevated IOP the day after surgery 
is often caused by residual viscoelastic 
in the trabecular meshwork. Corneal 
signs include microcystic epithelial 
edema and stromal folds. If IOP is 
lower than average, note anterior 
chamber depth and check for a seidel 
at the incision sites. Patients are often 
asymptomatic with low IOPs or if 
IOPs have increased into the 20s. 
However, once pressure starts creep-
ing into the 30s and 40s, patients may 
start complaining of headaches and 
eye aches, as well as blurred or hazy 
vision. 

Infrequently, patients may complain 
of blacking out of vision in the surgical 
eye, as described by this patient. This 
interesting finding is most likely re-
lated to perfusion pressure at the optic 
nerve head. Dr. Bhatt had two similar 
cases recently. Both patients were 
women in their 50s with low blood 
pressures and elevated IOPs. One 
woman had pressures in the high 30s 
and the other in the mid 20s. They ex-
perienced momentary blacking out of 

vision in the operative eye when going 
from a sitting to a standing position. 
All slit lamp and dilated fundus exam 
findings were unremarkable besides 
the elevated IOP. In both cases, symp-
toms completely resolved once IOPs 
reached a normotensive level. 

A Rush of Blood
To understand the mechanism of 
action for this unique surgical compli-
cation, it is important to review optic 
nerve head blood supply and vascula-
ture. The optic nerve head is supplied 
by the posterior ciliary arteries, which 
branch from the ophthalmic artery.1 
Blood returns from the nerve head 
and peripapillary region via the central 
retinal vein.1 Ocular perfusion pres-
sure (OPP) is the difference between 
atrial and venous blood pressure and 
is the pressure at which blood enters 
the eye.1,2 Atrial pressure pushes blood 
into the eye while IOP pushes blood 

out. The balance between these two 
determines blood supply and oxygen 
delivery to the optic nerve and retinal 
ganglion cells. OPP is low when sys-
temic blood pressure is low, when IOP 
is high or both.2,3

Blood supply to cerebral structures 
can be affected by positional changes. 
When going from sitting or supine to 
standing, there is a sudden reduction 
in arterial blood pressure, as body fluid 
pools in the legs and lower body.4 This 
momentary and sudden drop in blood 
flow to the head is highlighted in pa-
tients with orthostatic hypotension or 
orthostatic intolerance.4 Women may 
be more prone to the effects of this 
postural change vs. men.4

“Adding together the patients’ low 
blood pressure and reduced blood 
supply caused by a positional change, 
along with an increased IOP, it creates 
the perfect storm for reduced ocular 
perfusion, and therefore transient vi-
sion loss as seen in the cases described 
above,” Dr. Bhatt says. “When IOP 
returns to normal levels, this balance 
is restored and the vision change is 
resolved. A proper work-up should be 
performed for any patient complaining 
of repeated temporary vision loss, or 
amaurosis fugax.”

“Elevated IOP is an easily managed 
complication after cataract surgery, 
but may present in more than just one 
way,” she emphasizes. “Take care of 
IOP in the 30s with drops and 40s by 
burping the wound. Then, make sure 
you measure their blood pressure.” ■

1. Mackenzie PJ, Cioffi GA. Vascular anatomy of the optic 
nerve head. Can J Ophthalmol. 2008;43(3):308-12.

2. Cherecheanu AP, Garhofer G, Schmidl D, et al. Ocular 
perfusion pressure and ocular blood flow in glaucoma. 
Curr Opin Pharmacol. 2013;13(1):36-42.
3. Kim KE, Oh S, Baek SU, et al. Ocular perfusion pressure 
and the risk of open-angle glaucoma: systematic review 
and meta-analysis. Sci Rep. 2020;10(1):10056.
4. Patel K, Rössler A, Lackner HK, et al. Effect of postural 
changes on cardiovascular parameters across gender. 
Medicine (Baltimore). 2016;95(28):e4149. 

Be aware of the ups and downs of blood pressure in cataract 
patients in case this situation occurs.

Fade to Black

Dr. Ajamian is board certified by the American Board of Optometry and serves as Center Director of Omni Eye Services of Atlanta. He is vice president of the 
Georgia State Board of Optometry and general CE chairman of SECO International. He has no financial interests to disclose.
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CLINICAL QUANDARIES

Transient post-surgical elevated IOP can 
be easily managed with topical hypotensive 
therapy.
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Geographic atrophy (GA) is an advanced form 
of age-related macular degeneration (AMD), a 
leading cause of significant vision loss worldwide. 

It is defined by atrophic lesions, resulting from loss of 
photoreceptors, retinal pigment epithelium (RPE), and 
underlying choriocapillaris. 1,2

• It currently affects about 1 million 
people in the United States3

• Prevalence of GA and neovascular age-related 
macular degeneration (nAMD) in the US are 
~973,000 and ~1.2 million, respectively3

In this new era in which there are more options for 
patients with GA, collaborative care between optometrists, 
comprehensive ophthalmologists, and retina specialists 
is more important than ever. Indeed, shared care is a 
growing imperative that is necessary to ensure that patients 
receive proper treatment, as well as emotional support. 
Because this is a new model, the paradigm is evolving in 
real time, but one thing is certain: it requires trust and 
effective communication that includes a common clinical 
vocabulary. As life expectancy rises, eye care professionals 
are anticipated to encounter an increasing number of 
patients with GA in the future.4-6 Consequently, there is 
a crucial need for the accurate identification of disease, 
timely referral, and ongoing monitoring of these patients.7

Optometrists play a pivotal role in identifying and 
referring individuals with GA, and collaborating with other 
eye care providers to enhance overall patient care.8,9 By 
working together as a team, we aspire to enhance the overall 
experience for patients grappling with this debilitating and 
life-changing disease. Here, we outline unmet needs and 
describe best practices for identifying and referring GA 
patients.

GA Basics
GA and neovascular age-related macular degeneration 
(nAMD) represent distinct forms of advanced AMD. 
Neovascular AMD involves disruption of the outer blood/
retinal barrier that results in exudation, which can be 
reversed with current anti-VEGF treatments. In contrast, 
GA is defined by age-related tissue atrophy and irreversible 
vision loss.10-12 It’s noteworthy that individuals with GA can 
progress to develop nAMD, and vice versa.2,10 

Although some clinicians perceive GA progression as 
slow, it is typically continuous and invariably irreversible.11,13 

Indeed, GA may progress more rapidly than previously 
thought.14 The rate of progression is variable, with some 
experiencing more rapid deterioration leading to vision loss 
and a decrease in quality of life.1,5 The prospective AREDS 
study involving 3640 participants revealed that among the 
397 patients who developed central GA, the median time 
from initial GA diagnosis to foveal involvement was just 
2.5 years from the time of diagnosis.15

GA Symptoms
Patients with GA may experience one or 
more of these symptoms.7,16

• Straight lines that appear crooked
• Hazy or blurred vision
• Blurry spot in the center of vision
• Dull or washed-out colors
• Difficulty seeing in low light
• Missing spots in vision

Unmet Needs
AMD needs to be diagnosed as early as possible. When 
disease remains undiagnosed, patients cannot benefit from 
proper care.5,14 Unfortunately, studies indicate that AMD 
might be overlooked in older adults. In research involving 
644  patients ages 60 and older  undergoing a comprehensive 
eye examination with dilation in a primary eye care setting, 
it was discovered that 25% of eyes initially categorized as 
“normal” exhibited macular changes typical of AMD, as per 
a clinical classification staging system, putting these eyes 
at risk for progression to GA.17 In such cases, at the time 
of GA diagnosis, substantial atrophy has already occurred.

This underscores the importance of early identification of 
susceptible patients and factors contributing to progression.5

 For patients at high risk of GA development, more 
frequent monitoring may be beneficial. Increasing 
confidence in the ability to identify the disease, utilize 
multimodal imaging to accurately diagnose GA, and make 
timely referrals for retinal evaluations when needed is 
crucial.8,9,13

Modern Management of Geographic  
Atrophy in Optometry
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Risk Factors for the 
Development of GA
•  Genetics: Family history 

(genetic predisposition)22

•  Physiology: Age, Obesity, 
Certain dyslipidemias, 
Cardiovascular disease/
hypertension22

•  Lifestyle/Environment:
History of smoking, Diet22

•  Clinical Findings from 
Imaging: GA in fellow 
eye, Increased drusen 
volume1,23

$%

Complement overactivation may lead to excess phagocytosis, 
inflammation, and cell lysis, culminating in retinal cell damage in GA11,18

All 3 complement pathways converge at C3,
leading to cleavage of C3 into components C3a

and C3b and downstream effects21

C3b is involved in an amplification loop 
for complement activation19

Classical Lectin Alternative

C3a C3bC3b C3b

Inflammation Phagocytosis Cell membrane disruption
Activation and recruitment of 

inflammatory cells (by C3a and 
downstream protein C5a)18

Complement accumulation 
labeling cells for phagocytosis 

(by C3b)20

Cell membrane disruption from 
MAC formation (by downstream 

proteins C5b-9)18

All thought to contribute to retinal cell death
Image does not reflect all proteins involved in the complement cascade.

MAC=membrane attack complex.

C3

IMPACT: 

GA progression is relentless and irreversible. 11,13

From age 50, the prevalence of GA quadruples 
every 10 years.6

2.5 years: Median time to foveal encroachment 
from diagnosis.15 Early recognition of the signs 
and symptoms of GA and referral for retinal 
evaluation prior to irreversible central vision 
loss is critical.

Approximately 1 million people in the US are 
a� ected by GA.3

In a retrospective study (n=523), 2 out of 3 
patients with bilateral GA who were eligible to 
drive at baseline lost that ability in a median 
time of <2 years from the earliest record 
indicating diagnosis of GA.24
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Patient Impact
It is critical to recognize GA and refer patients in a timely 
manner, as disease progression is relentless and irreversible. 
Moreover, GA can impact patients more rapidly than 
anticipated.11,25-27 Even in the early stages of GA, many 
patients contend with substantial challenges, including 
reading di�  culties, the inability to drive, diminished 
health-related quality of life, and mental health issues such 
as depression.17

� e Geographic Atrophy Insights Survey (GAINS)* 
study reveals the diverse ways in which patients are a� ected, 
underscoring the considerable burden of GA on their ability 
to perform daily activities.25 Many patients experienced 
the impact of GA in less than 2 years. A signi� cant UK 
retrospective study with bilateral GA patients revealed that 

* The global GAINS study was sponsored by Apellis Pharmaceuticals and conducted by The Harris Poll between October 12 and December 10, 2021. To accommodate 
visually impaired respondents, the survey was conducted online and via the telephone among 203 participants aged 60 or over (mean age, 70 years) residing in the 
United States, United Kingdom, France, Germany, Italy, the Netherlands, Sweden, Canada, and Australia, who self-reported that they have been diagnosed with AMD 
and have dry AMD in at least one of their eyes. They must also have indicated that they have advanced atrophic age-related macular degeneration, or advanced 
atrophic AMD, advanced/late/late-stage dry age-related macular degeneration, or advanced dry AMD, or GA in one or both of their eyes. Included patients must have 
been currently experiencing at least 3 GA symptoms and currently do/used to do/have been suggested by an eye care professional but have not done at least one of 
the following: take a high-dose formulation of antioxidant vitamins and minerals, stop smoking, maintain a healthy weight and exercise regularly, choose a healthy 
diet, manage other medical conditions, have check-ups of the retina regularly, or wear sunglasses with ultraviolet protection. Included patients must not have been 
diagnosed with glaucoma, Stargardt disease, or dementia, or be receiving regular injections into the affected eye every 4 to 6 weeks.25

† A cross-sectional qualitative study of patients with symptomatic GA, their caregivers, and eye care professionals who treat patients with GA (N=19) who were 
interviewed at United States sites to evaluate understanding of the disease, costs and burden of illness, use of vision aids or services, and impact on emotional or 
psychological well-being and on daily activities.28

two-thirds of those eligible to drive at baseline lost that ability 
within a median time of <2 years (n=523).24 According to 
a qualitative study in the United States (n=8), 63% of GA 
patients face di�  culty reading for everyday tasks or leisure, 
representing a substantial challenge.28 † Some individuals 
opt to drive only under speci� c conditions, while others 
abandon driving altogether, resulting in a notable loss of 
independence. Public transportation is not always a viable 
alternative, particularly for patients with impaired vision. 
Moreover, patients miss out on leisure activities they once 
enjoyed, like reading books and traveling. Patients who have 
GA often exhibit a signi� cant emotional impact, marked by 
fear of the future and mourning for what they have lost. � e 
shift from independence to reliance on others for assistance 
contributes to feelings of sadness and withdrawal.25

In the 2021 global Geographic Atrophy Insights Survey (GAINS) (N=203), 
conducted by The Harris Poll and sponsored by Apellis Pharmaceuticals25:

People living with GA report feeling

FRUSTRATEDPOWERLESSANXIOUS

of those who have difficulty 
recognizing faces feel frustrated 
when they cannot recognize the 
faces of friends or family  

want more information 
and options about GA to 
feel empowered to take 
control of their disease

83 at the time of diagnosis wish 
they understood the irreversible 
impact GA would have on their 
vision 

agree the impact of vision decline 
on QOL and independence is worse 
than they expected

76 of people living with GA agree 
that prior to their diagnosis, they 
attributed their vision loss to a 
natural part of aging

wish there were more educational 
materials available for patients 
and caregivers
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The ZEISS CIRRUS OCT offers an Advanced 
RPE Analysis designed to assist clinicians in 
managing various forms of non-exudative 

AMD. This analysis combines two algorithms, 
namely the RPE Elevation Map for assessing drusen 
burden and the Sub-RPE Slab for measuring GA. By 
reprocessing data from standard macular cube scans 
(512x128 or 200x200), the Advanced RPE Analysis 
delivers reproducible and quantifiable OCT-based 
measurements of drusen and GA burden. These 
algorithms can be applied to any macular cube scan, 
regardless of when it was conducted, and the results can 
be exported as individualized reports.

Drusen Detection
The RPE Elevation Map is an OCT-based method 
for identifying soft-type drusen, measuring drusen 
area, and assessing drusen volume. Any RPE elevation 
exceeding 19.4μm is automatically identified and 
included in the analysis. Evaluation of RPE elevations, 
acting as an OCT surrogate for soft drusen, can be done 
qualitatively using the color-coded RPE Elevation Map 
or quantitatively through calculated metrics. The color-
coded RPE Elevation Map, displayed as a transparent 
overlay on the fundus image, aids in correlating with 
clinical examination. Measurements of RPE elevation 
area and volume can be conducted within a 3mm or 5mm 
diameter circle centered on the fovea. When interpreting the RPE 
Elevation Map, it is important to recognize that lesions other than 
just soft drusen may be included in the analysis such as neovascular 
or serous containing pigmented epithelial detachments.

While OCT-based drusen detection complements 
ophthalmoscopic or color fundus photographic methods, it is not 
equivalent. Ophthalmoscopy and color fundus photography help 
identify pigmentary changes associated with drusen, whereas the 

Advanced RPE Analysis detects RPE elevations corresponding 
to soft drusen. In managing non-neovascular AMD, ongoing 
monitoring for disease progression is crucial. The RPE Elevation 
Map offers an automatic, reproducible, and objective approach 
for monitoring drusen progression or regression. Changes in RPE 
elevation are quantified within 3mm and 5mm circles centered 
on the fovea, with automatically calculated metrics comparing the 
present examination to a previous one for both RPE elevation area 
and volume differences.

AMD Finding

Geographic Atrophy

iRORA

cRORA

Description

Clinical term used to denote areas of retinal and RE atrophy without the presence of  
present/past CNV

Vertically aligned photoreceptor/outer retinal degeneration, RE attenuation or disruption,  
and increased signal transmission into the choroid
Must not qualify as cRORA

Vertically aligned zone of hypertransmission of ≥250 um, zone of attenuation of disruption 
of RPE band of ≥250 Mm, and evidence of overlying photoreceptor degeneration whose 
features include ONL thinning, ELM loss, and EZ and IZ loss
Must exclude scrolled RPE or other signs of RPE tear

RPE: retinal pigment epithelium; iRORA: incomplete RPE and retinal atrophy; cRORA: complete RPE and retinal atrophy; ONL: outer nuclear layer; ELM: 
external limiting membrane; EZ: ellipsoid zone; IZ: interdigitation zone; CV: choroidal neovascularization

Identifying GA
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Geographic Atrophy Detection
The Sub-RPE Slab, an exclusive ZEISS CIRRUS algorithm, is 
designed to identify areas of RPE thinning or atrophy. As the 
RPE thins and eventually atrophies in GA, the underlying choroid 
becomes hyper-illuminated and is more visible on OCT scans. 
Leveraging this OCT phenomenon, the Sub-RPE Slab quantifies 
regions of choroidal hypertransmission and RPE atrophy, serving 
as an OCT-based surrogate for GA. Qualitatively, the Sub-RPE 
Slab can be visualized as an enface overlay, while quantitatively, 
it provides an area summation within a 5mm circle centered on 
the fovea. The Advanced RPE Analysis automatically identifies the 
fovea and calculates the shortest distance between any area of sub-
RPE illumination and the fovea.

While short-wavelength fundus autofluorescence (FAF) has 
traditionally been the preferred imaging method for monitoring 
GA enlargement, OCT is emerging as a modern diagnostic tool. 
In contrast to FAF, the Advanced RPE Analysis offers automated 
and objective comparisons against baseline scans, facilitating the 
detection of GA progression. The progression analytics enable the 
identification of any increase in GA and its encroachment toward 
the fovea.

The Geographic Atrophy 
Paradigm Shift
GA was a term traditionally used in funduscopy or color fundus 
photography to indicate areas of atrophy of the photoreceptors, 
choriocapillaris, and RPE. The Classification of Atrophy 
Meetings (CAM) group has introduced a new global consensus 
classification system for atrophy secondary to AMD. The term 
Complete RPE and Retinal Atrophy (cRORA) is an OCT-based 
definition, approximately synonymous with clinical GA in older 
classification systems (refer to Table 1).29 When observed with 
OCT, the RPE will show signs of attenuation, disruption, or 
absence, accompanied by degeneration of the outer retina above. 
The choroid becomes hyper-reflective and is more clearly visible 
due to the absence of the RPE’s masking effect, which typically 
absorbs much of the OCT signal. Incomplete RPE and retinal 
atrophy (iRORA) precedes cRORA.30

Our evolved understanding of GA is transforming diagnosis and 
monitoring into a more comprehensive strategy. This emerging 
GA paradigm mandates precise diagnosis based on OCT findings 
as outlined by the CAM group, followed by thorough monitoring 
of the disease progression using OCT and clinical evaluation.

Tools like progression analytics, featured in the Advanced 
RPE Analysis, will play a crucial role in assessing patients. These 
analytics can also serve as a powerful educational resource and 
can be used to enlighten patients regarding their personal GA 
progression rates. Through the Advanced RPE Analysis, clinicians 
can visually depict the natural disease progression throughout the 
entire patient journey. 

Implementing Advanced  
RPE Analysis
The Advanced RPE Analysis functions as an algorithm, not 
a specific scan protocol, and is applicable to any macular cube 
scan. Following the completion of a macular cube scan, whether 
512x128 or 200x200, users can select the Advanced RPE Analysis 
in the top right-hand corner (refer to Figure 1). This analysis is 
versatile, suitable for any non-neovascular AMD manifestation, 
making it essential for scans displaying dry AMD signs. In cases of 
early or intermediate dry AMD, the RPE Elevation Map is effective 
for detecting and monitoring macular soft drusen burden. For late 
non-neovascular AMD, the Sub-RPE Slab can identify areas of 
GA, assessing progression or encroachment onto the fovea. After 
applying the Advanced RPE Analysis to a macular cube scan, the 
analysis can be saved as a standalone report and exported to the 
patient chart.

While the ZEISS CIRRUS OCT has long been recognized 
for managing neovascular AMD, the often-overlooked Advanced 
RPE Analysis offers a comprehensive approach to OCT-based 
drusen and GA management. ZEISS has integrated macular 
cube scans, high-definition raster scans, progression analyses, and 
the Advanced RPE Analysis into the CIRRUS OCT, creating a 
comprehensive suite of tools for effectively managing all forms of 
non-neovascular AMD.

AMD Classification Language
Collaborative efforts between optometrists and ophthalmologists, 
using a shared language and imaging data, will be essential in 
achieving the common goal of providing vision-saving care. The 
ZEISS CIRRUS OCT, equipped with its Advanced RPE Analysis 
and AngioPlex®, stands as a foundational tool for both optometrists 
and ophthalmologists to detect and monitor all forms of AMD.

There are two commonly employed classification systems for 
AMD in clinical practice—the classic AREDS system and the newer 
Beckman Committee criteria. These systems, while similar, are not 
interchangeable and aid eyecare providers in appropriately staging 
AMD patients. To ensure accurate and effective collaborative care, 
it’s crucial for optometrists and ophthalmologists to use the same 
grading system.

The ZEISS CIRRUS OCT features the Advanced RPE Analysis, 
designed to assist clinicians in managing non-neovascular AMD 
at various stages, including early, intermediate, and late AMD. 
The RPE Elevation Map measures soft drusen burden, while the 
Sub-RPE Slab detects and quantifies GA. As patients progress 
through AMD stages, the Advanced RPE Analysis provides 
an objective means to quantify drusen and GA progression. 
Proper AMD classification and objective OCT-based detection 
enhance the comanagement relationship between optometry and 
ophthalmology, enabling each provider to optimize their practice 
scope.
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With the emergence of GA therapies, it becomes essential 
to ensure early identification of GA in patients with AMD, 
timely and appropriate referral to a retina specialist or injecting 
ophthalmologist, and initiation of treatment when necessary. 
Keeping up with the latest nomenclature is essential for 
optometrists and ophthalmologists to establish proper referral 
patterns and management protocols.

The Patient Journey
For a long time, optometrists and general ophthalmologists 
would monitor dry AMD patients for neovascularization and/or 
exudation features and when discovered refer them to a retinal 
specialist for consideration of anti-VEGF treatment. However, the 
AMD patient’s journey has evolved and there is now a heightened 
importance of accurate diagnostics. Accordingly, an influx of 
AMD patients to optometrists, general ophthalmologists, and 
retinal specialists is anticipated. A collaborative eyecare model 
among these professionals will be increasingly vital to ensure 
prompt intervention for the patients who need it.

Leveraging OCT-based definitions established by the 
Classification of Atrophy Meetings group and OCT-based analyses 
like the Advanced RPE Analysis will facilitate communication 
and seamless transitions between optometrists and treating 
ophthalmologists or retina specialists. Initial assessments for GA 
patients may involve ophthalmoscopy, later confirmed with OCT. 
Standardized OCT criteria, such as complete RPE and outer 
retinal atrophy (cRORA) and incomplete RPE and outer retinal 
atrophy (iRORA), will help guide the decision for referral. The 

Sub-RPE Slab can detect criteria for GA referral. These criteria 
may include GA distance from the fovea, overall GA area, or the 
rate of GA progression, all objectively and automatically calculated 
using the Advanced RPE Analysis.

When a candidate with GA is identified, referral to a treating 
eyecare professional for potential treatment is considered. The 
Advanced RPE Analysis aids in monitoring treatment effects 
through the progression analysis report. Given the higher risk 
of neovascular AMD development in patients undergoing GA 
treatment with complement inhibition, diligent monitoring and 
screening for neovascular AMD is crucial. OCT angiography 
(OCTA) systems like the ZEISS CIRRUS AngioPlex gain 
significance, enabling noninvasive screening for neovascular 
AMD. Ideally, OCTA allows doctors to detect nonexudative 
neovascular AMD before substantial vision loss occurs.

Collaborative Care
Collaboration between optometry and ophthalmology 
can ultimately result in improved patient outcomes. The 
ZEISS CIRRUS OCT plays a pivotal role in supporting this 
collaborative relationship by offering objective and reproducible 
dry AMD imaging through the Advanced RPE Analysis and 
neovascularization detection with AngioPlex. This advanced 
technology streamlines the referral process, minimizing the need 
for patients to navigate multiple practices for non-treatable AMD 
care. Collaboration becomes particularly vital in rural areas, where 
patients may face lengthy travels to see a injecting ophthalmologist 
or retinal specialist.
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T
here’s no professional conference 
or discussion forum these days 
that ignores myopia and the need 
to control its development, but 

what happens in practice? The most 
recent data indicates that less than 
20% of eyecare practitioners pro-
vide any method of myopia control.1 
Worldwide, single vision lenses are still 
the most commonly prescribed, despite 
mounting evidence in the literature to 
support other interventions.2 Is this a 
collective denial of the myopia epidem-
ic Brien Holden alerted us to a decade 
ago, or is there simply a disconnect 
between what we want to achieve and 
what we’re capable of achieving? With 
limited financial resources and even less 
free time, is the thought of reengineer-
ing our practices to make them suited 
to myopia management simply a bridge 
too far?

 In this article, we will look at the 
evidence and try to translate findings 
from research into clinical practice. 
We’ll also tackle some of the most 

common myths that hold back the 
adoption of various myopia interven-
tions. Perhaps it will then be possible 
to move the needle and increase the 
number of patients who benefit from 
effective myopia control.

Where Does Myopia Come From? 
This is a fundamental question. We 
need to understand the factors that can 

trigger myopia and 
those that can cause 
it to progress, even in 
adulthood. With this 
understanding, it be-
comes easier to select 
control methods and, 
most importantly, 
understand their 
limitations so that 
we can set realistic 
expectations about 
their effectiveness.

 Any first-year op-
tometry student will 
tell you that myopia 
can be defined as a re-
fractive error in which 
rays of light entering 
the eye parallel to the 

optical axis are focused in front of the 
retina when ocular accommodation is 
relaxed.3 This usually results from the 
eye being too long from front to back, 
but can also be caused by an overly 
steep cornea, a lens with increased opti-
cal power, or both. This is the common 
understanding of most eyecare profes-
sionals around the world. However, this 
definition fails to account for dynamic 

Myopia Management: 
Putting Theory into Practice

A huge body of literature supports the concept, but many ODs struggle to implement 
various interventions. Here are lessons learned from the research that can help you.
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processes during growth that, impor-
tantly, we have the ability to influence. 

 On closer inspection, myopia is 
more a matter of a loss of retinal 
homeostasis that disrupts the balance 
achieved during emmetropization, 
resulting in an eye that is too long for 
its dioptric power.4 The refractive error, 
therefore, does not define the nature of 
the damage but rather its consequence.

In fact, as with other organs, the eye’s 
growth is regulated by homeostatic 
control mechanisms. In this case, the 
eye relies on the quality of the visual 
signal hitting the retina as a principal 
input to guide its growth.5 In this way, 
the retina can react to whether the 
image is clear or blurred. The retina 
we’re talking about here is the central 
retina (the foveal retina) and the one 
within 10° to 20° of the fovea (macular 
retina).6 Specifically, this is limited to 
the macular area (1°= 0.3mm; 15° to 
20°= 4.5mm to 6.0mm).7,8 Outside 
this more sensitive zone, the retinal 
signal becomes noise that cannot be 
well interpreted by the retinal tissue, 
especially due to the asymmetry of the 
ocular structure between the different 
quadrants.9

 A blurred image that forms in front 
of the peripheral retina is referred to 
as myopic defocus, while a blurred 
image that forms behind the retina 
is referred to as hyperopic defocus. 
The former causes the eye to resist 
elongation, while the latter favors an 
increase in axial length and thus greater 
myopization.10

 When we talk about defocus, we 
mean optical aberrations produced 
by spectacle lenses, or, in the case of 
ortho-K, by the shape of the cornea. 
Myopic defocus is due to a more 
convex power and is therefore associ-
ated with positive spherical aberrations 
and coma, whereas hyperopic defocus is 
associated with negative aberrations, as 
found in single-vision spectacle lenses. 
More specifically, when positive aber-
rations increase significantly (which is 
the goal in myopia management), they 
cause a decrease in contrast sensitivity 
to the point where the retina becomes 

confused. This is what slows down the 
development of myopia.11

 Similarly, in emmetropia the pres-
ence of one type of defocus theoreti-
cally balances the presence of the other, 
and retinal homeostasis is reached.12 
The retina, thus exposed to conflicting 
stimuli, remains neutral and aligned 
with its dioptric power. When one of 
the two signals becomes dominant, the 
retina resumes its resistance to elonga-
tion (e.g., in the presence of multifocal/
bifocal contact lenses) or, conversely, 
favors axial length increase (wearing 
single-vision minus powered lenses).

 All this happens through the release 
of biomodulators that affect the blood 
flow and the choroid, then the sclera. 
In the presence of myopic defocus, 
biomodulators thicken the choroid and 
lead to collagen fibers remodeling to 
make sclera stiffer.13 With hyperopic 
defocus, the choroid thins and blood 
flow is reduced, causing hypoxia. The 
scleral fibers remodel, with the tis-
sue becoming softer and more easily 
deformable.14 It’s important to re-
member that the central retina is not 

just passive. Foveal blur is interpreted 
as form deprivation and leads to axial 
elongation.15 In all of these mecha-
nisms, we must remember that each 
retina is unique, with its own threshold 
of stimulation.16 It also operates under 
a dose-response phenomenon.17

Goal of Myopia Management
Once this first step of understanding 
the mechanisms underlying myopia 
has been achieved, it’s time to set 
realistic goals for intervention meth-
ods. Keep in mind that the physical 
growth of a child, and therefore the 
growth of the eye, generates an axial 
elongation, especially during growth 
spurt.19 We can’t prevent this from 
occurring. Consequently, the goal 
must be to mimic the eye growth of 
an emmetropic patient whose retina 
is in homeostasis. Studies have shown 
that, across all ethnic groups, a mean 
increase in axial length of 0.2mm 
between the ages of five and 10, 0.1mm 
between the ages of 10 and 16, and no 
change thereafter is the norm for em-
metropes.20 These limits should become 

Myth No. 1: Myopes are all the same.
The existence of an individual threshold at the 
retinal level is undoubtedly the strongest argu-
ment that should convince us to treat each myopic child or patient as a unique individual 
and not as a statistic or an average. The child sitting in your chair may be within or outside 
the standard deviation or just in the middle of it. The important thing is to recognize that 
their treatment plan must be as unique as their condition. This means treating myopia one 
child at a time.  

Myth No. 2: Undercorrection protects against myopic evolution.
It’s not uncommon for parents or patients to argue for a downward revision of their optical 
prescription. It’s also not uncommon for eyecare professionals to knowingly undercorrect 
a myopic patient, thinking they’re helping. All central blur is associated with increased 
myopia.18 Undercorrection must be avoided under any circumstances. 
   Clinically, this means that the lenses worn must always provide unimpaired visual acuity. 
It also means that the patient must be seen regularly. A patient with -1.50D of myopia who 
receives ophthalmic lenses of this power will be well-corrected. If he or she is not seen 
again until a year later and their myopia has progressed to -2.50D, this means that for sev-
eral months of the year the child’s visual quality has been reduced, and this form depriva-
tion has only accelerated the process of myopia progression. 
   In this particular case, the visual acuity could be reduced to 6/18, making the child visu-
ally handicapped for several weeks. This is unacceptable. Patients should therefore be 
seen more frequently, and, above all, the correction should be changed as soon as the 
visual acuity is reduced. My personal criterion is a visual acuity of 6/7.5 (20/25) mon-
ocularly and 6/6 (20/20) binocularly. Lower visual acuity levels prompt me to update the 
patient’s prescription.

CLINICAL TRANSLATION
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our reference criteria for judging the 
myopic evolution of patients. 

Time to Take Action 
The need to intervene is well-estab-
lished. Now, it’s time to take action. 
Let’s explore what tools we have in 
hand. 

 Depending on where in the world 
you practice, access to myopia control 
products may vary greatly. It’s under-
standable that a practitioner with access 
to limited resources might feel de-
prived. On the other hand, even if the 
treatment prescribed is not optimal, at 
least that professional is making an ef-
fort to correct myopia by understanding 
the underlying issues. There is always a 
way to help a child.

 
Basic Principles
Based on what we know about the 
mechanisms leading to myopia and its 
evolution, it makes sense to consider 
any device through the angle of their 
optical and physiological impacts. In 
order to select the best approaches, the 
following principles are important to 
consider:

1. Take the time to complete a thor-
ough case history:

 • rapid progression factors (age, sex, 
ethnicity, genetics, binocular vision)

 •  patient’s visual needs
 •  environment (screen time, working 

distance, outdoor exposure)
 •  willingness to wear contact lenses
 •  factors that may influence compli-

ance (sleep time, sports and other 
activities) 

 •  parents’ and patient’s preferences
 •  budget

2. Make sure to collect valid and ac-
curate clinical data.

3. Select the strategy based on the 
risk of high myopia and long-term pa-
thology. I strongly recommend the use 
of percentile growth charts according 
to ethnicity.25,26 These tables indicate, 
according to age and axial length, the 
expected progression as well as the risk 
of high myopia, and therefore of greater 
pathology. Thus, any age/axial length 
combination that exceeds the 50th 
percentile merits active control of the 
myopic condition. If this combination 
exceeds 75th percentile, more intensive 
measures should be considered.

For example: two kids, 10 years old, 
both -2.00D myopes, same school, same 
neighborhood, same video games, same 
everything. Child A shows axial length 
of 23.1mm and child B has a longer eye: 
24.5mm. The first one reaches barely 
the 50th percentile associated with no 
high myopia risk and the former one 
is peaking at the 95th percentile with 
16% chance of high (blinding) myopia. 
Strategy and treatment will not be the 
same to keep both safe. In the first case, 
anti-myopia glasses may be enough 
while a combined therapy with low-
dose atropine will be needed for the kid 
at higher risk.

4. Select the optimal dose of defo-
cus without impairing distance vision. 
The defocus dose is determined by 
the amount of positive optical aberra-
tions produced and the area it covers 
in the macular area. The dose can be 
increased by using more convex power 

Myth No. 3: Axial length is not a manda-
tory measurement in myopia management.
I am a firm believer that axial length measure-
ment must be the standard and only objective measure of a patient’s myopia progression. 
Our goal is to control myopia in order to reduce the risk of high myopia in the future.21 
However, this risk is based on the stretching of the tissues and not on the dioptric evolu-
tion, which is an optical phenomenon. Correlation between axial length and refractive error 
is not always present.22 There are several cases where the diopter has been stabilized but 
the axial length has continued to evolve in an unconsidered manner. The classic case is 
the ATOM1 study.23 

Basing the assessment of myopia control efficiency on diopters is like navigating 
blindly in the fog without really knowing what’s going on in front of you. The analogy here 
with glaucoma must be made. Would we treat this pathology by relying solely on the mea-
surement of intraocular pressure? Certainly not. Studies have long proven that pressure is, 
at best, a risk factor, but certainly not a metric for monitoring the evolution of glaucoma.24 
What OCT scans of the optic nerve are to glaucoma, axial length measurements are to 
myopia control.

Take the example of a patient wearing ortho-K lenses visiting you in the late afternoon 
who shows low residual myopia (-0.50D). Is this a normal effect of the restoration of the 
corneal curvature or is it an increase in their refractive error? It’s always possible to con-
firm by re-measuring acuity with the OK lenses in place, but the truest and most reliable 
measurement will come from axial length assessment. When thinking about pathology 
prevention, we must be minimally serious and take the appropriate tools to assess myopic 
condition.

CLINICAL TRANSLATION
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The Miyosmart lens from Hoya (left) contains a 9.4mm diameter central zone of distance vision 
surrounded by a honeycomb-like pattern of 396 defocusing lenslets of +3.50D power, equally 
distributed. Essilor’s Stellest (right) is designed with a similar 9mm central zone. However, the 
surrounding is made of highly aspherical lenses, varying in distribution and power vs. distance 
refractive error correction, along 11 segmented rings, to generate a volume of defocus following 
the retinal shape.
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lenses and/or concentrating the myopic 
defocus in an area as close to the fovea 
as possible (10° to 20°). A higher dose 
is required for fast progressors (usually 
younger patients eight to 12 years old) 
and higher myopes.

5. Choose a strategy that meets the 
patient’s needs, but more importantly, 
one that is supported by evidence-based 
results from state-of-the-art, long-term 
randomized clinical trials. Be critical 
when reading articles or reports about 
the effectiveness of the product.

6. Ophthalmic lenses or pharmaceuti-
cal agents should be fitted and centered, 
or prescribed, according to the manufac-
turer’s recommendations. 

7. Recommend a wear schedule for 
prescribed ophthalmic lenses.

8. Re-evaluate treatment periodically.

Tools in our Hands
These will vary depending on where 
you practice. As most of this publica-

tion’s readership is based in the US, you 
unfortunately do not yet have access to 
some interventions, most notably spec-
tacle lenses designed for myopia control.

The remainder of this article will 
delve into the nuts and bolts of us-
ing various optical and pharmaceutical 
interventions.

Spectacles
Anti-myopia spectacle lenses are 
undoubtedly the simplest way to equip 

a patient for myopia control. Several 
designs have been introduced to the 
market (four or five in Europe and 
Canada, and more than 20 to 30 in 
Asia), and their effectiveness is gener-
ally equivalent to that of other strate-
gies, at least if the following elements 
are respected:27

 • The frame chosen allows the eye to 
be well centered, in the middle, leaving 
sufficient room for defocus to hit the 
eye from all quadrants.

TABLE 1. SPECTACLE LENS OPTIONS FOR MYOPIA MANAGEMENT
Lens Type Manufacturer Design Study 

Duration 
Axial Length Change (mm) 
Subjects/Controls

Rx Change  (D)
Subjects/Controls

Efficacy

DIMS28 Hoya 9mm diameter central zone surrounded 
by a zone of 33mm of +3.50 lenslets (ratio 
50-50)

6 years Year 1: 0.10/0.32

Year 3: 0.31/NA

Year 6: 0.60/NA

Year 1: -0.18/-0.58 

Year 3: -0.53/NA

Year 6: -0.95/NA

High

HALT29 Essilor 9mm diameter central zone surrounded by 
11 rings of highly aspherical lenslets (ratio 
50-50; power between +3.50 and +6.00). 
Their distribution varies based on distance 
refractive error.

3 years Year 1: 0.12/0.36

Year 3: 0.49/0.98

Year 1: -0.25/-0.82

Year 3: -1.00/-2.05

High

DOT30 Sight Glass 5mm diameter central zone surrounded 
by translucent microscopic diffusers 
(diameter of 0.14mm) to scatter light

4 years Year 1: 0.15/0.30

Year 3: 0.59/0.72

Year 1: -0.14/-0.54

Year 3: -0.83/-1.16

Moderate

CARE31 Zeiss A: 7mm diameter central zone and mean 
surface power of +4D (for kids<10)

B: 9mm diameter central zone and mean 
surface power of +3.80D (kids >10)

1 year* Year 1: 0.26/0.36* Year 1: -0.56/-0.71* Low*

MDPL32 IOT 7mm clear central zone

Asymmetric defocus (temporal:+1.87D; 
nasal:+1.50D; inferior:+2.00D; superior: none)

1 year Year 1: 0.14/0.23 Year 1: -0.56/-0.71 Low

Perifocal33 Russian design 
distributed by 
Rodenstock 
and others 

10mm clear central zone surrounded by 
asymmetric horizontal progressive defocus 
(+2.50D @ 25mm temporal; +2.00D @ 
25mm nasal)

4 years Results are not credible. The only study published 
shows many flaws.

Not recommended 
until more credible 
results to be 
published.

M YO P I A M A N A G E M E N TFeature

Myth No. 4: Glasses are less effective 
than contact lenses.
Based on the available literature, some anti-
myopia spectacle designs are as effective as soft lenses in the same category or ortho-K. 
And that’s assuming compliance, meaning the frame is well chosen and stable, and the 
lenses are worn at least 10 to 12 hours a day, every day. 

The analysis also allows us to see that certain designs (Care, MDPL, perifocal) are 
being left as second-tier by those that are now becoming gold standards (DIMS, HALT). 
Others fall in between as a still valuable option (DOT) without standing out. In this case, 
the DOT design represents another type of strategy based on contrast sensitivity and not 
defocus. In some patients, it may represent a better alternative.

CLINICAL TRANSLATION

*Results are from a study conducted with a prototype lens very close to the final design, not the Zeiss CARE lens, for which data are unavailable. Results may vary with the lens designs as 
marketed. More data are needed from the manufacturer.



If you identify new or changing signs or symptoms, consult 
with an eye doctor who specializes in TED right away.1,7

For patients with Graves’ disease (GD), Thyroid  
Eye Disease (TED) may be hiding in plain sight.1,2 

Up to 50% of patients with GD may develop TED, a separate  
and distinct disease which can progress if left untreated.  
Look out for the early signs and symptoms3-6:

n  Proptosis n  Sensitivity to light
n  Diplopia n  Grittiness
n  Dry eyes n   Pain or pressure behind the eyes

Visit TEDimpact.com to find a TED Specialist 
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 • The frame must be stable and not 
slip. If necessary, frames with nose 
pads and/or temples that can be easily 
adjusted to follow the curve of the ear 
are preferred.

 • Spectacles should be worn for 
12 to 14 hours, i.e., full time. This is 
undoubtedly the greatest challenge, 
and compliance can be sorely tested. 
Children wearing anti-myopia spec-
tacles should not remove them when 
doing near work.

 Table 1 shows differences between 
major products available in the market 
(outside US).

Contact Lenses 
There are several contact lens options 
that can both correct and control myo-
pic progression (Table 2). Remember 
that a sufficient dose of optical aber-
rations (defocus) must be generated 
to influence retinal response, while 

maintaining clear central vision. In gen-
eral, these objectives can be achieved 
with multifocal lenses or by remolding 
the cornea with corneal lenses.34 Let’s 
concentrate on soft multifocal lenses.

 Preferred soft lens designs are gener-
ally distance-centered multifocals, as-
suming that placing the convex profile 
(add power) in the periphery will make 
it easier to influence peripheral retinal 
response. 

Table 3 describes the clinical popula-
tion of several soft lenses studied in co-
horts of young myopic patients.37-42 The 
populations among these studies are 
quite similar, with the exception of the 
Diaz-Gomez study of the Mylo EDOF 
lens, showing a slightly older and more 
myopic cohort at baseline. Table 4 sum-
marizes the clinical performance of the 
various contact lenses.

 Without a doubt, CooperVision’s 
MiSight 1 Day lens is the most studied 

and recognized anti-myopia contact lens 
in every region around the world. Its 
solid performance makes it the standard 
by which all others are measured. We 
only have short-term data on the other 
lenses, so comparison is difficult. At six 
months, Abiliti performs equally well 
to MiSight, but we cannot yet make a 
strong recommendation toward that 
product pending longer term results. 
At one year of wear, NaturalVue shows 
similarly good results. But again, longer 
term data will be needed to really com-
pare all three products. Knowing that 
the best performance is always in the 
first year, it will be interesting to see if 
this favorable result continues over time. 

 Extended depth-of-focus (EDOF) 
designs, in some cases, may seem to 
be less efficient compared to other 
soft lens designs and best anti-myopia 
glasses.40 For example, after 36 months, 
EDOF lens wearers gained 0.55mm 

TABLE 2. MULTIFOCAL CONTACT LENS OPTIONS FOR MYOPIA MANAGEMENT
Lens Type Manufacturer Material Parameters Design

MiSight Cooper Vision Omafilcon A • BC 8.7
• Diameter 14.2 
• Power range -0.50 to -7.00

Dual-focus lens: correction in the center zone surrounded by the first annular 
treatment ring (treatment zone), a 2nd annular distance zone and finally a 2nd 
annular treatment zone with corresponding diameters of approximately 3.40, 
4.80, 6.80 and 8.80mm, respectively 

Abiliti 1 Day Johnson & Johnson 
Vision

Senofilcon A • BC 7.9
• Diameter 13.8
• Power range -0.25 to -8.00

Novel ring focus soft contact lens containing a myopia correction zone and 
annular treatment zones producing a +7.00D non-coaxial plus power and a 
+10.00D zone (0.79mm) coaxially.

NaturalVue  VTI  Technologies Etafilcon A • BC 8.3
• Diameter 14.5 
• Power range +4.00 to -12.25

Non-monotonic design is based on catenary optics. It generates an increase in 
plus power almost immediately (<0.5µm) from the lens center until reaching 
maximum measured at a radius of 2.6mm (3.31D ± 0.36D). This creates a virtual 
pinhole effect. From there, the plus power decreased and is after maintained 
from 3mm to the end of the optic zone. Looking at the power profile of this lens, 
we cannot describe it as a true EDOF design.

Biofinity  

Multifocal 
(D design)

CooperVision Comfilcon A • BC 8.6
• Diameter 14.0
• Power range +6.00 to -8.00 
 (D Design: +1.50 to +2.50)

A central optic zone of 1.5mm radius and then an increase in plus power of 
around 1.25-1.50D from the 1.5mm to 2mm radius. This more convex power was 
then maintained out to a radius of about 3.8mm for lower minus lenses and 
decreased until reaching the edge of the optic zone. One of the few off-label 
options for young adults who need myopia management. Important note: The 
labelled distance power does not match the power profile of the lens (diff. +0.50D 
in general). Consequently, the final prescribed power to get clear distance vision 
must often be overminused.

EDOF Various distributors 
(Seed, Menicon; 
Mylo, Markennovy)

SiHy (Mylo); 

Zwittertronic 
SIB (Seed)

• BC 8.4
• Diameter 14.2 
• Power range: +5.00 to -12.00
• low, med, high EDOF (add)

This design is based on a manipulation of spherical and higher-order 
aberrations to create a specific optical effect and image profile. This 
contributes to extend the depth of focus (DOF)—the range of clear vision along 
the visual axis over which an image may be focused and perceived as clear. To 
compare, single vision has a short DOF, single point multifocals have short DOF 
with two focal points. With EDOF lenses, the visual signals alternate in front and 
behind the retina, which may explain the relatively less efficient outcomes.

M YO P I A M A N A G E M E N TFeature
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in axial length while MiSight wear-
ers grew by 0.30mm during the same 
time. This is hard to explain, espe-
cially because the clinical population 
of EDOF is all Caucasian while the 
ethnic makeup is 50-50 Caucasian-

Asian for studies of MiSight. If Asian 
myopic patients are progressing more, 
they must be increasing the rate rather 
than decreasing it. The EDOF study 
population is also older, so their rate of 
progression should be slower. 

 The numbers here are puzzling. Their 
control group shows a higher evolu-
tion vs. MiSight (0.97mm vs. 0.62mm). 
These suspect data echo the fact that 
the EDOF study reported an improve-
ment in lens performance after the first 

TABLE 3. SIGNIFICANT STUDIES OF CONTACT LENS OUTCOMES IN MYOPIA MANAGEMENT37-42

Study n Test Results Control Results

Age D AL % Asian % Female Age D AL % Asian % Female

Acuvue Abiliti 101 10.0 ± 1.6 -2.50 ±-0.95 24.65 ± 0.78 54 48 9.9 ± 1.6 -2.43 ± 1.00 24.43 ± 0.79 47 49

Mylo (EDOF) S. Diaz 90 10.9 ± 1.6 -2.80 ± 1.80 24.62 ± 0.99 0 56 11.2 ± 1.1 -2.69 ± 0.99 25.62 ± 0.87 0 58

MiSight 144 10.1 ± 1.3 -2.02 ± 0.77 24.42 ± 0.66 46 46 10.1 ± 1.4 -2.19 ± 0.81 24.46 ± 0.70 44 50

Natural Vue (Protect) 145 9.8 ± 1.5 -2.43 ± 1.03 24.53 ± 0.80 69 52 10.0 ± 1.4 -2.39 ± 1.13 24.57 ± 0.94 73 50

Sankaridurg (EDOF) 95 10.4 ± 1.3 -2.41 ± 0.82 24.50 ± 0.70 0 57 10.5 ± 1.3 -2.29 ± 0.75 24.70 ± 0.80 0 43

Blink (Walline) 196 10.2 -2.28 ± 0.90 24.43 ± 0.74 9 65 10.5 -2.46 ± 0.97 24.45 ± 0.83 9 65

TABLE 4. CLINICAL PERFORMANCE OF SOFT CONTACT LENSES IN MYOPIA MANAGEMENT37-42

Lens/Design Studied Duration 
(in months)

AL Variation (mm) Cyclorefraction (D) Efficacy of 
Intervention 

(AL)Test Control Saved Test Control Saved

Acuvue Abiliti 6 0.08 0.19 -0.11 -0.12 -0.35 -0.13 high

Mylo (EDOF)/S. Diaz 6 0.11 0.17 -0.06 -0.13 -0.29 -0.16 low

Sankaridurg (EDOF) 6 0.12 0.19 -0.07 -0.27 -0.39 -0.12 low

MiSight 12 0.09 0.24 -0.15 -0.18 -0.58 -0.40 high

Natural Vue (Protect) 12 0.12 0.29 -0.17 -0.18 -0.59 -0.41 high

Sankaridurg (EDOF) 12 0.24 0.33 -0.09 -0.53 -0.66 -0.13 low

Mylo (EDOF) S. Diaz 12 0.19 0.34 -0.15 -0.34 -0.57 -0.23 low

Mylo (EDOF) 24 0.37 0.66 -0.29 -0.62 -1.13 -0.51 low

BLINK (Biofinity D) Walline 36 0.42 0.66 -0.24 -0.60 -1.05 -0.55 low

Diaz-Gomez (EDOF) 36 0.55 0.97 -0.42 -0.90 -1.64 -0.54 low

MiSight 36 0.30 0.62 -0.32 -0.50 -1.25 -0.75 moderate

Both the Misight and the Acuvue Abiliti lenses seem to use the same alternating zones approach but, in fact, there are differences in the way they 
generate, and the level of, their respective myopic defocus (coaxial power and ring boost).

Photos: CooperVision, J&J Vision

Legend: Efficacy rating based on AL and refraction saved vs. control.  High: >55% saved;  Moderate: 45-55% saved; Low: <45% saved
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year of wear, which is highly unusual in 
myopia studies. For all of these reasons, 
and given the signi� cant di� erence 
from the early EDOF studies, the latest 
data must be interpreted with cau-
tion and the lens performance must be 
considered at least questionable.

Practitioners should also keep in 
mind the impact on a child’s life. Not 
only are contact lenses an e� ective 
means of correcting and controlling 
myopia, but � tting a child with contact 
lenses also boosts self-esteem and 
has been associated with psychologi-
cal bene� ts.41 However, with contact 
lenses—as with anti-myopia spec-
tacles—compliance is critical, both in 
terms of wearing days/hours to ensure a 
su�  cient “dose” of control, and in terms 
of cleaning and disinfection, especially 
if ortho-K is recommended.

Atropine
Since the ATOM1 study, atropine 
has attracted considerable interest as a 
treatment for myopia. � is study com-
pared di� erent concentrations of atro-
pine administered monocularly over a 
two-year period in a cohort of young 
myopes. � e results were surprising: 
� e highest concentration (1%) was 
highly e� ective but associated with an 
equally high rebound e� ect, which was 
not expected. In contrast, the lowest 
concentration was surprisingly e� ective 

in controlling refrac-
tion to almost the same 
degree, while eliminat-
ing the rebound e� ect 
and signi� cantly reduc-
ing the troublesome 
symptoms of light 
sensitivity and loss of 
accommodation. 

 � is was enough for 
the authors to repeat 
a second study, called 
ATOM2, this time 
with lower concentra-
tions only.43 � ey con-
� rmed the relevance of 
considering atropine 
as a monotherapy in 
myopia control, at least 
for its e� ect on refrac-

tion. But nobody noticed at that time 
the very negligible e� ect of the 0.01% 
concentration on axial length, which 
continued to progress as much as the 
control group.

 It should be noted that the authors 
of the ATOM studies revisited their 
patients 20 years later.44 � ey found 
that the treated patients had developed 
in the same way as the control group. 

� eir treatment had no long-term ef-
fect. It has to be said that the ATOM 
participants were only treated for two 
years, while they were still young or 
teenagers and still evolving rapidly. 
� at’s like treating a glaucoma patient 
for only two years and then looking at 
their eye health 20 years later, when 
they would have stopped treatment 
altogether. � e damage to the optic 
nerve would be obvious.

 Following ATOM, the LAMP 
study was initiated, again in Asia. � is 
time, researchers compared reduced 
doses of atropine (0.05% vs. 0.02% and 
0.01%). � is study has just published 
its � ve-year results.45 � e results are as 
follows:

 • � e study con� rms a dose-re-
sponse mechanism: the 0.05% concen-
tration controls myopia better than the 
others.

 • � e 0.05% concentration may 
not be su�  cient for some children, 
especially those progressing rapidly or 
under the age of 10. In these cases, a 
higher concentration is required. 

 • Brief discontinuation of the medi-
cation does not result in a signi� cant 
loss of e�  cacy. 

Myth No. 5: Center-near multifocals are 
not efficient to control myopia.
This is a somewhat simplistic view that relies 
on the impact of direct light rays, whereas light includes oblique beams that can also 
contribute to the desired optical effects. In theory, a near-centered multifocal lens may 
also be considered.35 However, this option is not supported by a lot of literature and or 
the habits of many practitioners. The limited amount of research carried out in this field 
means that this option cannot be totally ruled out. As Dr. Tom Aller regularly says: Bring in 
any plus, anywhere, and you’ll have some control over myopia.

Myth No. 6: Only FDA-approved products must be prescribed.
Only one soft contact lens is FDA-approved, while other jurisdictions have also applied the 
myopia control label to other products. However, this does not mean that other products 
that are considered “off-label” cannot be recommended.36 As with anti-myopia spectacles, 
the first requirement is that the product has been the subject of a serious randomized 
trial, ideally over more than one year. Second, the use of the product must be sufficiently 
widespread among eyecare practitioners to be considered standard practice. It should be 
noted that in some jurisdictions, the prescription of off-label products must be disclosed 
to patients in order for them to give informed consent.

Myth No. 7: All designs are the same. They all produce the same clinical outcome.
Not surprisingly, as with eyeglasses some contact lenses are at the top of their class, oth-
ers are in the middle of the pack, and it would be difficult to recommend the use of certain 
lenses that are disappointing in performance compared to others. This may be due to the 
difference in designs.

CLINICAL TRANSLATION

Photo: Harrow Health

Harrow Health offers three concentrations of atropine, although 
use of these (or other) formulations for myopia remains off-label 
at present in the United States. Vyluma continues to pursue FDA 
approval of its low-dose atropine product, code named NVK-002.
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 In cases where the concentration is 
not sufficient, the Netherlands method 
should be used.46 This approach, which 
originated in Rotterdam, uses percentile 
growth charts as a starting point. Any 
patient above the 75th percentile is giv-
en a 0.5% dose of atropine. Of course, 
side effects must be compensated for 
by wearing progressive (add +1.75D) 
and photochromic glasses. This dose is 
maintained until the age of 16 years or 
earlier if stability is achieved (<0.05mm 
axial length progression per year for two 
consecutive years). At this concentra-
tion, the dose should then be tapered 
by halving the concentration every two 
to three months until discontinued. If 
axial length increases again, repeat the 
dose until it stabilizes. For patients be-
low the 75th percentile, a dose of 0.05% 
is recommended. Again, treatment is 
continued until stabilization. Although 
not mandatory, it is recommended to 
taper the drug after discontinuation. 
This is consistent with a recent study 
that reported a potential rebound effect 
even with a reduced dose of 0.01%.

 Other recent studies have examined 
the efficacy of the 0.01% concentra-
tion as monotherapy. These studies are 
almost unanimous in demonstrating 
the ineffectiveness of this dose, particu-
larly in younger myopes who progress 
more rapidly.47-49 There are few excep-

tions like the CHAMP study, which 
compared 0.02% and 0.01% concentra-
tions.50 The products used are standard-
ized and not compounded prepara-
tions. This ensures product stability 
and the certainty of a constant dose. 
Surprisingly, the 0.01% concentration 
proved to be more effective than the 
0.02% concentration in both aspects 
studied, i.e., refractive component and 
axial length. 

 These findings raise several ques-
tions. The authors continue to analyze 
their data to find a logical explanation 
for the fact that their study contradicts 
the now well-established dose-response 
with atropine. Several factors could 
explain these outlier results. The com-

position of the two cohorts studied is a 
first variable. Adherence to treatment 
must undoubtedly be closely monitored, 
especially since a large part of the study 
was conducted during the COVID-19 
pandemic and the participants could 
therefore not be monitored as rigor-
ously as in a study conducted in normal 
times. For the time being, therefore, we 
must reserve judgment on this study 
until further details are available.

 Finally, the 0.01% concentration was 
also studied in combination with an 
anti-myopia ophthalmic lenses.51 With 
both anti-myopia spectacle lenses and 
OK lenses, the addition of low-dose 
atropine improved control in myopic 
subjects.52-53 The only exception was the 
combination of atropine with multifocal 
soft lenses, where no improvement was 
seen with the addition of the drug.54 

 Little is known about the mecha-
nism of action of atropine in myopia 
control. Certainly, its antimuscarinic ac-
tion cannot be considered; other agents 
in this family have failed to control 
axial length progression or myopia. It 
has been speculated that an effect on 
ganglion cells and the on/off pathway 
may be involved.55 This remains to be 
proven in humans. 

 It is also interesting to note that 
pupil size increases with atropine. This 
increases the area of impact of myopic 
defocus and consequently the dose 
reaching the retina. This increase in 
dose may be related to the improved 
clinical results obtained with the addi-
tion of low-dose atropine. 

Myth No. 8: There is no rebound effect 
with the use of low-dose atropine.
From the LAMP study, it is known that the con-
cept of dose response applies to atropine, as it applies to outdoors exposure and defocus 
induced lenses. A higher concentration of the medication is associated with better con-
trol. The same concept applies to the rebound effect. The rebound effect is also greater 
with higher doses (ATOM1). That said, this does not necessarily mean that there is no 
rebound effect with the use of low concentrations, as has recently been demonstrated.56 

Professionals should therefore be aware of the following when considering prescribing 
atropine for myopia control: 

• Treatment must be established on a long-term basis—until the myopic condition has 
stabilized. As ATOM and LAMP have shown, medication applied for only one or two years 
has little long-term impact on myopia evolution. 

• It’s safer to taper in any prescribed dose of atropine at treatment cessation. The with-
drawal period is obviously shorter with lower doses.

CLINICAL TRANSLATION
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ATOM2 used lower concentrations of atropine to minimize side effects, including pupil dilation 
and associated photophobia, while maintaining effective control of myopic progression. This 
graph illustrates the expected variation in pupil size with different concentrations. It should be 
noted that there is a dose-response effect, both for pupil variation and for efficacy on axial length.
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Takeaways
There is only one conclusion to this 
article. Myopia control is not optional, 
but rather a new standard of practice 
to prevent pathologies that can lead to 
visual handicap and long-term risks 
to eye health. The use of single-vision 
optical devices should be considered 
the exception rather than the rule. The 
methods used to control myopia have 
never been so abundant as they are now, 
and the pipeline is full of new products 
that will add to this armamentarium. 
Strategies and products must be tai-
lored to the individual characteristics of 
the myopic patient (one child at a time) 
and be maintained until the condition 
has stabilized, which obviously requires 
regular follow-up over time. 

Myopia is no longer a simple refrac-
tive error. It is, for the patient and for 
us, a rewarding journey. ■

Note: A future article by Dr. Michaud 
will complement this one by exploring 
orthokeratology in detail.
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I
n the past, the primary question 
eyecare clinicians sought to answer 
when evaluating a patient with 
age-related macular degeneration 

(AMD) was, “Is it dry or wet?” When 
using OCT to assess patients back 
then, we were mostly focused on de-
tecting subretinal or intraretinal � uid—
the telltale sign that a patient converted 
from dry to wet AMD—which would 
necessitate an urgent referral to a retina 
specialist for treatment with intravitreal 
anti-VEGF. However, with advance-
ments in OCT, as well as increased 
knowledge about the natural history of 
AMD and geographic atrophy (GA), 
we now know of other, more subtle 
� ndings on OCT that can help us 
characterize a patient’s risk of progress-
ing to advanced AMD. Furthermore, 
the “dry vs. wet” conceptualization is 
overly simplistic and should be replaced 
by a more nuanced understanding of 
AMD.

In screening for this disease, we also 
must consider that GA (advanced dry 

AMD) and macular neovascularization 
(MNV; neovascular AMD) can coexist. 
� is has shown to be more evident in 
histologic vs. clinical examination.1 One 
study using histological examination 
found that 22 eyes of 63 patients with 
clinical bilateral choroidal neovascular-
ization (CNV) also had areas of retinal 
pigment epithelium (RPE) atrophy 
(GA), and another found that 86 eyes 

of 760 with a pre-mortem diagnosis of 
AMD demonstrated both CNV and 
RPE atrophy.2,3 � ese studies verify 
that coexistence of MNV and GA is 
not uncommon in eyes with AMD, 
which may require a shift in the man-
agement approach.

In this article, we will discuss how 
to properly stage macular degeneration 
and identify biomarkers for dry AMD 

AMD Staging:
More Than Wet Vs. Dry

Various imaging biomarkers can help you get a truer sense of disease status and predict a 
patient’s risk of progression. Here’s what to look out for. 
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Fig. 1a-b. Early AMD characterized by medium-sized drusen (63μm to 125μm). 

Fig. 2a-b. Intermediate AMD demonstrating large-sized drusen (>125μm). 
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on OCT. Additionally, we also high-
light some new findings in neovascular 
AMD that may hold predictive value.

AMD Grading Scales 
Taking it back to the basics, the hall-
mark sign of AMD is drusen, which are 
yellow-white deposits of extracellular 
debris between the basal lamina of the 
RPE and Bruch’s membrane. Drusen 
size was used in the original AREDS 
study to stage AMD into one of four 
categories (Figures 1a, 1b, 2a and 2b):4

• Category 1: Early AMD character-
ized by fewer than five small drusen, 
each below 63μm in size. 

• Category 2: Mild AMD defined as 
multiple small drusen, a single interme-
diate-sized drusen from 63μm to 124μm 
or RPE changes.

• Category 3: Moderate AMD char-
acterized by one large drusen greater 

than 125μm, extensive intermediate 
drusen or GA non-centrally.

• Category 4: Advanced AMD de-
fined as more than one large drusen or 
GA centrally. 

An AREDS simplified scale is also 
in wide clinical use. In this system, each 
eye is assigned one risk factor for the 
presence of one or more large drusen 
and one risk factor for the presence of 
any pigment abnormality. Risk factors 
are added up for both eyes and graded 
on a five-step scale (0-4). The advantage 
of this system is that the five-year risk 
of developing advanced AMD in at 
least one eye correlates with an easily 
remembered sequence (Table 1): zero 
factors, 0.5%; one factor, 3%; two factors, 
12%; three factors, 25%; and four fac-
tors, 50%.5 

Many eyecare providers prefer 
the Beckman Classification System, 

developed in 2013, which requires only 
a clinical examination or color fundus 
images to classify AMD. This system 
has five stages, ranging from no appar-
ent aging changes to late AMD, based 
primarily on drusen size and pigmentary 
changes (Table 2).6 

Drusen
There are several different types of dru-
sen defined within the literature. Hard 
drusen appear as round, discrete, yellow-
white spots, typically measure less than 
63μm and are present in approximately 
80% of the population, thought to be a 
physiological sign of aging. Soft drusen 
appear more ill-defined with non-
discrete borders and typically measure 
greater than 63μm. Studies show soft 
drusen affect approximately 26% of 
people over the age of 70. Cuticular 
drusen are small in diameter (typi-
cally 50μm to 75μm), yellow, triangular 
deposits below the RPE, often with a 
saw-tooth appearance (Figures 3a and 
3b).7,8 

Early studies evaluating color fundus 
photos of drusen have given some 
insight into important risk factors 
for progression to advanced AMD. 
These studies concluded that large, soft 
confluent drusen as well as pigmentary 
abnormalities relay higher risk. Fellow 

Fig. 3a-b. Fundus photo and OCT demonstrating cuticular drusen.

A B

Fig. 4. This series of OCT images 
demonstrates slow progression of AMD 
from early to intermediate over five years; 
however, with increased drusen volume 
and development of pigment epithelial 
detachments, the patient converted from 
dry to neovascular AMD in less than a year. 

Table 1. AREDS Simplified Scale5

Right Eye

Large Drusen
No = 0

Yes = 1 1

Pigment Changes
No = 0

Yes = 1 1

Left Eye

Large Drusen
No = 0

Yes = 1 1

Pigment Changes
No = 0

Yes = 1 1

Large Drusen and Pigment Changes Patient Severity Score = 4 Risk Factors
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eye status to predict risk in the second 
eye is also important. Therefore, early 
risk calculators have used drusen size, 
the presence or absence of pigment 
abnormalities, as well as fellow eye 
status to convey risk of progression to 
advanced disease.5

Newer studies have evaluated several 
additional drusen characteristics as-
sociated with increased risk. Drusen 
volume/area, drusen height and drusen 
length have all been associated with in-
creased risk of progression to advanced 
AMD. Increased drusen volume has 
been associated with increased risk 
to either neovascular AMD or GA, 
while increase in drusen height has 

been associated with progression 
to atrophic AMD. Lastly, drusen 
length appears to have a positive 
correlation with increased risk of 
conversion to neovascular AMD.9-

11 Although in early AMD these 
changes may be slow, once drusen 
volume reaches 0.03mm3 the risk 
of developing late AMD is four-
times higher when compared to 
those with smaller drusen (Figure 
4).12 

Drusen regression—that is, the 
disappearance of drusen—is also 
a risk factor for progression to ad-
vanced disease. The AREDS study 
reported that 82% of eyes that 

developed significant atrophic changes 
had preceding drusen regression. Other 
studies revealed that in patients with 
early to intermediate disease, drusen 
regression occurred in 44% of eyes and 
preceded advanced AMD, including 
both GA and neovascular AMD.13 

Reticular Pseudodrusen
Also called subretinal drusenoid de-
posits, reticular pseudodrusen (RPD) 
are subretinal, granular, hyperreflective 
material above the RPE. They are often 
located in the superior macula or close 
to the superotemporal arcades. On 
OCT, they have a specific growth pat-
tern characterized by invasion into the 

ellipsoid zone followed by regression. 
RPD are best appreciated on infrared 
reflectance or spectral domain OCT 
and perhaps worst visualized with color 
fundus photography (Figure 5).14 

RPD are found to be present in 
higher numbers in patients with 
AMD, present in 4.6% of eyes with no 
AMD, 13.0% in early AMD, 62.6% 
with intermediate AMD, 34.6% with 
atrophic AMD and 8.1% with wet 
AMD. Further, these studies reveal that 
presence of RPD is associated with an 
additional two- to sixfold increased risk 
of progression to neovascular AMD or 
central GA, with the risk even higher 
for RPD located outside the macula.15 

Hyperreflective Foci
These appear as well-defined lesions 
within the neurosensory retina on 
OCT. They can appear as solitary le-
sions approximately 20μm to 40μm 
in diameter or in clusters. Their exact 
pathogenesis is somewhat debatable, 
although most researchers now believe 
they represent anteriorly migrating 
RPE cells as well as possible disaggre-
gated photoreceptors (Figure 6).16-18 
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Fig. 5. OCT showing subretinal drusenoid deposits, also known as reticular pseudodrusen.

Fig. 7. Hyper-transmission defect on OCT. Fig. 8. Subsidence from collapsed drusen. 

Fig. 6. Hyperreflective foci on OCT.

Table 2. Beckman Classification of AMD6

No apparent aging changes • No drusen
• No AMD pigment 

abnormalities

Normal aging changes • Small drusen <63µm
• No AMD pigment 

abnormalities

Early AMD • Medium drusen >63µm to 
<125µm

• No AMD pigment 
abnormalities

Intermediate AMD • Large drusen >125µm 
and/or AMD pigment 
abnormalities 

Late AMD • Neovascular AMD and/
or GA



•  While BCVA is poorly correlated to lesion size, visual function 
continues to decline as lesions grow2,3

•  It is critical to recognize GA and refer patients in a timely manner, 
as disease progression is relentless and irreversible1,3-7

 *GA is defined by atrophic lesions, resulting from loss of photoreceptors, RPE, and underlying choriocapillaris. This results in a choroidal hypertransmission defect on OCT.1,8,9

BCVA=best-corrected visual acuity; OCT=optical coherence tomography; RPE=retinal pigment epithelium.

Look for choroidal hypertransmission, a marker 
of Geographic Atrophy (GA) on OCT1*

Learn more about identifying GA 
at RecognizeAndReferGA.com
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Whatever their exact pathogenesis, 
hyperreflective foci are considered a 
strong predictor of AMD progres-
sion. The AREDS 2 study revealed 
that patients with hyperreflective foci 
at baseline have a fivefold increased 
risk of progression to GA at two years 
compared with controls. Correlation 
with neovascular AMD is not as well 
demonstrated.19 

Hyperreflective foci within drusen 
may also increase the risk for atrophy. 
It is theorized that this represents 
increased heterogeneity of the internal 
drusen structure and may represent soft-
ening of the drusen. This internal soft-
ening may lead to a greater likelihood of 
collapse and progression to atrophy.20 

 
Hyper-transmission Defects
GA is an advanced form of dry 
AMD that results in progressive and 
irreversible loss of all retinal tissues, 
including the photoreceptors, RPE and 
choriocapillaris. An OCT feature that 
is seen in patients with GA is hyper-
transmission defects. These defects 
appear as bright regions in the choroid 
due to increased penetrance of light 
secondary to missing RPE and other 
retinal layers. Other terms for these 
defects—including waterfall, barcode or 
sub-RPE illumination—have fallen out 
of favor due to the preferred term of 
hyper-transmission. Researchers have 
found that these defects are seen as 
patients progress from intermediate to 
late-stage GA (Figure 7).21 

Based on OCT findings, GA can be 
classified as either incomplete RPE and 
outer retinal atrophy (iRORA), which 
describes partial atrophic loss of the 
ellipsoid and interdigitation zones as 
well as the RPE monolayer, or com-
plete RPE and outer retinal atrophy 
(cRORA), describing a total loss of 
photoreceptors and the RPE.22 

Subsidence
Another feature that may predict ad-
vancing GA is subsidence of the inner 
nuclear layer and outer plexiform layer, 
with or without a hyporeflective wedge 
within the outer plexiform layer. Both 
these signs indicate a loss of the precep-

tor layers and precede the development 
of frank GA (Figure 8).23 

Fundus Autofluorescence (FAF)
This noninvasive imaging technique 
has been shown to be helpful in the 
diagnosis and management of a myriad 
of retinal diseases, most notably GA. 
FAF uses a series of various filters and 
wavelengths to look for lipofuscin, a 
byproduct of retinal cell death that is 
found in many age-related eye diseases, 
such as GA.24 This provides a very 
useful tool to look for areas of atrophy, 
which will appear hypofluorescent or 
dark, as well as hyperfluorescent areas, 
typically on the border of the GA le-
sion, which indicates an active lesion 
that may be more likely to progress. 
Therefore, lesions of atrophy sur-
rounded by a ring of hyperfluorescence 
should be monitored more closely for 

lesion growth or referred for treatment 
with the newer complement inhibitor 
drugs for GA. New studies are also 
evaluating different patterns of FAF 
to see if they hold prognostic value for 
lesions more likely to progress.25 

MNV
This finding is associated with 
neovascular AMD and used to be 
commonly referred to as CNV. 
However, since choroidal neovascular 
membranes may develop in locations 
other than the macula, such as in the 
peripapillary area or peripheral retina, 
macular neovascular membrane or 
MNV are more descriptive terms for 
CNV associated with neovascular 
AMD. This terminology is also more 
appropriate in neovascular AMD since 
the neovascularization does not always 
originate from the choroid.26

Fig. 9. Double-layer sign is seen within the circle and marked by arrows in these two OCT 
cross-sections.

Fig. 10. This shallow irregular RPE elevation was more than 3,500μm in length and only 
29μm in height. 

Fig. 11. Comparison of a shallow irregular RPE elevation with OCT B-scan to OCT-A, which 
reveals nonexudative MNV.
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In addition to increased drusen volume as previously men-
tioned, there are other predictive and diagnostic biomarkers 
for neovascular AMD on OCT B-scan. Double-layer sign 
is an OCT cross-sectional finding reported as small, shallow 
and irregular elevation of the RPE from Bruch’s membrane 
that is associated with AMD and pachychoriod spectrum 
(Figure 9).27  When these lesions are >1,000μm in length 
and <100μm in height, they are referred to as shallow irregu-
lar RPE elevation, or SIRE (Figure 10).27 

Double-layer sign and SIRE are considered highly predic-
tive of presence or progression of exudative as well as non-
exudative MNV.28,29 In the presence of double-layer sign and 
SIRE—and the absence of typical biomarkers of exudative 
MNV such as sub- or intraretinal fluid—OCT angiography 
is useful to rule out nonexudative MNV (Figure 11).30

OCT also is crucial in the detection of nonexudative 
MNV. This condition can be broken down into the follow-
ing three types:

• Type 1: The growth of vessels initiates from the chorio-
capillaris advancing in the sub-RPE space detected by vary-
ing form of pigment epithelial detachments (Figure 12).31 

• Type 2: Abnormal vessels begin in the choroid and 
progress into the subretinal space by breaking through 
Bruch’s membrane.31 Subretinal lesions of various sizes can 
be detected with possible presence of retinal hemorrhages, 
sub- and/or intraretinal fluid or exudates (Figure 13).30 

• Type 3 (retinal angiomatous proliferation): Neovascular-
ization begins in the retinal circulation, often from the deep 
capillary plexus advancing to the outer retina (Figure 14).26,31 

Takeaways
All these advancements in imaging increase our knowledge 
of AMD, help convey risk for progression and help identify 
those patients in need of earlier referral for treatment. These 
advances may also help develop more targeted treatments 
based on certain morphologic factors discovered through 
imaging. AI tools are currently being developed that hope-
fully will aid the ability to screen for certain factors and help 
develop models for disease progression, aiding with clini-
cal decision-making. Until then, it behooves the clinician 
to spend extra time studying images for these more subtle 
biomarkers of AMD progression and realize there are more 
questions to answer than merely, “Is it dry or wet?” ■
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the avascular level (bottom right).
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I
n recent decades, rates of diabetes 
have climbed to epidemic levels. � e 
most current report from the CDC 
released in 2021 states that 38.4 mil-

lion individuals in the US have diabetes, 
accounting for nearly 12% of the total 
population.1 Diabetic retinopathy (DR) 
is a common complication of diabetes 
mellitus (DM), a� ecting approximately 
30% of adults with diabetes, and is the 
leading cause of blindness in working-
aged Americans.2 As primary eyecare 
providers, the role of optometric physi-
cians is more important than ever to 
prevent devastating vision loss amongst 
our growing diabetic population. � is 
article will review the most recent 
literature—as well as provide anecdotal 
insights from our hands-on experience 
with thousands of cases—on causes, 
presentations and diagnostic techniques 
in diabetic eye disease.

Pathogenesis and Clinical Findings
Inner retinal microvascular changes due 
to prolonged hyperglycemia can be visu-
alized in the retina as microaneurysms, 
hemorrhaging, leakage and exudation 
and nonperfusion. � ese � ndings fall into 
the category of nonproliferative changes. 
More advanced features of nonprolif-
erative disease include venous beading, 

intraretinal microvascular abnormalities 
(IRMA) that represent dilated telangiec-
tatic capillaries still con� ned intraretinally 
and vascular sheathing. As DR continues 
to advance, mounting retinal ischemia 
prompts vascular endothelial growth 
factor (VEGF) release, fueling preretinal 
neovascular growth that characterizes the 
proliferative retinopathy stage (PDR). 

Diabetic Eye Disease: 
A Comprehensive Look 

at the Optometrist’s Role
Learn what to pay attention to and when to take charge.
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With the updated ICDR guidelines, mild retinopathy is classifi ed as microaneurysms only and 
the presence of intraretinal hemorrhages is indicative of at least moderate NPDR stage. 
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Neovascularization typically begins 
within the retina and on the optic nerve 
head but can eventually infiltrate the iris 
and angle. Tractional retinal detachment 
(TRD) and neovascular glaucoma are the 
most advanced complications and can 
cause severe, irreversible vision loss. 

Diabetic macular edema (DME) is 
characterized by vascular leakage that re-
sults in intraretinal fluid cysts and retinal 
thickening that may be accompanied by 
spillover of subfoveal fluid in severe cases. 
This occurs as increased vasopermeability 
leads to breakdown of the inner blood-
retinal barrier and exudation.3 While it 
is more likely as DR severity progresses, 
DME can occur at any stage of retinopa-
thy and is the most common cause of 
reduced vision in diabetes.4

An Update on DR Staging 
Nonproliferative diabetic retinopathy 
(NPDR) and PDR are divided into 
stages based upon evidence of progressing 
severity to provide risk assessment and 
guidance on clinical management. These 
grading scales have changed over time 
to reflect advances in knowledge and 
understanding of diabetic eye disease.

The Early Treatment of Diabetic 
Retinopathy Study (ETDRS) provided 
the most widely accepted classifica-
tion system for many years.5 However, 
this dates back to 1991 and its ap-
plicability today suffers as a result. In 

2019, the American Academy of 
Ophthalmology (AAOph) adjusted its 
Diabetic Retinopathy Preferred Practice 
Pattern to follow guidelines of another 
commonly used classification system, 
the International Clinical Diabetic 
Retinopathy (ICDR) Severity Scale.6 
Although these grading scales have 
significant areas of overlap, there are some 
notable distinctions. The most significant 
difference between the two is the dif-
ferentiation between mild vs. moderate 
NPDR. 

Using the ETDRS classification, mild 
NPDR was characterized by microaneu-
rysms and hemorrhaging less than that in 
that study’s Standard Photo 2A—a 30° 
color fundus photo can be used for DR 
comparison. With the updated ICDR 
guidelines, mild retinopathy is classified 
by microaneurysms only, and the presence 
of intraretinal hemorrhages is indicative 
of at least moderate NPDR stage. Severe 
NPDR continues to be defined by one 
factor of the 4-2-1 rule: four quadrants 
of severe intraretinal hemorrhaging (ap-
proximately 20 hemorrhages per quad-
rant), at least two quadrants of definite 
venous beading and at least one quadrant 
of IRMA. Very severe NPDR is associ-
ated with a higher risk of proliferative 
conversion and is defined as the presence 
of two or more factors of the 4-2-1 rule.  
Amongst eyes with severe and very severe 
NPDR, the risk for conversion to PDR 

within one year’s time is 50% and 75%, 
respectively.7,8 

PDR is defined by the presence of new 
vessels with or without hemorrhaging 
into the vitreous or preretinal/subhyaloid 
space. Neovascularization in PDR is pre-
retinal and located on top of the retina. 
It can be classified as neovasculariza-
tion of the disc (NVD, on or within one 
disc diameter from the disc margin) or 
neovascularization of the retina elsewhere 
(NVE). These are weak and fragile vessels 
that often grow on the posterior hyaloid 
membrane, much like ivy grows on the 
side of a house. 

PDR can be divided into active and 
inactive forms. Preretinal tissue in active 
PDR is still vascularized and blood can 
be seen within the small, fine vessels of 
the membrane, while the preretinal tissue 
of inactive PDR is mostly fibrotic, avas-
cular and opaque in appearance. 

With OCT angiography (OCT-A) 
there is regression of the lacy, looping 
capillaries on the fringe of the membrane 
as neovascularization becomes inactive; 
however, if the membrane is sizeable, the 
clinician may observe that larger, mature, 
feeder-looking vessels remain despite 
adequate treatment.

Active PDR can then further be 
subclassified as high risk or low risk. 
High-risk PDR is defined by the pres-
ence of NVD larger than one‐fourth disc 
area, a smaller area of NVD accompanied 

Neovascularization in PDR is preretinal and located on top of the retina. It can be classified as neovascularization of the disc (NVD, on or within one 
disc diameter from the disc margin) or neovascularization of the retina elsewhere (NVE).
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by vitreous or preretinal hemorrhage or 
NVE at least one-half disc area in size 
with vitreous or preretinal hemorrhage.6,8 
Although any degree of PDR should 
be referred to a specialist and is usually 
treated, distinguishing high from low risk 
is important for two main reasons: (1) the 
2019 American Optometric Association 
(AOA) Clinical Practice Guidelines 
recommend more urgent referral of 
high-risk PDR (within 24 to 48 hours vs. 
two to four weeks for low-risk) and (2) 
treatment, usually panretinal laser pho-
tocoagulation (PRP), is recommended 
for high-risk PDR since the Diabetic 
Retinopathy Study (DRS) found that 
there was an approximate 50% risk of 
severe vision loss within five years if high-
risk PDR was left untreated.6,9,10 

Additionally, anti-VEGF therapy to 
slow progression of PDR has recently 

gained traction and can decrease risk of 
complications from PDR such as TRDs 
and development of new macular edema. 
Further, the use of intravitreal anti-
VEGF before or in addition to PRP has 
been demonstrated to be more effective 
than just PRP alone in high-risk PDR 
patients.11,12 

Although the AAOph has adopted 
the ICDR system, it has not updated its 
practice guidelines similarly; the 2019 
AOA Clinical Practice Guidelines con-
tinue to refer to the ETDRS scale DR 
grading criteria.9 These inconsistencies 
may lead to confusion if the grading scale 
used is not explicitly defined.

Historically, the ETDRS also coined 
the term “clinically significant macu-
lar edema” (CSME). This was defined 
as either retinal thickening within the 
central 500µm of the macula, hard exu-

dates within 500µm of the center of the 
macula with adjacent thickening or zones 
of retinal thickening one disc diameter 
or larger within one disc diameter of 
the fovea.5,9 With the advent of OCT, 
DME is now more commonly described 
as either center involved (CI-DME) or 
non-center involved (NCI-DME). CI-
DME is defined as thickening within the 
central 1mm diameter or “center subfield 
zone.”6 Staging retinopathy and DME 
offers an organized approach for manage-
ment based upon risk of progression and 
ultimately, risk of vision loss. 

The OD’s Role
Proper management of patients with 
diabetes requires a multidisciplinary 
approach. With DR being the most com-
mon microvascular complication of the 
disease, optometric physicians play an 
integral part on this team.13  

The American Diabetes Association 
(ADA) and AOA recommend a baseline 
comprehensive eye exam and follow-up 
examinations for patients with type 1 
diabetes. The first follow-up should not 
exceed three to five years after diagnosis, 
and patients should be followed at least 
annually thereafter.9 Those with type 2 
diabetes should be evaluated at time of 
diagnosis since diabetes may have gone 
undetected for years prior, making it 
challenging to determine the exact dura-
tion of the disease.9 Follow-up interval 
depends upon the level of retinopathy 
present and analysis of other risk factors 

TABLE 1. DIABETIC RETINOPATHY STAGING PER AMERICAN ACADEMY OF OPHTHALMOLOGY6

Disease Severity Level Findings Observable upon Dilated Ophthalmoscopy

No apparent retinopathy No abnormalities

Mild NPDR Microaneurysms only

Severe NPDR (international definition)

•  Any patient with two or more of the characteristics 
of severe NPDR is considered to have very severe 
NPDR.

Any of the following and no signs of PDR:

•  More than 20 intraretinal hemorrhages in each of 
four quadrants

•  Definite venous beading in two or more quadrants

• Prominent IRMA in one or more quadrants

PDR One or both of the following:
• Neovascularization
• Vitreous/preretinal hemorrhage

D I A B E T I C R E T I N O PAT HYCover Story

More severe NPDR findings that increase the risk for future conversion to PDR.



61JUNE 15, 2024 | REVIEW OF OPTOMETRY

for progression, such as degree of glyce-
mic control and duration of the disease. 
Those without retinopathy or those with 
only mild retinopathy can be monitored 
annually assuming no DME is present. 

There can be significant variability of 
presentation within the category of mod-
erate NPDR, especially with the shift to 
the ICDR classification system. Milder 
cases of moderate NPDR with minimal 
retinopathy lesions can be monitored 
every nine to 12 months. However, as 
signs approach the more severe end of 
the moderate NPDR spectrum, a six-
month follow-up interval may be more 
appropriate. Referral to a retina specialist 
should be considered for patients with 
severe NPDR even in the absence of 
DME, and patients should be monitored 
closely, every three to four months.6,9 
When considering whether or not to 
refer a patient with severe NPDR, factors 
favoring referral include noncompliance, 
documented rapid progression, absence of 
complete posterior vitreous detachment 
(PVD), monocular status and presence of 
concurrent DME or multiple risk factors 
for progression such as poor glycemic 
control. Provider comfort level and in-
office imaging availability also should be 
contemplated. 

Electrophysiology, specifically electro-
retinogram (ERG) testing, is an addition-
al tool that can aid in risk analysis for DR 
progression. ERG can provide a quantita-
tive functional assessment of the retina 
that can uncover deficits before they 
become structurally evident. Patients with 
abnormal functional testing on ERG 
generally require earlier intervention than 
those with low-risk ERG results. In some 

cases, functional deficits can precede 
visible structural changes and may lead to 
closer monitoring and earlier referral.14  

Observation is the current standard of 
care for cases of severe NPDR; however, 
some studies support beneficial outcomes 
of treatment at this stage, especially for 
those meeting the criteria of very severe 
NPDR.5,15,16 A referral to a retina special-
ist is also warranted for cases of active and 
previously untreated proliferative disease. 
As previously mentioned, the 2019 AOA 
Clinical Practice Guidelines recommend 
more urgent referral of high-risk PDR 
(24 to 48 hours for high-risk vs. two to 
four weeks for low-risk).9 Although treat-
ment of low-risk PDR may or may not 
be immediately initiated (deferred until 
it reaches high risk), care with ophthal-
mology should be established. Due to 
the high risk for severe vision loss, the 
AAOph recommends treatment, usually 
PRP, in cases of active high-risk PDR.6   

The presence of DME can have a 
significant impact on referral timeline. As 
a general rule, the optometric physician 
should consider referring DME at any 
stage, especially if it is center involved, 
causing reduced best-corrected visual 
acuity (BCVA) or is progressing. The 
2019 AOA Clinical Practice Guidelines 
recommends consultation within two to 
four weeks when CI-DME is pres-
ent.9 Of note, the results of the Diabetic 
Retinopathy Clinical Research (DRCR) 
Network Protocol V suggested that 
close observation until acuity declines 
or DME worsens may be a reasonable 
management option for eyes with CI-
DME and BCVA of 20/25 or better.17 
This study found that vision at two 

years was no different whether eyes with 
CI-DME and good acuity were imme-
diately treated with aflibercept, macular 
laser or if treatment was withheld until 
acuity worsened.17 Patients with DME 
should be followed every two to four 
months.6,9,18

Refer patients with anterior segment 
neovascularization urgently, as prompt 
treatment prior to formation of complete 
synechial angle closure may spare an 
eye from surgical glaucoma procedures. 
Lastly, it may be beneficial to obtain con-
sultation when the stage of retinopathy 
is uncertain due to media opacity or poor 
patient cooperation. 

When patients with diabetes are ex-
amined, results should be communicated 
to the physician managing the diabetes 
(e.g., primary care physician, endocrinolo-
gist). This written communication should 
include the stage of retinopathy as well as 
the presence/absence of DME, encour-
age individualized glycemic control and 
other comorbid systemic risk factors such 
as hypertension/serum lipids and state 
the recommended follow-up.6,9,19 Recent 
evidence suggests that episodes of hy-
poglycemia can contribute to worsening 
diabetic eye disease via upregulation of 
VEGF. Take care to avoid even transient 
periods of low blood sugar.20 

Eyecare providers have an obligation 
to the public to provide access to care for 
all patients—even those in rural areas— 
and education efforts should be made to 
ensure that the public is aware that dia-
betes can affect the eyes, emphasizing the 
importance of at least yearly eye exami-
nations and that vision loss is preventable 
with early detection.21 

TRD in PDR is an advanced complication that can cause severe, irreversible vision loss. 
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• Ocular and periocular infections
• Active intraocular inflammation
• Endophthalmitis and retinal detachments

• Neovascular AMD
• Increase in intraocular pressure

Adverse Drug Reactions IZERVAY
N = 292

Sham
N = 332

Conjunctival hemmorhage 13% 9%

Increased IOP 9% 1%

Choroidal neovascularization 7% 4%

Blurred vision* 8% 5%

Eye pain 4% 3%

Vitreous floaters 2% <1%

Blepharitis 2% <1%
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Examination Essentials
Exams for patients with diabetes should 
be multifaceted and emphasize certain 
aspects. First, a careful history should be 
acquired. Document duration of DM, 
some indication of glycemic control 
(HbA1c and/or fasting blood glucose 
level, glucose time in range) and medica-
tions. Visual acuity, entrance test, slit lamp 
exam and intraocular pressure (IOP) 
should be obtained, as in a standard eye 
exam. A magnified slit lamp examination 
of the entire iris (lids retracted as needed) 
should be done prior to dilation. If any 
neovascularization of the iris is present 
or IOP is elevated, perform gonioscopy 
to inspect for neovascularization of the 
angle. 

After dilation, perform a thorough 
funduscopic exam of the posterior pole 
and the periphery. Vitreous and preretinal 
hemorrhages may be subtle in PDR, and 
it is important to always examine the in-
ferior peripheral fundus carefully to look 
for subtle vitreous blood that has settled 
with gravity.

Although not required, certain ancil-
lary tests provide great benefit in diagno-
sis and management. Multimodal imag-
ing technologies often help highlight 
subtle vascular abnormalities and results 
in more accurate retinopathy staging and 
increased exam efficiency. There is signifi-
cant debate regarding the use of fundus 
photography as a replacement for tradi-
tional dilated eye exams. Multiple studies 
have shown that inspection of fundus 
photos may actually be superior to oph-
thalmoscopy for identification of some 
lesions such as microaneurysms, small 
intraretinal hemorrhages, IRMA and 
subtle neovascularization.22,23 However, at 
this point in time, imaging is less than a 
perfect science. The presence of artifacts, 
lack of stereopsis and poor identification 
of peripheral lesions are just some reasons 
why imaging, including ultra-widefield 
techniques, is often not an adequate 
replacement for clinical examination.24 
A traditional dilated fundus exam is still 
the standard of care for diabetes from a 
legal perspective, and examination of the 
retina via imaging alone is inadequate. 
Rather than substituting photography for 
comprehensive clinical examination of di-

abetic patients, use fundus imaging as an 
adjunctive tool in addition to traditional 
ophthalmoscopy.

One of the most heavily used ancillary 
instruments in these eye exams is OCT. 
It has proven incredibly valuable in the 
diagnosis and management of DME, as 
it can quantify central macular thickness, 
identify anatomical location of fluid (in-
cluding subclinical DME), closely moni-
tor changes in macular edema and rule 
in or out other causes of reduced vision 
in patients with diabetes. Additionally, 
OCT is routinely used to monitor DME 
treatment efficacy. OCT, and especially 
OCT-A or fluorescein angiography, 
can also be used to confirm or deny the 
presence of neovascularization that can be 
difficult to differentiate from IRMA or 
other anomalous appearing vessels. Even 
structural OCT alone is an excellent 
tool that can identify preretinal tissue or 
vitreoretinal traction and monitor TRD. 

In recent years, development of 
OCT-A has provided a noninvasive 
method for optometric physicians to 
assess capillary nonperfusion, macular 
ischemia and neovascularization in-
office. Previously, these findings could 
only be directly visualized via fluorescein 
angiography, requiring an ophthalmol-
ogy referral in most states. Smaller scan 
sizes that maximize resolution, such 
as 3mm by 3mm, should be used to 
evaluate macular ischemia while wider 
field montage imaging, such as 14mm 
by 14mm, should be employed for 
estimating the degree of retinal nonper-
fusion and screening for proliferation. 
Neovascularization often occurs adjacent 
to areas of capillary nonperfusion. 
Incorporating imaging technologies 
allows for the earliest detection of even 
subclinical PDR. 

B-scan ultrasonography may not be 
a heavily used tool in many optometry 

Incorporating montage OCT-A enables visualization of retinal nonperfusion that may be nearly 
invisible with ophthalmoscopy or color photography alone.
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Preretinal neovascularizaton can be isolated out using the vitreous or vitreoretinal interface 
preset en-face display of OCT-A. This allows for the earliest detection of even subclinical PDR.
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practices; however, its utility in cases of 
dense vitreous hemorrhage is unmatched. 
As previously discussed, DR with any 
vitreous or preretinal hemorrhage must 
be referred to a retina specialist for 
treatment. However, the presence of a 
TRD observed with B-scan increases the 
urgency of referral. 

Patient Education 
It is essential that patients are in-
formed that at least annual eye exams 
are necessary even if they are asymp-

tomatic. It must be conveyed that early 
detection and timely treatment of DR 
are essential for best visual outcomes 
and prevention of sight-threatening 
complications. Especially in those with 
severe NPDR or PDR, optometrists 
should emphasize specific symptoms 
of vitreous hemorrhage and retinal 
detachment so that patients are aware 
they need to be seen as soon as possible 
upon onset. 

To adequately educate their patients, 
optometrists should be aware of risk 

factors for progression of retinopathy. 
Disease duration is a well-known 
risk factor for DR development and 
progression. This is especially true for 
those with type 1 diabetes. After 15 
years of disease duration, 80% of pa-
tients with type 1 DM will have some 
degree of retinopathy.25 Intuitively, el-
evated blood glucose levels and HbA1c 
values, as well as less glucose time in 
range assessed by continuous glucose 
monitoring devices, are also associated 
with higher rates of retinopathy. 

TABLE 1. AMERICAN ACADEMY OF OPHTHALMOLOGY INITIAL MANAGEMENT RECOMMENDATIONS FOR DIABETES/DR PATIENTS6

Severity of Retinopathy Macular Edema Follow-up (Months) PRP Focal and/or Grid Laser Intravitreal Anti-VEGF Therapy

Normal or minimal NPDR No 12 No No No

Mild NPDR No 12 No No No

NCI-DME 3-6 No Sometimes No

CI-DME 1 No Rarely Usually

Moderate NPDR No 6-12 No No No

NCI-DME 3-6 No Sometimes Rarely

CI-DME 1 No Rarely Usually

Severe NPDR No 3-4 Sometimes No Sometimes

NCI-DME 2-4 Sometimes Sometimes Sometimes

CI-DME 1 Sometimes Rarely Usually

Non–high risk NPDR No 3-4 Sometimes No Sometimes

NCI-DME 2-4 Sometimes Sometimes Sometimes

CI-DME 1 Sometimes Sometimes Usually

High-risk NPDR No 2-4 Recommended No Sometimes

NCI-DME 2-4 Recommended Sometimes Sometimes

CI-DME 1 Recommended Sometimes Usually

Staging of retinopathy and DME offers an organized approach for management based upon risk of progression and ultimately, risk of vision loss. 
CI-DME is defined as thickening within the central subfield zone (1mm in diameter).
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An HbA1c ≤7% is recommended for 
most patients, depending on expected 
lifespan, comorbidities and cognitive 
status.26 Control of blood pressure, lipids 
and management of comorbidities, such 
as sleep apnea, all reduce risk of pro-
gression.27 Additionally, awareness of 
high-risk demographics is valuable for 
adequate patient education. Notably, rates 
of diabetes are significantly higher among 
Native American, Hispanic and African 
American populations, and these patients 
have higher risk of vision loss.6

Outline the risk of rapid progression 
carefully for women with diabetes who 
become pregnant. Changes in metabolic 
control during pregnancy are thought to 
contribute to increased risk of progression 
to severe retinopathy.28 The AOA recom-
mends a comprehensive eye exam prior 
to pregnancy, during the first trimester 
and more often thereafter as indicated 
by severity of retinopathy. Interestingly, 
there does not appear to be a significantly 
increased risk of retinopathy for those 
who develop gestational diabetes.29 

DR in the Ozempic Era
Glucagon-like peptide-1 (GLP-1) 
receptor analogs are a newer, highly 
effective category of medication for 
diabetes management, recently skyrock-
eting in popularity. GLP-1 drugs such 
as semaglutide (Ozempic and Wegovy, 
both Novo Nordisk), as well as tirzepa-
tide (Mounjaro, Eli Lilly), have risen 

to popularity because of their efficacy 
for glycemic control and weight loss 
promotion. With an increasing number 
of diabetic patients being prescribed these 
drugs, it is important that eyecare provid-
ers understand the implications. 

Although improved glycemic control is 
encouraged for promotion of long-term 
positive outcomes, a transient worsening 
of retinopathy may be seen initially. The 
pathophysiology of this phenomenon is 
not well understood but is likely related 
to VEGF expression, reactive oxygen 
species production and breakdown of the 
blood-retinal barrier.30 

A post-hoc review of the Semaglutide 
Unabated Sustainability in Treatment of 
Type 2 Diabetes 6 (SUSTAIN 6) clinical 
trial compared DR in patients treated 
with semaglutide vs. placebo.31 In general, 
patients treated with semaglutide had 
a higher incidence of DR progression 
compared with the placebo group. It is 
presumed that this is due to the rapid 
decrease in HbA1c during the first 16 
weeks of treatment.32 This study found 
the highest rates of DR complications in 
those with an A1c reduction of 1.5%.33 
Interestingly, there was no difference 
between the treated and placebo groups 
in those without retinopathy at base-
line. Rather, progression was primarily 
observed in patients with NPDR and 
PDR upon initiation of treatment. Those 
with pre-existing retinopathy who were 
using insulin were at significantly higher 

risk of developing worsening retinopathy. 
However, it is not clear if this is due to 
interaction with insulin or because these 
patients generally have had a longer dura-
tion of diabetes and higher baseline A1c. 

As more patients are started on GLP-1 
analogs, optometrists should be aware of 
the frequency of paradoxical worsening 
of retinopathy that occurs with rapidly 
improved glycemic control. Some sources 
suggest a baseline exam prior to initia-
tion of treatment.33 Additionally, more 
frequent follow-up of high-risk patients, 
such as those with existing severe reti-
nopathy and insulin use, may be indicated 
during the first few months of treatment 
until glucose levels have stabilized. 

Management Considerations
At each stage of DR, there are many 
findings and options to discuss with 
patients.

NPDR. Oral fenofibrate and vitamin 
supplementation may be considered in 
certain patients with mild to moderate 
NPDR in an effort to slow progression 
and improve visual function. 

Fenofibrate is an older dyslipidemia 
medication that is a safe and inexpensive 
fibric acid derivative. It is considered 
off-label for treating DR in the US but 
is approved for this purpose in Australia 
and Singapore.34 The typical dose when 
treating DR is 160mg per day; however, 
caution should be exercised in patients 
with kidney disease and a lower dose of 
approximately 54mg should be used.35,36

Two very large randomized controlled 
trials (FIELD and ACCORD) have 
shown that fenofibrate, when used as an 
adjunctive treatment to standard of care 
DR therapies, can slow progression of 
pre-existing DR and reduce the need for 
treatment of DME and proliferative DR 
in patients with type 2 diabetes.37-39 The 
DRCR Network is currently recruit-
ing for Protocol AF (Fenofibrate for 
Prevention of DR Worsening), which is 
enrolling patients with mild to moder-
ately severe NPDR and no CI-DME at 
baseline. Results are expected in 2029.36 

In clinical practice, fenofibrate should 
be considered in patients with type 2 
diabetes, mild to moderate NPDR and 
normal kidney function.34,35,40 It may be 

A traditional dilated fundus exam is still the standard of care for diabetes retinal assessment 
from a legal perspective, but widefield imaging is a highly valuable adjunctive tool.
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particularly beneficial among those with 
moderate to very high cardiovascular risk 
factors (hypertension, dyslipidemia, previ-
ous history of cardiovascular events) and 
at high risk for DR progression.35

Another strategy aimed at DR preven-
tion is nutritional supplementation and 
medical food therapies. We know that 
many patients with DR have concurrent 
vitamin and mineral deficiencies that fuel 
retinal microvascular damage and inflam-
mation.41 Similar to use of fenofibrate, 
supplementation with vitamins, minerals 
and nutraceuticals is intended to comple-
ment current standard of care treatments, 
not replace them. The goals of supple-
mentation in DR are to decrease inflam-
matory mediators, reduce oxidative stress, 
support retinal metabolism and promote 
microvascular health.41 

Supplement components of inter-
est include lutein and zeaxanthin, 
L-methylfolate, N-acetylcysteine, vitamin 
E, vitamin D, vitamin C, vitamins B1, 
B2, B6 and B12 (methylcobalamin) and 
alpha-lipoic acid.41 One study dem-
onstrated that carotenoid containing 
nutritional supplementation in diabetic 
rats helped prevent capillary cell apopto-
sis and maintain normal retinal func-
tion.42 Furthermore, the Diabetes Visual 
Function Supplement Study (DiVFuSS) 
evaluated the effectiveness of a com-
mercially available vitamin supplement 
(EyePromise DVS) on functional vision 

aspects in 67 patients with diabetes 
and either no or mild-moderate stage 
nonproliferative DR.43 Patients were 
randomized to either six months of DVS 
supplementation or placebo. Subjects on 
DVS had significantly better visual func-
tion performance on contrast sensitivity, 
color discrimination and 5-2 macular 
threshold perimetry testing.43 Another 
commercially available medical food, 
Ocufolin (Global Healthcare Focus), has 
demonstrated an improvement in retinal 
microcirculation in eyes with mild DR 
among patients with methylenetetrahy-
drofolate reductase polymorphisms.44

Early intravitreal anti-VEGF therapy 
may be considered in eyes with moder-
ately severe to severe NPDR in an effort 
to improve retinopathy stage and/or 
prevent vision threatening complications, 
although practice patterns and sentiments 
in this regard vary greatly amongst retinal 
specialists.15,16 The DRCR Network 
Protocol W study set out to evaluate the 
potential benefits of periodic anti-VEGF 
therapy in preventing vision-threatening 
complications such as PDR and CI-
DME.16 This study included eyes with 
moderate to severe NPDR lacking CI-
DME and randomized them to either 
immediate periodic aflibercept injections 
or observation until CI-DME or high-
risk PDR developed. The four-year results 
showed that while early anti-VEGF 
therapy did reduce the risk of developing 

CI-DME and PDR 
significantly, change 
in visual acuity did not 
differ between the two 
groups.16 Therefore, 
the role of anti-VEGF 
therapy in severe NPDR 
management and its po-
tential benefits continues 
to be debated.

PDR. Both PRP and 
anti-VEGF may be used 
to treat PDR; however, 
PRP is generally recom-
mended in high-risk 
PDR.6 Although 
the DRCR Network 
Protocol S demonstrated 
that periodic ranibi-
zumab therapy for PDR 

resulted in non-inferior acuity outcomes, 
less peripheral field loss and lower rates 
of vision-impairing DME development 
when compared with PRP, it is important 
to remember that anti-VEGF effects are 
temporary.45 Long-term studies demon-
strate that poor follow-up compliance 
amongst PDR patients treated with 
anti-VEGF alone can result in visually 
devastating outcomes, and follow-up 
compliance can be a challenge in patients 
with diabetes who need to see multiple 
specialty providers of various disciplines 
and may be hospitalized more fre-
quently.46 PRP may also be favored over 
anti-VEGF therapy in eyes with sig-
nificant vitreoretinal traction since rapid 
neovascular regression may exacerbate 
this and promote TRD development/
progression.47 

If concurrent high-risk PDR and 
CI-DME are present, treatment usually 
begins with anti-VEGF and then delayed 
PRP is performed, since PRP may 
initially worsen DME.6 Regression of 
neovascularization following PRP alone 
should begin within four to six weeks and 
supplemental PRP, anti-VEGF therapy or 
vitrectomy may be management options 
should PRP result in inadequate neovas-
cular involution.6 

Vitreous hemorrhage and  TRD. 
Vitreous hemorrhage may be initially 
observed when PRP has already been 
performed and B-scan ultrasonography 
confirms no TRD is present. Intravitreal 
anti-VEGF may speed resolution of 
vitreous hemorrhage and is often used 
when vitreoretinal traction is limited. 
Educate patients to limit physical activity, 
especially heavy lifting and Valsalva 
maneuvers, sleep upright if possible and 
avoid bending the head below the waist. 
Vitrectomy may be considered in cases 
of macular-threatening or -involving 
TRD, non-clearing or recurrent vitreous 
hemorrhage, dense preretinal hemorrhage 
or fibrotic tissue covers the macula, 
florid PDR with very large areas of 
neovascularization is present or DME 
with a vitreous tractional component 
exists.6 

DME. First-line therapy for CI-DME 
involves anti-VEGF therapy, and newer 
generation agents such as faricimab and 
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Development of OCT-A has provided a noninvasive method for 
optometrists to assess capillary nonperfusion, macular ischemia 
and neovascularization in-office.
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high-dose 8mg aflibercept may provide 
extended duration of action allowing for 
less frequent injections and reduced treat-
ment burden.6,9,47-49 Macular photocoagu-
lation remains a viable treatment option 
for non-center-involved DME, especially 
when focal areas of noncentral leakage 
are present.6 Intravitreal corticosteroid 
injections and sustained-release implants 
may be employed when DME is diffuse 
or unresponsive to anti-VEGF therapies, 
especially in pseudophakic eyes.50

Takeaways
With rates of diabetes skyrocketing, 
optometrists are and will continue to be 
a valuable asset to the multidisciplinary 
diabetes care team. As our understand-
ing of DR deepens, our care must reflect 
these changes and advances. By staying 
up to date on guidelines, diagnostics aids, 
risk factors and management standards, 
optometrists can continue to offer quality 
care to patients with diabetes. ■
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Imaging Applications in DR
This is not an exhaustive list, but we do find 
these three tools ideally suited to each of 
the following responsibilities.

OCT
•  Detect, classify and monitor DME.
•  Determine PVD status.
•  Detect preretinal tissue suggestive of neo-

vascularization.
•  Detect and monitor vitreal retinal traction/

TRD.

ОСТ-А
•  Detection of subclinical DR.
•  Highlight vascular abnormalities = more 

accurate staging.
•  Detection and quantification of nonperfu-

sion (both peripheral and macular).
•  Early detection of PDR.
•  Monitor PDR regression with treatment.

Widefield Imaging
•  Detection/documentation of predomi-

nately peripheral DR (increased risk for DR 
progression and proliferation).

•  More accurate and efficient staging of DR.
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U
veitis is the most common cause 
of ocular in� ammation but also 
one of the most mysterious, given 
the wide range of both potential 

inciting factors and ocular structures 
involved. Depending on the a� ected 
anatomical site, uveitis is divided into 
four subcategories: anterior, intermedi-
ate, posterior and panuveitis.1 Anterior 
and intermediate uveitis refer speci� -
cally to the anterior chamber/iris and 
the vitreous/peripheral retina, respec-
tively. In similar fashion, posterior 
uveitis refers to in� ammation of the 
choroid. Panuveitis is a term used to 
describe simultaneous in� ammation of 
the entire uveal tract, a� ecting the an-
terior chamber, vitreous and choroid.1

An estimated 15% to 30% of uveitis 
cases are of the posterior variety, mak-
ing it the second most common form 
behind anterior uveitis. Following that, 
panuveitis is the third most common 
form of uveitis in western countries.2

� e prevalence of uveitis has been 
estimated as high as 714 cases per 
100,000 people.2 Uveitis, speci� cally 
posterior and panuveitis, can be visual-
ly debilitating, as it causes 10% to 15% 
of blindness in the world and is one of 
the leading causes of blindness in the 

United States.3 Panuveitis in 
particular has been correlated 
with a poorer visual progno-
sis. Given the prevalence of 
uveitis and the potential visual 
impact of posterior uveitis 
and panuveitis, it is important 
to understand characteristic 
presentations and etiologies 
for accurate diagnosis, which 
we will discuss extensively 
below.2

Creating an Accurate 
Differential Diagnosis
Forming an accurate di� er-
ential list for posterior uveitis 
can be challenging. � e most 
important step is taking a 
good history, as this condition 
can be caused by many dif-

ferent etiologies. Items to include are 
a complete medical history—includ-
ing present and past personal medical 
history—surgeries, history of trauma, 
medicines and family history, along 
with demographics—age, sex and eth-
nicity. Other history items are arthritis, 

Understanding Uveitis: 
Causes and Clinical Clues
We dive into common and uncommon etiologies for this condition and give advice on 

how to come up with a proper differential diagnosis for each patient. 
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rashes, shortness of breath, swol-
len lymph nodes, recent headaches, 
hearing difficulties, hair loss, pigment 
changes in the skin, a history of ocular 
trauma, recent insect bites, sexually 
transmitted diseases, tuberculosis expo-
sure, blood in stools and recent travel. 
It’s also important to include current 
history of present illness including on-
set, duration, laterality, course, associa-
tions and modifying factors.4

Some patients have no symptoms 
with posterior uveitis; others present 
with acute floaters, loss of vision, pho-
topsia and rarely pain. For panuveitis, 
floaters, loss of vision and photopsia 
can occur, along with symptoms of an-
terior uveitis including pain, hyperemia 
and light sensitivity.4,5

A thorough examination is also es-
sential to forming differentials, includ-
ing visual acuity, pupil testing, extra-
ocular muscles, intraocular pressure, slit 
lamp examination and biomicroscopy. 
Determining which parts of the uveal 
tract have inflammation will also aid in 
the determination of your differential. 
Some disease processes will affect just 
the choroid (posterior uveitis) and oth-
ers will affect the iris, ciliary body and 
choroid (panuveitis).5

Posterior uveitis presents with a 
myriad of potential clinical signs to 
identify: vitreal cells, flare and opaci-
ties, retinitis, vasculitis, peripheral peri-
phlebitis, edema of the retina, macular 
or optic disc, retinal hemorrhages and 
vitreal hemorrhage. Complications 
of the inflammatory response include 
choroidal neovascular membranes, 
retinal detachment, retinal vascular oc-
clusions, ischemia and retinal necrosis. 

Panuveitis has similar signs and 
complications in the posterior aspect of 
the eye, but also affects the intermedi-
ate and anterior uveal tract. These signs 
include pars planitis, cells and flare in 
the anterior chamber and circumlimbal 
hyperemia.3-5

Many times, the signs you see during 
examination will guide your differen-
tials. Consider the following questions:

1. Is it posterior uveitis only or is it 
part of a panuveitis?

2. Is it choroiditis, retinitis, chorio-
retinitis or retinochoroiditis?

3. Is there associated involvement of 
the optic nerve head and/or the retinal 
vessels?

4. Does the clinical feature fit into 
any known infective or non-infective 
entity?

5. Is there associated anterior 
segment inflammation, vitritis or 
complications?

6. Is it associated with other systemic 
features?

7. Is it recurrent? If so, how has it 
responded to previous therapy?

8. Is it associated with an immuno-
compromised state?

9. Is it a masquerade syndrome?6

Ancillary testing can also aid in the 
differential diagnosis of posterior uve-
itis. Fundus photography can be used 

to identify the extent of the inflam-
mation and retinal changes. Fundus 
autofluorescence (FAF) can be useful 
in many cases of posterior uveitis, 
especially when evaluating white dot 
syndromes. 

FAF patterns will vary depending 
on the type of white dot syndrome. 
Serpiginous choroidopathy shows 
large areas of hypoautofluorescence 
emanating from the optic nerve that 
are associated with atrophy in inac-
tive lesions, whereas new lesions are 
associated with hyperautofluorescence. 
Another example of a unique pattern 
is found in acute zonal occult outer 
retinopathy with peripapillary hypoau-
tofluorescence and a granular mixture 
of hyper- and hypoautofluorescence 
associated with active extension into 
the arcades.7,8

Significant bilateral macular edema secondary to bilateral panuveitis.
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OCT is commonly used to identify 
changes in the posterior segment, in-
cluding retinal, macular and optic disc 
edema, retinal atrophy, choroidal thick-
ening and other changes.8,9 OCT-A 
can further help identify changes in 
blood vessel density and detection of 
choroidal neovascular membranes.9 
Fluorescein angiography is used to 
detect and evaluate extent of retinal 
vasculitis, macular edema, papillitis and 
capillary nonperfusion. Ultrasounds 
are most useful when visualization of 
the fundus is obscured from vitritis as 
well as evaluating extent of exudative 
retinal and/or choroidal detachments 
when present. Indocyanine green 
angiography is an important imag-
ing modality for disease that have a 
predominance for the choroid (e.g., 
Vogt-Koyanagi-Harada disease, bird-
shot chorioretinopathy).

Other systemic testing can be useful 
when identifying the cause of posterior 
uveitis, such as a chest X-ray, which 
should be considered when suspect-
ing sarcoidosis or tuberculosis. If it’s 
sarcoidosis, bilateral hilar lymphade-
nopathy will show up and tuberculosis 
commonly shows lymphadenopathy, 
pleural effusion and caseating granulo-
mas.10,11 MRIs can sometimes be useful 
when diagnosing neurosyphilis, as they 
will detect vasculitis of the small and 
middle cerebral arteries, infarction and 
hemorrhaging, although findings are 
not highly specific.12

Etiologies
It is important to understand the un-
derlying etiology of the disease process 
to guide treatment and referrals that 
may be necessary. There are specific 
and non-specific labs that should be 
considered when determining a diag-
nosis, and a proper examination will 
help narrow down the labs that should 
be ordered. In many cases, lab work 
will assist in confirming a diagnosis 
or ruling out important differential 
diagnoses.

While uveitis can be idiopathic, pos-
terior uveitis has a higher likelihood of 
a concomitant systemic medical condi-
tion. In over 75% of posterior uveitis 

cases, a specific diagnosis was found.13 
Posterior and panuveitis have many 
different etiologies, the most common 
being infectious and inflammatory. 
They are usually associated with sys-
temic medical conditions but can also 
be linked to primary ocular conditions. 
The most common etiologies and their 
typical presentations are divided into 
three general categories: infectious, 
inflammatory and ocular syndromes. 
We will cover the two most common 
categories, infectious and inflamma-
tory, in more detail:

Infectious
It is always important to rule out 
infectious etiologies for posterior uve-
itis, and to know which infections to 
consider can help guide you in making 
an accurate diagnosis. A helpful mne-

monic when coming up with differen-
tials for infectious posterior uveitis is 
“STTEEVE”:14

S – Syphilis
T – Tuberculosis (TB)
T – Toxoplasmosis
E – Endogenous
E – Endophthalmitis
V – Viral (herpes simplex, herpes  
 zoster, cytomegalovirus)
E – Etc. (e.g., Bartonella, toxocariasis)
Several bacterial infections cause 

posterior or panuveitis, but the most 
common are syphilis and TB. Syphilis 
is the result of an infection with the 
spirochete Treponema pallidum and can 
result in many systemic and/or ocular 
manifestations.15,16 Posterior uveitis 
presents in several different ways, 
including localized chorioretinitis or 
retinitis, which can be non-specific 

M A N A G I N G U V E I T I SFeature

Bilateral posterior uveitis secondary to sarcoidosis.

A

B



75JUNE 15, 2024 | REVIEW OF OPTOMETRY

and mimic other diseases and is why 
syphilis is often called the “great 
masquerader.” Chorioretinal lesions 
are typically multifocal and bilateral 
and are associated with vitritis and/
or exudative retinal detachment. 
Retinitis has been described as having 
a “ground glass” appearance and may 
be associated with vasculitis as well.15,16 
Acute syphilitic posterior placoid 
chorioretinopathy is a more specific 
presentation of syphilitic posterior 
uveitis that appears most commonly 
as pale yellow, gray or white placoid 
lesions in the outer retina of varying 
size within the posterior pole.17 This 
lesion can best be visualized through 
FAF on which the placoid lesions 
hyperautofluoress.17

TB is a chronic bacterial infection 
caused by Mycobacterium tuberculosis. 
While acute infection is uncommon, 
many people can have latent TB and 
ocular TB can manifest without any 
systemic symptoms.18 Any part of the 
eye can be involved; however, uveitis is 
the most common ocular manifestation 
and occurs as either anterior, interme-
diate or posterior.18 Posterior uveitis in 
TB can have a wide range of manifes-
tations, including retinitis, choroidal 
granulomas (e.g., tubercles and tubercu-
lomas) and serpiginous choroiditis.14,18 
Tubercles are the most recognizable 
ocular sign and appear as unilateral 
or bilateral, multiple (less than five), 
small, grayish white or yellow elevated 
lesions of the posterior pole with 
indistinct margins, lying deep within 
the choroid.18 Tuberculomas are larger 
and more often solitary with overlying 
hemorrhages and a more characteristic 
tumor-like appearance.14,18

Multifocal serpiginous choroiditis or 
serpiginous-like choroiditis, more com-
mon in TB endemic countries, present 
as multifocal lesions that are spread in a 
centrifugal serpiginous pattern spar-
ing the peripapillary region and often 
accompanied by a vitritis.14,18

Toxoplasmosis, unlike syphi-
lis and TB, is caused by a parasite, 
Toxoplasmosa gondii. It is the most com-
mon cause of infectious posterior uveitis 
in the world and classically presents as 

a unilateral focal necrotizing chorio-
retinitis with overlying vitritis.14,19 This 
presentation is often taught as having a 
“headlights-in-the-fog” appearance due 
to the hazy bright whiteish yellow le-
sion in the retina clouded by the over-
lying vitritis.19,20 It is common for an 
active lesion to be adjacent or close to 
an existing chorioretinal scar, suggest-
ing reactivation of a previous infection. 
Infections often remains active for up 
to 16 weeks, leaving behind a hyperpig-
mented scar.14 Lesions are often found 
in the posterior pole and may even be 
accompanied by optic nerve edema. 
Macular scarring is one of the most 
common causes of vision loss second-
ary to toxoplasmosis posterior uveitis. 
A new infection without a pre-existing 
scar is relatively uncommon and typi-
cally only present in patients who are 
immunocompromised.20

Endogenous endophthalmitis is 
another potential infectious cause of 
posterior uveitis and panuevitis. The 
most common fungal culprits are 
Candida, Aspergillus and Coccidiomycosis, 
and present as creamy, white, discrete 
chorioretinal lesions of the posterior 
pole with overlying vitritis (fluffy 
cotton ball or string of pearls appear-
ance).14 Endogenous bacterial endo-
phthalmitis can be caused by a wide 
variety of bacteria.

Viral infections can lead to both 
posterior and panuveitis; however, ante-
rior and intermediate uveitis are more 
common presentations. The most likely 
viral candidates for uveitis include 
herpes viruses: herpes simplex, varicella 
zoster and cytomegalovirus.14 The two 
most common manifestations of viral 
posterior uveitis are acute retinal necro-
sis (ARN) and progressive outer retinal 

Bilateral posterior uveitis with accompanying optic nerve head edema in both eyes.
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necrosis (PORN). ARN is typically 
found in immunocompetent patients 
while PORN is more common in those 
who are immunocompromised.14,21,22

ARN begins with painful iritis and 
vitritis that eventually develops areas 
of hemorrhagic necrotizing retinitis, 
which presents with retinal whitening 
adjacent to retinal arteritis and retinal 
hemorrhages. Patients may also develop 
occlusive retinal vasculitis, optic neuritis 
or preretinal neovascularization.21,23 
Necrosis is typically circumferential 
and progression is often rapid if left 
untreated.14

Unlike ARN, PORN does not typi-
cally present with a vitritis or occlu-
sive vasculitis.24 There are three main 
stages of PORN retinitis. The early 
stage involves multifocal yellow-white 
infiltrates often involving the macula. 
The middle, or established phase, 
presents as disseminated and extensive 
full-thickness retinal necrosis with 
minimal vasculitis or hemorrhages. The 
late stage presents as optic atrophy and 
often involves rhegmatogenous retinal 
detachment. Both ARN and PORN 
can be unilateral or bilateral and lead to 
severe vision loss even with treatment.22

CMV retinitis is also found mainly 
in patients who are immunocompro-
mised and is a common opportunistic 
infection in patients with acquired 
immunodeficiency syndrome.25 Patients 
are often asymptomatic but can present 
with photopsia, vision loss or floaters, 
and are rarely ever in pain. Key char-
acteristics include retinal necrosis and 
vasculitis which are often accompanied 
by a mild vitritis. Vasculitis and hemor-
rhaging are the classic presentation 
often called “pizza-pie” or “ketchup and 
cottage cheese” due to the mixed white 
and red areas sees in the retina. Rarely, 
optic neuritis can also occur.14,25

Toxocariasis and Bartonella are two 
additional infections that can cause 
posterior uveitis, although it is rela-
tively rare. Toxocariasis is caused by the 
parasitic roundworms Toxocara canis 
or Toxocara catis, found in dog or cat 
feces.26 It typically presents as posterior 
pole or peripheral granulomas which 
histopathologically contain roundworm 

fragments.26 Additional complications 
include chronic endophthalmitis and 
retinal detachment.26 Bartonella henselae 
or cat scratch disease, is often caused by 
a cat scratch or bite.27 Ocular manifes-
tations include uveitis, vitritis, retinitis, 
choroiditis and optic neuritis.27

Inflammatory
Systemic inflammatory conditions can 
also lead to posterior or panuveitis, 
although anterior uveitis is significantly 
more common. While any inflamma-
tory condition can potentially cause 
posterior findings, we will focus on the 
three most likely candidates: sarcoid-
osis, Vogt-Koyanagi-Harada syndrome 
(VKH) and Beçhet’s disease.

Sarcoidosis is a multi-systemic 
inflammatory condition that results 
in granulomas developing throughout 
the body, most often in the lungs and 
lymph nodes. Ocular involvement is 
fairly common, with sarcoidosis being 
one of the most common systemic 
causes of uveitis. About 28% of patients 
with ocular sarcoidosis will develop 
posterior uveitis, and 9% to 30% will 
have panuveitis.28 Retinal periphlebitis 
is the most common manifestation of 
sarcoidosis posterior uveitis, with char-
acteristic “candle-wax drippings” that 
appear as yellow or white segmented 
perivenous sheathing, often accompa-
nied by vitritis.28 It is also possible to 
develop peripheral retinal neovascular-
ization secondary to vascular occlusion 

or chronic retinal ischemia, which can 
present in a “sea-fan” pattern and be 
mistaken for sickle cell anemia, espe-
cially in African American patients.3 
Multifocal choroiditis may also occur, 
and presents as creamy white or yel-
low lesions most likely in the inferior 
periphery.28

VKH is an idiopathic inflammatory 
condition that attacks melanocyte-con-
taining tissues (including the uvea, ear 
and meninges) whose primary mani-
festation is often ocular. It is commonly 
associated with neurological, auditory 
and integumentary manifestations.29 
Neurologic symptoms can include 
headaches and nuchal rigidity (neck 
stiffness); auditory symptoms may in-
clude tinnitus and/or hearing loss, and 
cutaneous manifestations can include 
vitiligo, alopecia and poliosis. 

VKH usually presents as a chronic 
bilateral granulomatous panuveitis 
with exudative retinal detachments. 
Therefore, one of the most common 
complaints in patients with VKH is 
sudden vision loss with or without 
eye pain, accompanied by hearing 
complaints.29

There are typically three main stages 
of disease:

• First is the prodromal stage, oc-
curring about one to two weeks before 
onset of uveitis (headache, nausea, 
vomiting).

• Next is the acute uveitic phase, 
often characterized by diffuse choroi-

M A N A G I N G U V E I T I SFeature

TABLE 1. LAB TESTS TO CONSIDER FOR COMMON ETIOLOGIES OF POSTERIOR/PANUVEITIS

Etiology Lab Test(s)

Toxoplasmosis Toxoplasma IgG/IgM

Syphilis FTA-ABS, RPR 

Tuberculosis PPD, Quantiferrin Gold, IGRAS

Sarcoidosis ACE, CBC, lysozyme

Beçhet’s HLA-B51

Viral (HSV, VZV, CMV) PCR

Birdshot chorioretinopathy HLA-A29

Vogt-Koyanagi-Harada CSF pleocytosis
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ditis, optic nerve swelling, vitritis and 
exudative retinal detachment.29

• Lastly, the chronic or recurrent 
phase involves depigmentation of the 
retinal pigment epithelium resulting in 
a “sunset glow” fundus.29 Anterior uve-
itis is more common in recurrent cases 
as well as choroidal neovascularization.

Beçhet’s disease is another chronic 
autoimmune disorder that can af-
fect many different parts of the body, 
including the eyes, mouth, skin and 
genitals. It is primarily an occlusive 
vasculitis involving small, medium and 
large veins and arteries.30 Primary man-
ifestations include uveitis (most com-
mon), oral ulcers and genital ulcers.30 
Uveitis is not only the most common 
ocular presentation but also the most 
common general presentation of the 
disease and is often a relapsing and 
remitting panuveitis with retinal vascu-
litis.30 Initial findings may be unilateral 
but often progress to become bilateral. 
A mobile hypopyon is also observed 
in many cases.3 Posterior findings can 
be diverse, although scattered yellow 
or white infiltrates with surrounding 
hemorrhages is common and may be 
accompanied by vascular engorgement 
and/or optic disc hyperemia.30

Other Etiologies
There are a few other potential etiolo-
gies for posterior and panuveitis that 
should be kept in mind as differentials. 
Primary idiopathic chorioretinopathies, 
or “white dot syndromes,” should be on 
the differential list, although they are 
uncommon compared to other forms 
of posterior uveitis.31 Multiple evanes-
cent white dot syndrome (MEWDS) 
and acute posterior multifocal placoid 
pigment epitheliopathy (APMPPE) 
are two of the most common white dot 
syndromes.32

MEWDS usually presents in a 
younger population, predominantly 
affecting females between the age of 
20 to 50 years old. Typically, MEWDS 
presents unilaterally with small white 
granular dots in the outer retina and 
patients often will have a viral “flu-
like” prodrome of symptoms in cases 
of MEWDS.33 Similarly, APMPPE 

affects younger patients in age range of 
20 to 30 years old. APMPPE does not 
show any gender predilection and in 
contrast to MEWDS, presents bilater-
ally with larger gray or white placoid 
shaped lesions within the layers of the 
RPE and inner choroid. Fortunately, 
both MEWDS and APMPPE have a 
good visual prognosis and are self-
limiting conditions that usually only 
require observation.31,32

Takeaways
Posterior uveitis and panuveitis are 
common causes of inflammation in the 
eye that can cause significant and ir-
reversible vision loss. Early recognition 
and detection is important to recognize 
the symptoms and signs early to help 
minimize vision loss. Because of the 
many different etiologies (infectious, 
inflammatory and ocular syndromes) 
that can be causing the uveitis, develop-
ing good strategies and approaches to 
aid in prompt diagnosis are essential 
to good patient outcomes. A good his-
tory and examination will help guide 
your differential diagnosis and medi-
cal decision-making. Ancillary testing 
like fundus photos, FAF, OCT and 
FA can help identify areas of the eye 
that are affected by the inflammation. 
Laboratory tests are also a useful tool 
in identifying the underlying systemic 
cause of the uveitis. ■

1. Papaliodis G. Uveitis: etiology, manifestations and 
diagnosis. www.uptodate.com/contents/uveitis-etiology-
clinical-manifestations-and-diagnosis?search=posterior%20
uveitis&source=search_result&selectedTitle=1%7E150&usa
ge_type=default&display_rank=1. Accessed March 29, 2024.
2.	Wakefield	D,	Chang	JH.	Epidemiology	of	uveitis.	Int	
Ophthalmol	Clin.	2005;45(2):1-13.	
3.	Rathinam	SR,	Babu	M.	Algorithmic	approach	in	the	diag-
nosis	of	uveitis.	Indian	J	Ophthalmol.	2013;61(6):255-62.
4. Lukic M, Posterior Uveitis and Panuveitis. Viewpoint. 
viewpoint.online/handbook/ocular-pathology-atlas/
posterior-uveitis-and-panuveitis/
5.	Duplechain	A,	Conrady	CD,	Patel	BC,	et	al.	Uveitis.	
[Updated	2023	Aug	8].	In:	StatPearls	[Internet].	Treasure	
Island	(FL):	StatPearls	Publishing;	Jan	2024.	Available	from:	
https://www.ncbi.nlm.nih.gov/books/NBK540993/
6.	Sudharshan	S,	Ganesh	SK,	Jyotrimay	B.	Current	approach	
in the diagnosis and management of posterior uveitis. 
Indian	J	Ophthalmol.	2010;58(1):29-43.
7.	Meleth	AD,	Sen	HN.	Use	of	fundus	autofluorescence	in	
the	diagnosis	and	management	of	uveitis.	Int	Ophthalmol	
Clin.	2012;52(4):45-54.
8.	Agarwal	A,	Pichi	F,	Invernizzi	A,	et	al.	Stepwise	approach	
for fundus imaging in the diagnosis and management of 
posterior	uveitis,	Surv	Ophthalmol.	2023;68(3):446-80.

9.	Tranos	P,	Karasavvidou	EM,	Gkorou	O,	Pavesio	C.	

Optical	Coherence	Tomography	Angiography	in	Uveitis.	J	
Ophthalmic	Inflamm	Infect.	2019;9:21.

10.	Criado	E,	Sanchez	M,	Ramirez	J,	et	al.	Pulmonary	
sarcoidosis: typical and atypical manifestations at high-
resolution	CT	with	pathologic	correlation.	Radiographics.	
2010;30(6):1567-86.

11.	Andreu	J,	Cáceres	J,	Pallisa	E,	Martinez-Rodriguez	M.	
Radiological	manifestations	of	pulmonary	tuberculosis.	
Eur	J	Radiol.	2004;51(2):139-49.

12.	Czarnowska-Cubała	M,	Wiglusz	MS,	Cubała	WJ,	et	al.	
MR	findings	in	neurosyphilis	-	a	literature	review	with	a	
focus on a practical approach to neuroimaging. Psychiatr 
Danub.	2013;25	Suppl	2:S153-7.

13.	Barisani-Asenbauer	T,	Maca	SM,	Mejdoubi	L,	et	al.	
Uveitis - a rare disease often associated with systemic 
diseases	and	infections-	a	systematic	review	of	2619	
patients.	Orphanet	J	Rare	Dis.	2012;29(7):57.

14.	Mandelcorn	ED.	Infectious	causes	of	posterior	uveitis.	
Can	J	Ophthalmol.	2013;48(1):31-9.

15.	Hughes	EH,	Guzowski	M,	Simunovic	MP,	et	al.	Syphilitic	
retinitis	and	uveitis	in	HIV-positive	adults.	Clin	Exp	
Ophthalmol.	2010;38(9):851-6.

16.	Artaechevarria	Artieda	J,	Estébanez-Corrales	N,	Muñoz	
N,	et	al.	Spectrum	of	syphilitic	chorioretinitis	and	its	evolu-
tion	based	on	multimodal	imaging.	Ocul	Immunol	Inflamm.	
2022;30(7-8):1639-50.

17.	Ormaechea	MS,	Hassan	M,	Nguyen	QD,	Schlaen	A.	
Acute syphilitic posterior placoid chorioretinopathy: an 
infectious	or	autoimmune	disease?	Am	J	Ophthalmol	Case	
Rep.	2019;14:70-3.

18.	Gupta	A,	Gupta	V.	Tubercular	posterior	uveitis.	Int	
Ophthalmol	Clin.	2005;45(2):71-88.

19.	Goh	EJH,	Putera	I,	La	Distia	Nora	R,	et	al.	Ocular	toxo-
plasmosis.	Ocul	Immunol	Inflamm.	2023;31(7):1342-61.

20.	Bonfioli	AA,	Orefice	F.	Toxoplasmosis.	Semin	
Ophthalmol.	2005;20(3):129-41.

21.	Bonfioli	AA,	Eller	AW.	Acute	retinal	necrosis.	Semin	
Ophthalmol.	2005;20(3):155-60.

22.	Lo	PF,	Lim	R,	Antonakis	SN,	Almeida	GC.	Progressive	
outer retinal necrosis: manifestation of human 
immunodeficiency	virus	infection.	BMJ	Case	Rep.	
2015;2015:bcr2014207344.

23.	Lightman	S.	Acute	retinal	necrosis.	Br	J	Ophthalmol.	
1991;75(8):449.

24.	Tseng	CC,	Chen	SN,	Hwang	JF,	et	al.	Progressive	outer	
retinal necrosis associated with occlusive vasculitis in 
acquired	immunodeficiency	syndrome.	J	Formos	Med	
Assoc.	2015;114(5):469-72.	

25.	Taylor	GH.	Cytomegalovirus.	Am	Fam	Physician.	
2003;67(3):519-24.

26.	Lin	P.	Infectious	Uveitis.	Curr	Ophthalmol	Rep.	
2015;3(3):170-83.

27.	Hong	H,	Li	T,	Ying	Y,	et	al.	Cat-scratch	disease	mani-
festing	as	uveitis	and	binocular	fundus	nodular	lesions:	a	
case	report.	BMC	Ophthalmol.	2023;23(1):345.

28.	Jamilloux	Y,	Kodjikian	L,	Broussolle	C,	Sève	P.	
Sarcoidosis	and	uveitis.	Autoimmun	Rev.	2014;13(8):840-9.

29.	Fang	W,	Yang	P.	Vogt-koyanagi-harada	syndrome.	Curr	
Eye	Res.	2008;33(7):517-23.

30.	Ksiaa	I,	Abroug	N,	Kechida	M,	et	al.	Eye	and	Behçet’s	
disease.	J	Fr	Ophthalmol.	2019;42(4):e133-46.

31.	Cozubas	R,	Ungureanu	E,	Luminita	Instrate	S,	et	al.	
Similarities	and	differences	between	three	different	types	
of	white	dot	syndrome	and	the	therapeutic	possibilities.	
Rom	J	Ophthalmol.	2018;62(3):183-7.

32.	Mount	GR,	Kaufman	EJ.	White	Dot	Syndromes.	
PubMed.	StatPearls	Publishing,	2022.	March	13,	2023.	
Accessed	May	8,	2024.

33.	Tavallali	A,	Yannuzzi	LA.	MEWDS,	common	cold	of	the	
retina.	J	Ophthalmic	Vis	Res.	2017;12(2):132-4.



78 REVIEW OF OPTOMETRY | JUNE 15, 2024

I
nherited retinal dystrophies (IRDs) 
encompass a group of genetic 
disorders a� ecting the retina, often 
leading to progressive vision loss. 

� eir prevalence hovers around one in 
1,400 individuals, which means most 
practitioners will see at least several per 
year. Some IRDs masquerade as other 
disorders, while others are clinically 
obvious. Genetic testing doesn’t always 
o� er con� rmation, but when it does, 
it provides insight into the prognosis, 
inheritance pattern, current or future 
trials and possible syndromic features. 
Optometrists should recognize these 
entities and their nuanced characteris-
tics to guide their testing strategy and 
arrive at the correct diagnosis.1

� is article aims to provide a com-
prehensive overview of key IRDs, such 

as Stargardt’s disease, pattern dystro-
phies and retinitis pigmentosa (RP). 
We will delve into the causes and clini-
cal presentations while also discussing 
the clinical value of genetic testing. 

Stargardt’s Disease (STGD1)
� is condition is the most commonly 
inherited juvenile retinal dystrophy, 
with an estimated incidence of one in 
8,000 or one in 10,000.2 � e inheritance 
pattern is autosomal recessive, requir-
ing biallelic variations in the ABCA4
gene, which has also been implicated in 
childhood-onset cone-rod dystrophy, 
bull’s eye maculopathy and RP.2 

� e ABCA4 gene codes for an ATP-
binding cassette transporter that plays 
a role in the visual cycle in recycling 
all-trans-retinal.3 When dysfunc-
tional, this protein leads to accumula-
tion of N-retinylidene-N-retinyl-
ethanolamine (A2E) within the retinal 
pigment epithelium (RPE), resulting 
in eventual photoreceptor cell death.3,4 

Currently, there have been over 2,200 
ABCA4 variations reported.4

While ABCA4 disease can manifest 
in a range of phenotypes, STDG1 
classically produces a beaten-bronze 
fundus appearance with whitish, yellow 
subretinal pisciform � ecks scattered 
throughout the posterior pole with 
varying degrees of photoreceptor at-
rophy (Figure 1). � e age of onset may 
vary from early-onset to early-adult 
onset to late-onset; however, the aver-
age age is about 15 years.5 

Early-onset ABCA4 disease is as-
sociated with inheritance of two severe 
variants of the gene and may progress 
to severe vision loss early in life due to 
extensive outer retinal atrophy.5 Late-
onset disease is thought to be caused by 
one severe variant and one mild variant 
of the ABCA4 gene and generally 
results in less severe disease. However, 
it can result in extrafoveal outer retinal 
atrophy, which may be misdiagnosed as 
geographic atrophy from AMD.4

In up to a quarter of cases,patients 
with early-onset disease may have 
reduced vision with no abnormalities 
detectable on clinical examination.6

Are You Up to Speed on Inherited 
Retinal Dystrophies? 

Enhance your patient care with an improved understanding of these 
genetic disorders and how they present in clinical practice.

I N H E R I T E D R E T I N A L D Y S T R O P H I E SOptometric Study Center

By Roya Attar, OD,1 Rachel Steele, OD,2

and Jim Williamson, OD2

1Jackson, MS; 2Memphis

Dr. Attar is an assistant professor in the department of ophthalmology and director of optometric services at the University of Mississippi Medical Center. She 
is a fellow of the American Academy of Optometry (AAO), chair of the AAO Retina Special Interest Group and vice chair of the American Optometric Society 
Leadership Development Committee. She is on advisory boards for Heidelberg Engineering, Apellis and OcuTerra Therapeutics. Dr. Steele completed her 
ocular disease residency at the Memphis VA. She is currently completing her fellowship at the Charles Retina Institute and is a consulting faculty member at 
Southern College of Optometry. She has no fi nancial disclosures. Dr. Williamson is the residency supervisor at the Memphis VA Medical Center. He holds faculty 
positions at multiple optometry schools and allied health programs and is a fellow of the American Academy of Optometry and the Optometric Retina Society. Dr. 
Williamson also serves as the secretary for the Optometric Retina Society. He has no fi nancial disclosures.

About 
the authors



79JUNE 15, 2024 | REVIEW OF OPTOMETRY

Multimodal imaging can reveal early, 
subtle findings, including thickening 
of the foveal or parafoveal external 
limiting membrane on OCT. Fundus 
autofluorescence (FAF) may show 
hyper-autofluorescent flecks or general 
hyper-autofluorescence that might not 
be apparent on clinical examination. 

OCT findings of more advanced 
disease include thinning of the ONL, 
loss of the ellipsoid zone (EZ) and 
RPE atrophy. Pisciform flecks appear 
on OCT as hyperreflective sub-
retinal deposits and hyper-reflective 
foci, which may disrupt the EZ and 
extend into the inner retinal layers. 
Early-phase intravenous fluorescein 
angiography (IVFA) classically reveals 
a “silent choroid,” where the expected 
choroidal flush is masked by abnormal 
accumulation of lipofuscin within RPE 
cells. 

Differentiating STDG1 from mas-
queraders, such as AMD, is increas-
ingly important with emerging invasive 
therapies for geographic atrophy 
(i.e., pegcetacoplan and avacincaptad 
pegol).4 A distinguishing factor in-
cludes the presence of drusen. Drusen 
are clinically well-defined, round, yel-
low lesions visible on clinical exami-

nation, while the flecks in Stargardt’s 
are often whitish yellow, with an 

ill-defined pisciform shape, and may be 
difficult to discern clinically. 

BA

C D

Fig. 1. Color fundus photographs (A, B) of Stargardt’s disease. These photos demonstrate 
the classic STDG1 phenotype of white, pisciform flecks scattered throughout the posterior 
pole with the presence of atrophic macular lesions. Fundus autofluorescence (C, D) 
demonstrates the hyper-autofluorescent nature of the pisciform flecks, in contrast to 
drusen, which are often iso-autofluorescent. 
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Additionally, drusen are located 
below the RPE (with the exception of 
subretinal drusenoid deposits), while 
flecks are located above the RPE and 
may disrupt the EZ. Lastly, on FAF 
drusen are most commonly iso-auto-
fluorescent due to their location below 
the RPE, while the flecks in STGD1 
are strongly hyper-autofluorescent and 
located above the RPE. 

Genetic testing is critical for these 
patients from the standpoints of 
patient counseling, predicting dis-
ease severity, genetic counseling and 
identifying eligibility for future gene 
therapies or clinical trials. 

Best’s Disease 
This autosomal dominantly inherited 
macular disorder is caused by a muta-
tion in the BEST1 gene (chromosome 
11). BEST1 codes for the bestrophin 
protein, a calcium-gated chloride co-
transporter located at the basolateral 
membrane of RPE cells.7 Currently, 
there have been over 100 disease caus-

ing variants reported in the BEST1 
gene. The condition has an estimated 
prevalence of one in 5,500 in the US, 
with a bimodal distribution of onset 
first before puberty and then after 
puberty.8,9 

Five stages of the disease have been 
defined.7,8,10 In stage 1, the pre-vitelli-
form phase, the macula has an unre-
markable appearance with a reduced 
Arden ratio (<1.55) on an electroocu-
logram (EOG). Stage 2 is termed the 
vitelliform stage, in which there is a 
one- to two-disc diameter accumula-
tion of yellow subretinal material, 
resembling an egg yolk. 

Stage 3 is the pseudohypopyon stage, 
where the subretinal material gravitates 
inferiorly, creating the appearance of 
a hypopyon in the macula (Figure 2). 
Stage 4 is the vitelliruptive stage, with 
variable reabsorption of the vitelliform 
material creating a “scrambled egg” ap-
pearance. Stage 5 represents advanced 
disease with macular atrophy, subretinal 
fibrosis or choroidal neovascularization. 

The prevalence of macular neovascu-
larization (MNV) is estimated to be 
about 5.7%.10

On clinical examination, fundus 
findings vary depending on the disease 
stage. Multimodal imaging is use-
ful in describing the clinical course 
of Best’s disease. OCT findings vary 
depending on the stage of disease. In 
the vitelliform phase, the vitelliform 
lesion appears on OCT as the accu-
mulation of hyper-reflective material 
on the apical surface of the RPE in the 
subretinal space. As the vitelliform le-
sion gravitates inferiorly, there may be 
an optically empty, hyporeflective space 
superiorly with hyperreflective material 
inferiorly. As the vitelliform lesion is 
absorbed, OCT shows heterogenous 
hyper-reflective subretinal material 
with hyper-reflective clumps that may 
migrate into the inner retinal layers. 

After absorption of the vitelliform 
material, OCT shows thinning of the 
ONL and atrophy of EZ and RPE 
that appear on OCT as hyperreflec-
tive columns of light that penetrate to 
the choroid. In some cases, after the 
vitelliform material has been reab-
sorbed, a localized serous detachment 
remains with an appearance similar to 
chronic central serous chorioretinopa-
thy (CSCR), with heterogenous yellow 
subretinal clumps at the border of the 
serous detachment.7 

FAF findings include variable hyper-
autofluorescence which correlates with 
the presence of subretinal vitelliform 
material and the abnormal accumula-
tion of lipofuscin within RPE cells. In 
advanced disease, RPE atrophy appears 
on FAF as hypo-autofluorescent macu-
lar lesions. IVFA demonstrates variable 
early and late hyperfluorescence, which 
may confound its use in diagnosing 
leakage due to choroidal neovascu-
larization. OCT-A may be helpful to 
visualize new vessel growth. 

Genetic testing can be a valuable 
tool for the identification of patients 
with Best’s disease, especially in the 
early stages. Although there are no 
currently available therapies for this 
condition—aside from treatment with 
anti-VEGF in cases with choroidal 

Fig. 2. Multimodal imaging of Best’s disease with subfoveal vitelliform lesion in the 
“pseudohypopyon” stage. Color fundus photography (A) shows yellow subretinal material 
gravitating inferiorly, resembling a hypopyon. Fundus autofluorescence (B) reveals hyper-
autofluorescence of the vitelliform material. OCT (C ) demonstrates hyperreflective subretinal 
material with optically empty space superiorly. Note the overlying photoreceptor outer 
segments are elongated, similar in appearance to chronic central serous chorioretinopathy. 
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neovascularization—genetic testing 
allows for the identification of patients 
for gene therapies or clinical trials. 

Pattern Dystrophy
The term “pattern dystrophy” is used to 
describe a non-specific group of degen-
erative disorders of the RPE character-
ized by the deposition of white-yellow 
material and grayish pigmentary 
changes at the level of the RPE and 
photoreceptor outer segments.10 

Five distinct phenotypes have been 
grouped into the category of “pattern 
dystrophies,” including butterfly pat-
tern dystrophy, adult-onset vitelliform 
dystrophy (AOFVD), multifocal pat-
tern dystrophy simulating Stargardt’s 
disease, fundus pulverulentus and 
reticular dystrophy of the pigment 
epithelium.10,11 AOFVD is the most 
common pattern dystrophy.

These disorders have historically 
been considered autosomal dominantly 
inherited conditions associated with 
variations in the PRPH2/RDS gene 
(chromosome 6) which codes for the 
peripherin protein expressed in pho-
toreceptor outer segments.12 Variations 
in PRPH2 are thought to result in 
aberrant metabolism of photorecep-
tor debris and RPE dysfunction.10,13 

Variations in the BEST1 gene (chro-
mosome 1) have also been implicated 
in pattern dystrophy. BEST1 codes for 
a calcium chloride transporter found 

on the basolateral membrane of RPE 
cells and is linked to other macular 
dystrophies, including Best’s disease. 
Additionally linked genes include 
ABCA4, IMPG1 and CTNNA1.10 
Although pattern dystrophies are 
autosomal dominantly inherited, there 
is low penetrance, meaning many with 
these genetic variations do not develop 
disease. 

Individuals with pattern dystrophies 
may remain asymptomatic until the 
fifth decade, after which the most 
common symptoms include mild loss 
of visual acuity and metamorphopsia.13 
Although many individuals retain good 
vision, as many as 50% of individuals 
may experience significant loss of cen-
tral vision due to outer retinal atrophy 
or choroidal neovascularization around 
the seventh decade of life.13 

Using a combination of imaging mo-
dalities, such as OCT, FAF and IVFA, 
highlights features that help distin-
guish these conditions from other phe-
nocopies and masqueraders, like AMD, 
which may become more difficult in 
advanced disease. Clinically, butterfly 
pattern dystrophy appears as white-
yellow or grayish pigmentary variations 
with branching arms, resembling a 
butterfly (Figure 3).10,14 Multifocal pat-
tern dystrophy simulating Stargardt’s 
presents as scattered pisciform flecks 
throughout the posterior pole with 
or without atrophic macular lesions, 

but without the classic “dark choroid” 
on IVFA associated with Stargardt’s 
disease.10,15 

AOFVD resembles Best’s disease, 
though it may be differentiated by age 
of onset (30 to 50 vs. juvenile onset). 
Findings include bilateral subfoveal vi-
telliform lesions with or without a cen-
trally hyperpigmented spot. Vitelliform 
lesions in AOFVD are typically smaller 
than vitelliform lesions in Best’s disease 
(one-third disc diameter vs. one to two 
disc diameters). Additionally, the EOG 
Arden ratio in AOFVD is normal to 
slightly subnormal, while the Arden 
ratio in Best’s disease is markedly 
subnormal. AOVFD is associated with 
a better visual prognosis than Best’s 
disease, as reading vision is typically 
preserved. Vision in AOFVD may be 
compromised by the development of 
foveal atrophy or CNV. 

OCT findings include thickened 
RPE with hyper-reflective deposits 
at the level of the RPE or subretinal 
space. Hyper-reflective foci within the 
outer retinal layers represent pigmen-
tary migration, which appears clinically 
as focal areas of grayish hyperpigmen-
tation. Drusen, lipofuscin-rich deposits 
at the level of Bruch’s membrane, 
are a hallmark of AMD but not a 
characteristic finding seen in pattern 
dystrophies. 

Characteristic FAF findings include 
hyper-autofluorescence corresponding 

to lipofuscin-rich 
subretinal deposits. 
In advanced stages 
of macular atrophy, 
FAF demonstrates 
hypo-autofluores-
cence in the area of 
RPE atrophy. 

Choroideremia
This disease—an 
X-linked entity 
linked to CHM gene 
variations—af-
fects around one in 
50,000 male indi-
viduals.16 Specifically, 
the mutation alters 
Rab escort protein 1 

Fig. 3. FAF of butterfly pattern dystrophy (A). Note the hyper-autofluorescent signal in a branching pattern 
corresponding with subretinal hyper-reflective deposits and accumulation of lipofuscin within RPE cells. 
OCT (B) demonstrates a subfoveal hyper-reflective subretinal deposit with overlying hyper-reflective foci, 
representing pigmentary migration. Clinically, these hyperreflective foci create the grayish pigmentation 
associated with pattern dystrophies. 
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(REP1), which then manifests as reti-
nal and choroidal atrophy.17 Starting 
with nyctalopia in the second decade, 
choroideremia progresses to visual field 
constriction, with central vision loss 
occurring decades later.18 Peripheral 
vision loss leads to a legal blindness 
diagnosis in the fourth or fifth decade, 
though some may retain decent central 
acuity.16,17 Female carriers, however, 
present differently with minimal visual 
symptoms and clinical findings of 
patchy chorioretinal degeneration.19 

Early in the disease, peripheral 
pigmentary changes precede areas of 
chorioretinal atrophy. These appear as 
patches of hypoautofluorescence that 
progress in size and later invade the 
posterior pole.20 Visual acuity decline 
coincides with central macular thin-
ning. OCT characteristics include 
decreased RPE reflectance, ellipsoid 
zone and external limiting membrane 
alterations, and outer retinal tubules.20 
Inner-layer microcysts signal a negative 
prognosis and occur in about 20% of 
cases.20

Choroideremia is incurable, and 
management options remain sup-
portive in nature or include a referral 
for low vision services. The adeno-
associated virus serotype 2 (AAV2) 
vector-based gene therapy timrepigene 

emparvovec—which restores REP1 
expression—failed to meet its primary 
endpoint, though the researchers noted 
some improvements.21 The retina is 
ideal for gene therapies due to its post-
mitotic status, immune privilege and 
low dosing.21 

Besides offering genetic testing, 
clinicians stumble when educating 
choroideremia patients since disease 
progression from nyctalopia and visual 
field constriction to eventual vision loss 
varies widely. The 20-month NIGHT 
study tackled this question and aimed 
to provide insight into choroideremia’s 
natural history. Unlike previous stud-
ies that only assessed central acuity, 
these researchers added functional and 
anatomical outcomes to see which ones 
might highlight disease progression. In 
early disease, BCVA lacked the sensi-
tivity of other measures such as retinal 
sensitivity, central ellipsoid zone area 
and total area of FAF.22 

Central Areolar 
Choroidal Dystrophy
This predominately autosomal domi-
nant condition affects the macula and 
leads to well-demarcated outer retinal, 
RPE and choroidal atrophy.23,24 In 
doing so, it acts as a masquerader to 
geographic atrophy caused by AMD. 

The difference, however, lies in the 
symmetrical appearance, lack of drusen 
and earlier onset (second to fourth 
decades).23 There is a late-onset variety 
that appears in the sixth to eighth 
decades that can confound diagnosis.23 

Peripherin/RDS (PRPH2) gene muta-
tion is the most common cause, but it 
has also been linked to GUCA1A, GU-
CY2D, CDHR1, ABCA4 and TTLL5.25

This type of dystrophy is a progres-
sive disorder with four recognized stag-
es. Focal parafoveal pigment changes 
mark stage 1, which later develops into 
an oval shaped area of macular atrophy 
in stage 2.23 Well-demarcated RPE 
atrophy with subsequent foveal atrophy 
represent stages 3 and 4, respectively.25 
Visual acuity generally declines in the 
later stages. 

Electroretinogram (ERG) and 
EOG help distinguish this from other 
macular pathologies, as they are both 
normal in most cases.24 FAF may reveal 
speckled hyper- and hypo-autofluores-
cence in the early stages, with atro-
phic areas appearing as solely hypo-
autofluorescent areas in the late stages. 
OCT depicts EZ disruption early in 
the disease, with subsequent RPE and 
choroidal atrophy later in the process. 
No treatment exists for the condition.

Leber’s Congenital 
Amaurosis (LCA)
While this condition accounts for just 
5% of all IRDs, LCA is the most se-
vere with the earliest onset, presenting 
in infancy.26 A less devastating form—
early-onset severe retinal degeneration 
(EOSRD)—presents after infancy and 
before age five.26 Variants in at least 
25 genes cause the vastly autosomal 
recessive condition, which can occur 
alone or as part of a syndrome (Senior-
Loken or Joubert).27 The most com-
monly identified genes are GUCY2D, 
CEP290, CRB1, RDH12 and RPE65.28

Besides severe visual impairment, 
LCA patients exhibit nystagmus, poor 
pupil responses and a mostly unde-
tectable full-field ERG.28 Patients are 
often highly hyperopic. A common oc-
currence is the oculodigital sign or eye 
rubbing, which may be an attempt to 

Fig. 4. Fundus photography of an RP patient with mild disc pallor, attenuated arteries, 
pigmentary changes and bone spicules.
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stimulate a visual signal. Interestingly, 
keratoconus often accompanies LCA, 
though it may be due to other genetic 
factors vs. oculodigital interactions.29 

Clinically, the fundus may appear 
unremarkable or show signs of RPE 
mottling. Later presentations vary and 
include nummular or bone spicule pig-
mentation, salt and pepper retinopathy, 
vessel attenuation, macular atrophy 
and optic disc pallor.27 Almost 90% of 
RPE65 mutations showed an absent or 
severely diminished FAF.30 

Management is targeted at symp-
toms. The rate of vision loss varies, 
with faster progression noted in some 
genes.31 Some LCA patients may 
exhibit speech, social skill and behav-
ioral problems, necessitating a multi-
disciplinary approach in their care.31 A 
treatment option does exist, however, 
only for those inflicted with a biallelic 
RPE65 variant. 

In 2017, the FDA approved 
Luxturna as the first, and still only, 
retinal gene therapy. The costly, one-
time subretinal injection of voretigene 
neparvovec-rzyl contains a healthy 
copy of the gene. The RPE65 muta-
tion accounts for only 5% to 10% of 
LCA cases as well as 2% of RP cases, 
highlighting the importance of ge-
netic testing in individuals with these 
conditions.27 

Retinitis Pigmentosa
The most common inherited retinal 
disease, RP is a heterogeneous group 
of IRDs characterized by progressive 
loss of rod and cone photoreceptors, 
leading to visual impairment. It has a 
variable prevalence globally, affecting 
around one in 4,000 in the US and one 
in 5,000 individuals worldwide.32 

RP is primarily caused by genetic 
variants affecting photoreceptors or 
RPE cells.33 More than 100 genetic 
loci on at least 40 different genes have 
been identified in patterns of in-
heritance and expression for RP, and 
it is likely that more have yet to be 
discovered.34,35 The pattern of inheri-
tance of these genes can be autosomal 
dominant (AD), autosomal recessive 
(AR), X-linked recessive or dominant 

(affected X chromosome on both par-
ents sides), as well as genetic mutation. 
In some cases, the mode of inheritance 
remains unknown.36 

Common symptoms include pro-
gressive vision loss, night blindness 
or nyctalopia, an enlarged blind spot 
leading to peripheral vision loss and 
eventual central vision loss, posing 
challenges for tasks like reading, driv-
ing or facial recognition.37 The symp-
toms of RP can vary greatly in terms 
of onset, severity and progression, even 
among family members affected by the 
condition, due to variable genotypic 
penetrance. Epigenetic factors and 
potentially environmental influences 
are thought to play a role in this vari-
ability, making it difficult to establish 
genotype-phenotype correlations.38 

The classic clinical signs of RP 
observed during fundus examina-
tions include a pale optic disc, retinal 
vessel attenuation and “bone-spicule” 
hyperpigmentation (Figures 4 and 5). 
These retinal changes typically occur 
bilaterally and exhibit a high degree 
of symmetry. Other fundus findings 

include posterior capsular cataracts, 
optic nerve drusen, cystoid macu-
lar edema (CME) and inner retina 
cystic atrophy, epiretinal membrane 
formation and Coats-like disease—a 
mid-peripheral exudative vasculopathy 
characterized by telangiectatic vessels, 
focal serous retinal detachment and 
lipid exudate deposition.39,41 The onset 
and presentation of these findings vary 
widely among individuals and may 
even appear in atypical forms such as a 
unilateral or sectoral RP presentation.40

Retinitis pigmentosa can be catego-
rized into non-syndromic (70% to 80% 
of cases) and syndromic (20% to 30% 
of cases) forms based on the presence 
of systemic abnormalities and other 
associated diseases. Non-syndromic 
RP has no systemic abnormalities, 
whereas syndromic RP is accompanied 
by non-ocular syndromes and systemic 
disease.37 

Usher syndrome, a syndromic form 
of RP, encompasses a group of genetic 
disorders classified into three subtypes: 
Usher syndrome type I (USH1), type 
II (USH2) and type III (USH3). These 

Fig. 5. Typical RP FAF presentation (A). In the red circles, note the attenuation and absence 
of retinal arteries vs. that of an RP carrier (B).
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are based on specific characteristics, 
such as the presence of vestibular 
involvement, the age of RP onset 
and the rate of disease progression. 
Numerous genes are implicated in this 
syndrome, contributing to its genetic 
heterogeneity. 

Usher syndrome affects up to one 
in 6,000 individuals and is the lead-
ing cause of deafblindness in humans. 
Symptoms typically manifest from 
birth (in USH1 and USH2) or later in 
mid-childhood or adulthood (USH3). 
Common symptoms include congenital 
hearing loss, loss of night vision as the 
initial visual symptom and the develop-
ment of blind spots leading to progres-
sive peripheral vision loss. 

A diagnosis of USH1 is considered 
when a patient presents with congeni-
tal profound bilateral sensorineural 
hearing loss, often accompanied by 
severe vestibular abnormalities that 
may not be clinically obvious. Early-
onset RP, which progresses slowly, is 
another hallmark feature. Affected 
individuals typically exhibit abnormal 
speech development and vestibular 
areflexia, characterized by a lack of 
normal vestibular reflexes, a defining 
trait of USH1. Consequently, children 
with USH1 often experience delayed 
walking compared to their peers due to 
vestibular impairment. Balance issues 
may persist into adulthood, while the 
remainder of the physical examination 
typically appears normal.

USH2 is characterized by congenital 
bilateral sensorineural hearing loss that 
primarily affects higher frequencies, 
along with intact vestibular function. 
Unlike USH1, RP onset in USH2 
typically occurs during adolescence or 

adulthood. This subtype represents the 
most common form of Usher syn-
drome, accounting for 75% to 80% of 
diagnosed cases. 

USH3 is distinguished by post-lin-
gual progressive sensorineural hearing 
loss, meaning the hearing loss develops 
after speech has been acquired and 
worsens over time. RP onset in USH3 
typically occurs later compared to other 
types of Usher syndrome. Vestibular 
function can vary in USH3, with af-
fected individuals experiencing impair-
ment in various degrees. In USH2 and 
USH3, the progression of RP is more 
noticeable, likely due to its later onset 
compared to USH1. 

In addition to the typical features 
of Usher syndrome, there are some 
uncommon ocular manifestations asso-
ciated with this condition. Intraretinal 
cystoid spaces have been observed, 
particularly in individuals with USH2 
(Figure 6). Additionally, rare instances 
of bilateral Coats-like exudative reti-
nopathy have been reported in Usher 
syndrome, indicating abnormal blood 
vessel growth and leakage in the retina 
resembling Coats disease. 

ERG is considered the gold standard 
for diagnosing RP, establishing baseline 
function and monitoring disease pro-
gression. ERG can detect photorecep-
tor dysfunction even when changes on 
a clinical exam or imaging are minimal. 
While ERG remains the standard of 
care for diagnosis, FAF can be used 
instead of ERG to monitor disease 
progression, particularly in later stages 
when ERG may be less reliable.

Visual field testing is also valuable 
for establishing baseline function and 
monitoring disease progression. In the 

early stages of RP, visual field measure-
ments demonstrate variable peripheral 
vision loss, progressing to a ring sco-
toma consistent with the tunnel vision 
described in later disease stages.

OCT can be used to evaluate retinal 
morphological changes in RP patients. 
In the early stages of the disease, OCT 
can reveal disorganization of the outer 
retinal layers. As RP progresses, there 
is a noticeable decrease in the thick-
ness of the outer nuclear layer. In the 
advanced stages of RP, complete loss of 
both the outer segment and the outer 
nuclear layer occurs, while the inner 
retinal layers remain relatively well 
preserved.41 

Cone-Rod Dystrophy
This condition is another IRD that 
typically manifests in childhood and 
progresses over time, affecting approxi-
mately one in 30,000 individuals. It is 
frequently mistaken for RP but differs 
by predominantly affecting cones over 
rods. At least 10 genes have been found 
associated with cone-rod dystrophy, 
which is usually passed on in an AD 
pattern. The mutation in the GUCY2D 
and CRX genes account for 50% of 
cases. 

Patients initially experience vision 
loss and color vision abnormalities, fol-
lowed by peripheral field constriction. 
Fundus examination in the early stages 
shows macular pigmentation and 
atrophy, progressing to peripheral bone 
spicule pigmentation in advanced cases, 
often affecting the mid-periphery later 
in the disease. 

Common symptoms include 
decreased visual acuity, light sensitiv-
ity, difficulty recognizing colors, blind 
spots in the visual field and a gradual 
loss of peripheral vision leading to 
blindness by mid-adulthood. Diagnosis 
of cone-rod dystrophy relies on ERG 
changes, indicating more severe cone 
impairment compared to rods.42 

Takeaways
The value of clinical examination 
and ancillary testing should remain 
paramount when evaluating IRDs. The 
American Academy of Ophthalmology 

Fig. 6. Intraretinal cystoid spaces have been described in patients with Usher syndrome. 
This is more commonly seen in USH2.
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recommends that the clinical evalua-
tion of suspected IRDs should involve 
a comprehensive examination com-
bined with imaging, including color 
fundus photos, FAF, OCT, visual field 
testing, full-field ERG and genetic 
testing.1 

Diagnosing inherited retinal diseases 
can be challenging due to overlapping 
symptoms. Therefore, genetic test-
ing is an essential tool to identify the 
underlying genetic cause of vision loss 
or impairment. In cases of suspicion for 
IRD, genetic testing should be pursued 
with the caveat that current testing 
platforms are only 60% to 70% success-
ful in identifying the causative gene. 
Patients who undergo genetic testing 
should then be referred for genetic 
counseling.41 

When considering genetic testing, 
note that several groups offer it at no 
cost. Clinicians should be familiar 
with the process and the paperwork. 
The Foundation Fighting Blindness 
partners with Blueprint Genetics to 
make available the My Retina Tracker 
panel, while Invitae has the sponsored 
Inherited Retinal Disorders Panel, 
although it was recently purchased 
by LabCorp, so stay tuned for any 
future changes. Most importantly, both 
provide genetic counseling to help 
interpret the results and discuss how 
they affect the patient now and in the 
future. 

Patients should sign up for the My 
Retina Tracker Registry—a research 
database of the Foundation Fighting 
Blindness. The registry is designed to 
share information about rare retinal 
diseases, including IRDs, to identify 
individuals who might be interested in 
participating in research studies and 
clinical trials. 

Finally, consider a low vision consult, 
even if the patient is asymptomatic, as 
these specialists would welcome the 
chance to introduce themselves and 
begin early conversations. ■
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O P TO M E T R I C S T U D Y C E N T E R Q U I Z

1. Classic findings in Stargardt’s disease 
include all of the following EXCEPT:
a. Beaten-bronze fundus.
b. Pisciform whitish flecks.
c. Drusen.
d. Atrophic macular lesions.

2. Stargardt’s disease has which of the 
following inheritance patterns?
a. Autosomal recessive.
b. Autosomal dominant.
c. X-linked recessive.
d. None of the above.

3. The most common inherited juvenile retinal 
dystrophy is which of the following?
a. Best’s disease.
b. Stargardt’s disease.
c. Choroideremia.
d. Butterfly pattern dystrophy.

4. Which of the following correctly orders the 
five stages of Best’s disease?
a. Pre-vitelliform, atrophic, vitelliform, 

pseudohypopyon, vitelliruptive.
b. Pre-vitelliform, vitelliform, vitelliruptive, 

pseudohypopyon, atrophic.
c. Pre-vitelliform, pseudohypopyon, 

vitelliform, vitelliruptive, atrophic.
d. Pre-vitelliform, vitelliform, 

psuedohypopyon, vitelliruptive, atrophic.

5. The prevalence of MNV in Best’s disease is 
estimated to be _______.
a. 35.4%.
b. 10.6%.
c. 5.7%.
d. 0.1%.

6. Which of the following is NOT considered a 
pattern dystrophy?
a. Butterfly dystrophy.
b. Adult-onset vitelliform dystrophy.
c. Reticular dystrophy of the retinal pigment 

epithelium.
d. Retinitis pigmentosa.

7. Pattern dystrophies are thought to have 
which of the following inheritance patterns?
a. Autosomal dominant.
b. Autosomal recessive.
c. X-linked recessive.
d. None of the above.

8. Choroideremia progresses from _________.
a. Photophobia to phonophobia to vision loss.
b. Nyctalopia to visual field constriction to 

central vison loss.
c. Decreased accommodation to vision loss 

to visual field constriction.
d. Decreased central vision to strabismus to 

nyctalopia.

9. Management of choroideremia includes all 
of the following EXCEPT:
a. Low vision referral.
b. Genetic testing.
c. Genetic counseling.
d. Subretinal injection of timrepigene 

emparvovec.

10.  When compared to AMD, central areolar 
choroidal dystrophy has ________.
a. The presence of drusen.
b. An asymmetrical appearance.
c. An earlier onset.
d. A later onset.

11. Which of the following IRDs is the most 
severe and the earliest onset?
a. Leber congenital amaurosis.
b. Central areolar choroidal dystrophy.
c. Stargardt’s disease.
d. Pattern dystrophy.

12. Which of the following is NOT a 
characteristic of Leber congenital amaurosis?
a. Nystagmus.
b. Normal pupil responses.
c. Oculodigital sign.
d. Keratoconus.

13. A Leber congenital amaurosis treatment 
exists for which gene mutation?
a. CRB1.
b. GUCY2D.
c. CEP290.
d. RPE65.

14. Which of the following is the most 
common Inherited Retinal Dystrophy?
a. Usher syndrome.
b. Retinitis pigmentosa.
c. Cone-rod dystrophy.
d. Leber’s congenital amaurosis.

15. Which of the following is a classic clinical 
sign observed during fundus examinations in 
patients with retinitis pigmentosa (RP)?
a. Optic nerve swelling.
b. Macular hole.
c. Retinal vessel attenuation.
d. Corneal opacity.

16. What is the primary difference between 
non-syndromic RP and syndromic RP?
a. Non-syndromic RP is associated with 

systemic abnormalities.
b. Syndromic RP has a lower prevalence than 

non-syndromic RP.
c. Syndromic RP is accompanied by non-

ocular syndromes and systemic disease.
d. Non-syndromic RP affects primarily the 

cones rather than rods.

17. What is the most common cause of deaf-
blindness?
a. Usher syndrome.
b. Retinitis pigmentosa.
c. Cone-rod dystrophy.
d. Leber’s congenital amaurosis.

18. Which diagnostic test is considered 
the gold standard for diagnosing retinitis 
pigmentosa, establishing baseline function, 
and monitoring disease progression?
a. Fundus autofluorescence (FAF).
b. Visual field testing.
c. Optical coherence tomography (OCT).
d. Full-field electroretinography (ERG).

19. What distinguishes cone-rod dystrophy 
(CRD) from retinitis pigmentosa (RP)?
a. CRD predominantly affects rods over 

cones.
b. CRD primarily presents with night 

blindness and peripheral vision loss.
c. CRD exhibits more severe cone impairment 

compared to rods.
d. CRD is characterized by optic nerve pallor 

on fundus examination.

20. What is the primary role of genetic testing 
in the diagnosis of inherited retinal disorders?
a. To establish baseline visual acuity.
b. To confirm the presence of optic nerve 

abnormalities.
c. To identify the underlying genetic cause.
d. To assess vestibular function.
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A 
20-year-old Caucasian male 
college freshman presented for 
his first eye exam complaining 
of blurred vision in his right eye, 

most noticeable after an hour or so of 
near work. The patient mentioned to 
the technician that the blurred vision 
was a new symptom, but this com-
ment was not entered into the record. 
The technician recorded the eye health 
history and general health history as 
negative. The tech measured unaided 
visual acuity as 20/25- OD and 20/20 
OS. Pinhole VA was not recorded. The 
refraction performed by the tech was 
+0.50D sphere OD and plano OS. 
Near testing revealed an add of +1.00D 
OU. VA did not improve, and again 
pinhole VA was not recorded. The tech 
performed a visual field screener with 
a Harrington-Flocks Multiple Pattern 
Screener, which revealed a mild defect 
in the right eye only.

The ophthalmic clinician later per-
formed an external exam, a biomicros-
copy and an undilated fundus exam, 
all of which were recorded as normal 
in each eye. The clinician prescribed 
reading glasses incorporating a +1.50D 
sphere OD and a +1.00D sphere OS 
to be worn for extended near work. 
The clinician arrived at the diagnosis of 
mild amblyopia OD and recommend-
ed a re-evaluation in two months.

About 10 days after wearing the 
reading glasses for all near work, the 

patient returned without an appoint-
ment and complained to the reception-
ist that the reading glasses were not 
helping at all. It was a busy day in the 
office, and the receptionist told the 
college student to wear the glasses for 
at least two weeks and then call for an 
appointment if there was still a prob-
lem. The patient later reported that the 
receptionist said, “It’s your first pair 
of glasses; you just have to get used to 
them.”

Frustrated by the blurred vision that 
the patient thought might be worsen-
ing in his right eye, the college student 
decided to see another eye doctor who 
was recommended by his girlfriend, 
who was concerned about his vision. 
Best-corrected VA was now measured 
at 20/100 in the right eye and 20/20 in 
the left. 

A dilated fundus exam (DFE) 
revealed a lesion surrounding the optic 
disc in the right eye, extending to the 
macula with possible macula hemor-
rhaging. The peripheral retina revealed 
numerous small, punched-out circular 
scars in both eyes. This clinician arrived 
at a tentative diagnosis of presumed 
ocular histoplasmosis syndrome 
(POHS) and arranged for a retina 
consult two days later.

You Be the Judge
Considering the facts presented thus 
far, opine the following questions:

• Was the diagnosis of amblyopia 
supported on the first visit?

• Without a constant unilateral 
strabismus and/or significant aniso-
metropia, was amblyopia a plausible 
diagnosis?

• Was the receptionist justified in her 
recommendations to the patient?

• Do the doctors in the practice 
have responsibility for their ancillary 
personnel in a case such as this?

• Should ancillary personnel be mak-
ing “professional” decisions?

• Did the doctor really conclude 
amblyopia was the diagnosis, or was 
this just for billing purposes?

• Could a dilated exam on the first 
visit or ultra-widefield imaging have 
alerted the clinician to the probable 
diagnosis at an early stage prior to vi-
sion loss?

Outcome
The retina specialist confirmed the triad 
of findings typical of POHS: peripapil-
lary abnormalities, choroidal neovas-
cularization (CNV) in the macula and 
punched-out circular lesions in the 
periphery. These histo spots are quite 
helpful in arriving at a diagnosis and 
support the need for a DFE and/or 
ultra-widefield images. This inflam-
matory condition occurs when the 
Histoplasmin capsulatum fungus invades 
the eye.1 Unlike toxoplasosis, vitritis and 
iritis virtually never occur in histo.

CNV was confirmed with fun-
dus fluorescein angiography, and the 
patient was treated with an argon laser. 
One of us ( JS) reviewed the case and 
evaluated the patient after the comple-
tion of the argon laser intervention. 
Best-correctable VA dropped to below 
20/400 OS, and ophthalmoscopy and 
fundus photography revealed a one disc 
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diameter pigment lesion, visible sclera, 
and an irregular ring around the disc. 
Disc drusen may have been present in 
the right eye but the VA reduction is 
due to the macula lesion secondary to 
the CNV and the laser intervention. 
Note that this case occurred prior to 
the widespread availability of spectral-
domain OCT, so OCT sections through 
the macula were unavailable.

Some patients with POHS have 
the histo spots but never develop the 
maculopathy, so the triad of findings is 
often not complete. If you encounter 
a patient without symptoms but with 
histo spots and a ring around the disc 
but no maculopathy, the patient should 
be warned about the possible develop-
ment of vision loss due to an active 
macular lesion. Such a patient should 
be followed more carefully and taught 
how to use an Amsler grid. Clinicians 
who monitor their age-related macular 
degeneration AMD patients with the 
ForeseeHome device (Notal Vision) 
for the early detection of the conver-
sion of dry to wet AMD may consider 
this home device, which has proven to 
be more sensitive to early detection of 
CNV than the Amsler grid.

The case settled against the first 
clinician and the practice prior to a jury 
trial for a reported quarter of a million 
dollars.

 
Liability Considerations
Vicarious liability, or imputed liability, 
is a legal rule that holds a person or 
company responsible for actions com-
mitted by others or their employees. 
Such liability can apply to any business 
enterprise, including healthcare facilities 
and hospitals. Rarely does a receptionist 
or technician get sued, but their supervi-
sors do. In this case, the technician 
failed to record that the blurred vision 
was a new symptom. This grave error 
could be just sloppiness or improper 
training. 

In a previous You Be the Judge article 
(Diagnose Amblyopia with Caution, 
November 2023), the monocular vision 
loss in a 13-year-old was rather recent 
but this information was never recorded. 

The clinician in that case (as in this 
case) appeared to assume that the vision 
loss or blurred vision was long-standing. 
Hence, both clinicians arrived at the 
erroneous diagnosis of amblyopia. In the 
case of the 13-year-old patient, blind-
ness OU was the outcome due to a one-
year delay of diagnosis and treatment 
for a chiasmal mass. The jury in that 
case found the eye clinician culpable 
and awarded the patient and family over 
nine million dollars. In addition, make 
sure your receptionists and technicians 
are well trained and are not making 
professional decisions, such as in this 

case, “It’s your first pair of glasses, you 
just have to get used to them.” 

A re-evaluation of the college student 
the day he returned and complained 
“the glasses are not helping at all” would 
have, more likely than not, resulted in 
an earlier diagnosis of POHS, earlier 
intervention and a better outcome. ■

1. Roth AM. Histoplasma capsulation in the presumed 
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1977;83(3):293-8.
2. Macular Photocoagulation Study Group. Argon laser pho-
tocoagulation for ocular histoplasmosis. Arch Ophthalmol. 
1983;101(7):1347-57.
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1987;58(7):599-601.

Scattered histo spots in the mid-periphery of another patient.

Linear array of histo spots in the peripheral retina in a different patient. 
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By Jessica Steen, OD

Therapeutic Review

T
opical ophthalmic beta blockers 
may no longer be first-line agents 
to lower intraocular pressure 
(IOP) in individuals with open-

angle glaucoma or ocular hypertension, 
but they still represent a frequently 
used class of treatment and are often 
difficult to avoid in fixed-combination 
therapy, where they play an important 
role in generic options. Many of the 
long-held beliefs regarding the safety of 
topical ophthalmic beta blockers have 
been developed from case reports, case 
series or editorial opinion; however, the 
mechanism of action of beta blockers 
can infer significant cardiopulmonary 
effects that have important implications 
for the management of individuals with 
ocular hypertension and glaucoma.1 

An individualized evaluation of 
overall benefit vs. risk prior to their 
prescription begins with a complete 
medical history, medication history and 
clinical assessment, including pulse rate, 

to differentiate patients in whom beta 
blockers may be safely used from those 
where their use should be avoided.

An 80-year-old male with primary 
open-angle glaucoma presented for 
scheduled follow-up without new 
visual concerns. He was taking latano-
prost 0.005% QHS OU and timolol 
0.5% BID OU with excellent reported 
tolerability and adherence. His IOP 
was within target range with clinical 
stability since the addition of timolol 
in 2021. He had a history of atrial 
fibrillation and hypertension, for which 
he was under the care of a cardiolo-
gist and was medically managed with 
apixaban and irbesartan long-term, 
as well as bisoprolol, which had been 
added since his previous visit. Consid-
ering this new addition to his systemic 
therapy, blood pressure and pulse rate 
were taken in-office and were measured 
to be 124/78mm Hg and 48 beats per 
minute, respectively. 

Pulmonary Effects
Perhaps the clearest systemic contra-
indication of topical ophthalmic beta 
blockers is in individuals with asthma, 
COPD and those who exhibit airway 
hyperreactivity or hyperresponsive-
ness.1-3 In the emergent treatment of 
airway hyperreactivity and respiratory 
distress, short-acting beta receptor 
agonists are often used in combina-
tion with other classes of treatment, 
including corticosteroids; conversely, a 
blockade of beta receptors, specifically 
the beta 2 receptor, may precipitate 
bronchospasm.1,2 

A comparison of the effect on 
one-second forced expiratory volume 
(FEV1) of topical ophthalmic timolol 
and placebo demonstrated a drop in 
FEV in 13 out of 15 asthmatics, with 
more than 25% demonstrating a clini-
cally significant (>20%) reduction in 
FEV1, while FEV1 has been described 
to not be impacted in healthy indi-
viduals who receive topical ophthalmic 
timolol.4,5 

Despite the unpredictability of the 
pulmonary response to beta-1 selective 
agents, considering their incomplete 
antagonistic effect on beta-2 receptors, 
they may still lead to bronchospasm 
and therefore should be avoided in 
patients with airway hyperreactivity.1,2 
Importantly, infectious bronchitis 
and viral upper respiratory infections 
do not exhibit airway hyperreactiv-
ity; therefore, topical ophthalmic beta 
blockers are appropriate to continue 
during active events.1 

Cardiac Impact
Beta blockers slow conduction through 
the atrioventricular (AV) node and 
can slow sinus nodal discharge, which 
provides systemic therapeutic utility 
but can also lead to bradycardia: a pulse 
rate of less than 60bpm.1,5,6 In patients 
who develop symptomatic bradycar-
dia or syncope following initiation of 
systemic or topical ophthalmic beta 
blocker, it is generally thought that the 
beta blocker unmasks or exacerbates 
an underlying cardiac rhythm anomaly 
or electrical disturbance rather than it 
being solely responsible for the condi-
tion.1 For patients with a history of 
syncope, pre-syncope, asymptomatic 
bradycardia or second or higher degree 
AV block, topical ophthalmic beta 
blockers are contraindicated.1,2 

A recent retrospective analysis of 138 
patients with glaucoma was determined 
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oximeter, smartwatch, smartphone app or 
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Be aware of the cardiopulmonary effects of beta blockers.
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to demonstrate an average 7.61bpm 
reduction in pulse rate following 
initiation of topical ophthalmic beta 
blocker in at least one eye. Those with 
the greatest reduction in pulse rate had 
a higher baseline pulse rate (86.1bpm) 
and were more likely to be female.7

The safety and efficacy of adding 
a topical ophthalmic beta blocker to 
an individual already taking a sys-
temic beta blocker is also pertinent 
to highlight. Systemic beta block-
ers—specifically those agents that are 
highly lipophilic such as propranolol or 
timolol—have the greatest propensity 
of penetrating the blood-brain and 
blood-ocular barrier and therefore the 
greatest potential for IOP lowering ef-
fect in comparison with those that are 
moderately lipophilic or those with low 
lipophilicity such as atenolol.8 De-
tectable systemic plasma levels occur 
quickly following ophthalmic instilla-
tion of timolol, occurring in 10 to 15 
minutes vs. one to two hours following 
oral ingestion, with similar systemic 
bioavailability to intravenously admin-
istered timolol.5,9 

Keep in mind that, in older individu-
als, plasma concentrations of topically 
applied timolol are higher than for 
younger individuals due to a reduced 
rate of drug elimination and potential 
differences in conjunctival and eyelid 
anatomy, which may also impact sys-
temic absorption.5,9  To reduce systemic 
absorption, nasolacrimal occlusion and 
eyelid closure for five minutes follow-
ing instillation of a topical ophthalmic 
agent have been demonstrated to be 
effective while also increasing topical 
bioavailability.10

In a group of glaucoma patients, the 
pulse rate was determined to be statisti-
cally lower in those taking an oral beta 
blocker (64.7bpm) or topical ophthal-
mic beta blocker (70.3bpm) in com-
parison to those who were not using a 
beta blocker (76bpm).6 Individuals who 
were taking both a topical ophthalmic 
and oral beta blocker had the lowest 
mean resting pulse rate (58bpm) of all 
groups, and individuals in the study 
who were found to have a pulse rate of 
less than 50bpm were more likely to be 

taking both a topical ophthalmic and 
systemic beta blocker.6 

Bottom Line
While topical ophthalmic beta block-
ers are generally safe and efficacious 
therapies, a complete medical his-
tory should be gathered prior to their 
prescription. It is pertinent that this 
history highlight the pulmonary and 
cardiovascular systems to rule out un-
derlying asthma, COPD or other air-
way hyperreactivity, as well as highlight 
history of fainting or dizziness without 
defined cause, unstable congestive 
heart failure, symptomatic heart block 
or symptomatic bradycardia. 

Heart rate measured in-office also 
provides valuable information to detect 
asymptomatic, undiagnosed brady-
cardia (<60bpm), which may become 
symptomatic if a topical ophthalmic 
beta blocker is added. If asymptomatic 
bradycardia is determined, refer to the 
patient’s managing provider and, ide-
ally, to a cardiologist for evaluation. In 
these cases, avoid prescribing a topical 
ophthalmic beta blocker. 

In patients whose topical ophthalmic 
beta blocker efficacy profile is deter-
mined to outweigh potential risk and 

therefore prescribed, due to the poten-
tial reduction in pulse rate, conduct an 
additional assessment of pulse rate at 
the first follow-up visit after beginning 
treatment to evaluate the potential sys-
temic response and safety of continued 
treatment.

The 80-year-old patient with a pulse 
rate of 48bpm reported no weakness, 
dizziness, fatigue, shortness of breath 
or lightheadedness. A review of his 
medical record identified that previous 
blood pressure and pulse measure-
ment taken one year prior while taking 
latanoprost 0.005% QHS and timolol 
0.5% BID OU were 134/80mm Hg 
and 66bpm and at the time of initia-
tion of timolol 0.5%. In 2021, his pulse 
rate was 70bpm. 

Considering the determined asymp-
tomatic bradycardia, his cardiologist 
was contacted, who arranged for an 
evaluation and electrocardiography. 
While the topical ophthalmic beta 
blocker did not appear to be related 
to his bradycardia, it was discontinued 
and replaced with brimonidine 0.2% to 
minimize the potential impact on pulse 
rate pending cardiology evaluation. ■
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Smartphone apps, including Instant Heart 
Rate (Bodymatter), detect and measure 
heart rate when the index finger is placed 
over the smartphone camera.
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H
istorically, a dysfunctional cornea 
had been surgically managed 
with a single approach: full-
thickness penetrating kerato-

plasty (PK). First performed in 1905, 
this corneal transplantation procedure 
is still frequently used today. It is the 
most successful solid organ trans-
plantation in the body due to corneal 
avascularity and immune privilege.1 
The 2023 Eye Bank Association of 
American report distributed tissue for 
50,925 keratoplasties, 14,486 of which 
were used for PK.2

The goal of the procedure is to re-
place opacified or distorted tissue with 
clear donor tissue. This can be helpful 
to establish a clear visual axis, allevi-
ate painful conditions and sometimes 
help treat infections. The procedure is 
indicated for corneal conditions that 
affect multiple layers of the cornea and 
is relatively contraindicated in patients 
with ocular surface disease, as this is a 
leading cause of transplant failure.1

Candidate selection, preoperative 
preparation and postoperative manage-
ment are important considerations to 
maximize chances of success. Preopera-
tive patient education should mention 
that it often takes 12 months to achieve 
maximal visual rehabilitation; however, 

there will likely be refractive error re-
maining. Postoperative patient educa-
tion is just as important, which we will 
discuss in extensive detail below.

Performing the Procedure
A circular cutting device known as 
a trephine is used to precisely cut a 
round corneal button of donor tis-
sue. A similar size cut is made to the 
host cornea. After the host corneal 
button is removed, the donor button 
is placed and sutured into place. The 
nylon sutures are tied and buried on the 
donor side, as far from the limbus as 
possible. The surgeon will take care to 
evenly distribute suture tension, as tight 
sutures can lead to a flat corneal surface 
and resultant severe astigmatism. There 
are several suturing techniques used, 
including interrupted sutures only, run-
ning suture only, combined interrupted 
and running, and double running. 
However, there is no proven superior 
technique. 

Post-op
Close observation is a necessity. At 
post-op day one, the patch and eye 
shield are to be removed so that topical 
medications can be applied. Prophy-
lactic topical antibiotics and steroids 
are prescribed four times daily with a 
slow taper on steroids over the next few 
months. Topical nonsteroidal anti-in-
flammatories may be used in combined 
cataract and PK surgeries. At this initial 
visit, the physician must check carefully 

for wound leakage, treat ocular surface 
disease and/or epithelial defects, man-
age intraocular pressure complications 
and address pain symptoms.  

Postoperative patient education is 
key. Light activity, avoidance of eye rub-
bing and wearing nighttime shield for 
the first week is imperative. Protective 
eyewear should always be worn during 
sporting or other activities that risk 
ocular trauma, and religious use of anti-
rejection drops is mandatory. Patients 
must know the signs and symptoms of 
loose sutures, infection and graft rejec-
tion, which require prompt intervention 
to have a chance at preserving the graft. 

While long-term management is 
extremely important, close observation 
over the first three months is required 
to monitor for any of a host of compli-
cations that can arise, especially signs of 
graft rejection. An episode of decreased 
vision, redness and light sensitivity 
lasting more than a few hours should 
raise suspicion for graft rejection. Cor-
neal edema within the graft, anterior 
chamber cells/flare and circumciliary 
injection may be the earliest presenting 
signs of rejection. Epithelial rejection 
lines, subepithelial infiltrates, stromal 

In this first installment of a series, we look carefully at the 
original procedure—PK—with a focus on post-op management.

A Close-up on Corneal 
Transplant Surgeries
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Surgical Minute

For a video of the procedure, read this article 
online at www.reviewofoptometry.com.

By Joshua Black, OD
Virginia Beach, VA

Post-op following PK is crucial, especially 
the first three months, to monitor for 
possible complications such as broken 
sutures or signs of graft rejections.

Photo: Albert Cheung, M
D
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haze, keratic precipitates and endothe-
lial rejection lines may also occur.

Risk factors for rejection include 
previous graft failure, large grafts, young 
age, preoperative glaucoma, corneal 
neovascularization, anterior synechiae, 
ocular surface disease and previous her-
petic infection.3 Signs of rejection are 
treated aggressively with topical steroids 
and cyclosporines; however, exercise 
caution in patients with a history of 
herpes simplex keratouveitis. Prompt 
referral back to the surgeon should be 
made as subconjunctival injections or 
oral steroids may be used and graft 
rejection can be reversed with prompt 
and aggressive therapy. � ankfully, PK 
is largely successful with approximately 
95% of grafts clear at � ve years for low-
risk eyes.4 Even without signs of rejec-
tion, patients are usually kept on one 
drop of topical steroids daily for life.

Many of these patients will achieve 
maximum visual rehabilitation only 
with the use of specialty contact lenses. 
� e � tting process can start as soon as 
three to four months postoperatively, 
as long as the graft is healthy and the 
surgeon agrees. However, it can take 
much longer to fully stabilize, and 
suture adjustments can complicate the 
� tting process.

As comanaging optometrists, we are 
the providers concerned with long-term 
postoperative management. � us, we 
must always remain vigilant for compli-
cations such as broken sutures or signs 
of graft rejection which often occurs 
years after the procedure. ■
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 diagnostic equipment
Handheld AI Fundus Camera
Detects DR in 60 Seconds
Artificial intelligence has emerged 
as a promising solution to increase 
the accessibility of diabetic retinopa-
thy (DR) screening. Though a few 
AI-powered products are already 
on the market, a new one has just 
emerged: last month, the FDA 
approved the first handheld AI fundus camera, called Aurora 
AEye. The device can provide instant DR detection with a single 
image of each eye and, thanks to its automation and portability, 
enables screening in primary care settings, notes the product’s 
developer, Optomed.

In clinical trials, the non-mydriatic handheld camera exhib-
ited diagnostic sensitivity between 92% and 93% and specificity 
between 89% and 94%. The system is designed to detect small, 
early-phase retinal changes with a 50° field of view, Optomed 
says. The camera also uses autofocus and auto-exposure functions 
and allows digital images to be sent to eyecare providers.

The screening results displayed on the system are colored 
either red or green, with red indicating the need to refer the 
patient to an eyecare specialist and green suggesting the patient 
can be seen again in 12 months. 

Handheld Device Keeps IOP Measurement on Target
More ODs are switching from applana-
tion to rebound tonometry to measure 
patients’ intraocular pressure due to its 
advantages of portability, ease of use 
and the eliminated need for topical 
anesthesia. Reichert recently added one 
such device to its product offerings in 
the US. The Tono-Vera, as it’s called, is 
an automated tonometer using rebound 

technology and several design features to optimize patient com-
fort and reading accuracy, the company says.

A screen on the back of the device, visible to the doctor or 
tech during the test, provides a view of the eye plus an overlay of 
target markings to guide the operator to the needed centration, 
angle and distance. An onscreen ring should be maneuvered to 
the center of the target; when the ring is aligned and turns green, 
you’ve located the corneal apex and proper distance. Canthus 
markings help determine the correct tilt. The device will then 
automatically measure the IOP and produce a result in as few as 
three readings, which takes less than a second, the company says.

The tonometer weighs in at 4.2oz and features a soft forehead 
rest for stabilization and distance control. Clinicians can choose 

between two device models—rechargeable and AA battery—
both of which offer Bluetooth connectivity.

 scleral lenses
B+L Launches New Scleral Lens for 
Advanced Corneal Conditions
While scleral lenses are highly customizable, patients with ad-
vanced corneal conditions may require more intricate specifica-
tions. For cases like these, Bausch + Lomb recently introduced a 
non-prosthetic custom scleral lens, called the Zenlens Echo, that 
offers additional parameter customization compared with the 
company’s existing Zenlens.

Along with the lens fitting set, 
Zenlens Echo lenses require OCT 
scanning, a slit lamp and profilom-
etery, B+L points out in its press 
release. For each lens, clinicians 
can specify the base curve, sagittal 
height, limbal clearances and land-
ing zone, as well as spherical and 
front toric optics and mid-peripheral and limbal clearance zones. 

In the press release from B+L, the company wrote that the 
Zenlens Echo is designed to fit patients with the following 
advanced conditions: corneal degeneration, including Terrien’s 
marginal degeneration, advanced pellucid marginal degeneration, 
Salzmann’s nodules and keratoconus; postoperative conditions, 
such as tilted graft (penetrating keratoplasty), post-refractive 
ectasia and radial keratotomy; and trauma, including chemical 
burns or conjunctival abnormalities.

 blepharitis 
Three-ingredient Eyelid Wipe for Blepharitis Debuts
Often the first recommendation given to patients with blephari-
tis is regular eyelid cleansing to help remove debris, bacteria and 
oils that can worsen symptoms. For those with more sensitive 
lids, or patients looking for a solution derived from natural sourc-
es, there’s a new lid wipe on the market called NeutraWipe Eco, 
made with Manuka honey, which is said to have antibacterial 
and anti-inflammatory properties. The only other active ingredi-
ent is hydrolyzed soy protein, which is used in some cosmetic 
products for its purported antimicrobial and moisturizing effects 
on skin. These ingredients plus purified water are infused into a 
biodegradable wipe made from bamboo.

The developer, TearRestore, says the product is intended to 
help soothe and moisturize eyelids, which in turn may help 
reduce redness and inflammation, according to a press release. Its 
website notes that the wipes can be used one to two times per 
day for blepharitis (including Demodex), as well as for makeup 
removal and false eyelid cleansing. g
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A 70-year-old African-American 
female presented to the office 
with complaints of progressively 
reduced vision OS>OD of six 

months’ duration. She had an ocular 
history of proliferative diabetic reti-
nopathy (PDR) with macular edema 
OU. She had been treated with pan-
retinal photocoagulation (PRP) OU 
five years prior. She also underwent 
three intravitreal injections of bevaci-
zumab (Avastin, Genentech) over the 
course of five years. 

The patient explained that she had 
developed a vitreous hemorrhage and 

tractional retinal detachment in her 
right eye and underwent pars plana 
vitrectomy with retinal detachment 
repair using a silicone oil tamponade 
one year ago. The silicone oil was re-
moved after six months and an oil-gas 
exchange was performed with sulfur-
hexafluoride-6 (SF6) gas. Her vision 
has progressively worsened since that 
operation. 

Her systemic history was remark-
able for controlled hypertension and 
type 2 diabetes. She had no medical 
or environmental allergies. Both her 
family and social history were noncon-

tributory.
The patient’s 

best-corrected 
entering visual 
acuity was hand 
motion OD and 
20/40 OS through 
a mild myopic 
spectacle prescrip-
tion. Her vision 
did not improve 
with pinhole 
testing OU. Her 

external testing was unremarkable and 
there was no afferent pupillary defect. 
Refraction did not improve acuity. 

Slit lamp biomicroscopy was re-
markable for a grade 3 nuclear cataract 
OD and a grade 2 nuclear cataract OS. 
There was no iris neovascularization. 
Her intraocular pressures (IOP) mea-
sured 14mm Hg OD and 15mm Hg 
OS with Goldmann applanation. 

Dilated fundus examination revealed 
very hazy views OD with old vitreop-
roliferative scarring OU. The OS dem-
onstrated clear media with scattered 
moderate nonproliferative diabetic 
retinopathy (NPDR) and no new evi-
dence of PDR. Her optic nerves were 
flat and perfused, with a cup-to-disc 
ratio of 0.4/0.4 OU. PRP scars were 
seen 360° OU. She was referred for 
cataract extraction, OD>OS.

Additional Testing
Laser interferometry was done to 
understand the patient’s macular 
potential. OCT of the macula was also 
completed to rule out the need for 
intervention regarding diabetic macu-
lar edema. Color fundus photographs 
were taken to record the status of both 
posterior poles.  

Your Diagnosis
What would be your diagnosis in this 
case based on the presentation? What 
is the likely prognosis? To find out, 
read the online version of this article at 
www.reviewofoptometry.com. g

A patient with a complex posterior segment history presents with 
new anterior segment findings. What’s happening and why?

A Clouded View of
Post-op Recovery

By Andrew S. Gurwood, OD

diagnostic quiz

Slit lamp biomicroscopy findings of the patient’s right and left eyes. 
Why might this presentation appear in a patient with the medical 
history described here?
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15 minutes following its administration.

ADVERSE REACTIONS 
Because clinical studies are conducted 
under widely varying conditions, adverse 
reaction rates observed in the clinical 
trials of a drug cannot be directly 
compared to rates in the clinical trials 
of another drug and may not reflect the 
rates observed in practice.
XDEMVY was evaluated in 833 patients 
with Demodex blepharitis in two 
randomized, double-masked, vehicle-
controlled studies (Saturn-1 and 
Saturn-2) with 42 days of treatment. 
The most common ocular adverse 
reaction observed in controlled clinical 
studies with XDEMVY was instillation site 
stinging and burning which was reported 
in 10% of patients. Other ocular adverse 
reactions reported in less than 2% of 
patients were chalazion/hordeolum and 
punctate keratitis.

USE IN SPECIFIC POPULATIONS  
Pregnancy: Risk Summary There 
are no available data on XDEMVY 
use in pregnant women to inform 
any drug associated risk; however, 
systemic exposure to lotilaner from 
ocular administration is low. In animal 
reproduction studies, lotilaner did not 
produce malformations at clinically 
relevant doses.
Data Animal Data In an oral embryofetal 
developmental study in pregnant 
rats dosed during organogenesis 
from gestation days 6-19, increased 
post-implantation loss, reduced fetal 
pup weight, and incomplete skeletal 
ossification were observed at 50 mg/ 
kg/day (approximately 1390 times the 
recommended human ophthalmic dose 
(RHOD) on a body surface area basis) 
in the presence of maternal toxicity 
(i.e., decreased body weight and food 
consumption). A rare malformation 
of situs inversus of the thoracic 
and abdominal viscera occurred in 
1 fetus from a pregnant rat receiving 
50 mg/kg/day; whether this finding 
was treatment-related could not be 
excluded. No maternal or embryofetal 
toxicity was observed at 18 mg/kg/
day (approximately 501 times the 
RHOD on a body surface area basis). 
In an oral embryofetal development 
study in pregnant rabbits dosed during 
organogenesis from gestation days 7-19, 
no embryofetal toxicity or teratogenic 
findings were observed at 20 mg/kg/day 
(approximately 580-times the RHOD on 
an AUC basis), even in the presence of 
maternal toxicity (i.e., decreased food 
consumption and body weight).
In an oral two-generation reproductive 
toxicity study, F0 male and female rats 
were administered lotilaner at doses 
up to 40 mg/kg/day for 10 weeks before 
pairing and during the 2-week pairing 
period (3 weeks for males). Dosing for 
F0 females continued through lactation 
day 22. F1 male and female rats were 
administered lotilaner at 1 and 5 mg/
kg/day post-weaning from day 23 for 
10 weeks before pairing and during 
the 2-week pairing period (3 weeks for 
males). Dosing for F1 parenteral females 
continued through lactation day 22. 
There were no clear adverse effects on 
the F1 generation, and a slightly lower 
mean body weight during lactation was 
noted for F2 pups at 5 mg/kg/day. The no 
observed adverse effect level (NOAEL) 
was determined to be 5 mg/kg/day 

(approximately 139 times the RHOD on a 
body surface area basis).
Lactation: Risk Summary There are 
no data on the presence of XDEMVY in 
human milk, the effects on the breastfed 
infant, or the effects on milk production. 
However, systemic exposure to lotilaner 
following 6 weeks of topical ocular 
administration is low and is >99% plasma 
protein bound, thus it is not known 
whether measurable levels of lotilaner 
would be present in maternal milk 
following topical ocular administration. 
The developmental and health benefits 
of breastfeeding should be considered 
along with the mother’s clinical need 
for XDEMVY and any potential adverse 
effects on the breast-fed child from 
XDEMVY.

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

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

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, 
Impairment of Fertility
Carcinogenesis Long-term studies in 
animals have not been performed to 
evaluate the carcinogenic potential of 
lotilaner.
Mutagenesis Lotilaner was not 
genotoxic in the following assays: Ames 
assay for bacterial gene mutation, 
in vitro chromosomal aberration 
assay in cultured human peripheral 
blood lymphocytes, and in vivo rat 
micronucleus test.
Impairment of fertility In a two- 
generation study of reproductive 
performance in rats, F0 male and 
female rats were administered lotilaner 
at oral doses of 40 mg/kg/day for 
80 days reduced to 20 mg/kg/day for 
47-50 supplementary days. Reduced 
pregnancy rates and decreased 
implantation rates were observed in 
F0 females at doses 20 mg/kg/day) 
(approximately 556 times the RHOD on 
a body surface area basis), which were 
also associated with maternal toxicity 
(i.e., decreased body weight and food 
consumption). No effects on fertility 
were observed in F0 females at the 
dose of 5 mg/kg/day (approximately 
139 times the MRHOD on a body surface 
area basis). No effects on fertility were 
observed in F0 males at the oral dose of 
20 mg/kg/day (approximately 556 times 
the RHOD on a body surface area basis), 
and no effects on fertility were observed 
in F1 males and females at the oral dose 
of 5 mg/kg/day (approximately 139 times 
the RHOD on a body surface area basis).

PATIENT COUNSELING INFORMATION  
Handling the Container Instruct patients 
to avoid allowing the tip of the dispensing 
container to contact the eye, surrounding 
structures, fingers, or any other surface 
in order to minimize contamination of the 
solution. Serious damage to the eye and 
subsequent loss of vision may result from 
using contaminated solutions.
When to Seek Physician Advice 
Advise patients that if they develop 
an intercurrent ocular condition 
(e.g., trauma or infection), have ocular 
surgery, or develop any ocular reactions, 
particularly conjunctivitis and eyelid 
reactions, they should immediately seek 
their physician’s advice concerning the 
continued use of XDEMVY.
Use with Contact Lenses Advise patients 
that XDEMVY contains potassium 
sorbate, which may discolor soft contact 
lenses. Contact lenses should be 
removed prior to instillation of XDEMVY 
and may be reinserted 15 minutes 
following its administration.
Use with Other Ophthalmic Drugs Advise 
patients that if more than one topical 
ophthalmic drug is being used, the 
drugs should be administered at least 
5 minutes between applications.
Missed Dose Advise patients that if 
one dose is missed, treatment should 
continue with the next dose.
RX only 
© 2024 Tarsus Pharmaceuticals, Inc. 
All rights reserved.
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INDICATIONS AND USAGE

XDEMVY (lotilaner ophthalmic solution) 0.25% is indicated for the 
treatment of Demodex blepharitis.

IMPORTANT SAFETY INFORMATION:

WARNINGS AND PRECAUTIONS

Risk of Contamination: Do not allow the tip of the dispensing container 
to contact the eye, surrounding structures, fingers, or any other surface 
in order to minimize contamination of the solution. Serious damage to 
the eye and subsequent loss of vision may result from using 
contaminated solutions.  
 
Use with Contact Lenses: XDEMVY contains potassium sorbate, which 
may discolor soft contact lenses. Contact lenses should be removed prior 
to instillation of XDEMVY and may be reinserted 15 minutes following its 
administration. 

* The safety and efficacy of XDEMVY for the treatment of DB were evaluated in a total of 833 patients 
(415 of whom received XDEMVY) in two 6-week, randomized, multicenter, double-masked,  
vehicle-controlled studies (SATURN-1 and SATURN-2). Patients were randomized to either XDEMVY 
or vehicle at a 1:1 ratio, dosed twice daily in each eye for 6 weeks. All patients enrolled were 
diagnosed with DB. The primary efficacy endpoint was defined as the proportion of patients with 
collarette reduction to no more than 2 collarettes per upper eyelid at Day 43.

© 2024 Tarsus Pharmaceuticals, Inc. All rights reserved. 
Tarsus, XDEMVY, and the associated logos are trademarks of 
Tarsus Pharmaceuticals, Inc. US––2300617   1/24
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Please see next page for a Brief Summary of the full Prescribing Information.

XDEMVY gives you 
might over mites 
to eradicate Demodex blepharitis.1,2

ADVERSE REACTIONS: The most common adverse reaction with XDEMVY 
was instillation site stinging and burning which was reported in 10% of 
patients. Other ocular adverse reactions reported in less than 2% of patients 
were chalazion/hordeolum and punctate keratitis.

44% and 55% of patients taking XDEMVY in SATURN-1 (N=209) and 
SATURN-2 (N=193), respectively, achieved a significant improvement in their 
eyelids (reduction of collarettes to no more than 2 collarettes per upper lid) 

at Day 43 vs 7% (N=204) and 12% (N=200) of patients taking vehicle 
(P<0.01 in each trial).1,*

All images are of actual patients who participated in clinical trials  
for Tarsus Pharmaceuticals.

Real results

AFTERBEFORE
Is a lipophilic agent in an aqueous drop that…

Acts specifically via mite GABA-gated 
chloride channels to…

Target, paralyze, and kill Demodex mites

Lotilaner, the active ingredient in XDEMVY1,3,4:

GABA=gamma-aminobutyric acid.

Learn more at 
XDEMVYHCP.com
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