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SPRING SHINING ON INNOVATION
Innovation continues to blossom, and it is worth noting 

that April is National Retina Awareness Month. Ophthal-
mology Times® will be covering the latest advancements 

in retina online at www.ophthalmologytimes.com.

On the cover of this issue, the Ophthalmology Times®

team looks at emerging surgical and medical presbyopic 

treatments that can help ophthalmologists provide better 

outcomes for patients. Elizabeth Yeu, MD, a partner at 

Virginia Eye Consultants and an assistant professor at 

Eastern Virginia Medical School in Norfolk, pointed out 

that there are noninvasive options for presbyopia correc-

tion, such as glasses, multifocal contacts, and eye drops. 

Additionally, surgical options include LASIK, inlays, and 

refractive lens exchange, Yeu explained.

Device Technology is poised for a number of advance-

ments, and Joshua Mali, MD, discusses innovations in 

digital health care in ophthalmology. He points out that 

the pandemic has hastened the use of artifi cial intelli-

gence and digital health care in the fi eld. It behooves 

modern retina specialists leveraging digital health care in 

their clinics to ensure patients understand what the ben-

efi ts and limitations of digital health care are in retina. 

In Surgery, Richard W. Hertle, MD, discusses achro-

matopsia, a rare autosomal recessively inherited genetic 

disease that aff ects primarily retinal cone cells and has 

an incidence of approximately 1 in 30,000. In addition to 

poor vision, Hertle points out that aff ected children have 

intense blepharospasm, photophobia, dyschromatopsia, 

and infantile nystagmus syndrome. He discusses some 

potential treatment options. 

The latest advancements in clinical diagnosis 

are helping physicians provide better outcomes for 

their patients. In patients with amblyopia, miniscule 

fi xation eye movements play a major role, according 

to Fatema Ghasia, MD. She points out that amblyopic 

patients with and without nystagmus have increased 

fi xational instability.

Our therapeutics content in this issue includes a dis-

cussion with Inder Paul Singh, MD, who points out that 

although the visual outcome may be the most important 

aspect of cataract surgery, a more complete measure of 

success is patients’ happiness with their experience ev-

ery step of the way. Singh notes that fewer drops lead to 

a better patient experience, helping to refi ne the cataract 

surgery experience. 

Gene therapy is blossoming as an area ripe for inno-

vation. Stephanie Hagstrom, PhD, discusses studies that 

are just beginning to crack the 200 genes and thousands 

of mutations that cause inherited retinal dystrophies, 

which are characterized by progressive photoreceptor 

degeneration and vision loss. 

Hagstrom points out that investigators have found 

that 2 mutations cause variable retinal phenotypes, 

with each expressing a diff erent mutation, causing 

retinitis pigmentosa.

Imaging off ers some interesting breakthroughs, and 

Brett Mueller, DO, PhD, outlines advancements in imag-

ing that are making ICL an eff ective treatment option for 

a growing number of patients. A very high–frequency 

ultrasound device provides a range of detailed intraocu-

lar measurements that enable highly accurate ICL sizing 

and placement. 

Mike Hennessy jr, 
President and CEO of Ophthalmology Times®’ 
parent company, MJH Life Sciences®
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Raj Kannan, the new CEO of Aerie 
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coming down the pipeline for Aerie.
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My paternal grandfather recently celebrated his 100th 
birthday. Like many immigrants, he has an incredible 
life story, having been displaced by political turmoil 
and world war, eventually settling in Brazil. That is 
where my father grew up before coming to the United 
States in the 1970s. Many years later, thanks to their 
sacrifi ces for my opportunities, I became the fi rst phy-
sician in my family.

Even at 100 years old, my grandfather remains in 
excellent health. In recent years, his vision has declined 
from age-related conditions, including macular degen-
eration and glaucoma. Not long ago, my father was able 
to visit my grandparents after a period of pandemic-re-
lated separation. “Cherish your time and record some 
family stories,” I said to him before the trip. 

However, a week soon went by without a single 
report. “Where are grandpa’s stories?” I asked, fearing a 
missed opportunity. “I am still piecing them together… 
as grandpa’s vision has dimmed, his mind has also 
faded,” my dad said.

Ophthalmologists have a unique understanding 
of the idiomatic phrase, “The eyes are a window to 
the soul.” By peering in, we not only diagnose ocular 
conditions but gain privileged insight into our patients’ 
overall well-being—even the status of their hearts, so 
to speak.1 But the eye is also an open window for the 
mind, and good vision keeps the mind sharp. For ex-
ample, a recent study showed lower rates of dementia 
in patients who had undergone cataract surgery.2 Clear 
vision inspires ideas and fi lls our minds with life’s 

experiences. Visual cues serve as powerful mnemonics 
that provide perspective along the way. 

During these times, we are often reminded how 
short and precious life is. Through others, our lives can 
prosper well beyond our own being. Thankfully, my 
grandmother’s eyes and mind both remain sharp, and 
ultimately, my dad brought home amazing stories to 
share. On refl ection, I am grateful for my grandfather’s 
faded eyes and mind because they speak to his lon-
gevity. After all, a century of living is a lot to see and 
remember—especially when I can’t even recall what I 
had for lunch.

However, my mind’s eye does remember a particu-
larly profound postprandial fortune cookie that once 
read, “It takes more than good memory to have good 
memories.” At the time, I assumed the cookie was 
suggesting that good memory takes treasuring life’s 
adventures and those around you who share, and help 
recall, memorable moments. But now I see that good 
memory also takes good vision. 
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Disparities in diabetic eye care
With diabetes the leading cause of new, preventable cases of blindness 
in working age adults in the United States, medical experts are now 
suggesting patients have dilated eye examinations after their fi rst diabe-
tes diagnosis.

Despite this medical advice from the American Academy of Oph-
thalmology, the American Academy of Optometry and the American 
Diabetes Association, only about 48% of diabetic patients receive the 
exam regularly.

A new University of Houston study, published in the journal Diabetes 
Epidemiology and Management, may explain signifi cant racial and 
ethnic disparities that connect the numbers of those who undergo eye 
examinations and the prevalence of diabetic eye complications.

“Among diabetic patients, Whites were more likely to receive routine 
diabetic eye exams than minorities (66.1% vs. 55.5%). Moreover, com-
pared to Hispanics, Whites reported a higher participation rate in clin-
ical services and diabetes self-management education," Jieni Li, PhD, 
assistant professor of pharmaceutical health outcomes and policy at the 
UH College of Pharmacy, and lead author of the paper and doctoral stu-
dent in the lab of Sang Kyu Cho, said in a release. Wendy Harrison, OD, 
PhD, FAAO, an associate professor at the College of Optometry, rounds 
out the research team. 

The team analyzed 10 years of survey data from 8080 diabetic 
patients in the 2009-2018 Medical Expenditures Panel Survey adminis-
tered by the Agency for Healthcare Research and Quality. The survey is 
nationally representative of noninstitutionalized civilians and captures 
their health care utilization and costs.

For a full list of references, see the article on:
OphthalmologyTimes.com/view/disparities-in-diabetic-eye-care

For a full list of references, see the article on:
OphthalmologyTimes.com/view/outlook-therapeutics-submits-biologics-
license-application-to-fda-for-ons-5010-as-a-treatment-for-wet-amd

Outlook Therapeutics seeks BLA 
from FDA for wet AMD treatment
Outlook Therapeutics Inc. recently announced it has submitted its bio-
logics license application (BLA) to the U.S. Food and Drug Administra-
tion (FDA) for ONS-5010, an investigational therapy which, if approved, 
will be branded as Lytenava (bevacizumab-vikg), for the treatment of 
wet age-related macular degeneration (AMD).

If approved, ONS-5010 could replace the current practice of using 
unapproved repackaged IV bevacizumab sourced from compounding 
pharmacies for the treatment of wet AMD.

Russ Trenary, president and CEO, Outlook Therapeutics, noted that 
the BLA submission for the company’s investigational ONS-5010 not 
only marks a very signifi cant moment for Outlook Therapeutics, but 
represents a real step forward for potentially providing an on-label, 
FDA-approved alternative for the most frequently used anti-VEGF treat-
ment in wet AMD patients in the United States.

“If approved for marketing, we hope to see our ophthalmic bevaci-
zumab become a valuable on-label therapy off ering clinicians and their 
patients a safe and eff ective ophthalmic formulation of a treatment 
whose value has been proven over many years of clinical practice,” he 
said in a statement. “We are excited for the potential to off er an oph-
thalmic bevacizumab formulation that ships straight from our factory 
partners to distribution centers while avoiding the risks of using unap-
proved repackaged IV bevacizumab that is approved for intravenous 
use but not for intravitreal administration."

FDA marketing approval is expected in late 2022 or early 2023. 

News Updates

https://www.ophthalmologytimes.com/view/disparities-in-diabetic-eye-care
https://www.ophthalmologytimes.com/view/outlook-therapeutics-submits-biologics-license-application-to-fda-for-ons-5010-as-a-treatment-for-wet-amd
https://www.medicalworldnews.com
https://www.medicalworldnews.com/view/after-hours-77-year-old-basketball-star
https://www.medicalworldnews.com/view/second-opinion-ophthalmic-advances
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By Louise Gagnon; 
Reviewed by Elizabeth Yeu, MD

Ophthalmologists have several options at 
their disposal for the treatment of pres-
byopia, according to Elizabeth Yeu, MD, a 
partner at Virginia Eye Consultants and an 
assistant professor at Eastern Virginia Med-
ical School in Norfolk. Speaking recently at 
the virtual 2022 Toronto Cataract Course, Yeu 
noted that innovation is advancing in presby-
opia correction. “We have spent a very long 
time without much in the way of innovation 
beyond the realm of glasses and lenses,” Yeu 
said. “It is a booming fi eld. We know there 
are a lot of presbyopes worldwide, and the 
market [for presbyopia management] is huge. 
It is only growing exponentially.”

There are noninvasive options for presby-
opia correction, such as glasses, multifocal 
contacts, and eye drops. Additionally, surgical 
options include LASIK, inlays, and refractive 
lens exchange, Yeu explained. “There [are] a 
variety of diff erent miotic drops being used, 
some individually and some in combination 
[with another treatment],” she said. 

The key measurement of effi  cacy used by 

the US Food and Drug Administration (FDA) 
is an improvement in vision of 2 to 3 lines 
in a 6-hour window, Yeu noted. Some drop 
 options inc lude FDA-approved Vuity, which 
has pilocarpine as the active ingredient and 
is a miotic. Brimochol is an investigational 
treatment that off ers near vision improvement 
and is a combination of carbachol with brimo-
nidine tartrate.

One of the considerations with topical 
formulations to correct presbyopia is bioavail-
ability. “A better formulation means better 
bioavailability and a reduced concentration 
[of the active ingredient] so there are fewer 
 [adverse] eff ects, [such as] blurred vision, 
headaches, and brow aches,” Yeu said. 

Moreover, another treatment option under 
investigation in eye drops includes CSF-1 by 
Orasis Pharmaceuticals, which uses a lower 
concentration of pilocarpine. PRX-100 is also 
a miotic therapy, which has aceclid ine as an 
active ingredient. Another novel therapy under 
investigation is a combination of phentol-
amine mesylate and pilocarpine, known as 
Nyxol, which acts as a miotic and vasodilates 
small muscles, Yeu explained. 

One of the novel topical agents is lipoic acid 

choline ester, which is made to soften the lens 
and can work in conjunction with a miotic 
agent to promote accommodation. Another 
combination  to correct presbyopia is True Vi-
sion Treatment contact lenses and eye drop kit 
by Yolia Health, which is a treatment designed 
to alter the cornea.

Collagen cross-linking may also potentially 
represent an option in presbyopia correction. 
“Instead of using it centrally for myopia or 
keratoconus, if we were to use it in the mid-
periphery, creating an eff ective steepening of 
the center, this could be used for [patients with 
presbyopia],” Yeu said, noting that anterior 
optical coherence tomography images display 
the central steepening that collagen cross-link-
ing can create.

Synthetic inlays may not be very well 
tolerated by the human cornea, but allogen-
ic inlays, which are extremely thin, may 
hold promise, according to Yeu. “If we can 
get rid of the antigenicity of it, the scaling 
potential is huge,” she said. “There can be a 
3-line improvement in a patient’s near vision 
improvement.”

One of the factors to consider is ocular 
rigidity and its impact on presbyopia. “Ocular 
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rigidity is a source of presbyopia in multiple ways,” 
she said. “It causes scleral rigidity and makes it worse 
in terms of what happens in the zonules. There is 
increased lens stiff ening.”

A procedure known as laser scleral microporation 
targets scleral rigidity by “uncross-linking,” potential-
ly helping with biomechanical softening, improving 
ciliary muscle effi  cacy to relax the zonules, reshaping 
the lens during accommodation, and minimizing 
positive spherical aberration, Yeu explained. She also 
noted that 10-year data on patients suggest that 3-line 
improvement in near vision is maintained.

 Ophthalmologists have a variety of lenses avail-
able for presbyopia correction, including trifoc al IOLs, 
bifocal IOLs, monofocal IOLs, enhanced monofocal 
IOLs, enhanced trifocal IOLs, and extended depth of 
focus (EDOF) IOLs. “The enhanced monofocal [IOL] 
can be used in any patient [in which] you would use 
a monofocal lens,” Yeu said. However, Yeu also noted 
that enhance d monofocals are not classifi ed as EDOF 
lenses and that presbyopia correction options are being 
tailored to specifi c corneal issues, such as post radial 
keratotomy, post LASIK, keratoconus, and iris trauma. 

In selecting IOLs for patients, clinicia ns must consid-
er a patient’s lifestyle, hobbies, and activities. It is also 
important to evaluate a patient’s tolerance of visual 
disturbances, such as halos and rings around lights at 
night, Yeu explained.

Other exciting options on the horizon for presbyopia 
correction include modular accommodating lenses, 
Yeu noted, adding that vision gains in studies are 
impressive. “[Lenses] are very close to entering phase 
3 studies,” Yeu said. “[Lenses] are fl uid fi lled and would 
provide accommodation. The base is fi rst inserted, 
followed by the insertion of the optic. Because it is 
completely fi lling the bag, no [posterior capsule opaci-
fi cation] has been seen in any of these patients, which 
is very important.”

The hurdle in integrating this IOL into clinical 
practice may have to do with concerns about insertion 
of the base of the IOL. However, Yeu said that advances 
in presbyopia correction and what is in pipeline are 
certainly encouraging. “It is exciting to see where we 
were 5 to 7 years ago vs where we will be 10 years 
from now, with respect to various options and what we 
will off er in presbyopia correction,” she said. 

Elizabeth Yeu, MD
E: eyeu@cvphealth.com
Yeu is a consultant for and does research with 

Tarsus Pharmaceuticals and Alcon.

Examining 
pharmacological 

controls of presbyopia
Study reviews mechanisms of action of 
pilocarpine, carbachol, and brimonidine

By John D. Sheppard, MD, MMSc; 
Special to Ophthalmology Times®

Presbyopia aff ects billions of people 
globally, including approximately 
128 million  adults in the United 
States.1,2 Reading glasses are the 
most common solution for near 
vision correction. Although some 
people consider the desire to re-
duce dependence on reading glass-
es to be based purely on vanity or 
aesthetics, there are also signifi cant 
functional benefi ts to eliminating 
glasses—as anyone who has looked 
through microscope oculars in 
glasses knows all too well.

There are 2 approaches to phar-
macologic control of presbyopia. 
One involves alteration of lenticular 
metabolism to improve elasticity 
of the crystalline lens. There are 
a couple such lens-altering agents 
currently in the pipeline that hold 
great promise to reverse, or at least 
delay, the lenticular aging process. 
They will likely have an onset of ac-
tion of months, making them viable 
for younger presbyopes or pre-pres-
byopes who are willing to use the 
drops on a regular basis until the 
desired physiochemical structural 
changes in the lens have occurred. 

The other approach—the one that 
can best help our patients who are 
already well into presbyopia—is 
the use of pupil-modulating drops. 
Miotics, such as pilocarpine and 

carbachol, have a rapid onset of 
action that is within approximately 
15 minutes. They act on the iris 
sphincter to constrict the pupil, 
creating a pinhole eff ect. 

With the smaller pupil, only the 
most parallel central light rays are 
able to enter the eye. This minimiz-
es a wide variety of aberrations, 
especially chromatic aberration, 
to sharpen distance vision. It also 
increases the depth of focus for 
improved near vision. 

Pilocarpine 1.25% (Vuity; Aller-
gan/AbbVie) was recently approved 
by the US Food and Drug Adminis-
tration and will soon be available to 
consumers by prescription. 

Several other miotic drops, 
mostly pilocarpine based, are in 
the pipeline and are likely to be 
introduced to the US market within 
1 to 3 years. A key parameter for 
success of these miotic agents will 
be duration of action. 

From all our experience with eye 
drops to treat dry eye and glauco-
ma, we know people dislike using 
drops multiple times per day, so 
it is clear that most presbyopic 
patients are going to want a single 
drop to last a full workday of 8 
hours or so. In the GEMINI clinical 
trials that led to approval of pilocar-
pine 1.25%, between 26% and 31% 
of patients achieved the desired end 
point of a 3-line gain in near vision 
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IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
•  EYLEA is contraindicated in patients with ocular or periocular infections, active intraocular inflammation, or known 

hypersensitivity to aflibercept or to any of the excipients in EYLEA.

WARNINGS AND PRECAUTIONS
•  Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis and retinal detachments. 

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

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

•  There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, including EYLEA. 
ATEs are defined as nonfatal stroke, nonfatal myocardial infarction, or vascular death (including deaths of unknown cause). The 
incidence of reported thromboembolic events in wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined 
group of patients treated with EYLEA compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks, 
the incidence was 3.3% (60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. The 
incidence in the DME studies from baseline to week 52 was 3.3% (19 out of 578) in the combined group of patients treated with 
EYLEA compared with 2.8% (8 out of 287) in the control group; from baseline to week 100, the incidence was 6.4% (37 out of 578) 
in the combined group of patients treated with EYLEA compared with 4.2% (12 out of 287) in the control group. There were no 
reported thromboembolic events in the patients treated with EYLEA in the first six months of the RVO studies.

Inspired by a real patient 
with Wet AMD.

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

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

ADVERSE REACTIONS
•  Serious adverse reactions related to the injection procedure have occurred in <0.1% of intravitreal injections with EYLEA 

including endophthalmitis and retinal detachment.
•  The most common adverse reactions (≥5%) reported in patients receiving EYLEA were conjunctival hemorrhage, eye pain, 

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

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

INDICATIONS
EYLEA® (aflibercept) Injection 2 mg (0.05 mL) is indicated for the treatment of patients with Neovascular (Wet) Age-related 
Macular Degeneration (AMD), Macular Edema following Retinal Vein Occlusion (RVO), Diabetic Macular Edema (DME), and 
Diabetic Retinopathy (DR).

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

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

EYLEA was clinically equivalent to ranibizumab.

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

Primary Endpoint (Year 1)

VIEW 1 VIEW 2

EYLEA Q4 95%
(12.5 injections†)

95%
(12.6 injections†)

EYLEA Q8‡ 94%
(7.5 injections†)

95%
(7.7 injections†)

ranibizumab 
Q4

94%
(12.1 injections†)

95%
(12.7 injections†)

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

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

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

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

PROVEN VISUAL OUTCOMES AT YEAR 1 IN THE 
VIEW STUDIES
Fewer injections with EYLEA Q8 vs ranibizumab Q4
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VIEW 1 and VIEW 2 study designs: Two multicenter, double-masked clinical studies in which patients with Wet AMD (N=2412; age range: 49-99 years, 
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1 INDICATIONS AND USAGE 
EYLEA is a vascular endothelial growth factor (VEGF) inhibitor indicated for the treatment of patients with:
Neovascular (Wet) Age-Related Macular Degeneration (AMD), Macular Edema Following Retinal Vein Occlusion (RVO), Diabetic 
Macular Edema (DME), Diabetic Retinopathy (DR).
4 CONTRAINDICATIONS
4.1 Ocular or Periocular Infections  
EYLEA is contraindicated in patients with ocular or periocular infections. 
4.2 Active Intraocular Inflammation  
EYLEA is contraindicated in patients with active intraocular inflammation. 
4.3 Hypersensitivity  
EYLEA is contraindicated in patients with known hypersensitivity to aflibercept or any of the excipients in EYLEA. Hypersensitivity 
reactions may manifest as rash, pruritus, urticaria, severe anaphylactic/anaphylactoid reactions, or severe intraocular inflammation.
5 WARNINGS AND PRECAUTIONS 
5.1 Endophthalmitis and Retinal Detachments  
Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis and retinal detachments [see Adverse 
Reactions (6.1)]. Proper aseptic injection technique must always be used when administering EYLEA. Patients should be instructed 
to report any symptoms suggestive of endophthalmitis or retinal detachment without delay and should be managed appropriately 
[see Patient Counseling Information (17)].
5.2 Increase in Intraocular Pressure  
Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection, including with EYLEA [see Adverse 
Reactions (6.1)]. Sustained increases in intraocular pressure have also been reported after repeated intravitreal dosing with vascular 
endothelial growth factor (VEGF) inhibitors. Intraocular pressure and the perfusion of the optic nerve head should be monitored and 
managed appropriately.
5.3 Thromboembolic Events  
There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, including EYLEA. ATEs 
are defined as nonfatal stroke, nonfatal myocardial infarction, or vascular death (including deaths of unknown cause). The incidence of  
reported thromboembolic events in wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined group of patients 
treated with EYLEA compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks, the incidence was 
3.3% (60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. The incidence in the DME 
studies from baseline to week 52 was 3.3% (19 out of 578) in the combined group of patients treated with EYLEA compared with 
2.8% (8 out of 287) in the control group; from baseline to week 100, the incidence was 6.4% (37 out of 578) in the combined group of 
patients treated with EYLEA compared with 4.2% (12 out of 287) in the control group. There were no reported thromboembolic events 
in the patients treated with EYLEA in the first six months of the RVO studies.
6 ADVERSE REACTIONS 
The following potentially serious adverse reactions are described elsewhere in the labeling:  
• Hypersensitivity [see Contraindications (4.3)]  
• Endophthalmitis and retinal detachments [see Warnings and Precautions (5.1)]  
• Increase in intraocular pressure [see Warnings and Precautions (5.2)]  
• Thromboembolic events [see Warnings and Precautions (5.3)]
6.1 Clinical Trials Experience  
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug 
cannot be directly compared to rates in other clinical trials of the same or another drug and may not reflect the rates observed  
in practice.
A total of 2980 patients treated with EYLEA constituted the safety population in eight phase 3 studies. Among those, 2379 patients 
were treated with the recommended dose of 2 mg. Serious adverse reactions related to the injection procedure have occurred in <0.1% 
of intravitreal injections with EYLEA including endophthalmitis and retinal detachment. The most common adverse reactions (≥5%) 
reported in patients receiving EYLEA were conjunctival hemorrhage, eye pain, cataract, vitreous detachment, vitreous floaters, and 
intraocular pressure increased.

Neovascular (Wet) Age-Related Macular Degeneration (AMD). The data described below reflect exposure to EYLEA in 1824 patients 
with wet AMD, including 1223 patients treated with the 2-mg dose, in 2 double-masked, controlled clinical studies (VIEW1 and VIEW2) 
for 24 months (with active control in year 1).
Safety data observed in the EYLEA group in a 52-week, double-masked, Phase 2 study were consistent with these results.

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

Adverse Reactions
EYLEA 

(N=1824)

Active Control  
(ranibizumab) 

(N=595)
EYLEA 

(N=1824)

Control  
(ranibizumab) 

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

Less common serious adverse reactions reported in <1% of the patients treated with EYLEA were hypersensitivity, retinal tear, and 
endophthalmitis.

Macular Edema Following Retinal Vein Occlusion (RVO). The data described below reflect 6 months exposure to EYLEA with a 
monthly 2 mg dose in 218 patients following central retinal vein occlusion (CRVO) in 2 clinical studies (COPERNICUS and GALILEO)  
and 91 patients following branch retinal vein occlusion (BRVO) in one clinical study (VIBRANT).

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

Adverse Reactions
EYLEA 

(N=218)
Control 
(N=142)

EYLEA 
(N=91)

Control 
(N=92)

Eye pain 13% 5% 4% 5%
Conjunctival hemorrhage 12% 11% 20% 4%
Intraocular pressure increased 8% 6% 2% 0%
Corneal epithelium defect 5% 4% 2% 0%
Vitreous floaters 5% 1% 1% 0%
Ocular hyperemia 5% 3% 2% 2%
Foreign body sensation in eyes 3% 5% 3% 0%
Vitreous detachment 3% 4% 2% 0%
Lacrimation increased 3% 4% 3% 0%
Injection site pain 3% 1% 1% 0%
Vision blurred 1% <1% 1% 1%
Intraocular inflammation 1% 1% 0% 0%
Cataract <1% 1% 5% 0%
Eyelid edema <1% 1% 1% 0%
 
Less common adverse reactions reported in <1% of the patients treated with EYLEA in the CRVO studies were corneal edema, retinal 
tear, hypersensitivity, and endophthalmitis.

Diabetic Macular Edema (DME) and Diabetic Retinopathy (DR). The data described below reflect exposure to EYLEA in 578 patients 
with DME treated with the 2-mg dose in 2 double-masked, controlled clinical studies (VIVID and VISTA) from baseline to week 52 and 
from baseline to week 100.

Table 3: Most Common Adverse Reactions (≥1%) in DME Studies
Baseline to Week 52 Baseline to Week 100

Adverse Reactions
EYLEA 

(N=578)
Control 

(N=287)
EYLEA 

(N=578)
Control 

(N=287)
Conjunctival hemorrhage 28% 17% 31% 21%
Eye pain 9% 6% 11% 9%
Cataract 8% 9% 19% 17%
Vitreous floaters 6% 3% 8% 6%
Corneal epithelium defect 5% 3% 7% 5%
Intraocular pressure increased 5% 3% 9% 5%
Ocular hyperemia 5% 6% 5% 6%
Vitreous detachment 3% 3% 8% 6%
Foreign body sensation in eyes 3% 3% 3% 3%
Lacrimation increased 3% 2% 4% 2%
Vision blurred 2% 2% 3% 4%
Intraocular inflammation 2% <1% 3% 1%
Injection site pain 2% <1% 2% <1%
Eyelid edema <1% 1% 2% 1%
 
Less common adverse reactions reported in <1% of the patients treated with EYLEA were hypersensitivity, retinal detachment, retinal 
tear, corneal edema, and injection site hemorrhage. 
Safety data observed in 269 patients with nonproliferative diabetic retinopathy (NPDR) through week 52 in the PANORAMA trial were 
consistent with those seen in the phase 3 VIVID and VISTA trials (see Table 3 above).
6.2 Immunogenicity  
As with all therapeutic proteins, there is a potential for an immune response in patients treated with EYLEA. The immunogenicity 
of EYLEA was evaluated in serum samples. The immunogenicity data reflect the percentage of patients whose test results were 
considered positive for antibodies to EYLEA in immunoassays. The detection of an immune response is highly dependent on the 
sensitivity and specificity of the assays used, sample handling, timing of sample collection, concomitant medications, and underlying 
disease. For these reasons, comparison of the incidence of antibodies to EYLEA with the incidence of antibodies to other products may 
be misleading. 
In the wet AMD, RVO, and DME studies, the pre-treatment incidence of immunoreactivity to EYLEA was approximately 1% to 3% across 
treatment groups. After dosing with EYLEA for 24-100 weeks, antibodies to EYLEA were detected in a similar percentage range of 
patients. There were no differences in efficacy or safety between patients with or without immunoreactivity.

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

Infertility
There are no data regarding the effects of EYLEA on human fertility. Aflibercept adversely affected female and male reproductive 
systems in cynomolgus monkeys when administered by intravenous injection at a dose approximately 1500 times higher than the 
systemic level observed humans with an intravitreal dose of 2 mg. A No Observed Adverse Effect Level (NOAEL) was not identified. 
These findings were reversible within 20 weeks after cessation of treatment.
8.4 Pediatric Use  
The safety and effectiveness of EYLEA in pediatric patients have not been established.
8.5 Geriatric Use  
In the clinical studies, approximately 76% (2049/2701) of patients randomized to treatment with EYLEA were ≥65 years of age and 
approximately 46% (1250/2701) were ≥75 years of age. No significant differences in efficacy or safety were seen with increasing age 
in these studies.
17 PATIENT COUNSELING INFORMATION 
In the days following EYLEA administration, patients are at risk of developing endophthalmitis or retinal detachment. If the 
eye becomes red, sensitive to light, painful, or develops a change in vision, advise patients to seek immediate care from an 
ophthalmologist [see Warnings and Precautions (5.1)]. 
Patients may experience temporary visual disturbances after an intravitreal injection with EYLEA and the associated eye examinations 
[see Adverse Reactions (6)]. Advise patients not to drive or use machinery until visual function has recovered sufficiently.
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(without a 1-line loss of distance vision) at 3 
hours. A smaller percentage of patients (16% 
to 18%) still had good near vision at 6 hours.

A nonpilocarpine option
Carbachol is known to be the most potent 
and durable of the miotic class,3 so it may 
have advantages over pilocarpine when it 
comes to peak and duration of effect as a 
presbyopia-correcting agent. Carbachol is a 
cholinergic agonist that binds to and activates 
acetylcholine receptors, affecting both the iris 
sphincter and the ciliary body. When I was a 
resident, we routinely prescribed carbachol 
and pilocarpine for our patients diagnosed 
with glaucoma, but the carbachol needed to 
be dosed much less frequently (2 or 3 times 
per day) than pilocarpine (4 times per day). 
Carbachol may have an even greater miotic 
effect on younger presbyopes than in the 

older glaucoma patients we once prescribed 
it for, because younger patients have more 
pronounced sympathetic iris tone and thus 
more vigorous pupillary dilation.  

Carbachol is the miotic agent in Visus 
Therapeutics Inc’s presbyopia-correcting 
drops. Three novel formulations, including 
2 fixed-dose combinations of carbachol and 
brimonidine tartrate (Brimochol and Brimo-
chol F) and a similarly formulated preserva-
tive-free carbachol, were recently tested in 
the company’s phase 2 VIVID clinical trial. 
All 3 formulations achieved a 3-line gain in 
binocular near visual acuity without losing 
one line of distance vision. A minimum of 
82%, 52%, and 35% of subjects in the study 
met this end point at 3, 7, and 9 hours, 
respectively. 

It may be that a synergistic combination 
of agents will promote the longest durability. 
For example, previous evidence suggests that 
combining brimonidine tartrate with car-
bachol could have additive contributions.4-6 

Brimonidine, a sympatholytic α-2 agonist, 
prevents pupil dilation by inhibiting the 

contraction of the iris dilator muscle and may 
also inhibit contraction of the ciliary muscle. 
Thus, its activity is synergistic to pupillary 
constriction and potentially alleviates the 
customary dull ache or brow pain experi-
enced by many patients on miotics. 

Presumably, by altering aqueous dynamics, 
brimonidine has also been shown to increase 
the bioavailability of carbachol in the iris/
ciliary body (ICB) in nonclinical studies in 
rabbits, resulting in a more prolonged miotic 
effect than carbachol alone.7 The peak con-
centration of carbachol in the ICB in rabbits, 
measured using liquid chromatography and 
tandem mass spectrometry, was nearly twice 
as high 2 hours post dose when combined 
with brimonidine than when carbachol was 
dosed on its own (32.8 ng/g vs 17.8 ng/g, P = 
.159) and the area under the curve (concentra-
tion over time) was higher at all time points.7  
It remains to be seen how drug penetration 
and concentration will influence functional 
outcomes in larger human clinical trials as 
these combination agents move into phase 3 
studies. 

PRESBYOPIA
( Continued from page 9 )

FIGURE  
The mechanism of action 
of the investigational 
combination therapy 
Brimochol (carbachol 
2.75% + brimonidine 0.1, 
Visus Therapeutics) relies 
on: Carbachol as the 
most potent and durable 
cholinergic for pupil 
constriction to induce the 
pinhole effect to increase 
depth of field by acting on 
the muscarinic M3 receptor 
in the iris sphincter muscle; 
and, (2) Brimonidine as 
a selective α2 agonist 
to inhibit contraction of 
the iris dilator muscle by 
activating the α2 receptor 
and reduce cholinergic 
mediated hyperemia. The 
bioavailability of carbachol 
is also enhanced by α2 
-mediated suppression of 
aqueous humor formation 
via α2 receptors located in 
the ciliary processes.

Durability 
enhanced 
by a2 
receptors in 
the ciliary 
processes 

Miotic-induced hyperemia 
counteracted by 
brimonidine activated a2 
receptors in the conjunctiva

Pupillary constriction to ~2-2.5 mm 
mediated by M3 receptors in the iris 
sphincter and a2 receptors in iris 
dilator muscles. 

a2

a2
a2

M3
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A reasonable question is whether drugs 
such as carbachol and pilocarpine, which 
have been prescribed as glaucoma therapies 
for their ability to increase trabecular mesh-
work outflow, will have unintended effects 
on IOP. Studies of pilocarpine in normal and 
healthy subjects indicate that an increase in 
IOP occurs initially, followed by a decrease 
in IOP.8 The initial IOP spike is thought to be 
due to the initial contraction of the ciliary 
body decreasing uveoscleral outflow. This 
may be of some concern in patients with un-
diagnosed ocular hypertension or glaucoma, 
as well as those prone to hypotony. 

Clinical data with Brimochol suggest there 
are no clinically significant IOP fluctuations 
(phase 2, data on file). This may be because 
of functional antagonism between carbachol 
and brimonidine on aqueous humor dynam-
ics. Brimonidine lowers IOP by 2 separate 
mechanisms of action: decrease of aqueous 
humor production and increase in uveoscle-
ral outflow9 mediated by α-2 receptors in the 
ciliary processes10 and the ciliary muscle,11 
respectively. Cholinergics can increase aque-
ous humor production12 and can presumably 
negate the effects of brimonidine on aqueous 
humor production. Cholinergics can also 
block IOP reduction mediated by uveoscleral 
flow enhancement via contraction of the cili-
ary muscle,13 thereby negating the uveoscler-
al flow effect of brimonidine. 

Cataract surgeons may also be wondering 
whether long-term use of presbyopia-cor-
recting miotic drops might affect pupil size 
during cataract surgery, making the proce-
dure more difficult. I don’t expect this will be 
the case. We would expect the pupil size to be 
reduced by approximately half and only for 
part of the day, returning to normal each eve-
ning with typical use of presbyopia-correcting 
drops. There might also be an association 
between many presbyopia dilator drugs and 
idiopathic floppy iris syndrome. Pupillary re-
covery time data can allay concerns to some 
extent, but these questions will be answered 
only after widespread clinical use in the 
cataract age group. 

Addressing adverse effects
A disadvantage of miotic agents—both pilo-

carpine and carbachol—is that their action on 
the ciliary body can cause ciliary spasm and 
unwanted associated adverse effects, such 
as brow pain and headache. These effects 
are known to resolve with the continued 
treatment of a patient. Miotic drops have also 
been associated with hyperemia.

Certainly, we know formulation and active 
pharmaceutical ingredient pharmacokinet-
ics can dramatically alter the adverse effect 
profile. For example, pilocarpine is very 
acidic, which can make it irritate the eyes. To 
counteract that and improve tolerability, Vu-
ity drops were designed to quickly adjust to 
physiologic pH (7.4). With the fixed-combina-
tion carbachol/brimonidine preparation from 
Visus Therapeutics, the drop is already at 
physiologic pH, and the presence of brimoni-
dine should certainly help to counteract any 
ocular redness. After all, low-concentration 
brimonidine (0.025%) is the active ingredient 
in Lumify (Bausch + Lomb), which is now 
widely used for eye whitening. Brimonidine, 
when used in this way has fulfilled an unmet 
need in eye care to reduce redness without 
dependency and deleterious effect on the vas-
culature of the conjunctiva that we see with 
OTC vasoconstrictors. 

We already have great surgical options 
for presbyopia correction using diffractive 
multifocal or extended depth of focus IOLs. I 
am excited about the ability to nonsurgically 
control presbyopia, and in doing so, extend 
the age range during which our profession 
can provide reduced dependence on reading 
glasses. We have much to learn about how 
these drops will perform in the real world, 
but the science behind them and the ease of 
access bodes well for their prolific use.

I expect that presbyopia-correcting drops 
will be prescribed and dispensed in offices, 
saving patients the step of going to the phar-
macy. There will likely be patient-friendly 
mail orders, with recurrent delivery options 
to improve convenience and enhance the 
lifestyle of patients who are not yet surgical 
candidates. And of course, any concerns 
about safety or tolerability are greatly ame-
liorated by the fact that patients can simply 
stop using the drops if they experience any 
unwanted adverse effects.   
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device technology

The offerings and limitations of 
digital health care in ophthalmology 
Set expectations for patients about which digital health care o� erings are relevant

By Joshua Mali, MD; 
Special to Ophthalmology Times®

Before the COVID-19 pandemic, retina 
specialists had limited experience with 
artifi cial intelligence (AI) and digital 
health care, which can include ser-
vices such as telemedicine. Interac-
tions with AI in retina were perceived 
as something—although feasible—best 
kept for future implementation. Digi-
tal health care was a vague term, pregnant with 
promise but lacking a clear use case for daily 
patient interactions. However, over the past 2 
years, retina specialists and their patients have 
learned how AI may be a tool physicians can 
use to monitor patients for disease progression, 
how telemedicine might mean more than a 
mere video chat between patient and clinician, 
and how the tools of the 21st century were clos-
er to real-world practice than anticipated. 

Applications of digital health care diff er from 
specialty to specialty, and patient expectations 
and appetites for digital off erings may vary 
based on personal experience. It behooves 
modern retina specialists leveraging digital 
health care in their clinics to ensure patients 
understand what the benefi ts and limitations of 
digital health care are in retina. 

Digital health care in retina 
The increasing ubiquity of technologic plat-
forms replacing analog mediums—from QR 
codes replacing printed restaurant menus to 
Zoom conferences in lieu of in-person meet-
ings—has resulted in many retina patients 
feeling more comfortable with the concept 
of digital medicine. Even among our retired 
patients, whose lives may be less dictated by 
video conferencing than their working-age 
counterparts, the learning curve for digital 

interfacing has been fl attened. This means that 
an aversion to digital medicine, one of the pre-
2020 challenges faced by retina specialists who 

wished to implement AI-based services into 
their care models, has been erased. 

Still, some retina patients may have 
unrealistic expectations about how 
digital health care can alleviate the bur-
den associated with retinal diseases, 
such as wet age-related macular de-
generation (AMD). Although the point 

is obvious to clinicians, I sometimes remind 
my patients I cannot perform a comprehensive 
eye examination via video conference and am 
unable to evaluate visual function based on 
subjective self-reported assessment. For some 
conditions, telemedicine’s limitations mean 
in-offi  ce examinations remain the standard for 
evaluation. For other conditions, digital options 
off er cutting-edge health care. Consider the ex-
ample of a patient with dry intermediate AMD. 
In a more analog age, such a patient would 
be handed an Amsler grid and instructions 
to call the offi  ce if the grid’s uniform pattern 
became distorted, as a change might indicate a 
conversion from intermediate to wet AMD. This 
model could be prone to lack of adherence and 
a misunderstanding of instructions and places 
the burden of initiating care on the patient. 

If that same intermediate AMD patient was 
referred to the ForeseeHome AMD Monitoring 
Program (Notal Vision), they would be enrolled 
in a modern AI-based digital health care frame-
work. After a referring physician determines 
a patient with dry intermediate AMD is well 
suited for home monitoring, the Notal Vision 
Monitoring Center, which is the provider of the 
ForeseeHome AMD Monitoring Program, works 
with the patient to set up the device, teaches 
the patient how to perform daily preferential 
hyperacuity perimetry tests, and serves as a 

troubleshooting liaison. Patient adherence is 
watched by the monitoring center, and patients 
who are not regularly performing at-home tests 
are contacted by the center to ensure no hard-
ware problems or other health care issues are 
interfering with consistent evaluation. 

Results of routine at-home testing are sent 
to the Notal Vision Monitoring Center, which 
relies on an AI algorithm to detect aberrations 
in patient performance that might indicate a 
conversion from intermediate to wet AMD. If AI 
fl ags the patient’s test results, an in-house oph-
thalmologist reviews the report and pings the 
referring physician’s offi  ce if it is determined 
that the referring physician should be alerted. 
That offi  ce may then reach out to the patient 
to schedule an in-person examination to see 
whether conversion to wet AMD has occurred. 

In this digital health care model, a patient 
with intermediate AMD receives routine AI-
based monitoring services while outside the 
clinic in addition to the regularly scheduled 
visits they have with their provider. Retina 
specialists should note that a Medicare-covered 
home monitoring program is not a stand-in for 
clinical examination, but a digital supplement 
to in-person visits as the medium of extra care. 

Real-world example
The real-world case of a 75-year-old woman 
named J.B. illustrates the value of home mon-
itoring for wet AMD conversion. J.B. was a pa-
tient with intermediate AMD OD and wet AMD 
OS, which was treated with afl ibercept (Eylea, 
Regeneron Pharmaceuticals, Inc). Visual acuity 
(VA) measured 20/30 OD and 20/150 OS at her 
most recent visit. Given that she was a high-risk 
patient with intermediate AMD and a history of 
wet AMD in the fellow eye, I referred J.B. to the 
Notal Vision Monitoring Center for enrollment 
in the ForeseeHome AMD Monitoring Program. 

Joshua Mali, MD
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Six months after initiating at-home monitor-
ing, my office received an alert that J.B.’s most 
recent test flagged her for possible conver-
sion to wet AMD OD. My office scheduled an 
examination, at which point I found that her VA 
remained stable at 20/30 OD. Fundus photog-
raphy revealed macular drusen and changes 
to the retinal pigment epithelium and did not 
show evidence of subretinal hemorrhage (Fig-
ure 1). Optical coherence tomography imaging 
revealed only borderline findings (Figure 2). 
Fluorescein angiography depicted a small cho-
roidal neovascular membrane temporal to the 
optic disc that did not involve the central macu-
la (Figure 3). I gave J.B. a diagnosis of wet AMD 
based on these findings. Initiation of aflibercept 
therapy resulted in stable VA of 20/25 OD. 

Home-based monitoring detected asymptom-
atic conversion to wet AMD from intermediate 

AMD in J.B. while VA was at least 20/40, which 
is particularly good news when one considers 
the findings of a 2020 real-world study that 
found that detecting wet AMD before VA dips 
below 20/40 is key to maintaining 20/40 vision 
after 1 or 2 years of anti–VEGF therapy. In the 
case of J.B., detection of wet AMD might have 
occurred after she passed the 20/40 VA thresh-
old if not for use of the ForeseeHome AMD 
Monitoring Program. 

Embrace digital health care
Digital health care offerings frame your practice 
as a cutting-edge institution that prioritizes the 
latest in retina care. Although some of your 
patients might have a different concept of what 
digital health care looks like, educating them 
on the parameters of telehealth vis-à-vis retina 
care will set reasonable expectations. Imple-

mentation of digital health care platforms, such 
as the ForeseeHome AMD Monitoring Program, 
allow your practice to leverage the power of 
AI to offer care outside of your clinic, thereby 
launching your practice into the future. 
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FIGURE 1. Fundus photography shows macular drusen 
and retinal pigment epithelium changes. No evidence 
of subretinal hemorrhage was observed.  
FIGURE 2. Optical coherence tomography imaging 
revealed a small pigment epithelial detachment nasal 
to the fovea, with trace hyperreflective subretinal 
material. No frank subretinal or intraretinal fluid was 
observed.  
FIGURE 3. Late-phase fluorescein angiography 
revealed leakage consistent with a choroidal 
neovascular lesion temporal to the optic disc. This 
modality was instrumental in diagnosing the patient 
with wet age-related macular degeneration. 
(Images courtesy of Joshua Mali, MD)
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Empowering Providers with
the Multimodal Maestro2

In 2018, Topcon Healthcare launched the Maestro2, a fully 

automated, compact, comprehensive system that combines 

spectral domain optical coherence tomography (SD-OCT) and a 

non-mydriatic, high-resolution retinal camera for true-color fundus 

photography. User uptake was rapid as clinicians recognized the 

broad clinical utility and benefits of the Maestro2, and it quickly 

became the leading product in Topcon’s OCT portfolio. 

In 2019, sales of the Maestro2 topped 10,000 units, and in 2021, 

a new milestone was reached with 15,000 devices installed at 

eye care facilities around the world. Testimonials from leading 

ophthalmologists highlight the attributes of the Maestro2 and its 

value in supporting patient care.

Dee Stepheson, MD, FACS, ABES, FSEE, a cataract 

surgeon at Stephenson Eye Associates and President 

of the American Board of Eye Surgery, in Venice, 

Florida, appreciates the efficiency of scanning with 

the Maestro2 and the information it provides. Dr. 

Stephenson said, “The Maestro2 OCT is easy to use 

with a short learning curve and my technicians love 

it!  I especially like the 12x9mm wide report which includes both 

the macula and optic nerve along with a full color retinal photo in 

a single report. The Maestro2 generates beautiful, quality images 

that I use often for compare analysis and educating my patients. 

As a surgeon, I also find it to be very robust and a godsend when it 

comes to improving my workflow efficiency.”

Ursula Schmidt-Erfurth, MD, PhD, Head of the 

Department of Ophthalmology and Optometry at 

the Medical University of Vienna, Austria, describes 

the Maestro2 as an indispensable tool in her hands-

on clinical practice and a reliable partner in patient 

care. Professor Schmidt-Erfurth said, “For a clinician 

coming from academia, the Maestro2 OCT is a pleasant surprise. 

It is easy, highly efficient and intuitive to use. It provides precise 

information and it is a great tool for basing treatment decisions.”

J. Fernando Arevalo, MD PhD FACS, Edmund F. 

and Virginia B. Ball Professor of Ophthalmology, 

The Johns Hopkins University School of Medicine, 

Baltimore, Maryland and Chairman of the Department 

of Ophthalmology at Johns Hopkins Bayview Medical 

Center, Wilmer Eye Institute. Dr Arevalo highlighted 

the advantage of acquiring color fundus photographs 

and OCT images simultaneously, “Images are easy to acquire using 

the Maestro2, and it provides valuable information for clinicians with a 

single scan.”

Thoughtful design

To develop the Maestro2, engineers at Topcon Healthcare applied 

their technical expertise, understanding of the needs of the eye 

care professional, and input from knowledgeable end-users. Their 

goals were to create a complete clinical workstation that would 

enable workflow efficiency, be small enough to fit in almost any size 

consulting room, and provide a comprehensive range of detailed 

reports to assist practitioners in clinical care.  

Key Maestro2 features:

• High resolution OCT imaging and simultaneous true-color, red-

free, or infrared fundus photography with the ability to obtain 

high-quality fundus images.

• Three-dimensional OCT scanning includes widefield 12x9mm 

scanning, with seven-layer automated segmentation which 

encompasses the choroid, enables measurement and 

topographical mapping of the optic nerve and macula all, in a 

single scan.

• Complete glaucoma module: retinal thickness, retinal nerve 

fiber layer (RNFL), macular ganglion cell analysis, optic nerve 

measurements compared to a reference database, Hood report, 

trend analysis and anterior chamber imaging.

• PinPoint Registration allows multimodal observation of suspected 

pathology.

• Follow-up support for enabling clinical assessment of treatment 

response or disease progression: tracking based on the Reference 

images help compare localized areas of interest to aid in clinical 

assessment. 

• Anterior segment imaging using the optional anterior headrest 

support (HA-2). 

Simple and seamless from scanning to output

The Maestro2 can operate with fully automated alignment, focus, 

and capture capabilities, making it highly user friendly. The ease and 

convenience of image acquisition with the Maestro2 enables quality 

images to be captured even by less experienced operators, and its 

fast acquisition speed enhances patient throughput in a busy clinic 

while ensuring the testing is patient friendly. 
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• Anterior segment imaging using the optional anterior headrest 

support (HA-2). 

Simple and seamless from scanning to output
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Automated capture is initiated by a single touch after selecting the 

OCT scan type on the device touchscreen. The highly adaptable 

Maestro2 also offers a manual acquisition mode for patients who 

are particularly difficult to image. As another benefit for users 

its touchscreen monitor rotates a full 360° allowing operators to 

distance themselves from the patient or position the device in a 

tight space if needed. Remote Tablet Control is also available to 

support a social distancing protocol.†  

Topcon’s reviewer software (IMAGEnet®6) allows detailed image 

analyses and generates an extensive portfolio of reports from OCT 

macular scans, widefield OCT imaging and glaucoma scans, all 

with simultaneously captured fundus imaging. The reports include 

advanced diagnostic data to support accurate diagnosis and 

management decisions (Table).

 

Figures 1-4 show a sample report and images from patients 

presenting with various retinal pathologies.

Easy connectivity is another important feature of the Maestro2. 

All reports can be auto-exported, printed, or sent in common file 

formats, i.e., PDF, PNG, DICOM, to Harmony, Topcon’s cloud-based 

data management system, as well as to other image management 

systems or electronic medical records. 

Scan type* Data

Macula

3D Macula Report (for single eye or OU) 
6x6 mm scan report includes true-color and red free fundus photography with OCT thickness overlay, ETDRS thickness with reference 
data and OCT shadowgram, high-resolution OCT scans and 3D layer segmentation maps

5 Line Cross Report 
5-line cross scan displays horizontal and vertical B-scans (6mm, 9mm)

Widefield OCT 3D Wide Report, 12mm x 9mm
12x9mm widefield OCT scan encompasses both macula and disc with thickness metrics and reference database for a comprehensive 
assessment of eye health

Glaucoma

3D Wide Glaucoma Report, 12mm x 9mm (for single eye or OU) 
Wide, 12x9mm OU OCT scan report. Includes 45° true-color fundus photograph magnified on the nerve, RNFL thickness, disc 
topography, GCL+ thickness all with reference data

Compare Report (Change Analysis)
Used for focused bilateral glaucoma assessment

3D Wide Glaucoma Report with Visual Field Test Points (Hood Report) 
One wide, 12x9mm OCT scan generates this novel report made to simplify and accelerate glaucoma diagnostic decision-making. Helps 
visually correlate OCT structural findings to functional vulnerability

3D Disc Report with Topography (for single eye or OU) 
Optic nerve 6x6 mm OCT scans offering conventional analyses with photography in a bilateral report

3D Disc Trend Analysis (OU) Report
Longitudinal assessment of optic nerve photographs, RNFL and optic nerve data in a bilateral, change-over-time report

Central fundus 
photography

•Non-mydriatic color fundus photography
•Based on fundus only imaging or simultaneously with OCT

Panoramic fundus 
photography

•Peripheral fundus imaging
•Based on fundus only imaging with automatic selection of nine standard fields or optional manual manipulation of the patient’s fixation to 
create a mosaic image

Anterior segment 
OCT

Measurements of corneal thickness, contact lens clearance, anterior chamber angle and other anterior segment features using the 
integrated caliper tools and optional anterior segment software

*See the Topcon Maestro Report Guide for a complete list of available reports.

Conclusion

Broad capabilities, ease of use, space-saving design, and the ability 

to enhance workflow efficiency make the Maestro2 a valuable 

diagnostic tool for general ophthalmologists and specialists 

alike. Comments from key opinion leaders in the ophthalmology 

community spotlight some of the Maestro2’s features, but its rapid 

uptake with a sales record of 15,000* units in such a short time may 

be the greatest testimonial to its performance and utility. 

*15,000 units since the Maestro and Maestro2 was launched.

†Applicable distance is subject to the device’s communication 

performance and the communication environment.

Figure 3. Color fundus image and OCT scan from an 85-year-old male with retinal vein occlusion.

Figure 2. Color fundus image and OCT scan from a 71-year-old male with a full-thickness macular hole.

Figure 1. Color fundus image and OCT scan,  from a 97-year-old female with age-related macular degeneration.

Figure 4. Color fundus image, and OCT scan from a 62-year-old male with diabetic retinopathy with circinate exudates.

Note: Not all products, services or offers are approved or offered in every market and products vary from one country to another. Contact your local distributor for country-
specific information. in every market and products vary from one country to another. Contact your local distributor for country-specific information.

Staying at the Top Empowering Providers with the Multimodal Maestro v6 for Article format.indd   2-3Staying at the Top Empowering Providers with the Multimodal Maestro v6 for Article format.indd   2-3 2022/03/25   午前11:482022/03/25   午前11:48

© 2022 Topcon Healthcare © 2022 Topcon Healthcare

Sponsored by Sponsored by

Automated capture is initiated by a single touch after selecting the 

OCT scan type on the device touchscreen. The highly adaptable 

Maestro2 also offers a manual acquisition mode for patients who 

are particularly difficult to image. As another benefit for users 

its touchscreen monitor rotates a full 360° allowing operators to 

distance themselves from the patient or position the device in a 

tight space if needed. Remote Tablet Control is also available to 

support a social distancing protocol.†  

Topcon’s reviewer software (IMAGEnet®6) allows detailed image 

analyses and generates an extensive portfolio of reports from OCT 

macular scans, widefield OCT imaging and glaucoma scans, all 

with simultaneously captured fundus imaging. The reports include 
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Wide, 12x9mm OU OCT scan report. Includes 45° true-color fundus photograph magnified on the nerve, RNFL thickness, disc 
topography, GCL+ thickness all with reference data

Compare Report (Change Analysis)
Used for focused bilateral glaucoma assessment
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One wide, 12x9mm OCT scan generates this novel report made to simplify and accelerate glaucoma diagnostic decision-making. Helps 
visually correlate OCT structural findings to functional vulnerability
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Optic nerve 6x6 mm OCT scans offering conventional analyses with photography in a bilateral report

3D Disc Trend Analysis (OU) Report
Longitudinal assessment of optic nerve photographs, RNFL and optic nerve data in a bilateral, change-over-time report

Central fundus 
photography

•Non-mydriatic color fundus photography
•Based on fundus only imaging or simultaneously with OCT

Panoramic fundus 
photography

•Peripheral fundus imaging
•Based on fundus only imaging with automatic selection of nine standard fields or optional manual manipulation of the patient’s fixation to 
create a mosaic image

Anterior segment 
OCT

Measurements of corneal thickness, contact lens clearance, anterior chamber angle and other anterior segment features using the 
integrated caliper tools and optional anterior segment software

*See the Topcon Maestro Report Guide for a complete list of available reports.

Conclusion

Broad capabilities, ease of use, space-saving design, and the ability 

to enhance workflow efficiency make the Maestro2 a valuable 

diagnostic tool for general ophthalmologists and specialists 

alike. Comments from key opinion leaders in the ophthalmology 

community spotlight some of the Maestro2’s features, but its rapid 

uptake with a sales record of 15,000* units in such a short time may 

be the greatest testimonial to its performance and utility. 

*15,000 units since the Maestro and Maestro2 was launched.

†Applicable distance is subject to the device’s communication 

performance and the communication environment.
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are particularly difficult to image. As another benefit for users 

its touchscreen monitor rotates a full 360° allowing operators to 

distance themselves from the patient or position the device in a 

tight space if needed. Remote Tablet Control is also available to 

support a social distancing protocol.†  
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20 Cutting-edge AdvancementsApril 2022

device technology

By Lynda Charters; 
Reviewed by Kristen Harmon Ingenito, MBA

The glaucoma market seems to be in an 
expansion phase, as evidenced by the 
explosions in the number of new pharma-
ceutical and surgical options entering the 
marketplace. The introduction of new devices 
is possibly the single most influential factor 
currently driving the glaucoma market.

“The introduction of microinvasive glaucoma 
surgical devices [MIGS] especially has resulted 
in the opening up of the market to a new group 
of surgeons, with cataract surgeons now per-
forming combination procedures,” said Kristen 
Harmon Ingenito, MBA, vice president of Mar-
ket Scope in St Louis, Missouri, who spoke at 
the recent Glaucoma 360 New Horizons Forum, 
pointed out that the interest in MIGS has been 
increasing since this development. “The intro-
duction of new devices is resulting in increases 
in both the number of doctors performing glau-
coma procedures and the number of patients 
[who] benefit from the procedures.”

Breakdown of the market shares
The current global glaucoma product market is 
estimated to reach $6.1 billion, with pharma-
ceuticals commanding 80% of the pie. Of that 
segment, fixed-combination drugs account for 
29%; branded and generic prostaglandins are 
at 14% each; -blockers, carbonic anhydrase 
inhibitors and alpha agonists are at 7% each; 
and miscellaneous drugs are at 5%. Glaucoma 
devices represent 13% of the market, with the 
biggest share (6%) held by MIGS. The remainder 
of that segment consists of canal surgery devic-
es, tube shunts, and lasers all at 2% each, and 
other devices at 1%. These percentages divided 
up among several treatment options satisfy sur-
geons’ desire for a variety of treatment options. 

“[Although] the standard of care clearly 
remains the pharmaceutical option, surgeons 
want a variety of other options to facilitate 

treating different patients in the best way 
possible on an individual level,” Ingenito 
said. “They all do not respond well to the 
same treatment option.”

The surgical device segment is currently ex-
hibiting a “very healthy” growth phase, a great 
deal of which is the result of new treatment 
options (ie, rho kinase inhibitors and canal sur-
gery devices) that are still relatively new. “I am 
seeing a great deal of openness and willingness 
to accept new and novel technologies within 
the glaucoma space,” Ingenito said. “This is 
very exciting, considering all the new products 
on the horizon. Surgeons are willing to try new 
products to see [whether] they can realize a 
benefit for their patients and integrate them 
into their practices.”

Ingenito said she views the expansion of 
MIGS devices as somewhat of a surprise. The 
MIGS segment of the market is currently en-
joying an annual growth rate of 29%, which is 
surpassing the other devices, fixed-combina-
tion drugs, and branded prostaglandins thus 
far. This growth was driven by both cataract 
and glaucoma specialists at all stages of their 
careers. In addition, the safety profile and 
minimally-invasive nature of MIGS appeal to 
many surgeons.

Glaucoma disease population
The number of patients affected by glaucoma 
is increasing. In 2021, a total of 145.9 million 
people were estimated to be affected. By 2026, 
that number is projected to be 166 million, a 
combined annual growth rate of 2.6%. 

“The bulk of patients have primary open-an-
gle glaucoma and exfoliation glaucoma consti-
tute 67% of the population, and that percentage 
will increase to 77.1% by 2026 largely because 
of aging of the population,” Ingenito said.

Another consideration is the substantial 
number of patients with glaucoma who are 
presently undiagnosed and untreated. There 
is substantial room for growth in disease 

screening and staging, gaining a better under-
standing of which patients to treat and when 
to treat, in the choice of the best individual 
treatments and in maintaining patient adher-
ence with pharmaceuticals.

Future excitement
The enthusiasm in the glaucoma pipeline lies in 
a few areas, including the following:

 ■ Artificial intelligence (AI) has the potential 
to obtain a better understanding of the 
disease and improve the glaucoma 
diagnostic capabilities of physicians.

 ■ Many sustained-release technologies are 
in the pipelines, with the goal of improving 
efficacy and longevity of treatment.

 ■ Expansion of treatments of severe disease 
while maintaining the safety profile of MIGS 
and stents is expected.

 ■ Regulatory and reimbursement efforts are 
ongoing. 

Emerging companies
Sixty new companies have recently announced 
in 2021 their intention to enter the ophthalmic 
market and currently have no ophthalmic 
products. Ten of the 60 companies were specific 
to glaucoma, and most were investigating phar-
maceuticals or combination devices. “I am very 
excited to see where all these innovations are 
going,” Ingenito said.

The takeaways are that the specialty has 
a growing patient population, new market 
segments are being established, the market is 
accepting novel treatments, there is a continu-
ing demand for flexible and varying treatment 
options, research into disease stages and diag-
nosis is ongoing, and reimbursement continues 
to be challenging, Ingenito concluded.

Kristen Harmon Ingenito, MBA
E: kristen@market-scope.com
Ingenito has no financial disclosures related  
to this content.

The glaucoma market: Novel devices, 
drugs drive rapid, sustained expansion



21OphthalmologyTimes.com APRIL 2022

device technology

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

Ophthalmologists have seen a progression in 
cyclophotocoagulation (CPC), with each genera-
tion becoming more doctor and patient friendly. 
Shan C. Lin, MD, a glaucoma specialist at the 
Glaucoma Center of San Francisco in California, 
described the advances in the technology.

Transscleral cyclophotocoagulation
The fi rst attempt at this technology was trans-
scleral cyclophotocoagulation (TCPC), which 
has its limitations. In some cases, the treatment 
did not reach the targeted tissue because the 
tissue was not visualized, and the pars plana 
often was treated instead. In addition, there was 
the potential for the surrounding structures to 
be damaged. Excessive treatment using TCPC 
can occur and cause an audible popping and 
explosion of the ciliary processes and pars 
plana, which can result in infl ammation, such 
as cystoid macular edema (CME).

Introduction of the G-Probe Illuminate Deliv-
ery Device (Iridex Corporation) helps to address 
these problems. This technology uses a diode 
laser to treat the ciliary processes through the 
sclera and reduces the IOP by decreasing aque-
ous production. Lin cited a study1 that reported 
that the ciliary processes can range from 2.0 to 
5.0 mm behind the limbus.

Endoscopic CPC
This is a newer technology that facilitates direct 
visualization of the ciliary processes as they are 
being treated. Probes with diff erent gauge sizes 
(18-, 19-, 20-, and 23-gauge) are available for 
this intraoperative procedure. In addition, the 
availability of curved probes allows the treat-
ment of greater area within the same incision, 
according to Lin. A typical procedure, as he 
described, is one performed in a patient with 
pseudophakia through a limbal approach. “The 
goal is to cause shrinkage and whitening of the 

ciliary processes,” he said.
A study2 of endoscopic CPC that included 

a range of glaucoma types found that the IOP 
decreased from approximately 27 mm Hg 
preoperatively to approximately 17 mm Hg 
postoperatively in the 68 patients in the study. 

Micropulse technology
This is the newest of the technologies. The 
Cyclo G6 Glaucoma Laser with the MicroPulse 
P3 probe (Iridex) is a transscleral procedure 
designed to deliver laser energy in a pulse pat-
tern to avoid excessive damage to the tissues. 
This procedure also diff ers from the G-Probe 
in that the treatment with the MicroPulse P3 
probe is aimed at the pars plana rather than the 
ciliary processes, and the treatment involves a 
slow sweeping motion along the superior and 
inferior limbuses rather than the discreet spot 
placement of the G-Probe.

An advantage of this new technology is that 
it can be performed both in an offi  ce or the 
operating room, but Lin prefers performing the 
procedure in the operating room for increased 
control and patient comfort. In addition, there 
are no pops involved with the treatment, and 
the sweeping motion should avoid the 3 and 
9 o’clock positions, according to Lin. “Having 
slower sweeps with the MicroPulse facilitates 
better uptake of the laser and effi  cacy,” he said.

A study3 with follow-up of almost 7 years 
detailed the long-term effi  cacy and durability 
of this treatment. The authors reported a 43% 
reduction of IOP at 78 months in 14 patients 
and a concomitant reduction in medications 
from 1.8 to 1.1. Numerous treatments were 
needed, with the average of approximately 4.5, 
to achieve IOP lowering.

Lin also reported results of MicroPulse 
technology in a retrospective analysis of 
54 patients with a baseline IOP of 24 
mm Hg, three-quarters of whom had 
primary open-angle glaucoma. Postop-
eratively, the average IOP was 17 mm Hg 

(P = .0002). Success in this study was defi ned as 
IOP lowering of 20% or more with or without 
medications, which was met in 68% of patients. 
Seven eyes required retreatment.

Complications of the technology include rare 
unexplained visual loss, hypotony, ocular in-
fl ammation, and CME. In assessments using ul-
trasound biomicroscopy, there were no changes 
comparing before and after treatment.

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

Iridex recently introduced a new REV-2 
probe with a footplate that helps with limbal 
alignment, improves tissue coupling for better 
laser delivery, makes the technique easier to 
perform, and potentially has fewer complica-
tions. “Diode TCPC with the G-Probe is typically 
reserved for blind, painful eyes, and now is 
available with transillumination,” Lin said.

“Endoscopic CPC can be useful in some 
cases. However, there are risks associated with 
penetrating surgery,” he said. “Micropulse TCPC 
is useful for patients with refractory glaucoma, 
with less infl ammation and possibly less risk 
than with [the] diode laser.” 

References
1. Agrawal P, Martin KR. Ciliary body position variability in 
glaucoma patients assessed by scleral transillumination. Eye 
(Lond). 2008;22(12):1499-1503. doi:10.1038/eye.2008.79
2. Chen J, Cohn RA, Lin SC, Cortes AE, Alvarado JA. Endo-
scopic photocoagulation of the ciliary body for treatment of 
refractory glaucomas. Am J Ophthalmol. 1997;124(6):787-
796. doi:10.1016/s0002-9394(14)71696-4
3. Chew P, Aquino MC. Long-term e�  cacy of micropulse 
diode transscleral cyclophotocoagulation in the treatment of 
refractory glaucoma. Abstract presented at: 12th European 
Glaucoma Society Congress; June 19-22, 2016; Prague, 
Czech Republic.

Shan C. Lin, MD
E: sl@glaucomasf.com
This article is adapted from Lin’s presenta-
tion at the Glaucoma Research Foundation 
25th Annual Glaucoma Symposium. Lin is a 

consultant to Iridex Corporation.

Advances in cyclophotocoagulation: 
Good, better, best
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By Lynda Charters; 
Reviewed by Richard W. Hertle, MD

Achromatopsia is a rare autosomal recessive-
ly inherited genetic disease that aff ects pri-
marily retinal cone cells and has an incidence 
of approximately 1 in 30,000. In addition to 
poor vision, aff ected children have intense 
blepharospasm, photophobia, dyschromatop-
sia, and infantile nystagmus syndrome (INS).

Important special testing includes color 
vision, optical coherence tomography (OCT), 
fundus autofl uorescence, visual fi elds, elec-
troretinography (ERG), and genetic testing, 
according to Richard W. Hertle, MD, chief of 
pediatric ophthalmology and director of the 
Children’s Vision Center at Children’s Hospi-
tal Medical Center in Akron, Ohio.

Hertle also uses eye movement record-
ings to characterize the nystagmus and its 
response to treatment. 

These treatments include tinted spectacles 
and/or contact lenses, low-vision aids, atro-
pine drops, and patching for amblyopia, as 
well as eye muscle surgery for the nystagmus 
or any anomalous head posture and associat-
ed strabismus.

Results of achromatopsia 
data analysis
Hertle described his experience 
with 17 patients aff ected by the 
disease from 2010 to the present. 
The data were collected in a pro-
spective database that included 
routinely obtained results of 
ERG, eye movement recordings, 
visual-evoked responses, OCT, 
photography, contrast sensitivity 
function, and genetic testing. Oth-
er tests in older children included 

corneal topography, MRI, and laboratory 
testing when indicated. 

He demonstrated typical OCT fi ndings 
of disruption in the outer retinal segments, 
especially in the ellipsoidal zone. 

All 17 patients (age range from 3 months 
to 12 years; follow-up, 1-10 years) underwent 
eye muscle surgery; 13 for an associated chin-
down head posture, treating a characteristic 
up-gaze eccentric gaze null position. This in-
cluded bilateral superior rectus recession and 
inferior oblique myectomy. In the remaining 
4 patients, 2 had bilateral horizontal rectus 
surgery for a head posture and strabismus, 
and 1 each had bilateral horizontal rectus 

surgery for strabismus alone.
According to Hertle, all 17 

patients had INS, with 86% hav-
ing a newly described recording 
characteristic of achromatopsia, 
known as a dual jerk waveform, 
consisting of a high-frequency 
pendular oscillation as part of the 
nystagmus slow phase. 

The patients did not have 
vergence damping—that is, they 
did not get better when their eyes 
converged—or a latent component 

that is usually present in 40% to 50% of 
patients with INS, which can make them 
look like they have fusion maldevelopment 
nystagmus syndrome, when in fact they 
have INS. They also did not have a sponta-
neous change in direction/intensity of the 
nystagmus (periodicity). In addition, 40% had 
amblyopia and 94% had a head posture (pre-
dominantly chin down), Hertle reported.

The average preoperative visual acuity in 
all patients was poor (ie, 20/280). Postopera-
tively, the patients had a signifi cant change, 
20/180, which is a full LogMAR line of vision 
improvement. Hertle showed a before-and-af-
ter video of a patient who had markedly 
improved fi xation, decreased blepharospasm, 
and nystagmus 6 months after surgery. This 
improvement is concurrent with a signifi cant 
decrease in the dual jerk component of the 
slow phase.

Hertle said he believes contrast sensitivity 
is a superior measure of the visual system 
compared with optotype vision in patients 
with nystagmus. The results indicated that 
at the lower spatial frequencies, there was 
an improvement after eye muscle surgery, 
whereas no improvement was observed at 

Achromatopsia: New oculomotor 
characteristics of rare inherited disease
Tinted spectacles, lenses, low-vision aids, atropine drops, and patching options

A young patient is shown before a spasm and after an achromatopsia episode. 
(Images courtesy of Richard W. Hertle, MD)
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Surgical options for normalizing 
neuroadaptation in patients
Technical details, communication style key to presbyopia-correcting IOL journey

By Dain B. Brooks, MD; 
Special to Ophthalmology Times®

Today’s presbyopia-correcting IOLs, such as 
the PanOptix Trifocal (Alcon) and TECNIS 
Synergy (Johnson & Johnson Vision), incorpo-
rate very sophisticated optical technologies 
that can provide patients with an unsur-
passed range of vision. These implants, com-
bined with excellent biometry and the greater 
predictability of modern IOL formulas, have 
led to very high levels of patient satisfaction 
in my practice. I believe we are truly in a 
golden age of presbyopic vision correction.

However, we must expect there to be a 
period during which the eyes and brain adapt 
to these sophisticated optics postoperative-
ly. In most cases, neuroadaptation takes 
the form of gradually decreasing nighttime 
dysphotopsias or gradually improving clarity 
of vision. In my experience, neuroadaptation 
to presbyopia-correcting IOLs is nothing like 
the challenges that patients experience in 
adapting to monovision, or even to multifocal 
contact lenses. 

Patients can typically drive and use their 
phones from day 1. I fi nd that good patient 
selection—considering both ocular anatomy 

and patient personality—and clear commu-
nication with patients about what to expect 
postoperatively are essential for success.  

Ocular anatomy often predicts 
who will face challenges
Preoperative testing to determine candidacy 
for lens options is very important. Patients 
with unusual topography, greater amounts of 
higher-order aberrations, or unusually large 
pupils may experience more nighttime dys-
photopsias and should be counseled carefully 
if a premium lens is off ered. 

It’s also important to understand how 
preoperative phakic lens status aff ects 
postoperative impressions. Younger patients 
seeking refractive lens exchange or those 
with very mild cataracts may have never 
been challenged with quality-of-vision prob-
lems and will tend to have high expectations 
of matching their preoperative clarity. On the 
other hand, someone with signifi cant cataract 
has already adapted to glare and contrast 
loss, which is likely to be much worse than 
anything they will experience with an IOL. 

Patients know themselves best 
For me, it is fundamentally important that 

a patient have a strong desire to be specta-
cle independent. That will motivate them 
to persist and tolerate any inconveniences 
during the immediate postoperative process. 
If the surgeon has to talk someone into a 
presbyopia-correcting IOL, that is a recipe for 
potential disappointment.

I also ask patients directly about their per-
sonality traits: Are you meticulous or picky? 
Do you fl ow through vacations calmly or tend 
to tense up when you’re out of your element? 
Do you transition well or tend to get stressed 
by change? 

In my experience, patients aren’t off ended 
by this type of questioning. Rather, they ap-
preciate the chance to express their persona 
to someone who is trying to make the best 
recommendation for them.

The younger the patient, the healthier the 
crystalline lens, and the more demanding 
the personality, then the more preoperative 
counseling will be required. I don’t necessar-
ily avoid these patients, but I am direct and 
specifi c with them. I tell them they will see 
more glare and halos and that these will less-
en over time but may not go away entirely. 
After showing them images of dysphotopsias, 
I ask whether they think such symptoms 

higher spatial frequencies.
Novel fi ndings from this study included 

a dominant dual jerk INS waveform; an up-
gaze eccentric null position, with compensa-

tory chin-down head posture and improved 
binocular acuity; contrast sensitivity; anoma-
lous head posture; nystagmus; photophobia; 
and blepharospasm after eye muscle 
surgery. 

Hertle theorized that the dual jerk 
waveform may be due to developmen-
tally disrupted calibration between the 

retina, the nucleus of the optic tract, and the 
ocular motor system. 

Richard W. Hertle, MD
E: rhertle@akronchildrens.org
This article is adapted from Hertle’s presen-
tation at the Cleveland Eye Bank Foundation 
Virtual Symposium. He has no � nancial 

interest in this subject matter.

DISEASE
( Continued from page 22 )



25OphthalmologyTimes.com APRIL 2022

surgery
N

ej
ro

n 
Ph

ot
o 

@
st

oc
k.

ad
ob

e.
co

m

would bother them. If so, we may look at 
another solution that may not provide the 
same range of vision but has a lower chance 
of dysphotopsias.

Adapting to TECNIS Synergy
We have observed that patients sometimes 
fi nd that it takes time to fully appreciate crisp 
quality of vision across their full range with 
the Synergy lens. At no point have I had a 
patient tell me they can’t function at any one 
distance, but they may notice that vision 
improves from near to intermediate to far. 
I don’t see this as a problem because in the 
end, we are seeing spectacular results that 
are better than ever before (Table 1).

A golfer I recently treated is a perfect ex-
ample of this. After bilateral TECNIS Synergy 
implantation, he told me he could drive his 
golf cart around and see his scorecard with 
no problem. 

When he teed off , he could see the ball 
initially but had a little trouble tracking it 
in motion after 100 yd or so. Sunglasses in 
bright sunlight helped him in the short-term 
and within a few months after surgery, he 
had no complaints and was ecstatic about the 
visual performance of the lens.

Although I aim for plano with TECNIS Syn-
ergy, I almost always err toward the fi rst plus 

in the dominant eye and the fi rst minus in the 
nondominant eye if I have the choice. In most 
cases, this strategy provides a nice full range 
of focus, but it may not be appropriate in 
every eye. For example, if the cornea is fl atter 
centrally, that eye may need more power, so 
I’ll err toward the fi rst minus, regardless of 
ocular dominance. 

Physician communication is key
Although preoperative evaluation is 
certainly a team eff ort in our practice, I 
believe it is important for the implant 
recommendation to come directly 
from the physician rather than from a 

counselor. My goal is that after a deliberate 
and intentional process to select the best 
technology for them, patients feel understood 
and can relax and embrace the surgeon’s 
recommendation.

I try to communicate in a way that is 
sincere and reality based, projecting confi -
dence and competence. I tell patients that 
their vision will continue to get sharper—and 
they will become more and more enthusiastic 
about their vision—as the brain gets used to 
the new optics. 

Sunglasses or tinted lenses, brimonidine at 
night, or dry eye therapies may help during 
the neuroadaptation period, or at least help 
the patient feel they are participating in the 
healing process.

Being honest about potential night vision 
symptoms or delays because of neuroadap-
tation doesn’t scare patients away or dis-
suade them from making premium choices. 
It simply makes their journey with today’s 
wonderful presbyopia-correcting implants a 
better one. 

By Dain B. Brooks, MD
E: dbrooks@brookseyemd.com
Brooks is in private practice at Brooks Eye 
Associates in Plano, Texas. He has no 
� nancial relationships to disclose related to 

this article.

Month 1

Mean SE -0.15 D

Mean UDVA 20/23

Mean UIVA 20/17

Mean UNVA 20/23

(Data courtesy of Dain B. Brooks, MD)

TABLE 1

POSTOPERATIVE OUTCOMES 
WITH THE TECNIS SYNERGY IOL 
IN MY PRACTICE

STAAR Surgical Co recently an-
nounced the FDA has granted approv-
al of the EVO/EVO+ Visian Implant-
able Collamer Lens (“EVO”) for the 
correction of myopia and myopia with 
astigmatism. Myopia, which is also 
known as nearsightedness or the need 
for distance vision correction, is the 
most common vision disorder globally 
and its prevalence is rapidly growing.

An estimated 100 million US adults 
aged 21 to 45 years who have myopia 
are potential candidates for EVO, a 
biocompatible implantable lens that 
corrects distance vision.

Caren Mason, president and CEO 
of STAAR Surgical, noted that more 
than 1 million EVO lenses have already 
been implanted by doctors outside 
the US and 99.4% of EVO patients in 
a survey have stated they would have 
the procedure again. The EVO lens is 
additive, provides excellent quality of 
vision day and night, does not cause 
dry eye syndrome and is removable by 
a doctor, if ever so desired.

SCAN TO
READ MORE

more
on

surgery
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FIRST AND ONLY 
FDA-APPROVED TREATMENT 
FOR THYROID EYE DISEASE

TEPEZZA signifi cantly decreased proptosis, one 
of the most disfi guring symptoms of TED1,2,5,6

TEPEZZA and the HORIZON logo are trademarks owned by or licensed to Horizon. 
© 2021 Horizon Therapeutics plc P-TEP-00887-B 02/21

References: 1. TEPEZZA (teprotumumab-trbw) [prescribing information] Horizon. 2. Douglas RS, Kahaly GJ, Patel A, et al. Teprotumumab for the treatment of active thyroid eye disease. 
N Engl J Med. 2020;382(4):341-352. 3. Smith TJ, Kahaly GJ, Ezra DG, et al. Teprotumumab for thyroid-associated ophthalmopathy. N Engl J Med. 2017;376(18):1748-1761. 4. Smith TJ, Kahaly GJ,
Ezra DG, et al. Teprotumumab for thyroid-associated ophthalmopathy. N Engl J Med. 2017;376(18)(suppl):1748-1761. https://www.nejm.org/doi/suppl/10.1056/NEJMoa1614949/suppl_fi le/
nejmoa1614949_appendix.pdf. 5. Data on File. Horizon, December 2019. 6. Bruscolini A, Sacchetti M, La Cava M, et al. Quality of life and neuropsychiatric disorders in patients with Graves’ 
orbitopathy: current concepts. Autoimmun Rev. 2018;17(7):639-643. 7. Data on File. Horizon, December 2020. 

TEPEZZA is proven to1-4:
  Decrease proptosis1

  Improve diplopia1

   Reduce orbital pain, redness, and swelling2,3

   Improve functional vision and patient appearance2,3

…in patients with TED, without concomitant steroids 
(vs placebo at Week 24).2-4

INDICATION

TEPEZZA is indicated for the treatment of Thyroid Eye Disease.

IMPORTANT SAFETY INFORMATION

Warnings and Precautions

Infusion Reactions: TEPEZZA may cause infusion reactions. Infusion reactions have been reported in approximately 4% of patients 
treated with TEPEZZA. Reported infusion reactions have usually been mild or moderate in severity. Signs and symptoms may 
include transient increases in blood pressure, feeling hot, tachycardia, dyspnea, headache, and muscular pain. Infusion reactions 
may occur during an infusion or within 1.5 hours after an infusion. In patients who experience an infusion reaction, consideration 
should be given to premedicating with an antihistamine, antipyretic, or corticosteroid and/or administering all subsequent infusions 
at a slower infusion rate.

Preexisting Infl ammatory Bowel Disease: TEPEZZA may cause an exacerbation of preexisting infl ammatory bowel disease (IBD). 
Monitor patients with IBD for fl are of disease. If IBD exacerbation is suspected, consider discontinuation of TEPEZZA.

Hyperglycemia: Increased blood glucose or hyperglycemia may occur in patients treated with TEPEZZA. In clinical trials, 10% of 
patients (two-thirds of whom had preexisting diabetes or impaired glucose tolerance) experienced hyperglycemia. Hyperglycemic 
events should be managed with medications for glycemic control, if necessary. Monitor patients for elevated blood glucose and 
symptoms of hyperglycemia while on treatment with TEPEZZA. Patients with preexisting diabetes should be under appropriate 
glycemic control before receiving TEPEZZA.

Adverse Reactions

The most common adverse reactions (incidence ≥5% and greater than placebo) are muscle spasm, nausea, alopecia, diarrhea, fatigue, 
hyperglycemia, hearing impairment, dysgeusia, headache, and dry skin.

Please see Brief Summary of Prescribing Information for TEPEZZA on following page.

In the treatment of Thyroid Eye Disease (TED),

FIRST AND ONLY 
FDA-APPROVED TREATMENT 
FOR THYROID EYE DISEASE

SEE THE TEPEZZA DIFFERENCE7*

BASELINE
Proptosis: 19 mm OD, 20.5 mm OS

OD, oculus dexter; OS, oculus sinister.

WEEK 21: ON DAY OF 8TH INFUSION
Proptosis: 17 mm OD, 18 mm OS

* Real patient treated with TEPEZZA. Individual results may vary for patients 
treated with TEPEZZA.

† Both the safety and e®  cacy of TEPEZZA were evaluated in 2 randomized, 
double-masked, placebo-controlled clinical trials (Studies 1 and 2) 
consisting of 171 patients with TED (84 were randomized to TEPEZZA 
and 87 to placebo). The primary endpoint in Studies 1 and 2 was proptosis 
responder rate, defi ned as having a ≥2-mm reduction from baseline in 
proptosis in the study eye at Week 24 without deterioration (≥2-mm 
increase in proptosis) in the non-study eye.1

vs83%
TEPEZZA
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P<0.001 at Week 24
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Signifi cantly greater proptosis responder rate† (Study 2)1,2
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FIRST AND ONLY 
FDA-APPROVED TREATMENT 
FOR THYROID EYE DISEASE

TEPEZZA signifi cantly decreased proptosis, one 
of the most disfi guring symptoms of TED1,2,5,6

TEPEZZA and the HORIZON logo are trademarks owned by or licensed to Horizon. 
© 2021 Horizon Therapeutics plc P-TEP-00887-B 02/21

References: 1. TEPEZZA (teprotumumab-trbw) [prescribing information] Horizon. 2. Douglas RS, Kahaly GJ, Patel A, et al. Teprotumumab for the treatment of active thyroid eye disease. 
N Engl J Med. 2020;382(4):341-352. 3. Smith TJ, Kahaly GJ, Ezra DG, et al. Teprotumumab for thyroid-associated ophthalmopathy. N Engl J Med. 2017;376(18):1748-1761. 4. Smith TJ, Kahaly GJ,
Ezra DG, et al. Teprotumumab for thyroid-associated ophthalmopathy. N Engl J Med. 2017;376(18)(suppl):1748-1761. https://www.nejm.org/doi/suppl/10.1056/NEJMoa1614949/suppl_fi le/
nejmoa1614949_appendix.pdf. 5. Data on File. Horizon, December 2019. 6. Bruscolini A, Sacchetti M, La Cava M, et al. Quality of life and neuropsychiatric disorders in patients with Graves’ 
orbitopathy: current concepts. Autoimmun Rev. 2018;17(7):639-643. 7. Data on File. Horizon, December 2020. 

TEPEZZA is proven to1-4:
  Decrease proptosis1

  Improve diplopia1

   Reduce orbital pain, redness, and swelling2,3

   Improve functional vision and patient appearance2,3

…in patients with TED, without concomitant steroids 
(vs placebo at Week 24).2-4

INDICATION

TEPEZZA is indicated for the treatment of Thyroid Eye Disease.

IMPORTANT SAFETY INFORMATION

Warnings and Precautions

Infusion Reactions: TEPEZZA may cause infusion reactions. Infusion reactions have been reported in approximately 4% of patients 
treated with TEPEZZA. Reported infusion reactions have usually been mild or moderate in severity. Signs and symptoms may 
include transient increases in blood pressure, feeling hot, tachycardia, dyspnea, headache, and muscular pain. Infusion reactions 
may occur during an infusion or within 1.5 hours after an infusion. In patients who experience an infusion reaction, consideration 
should be given to premedicating with an antihistamine, antipyretic, or corticosteroid and/or administering all subsequent infusions 
at a slower infusion rate.

Preexisting Infl ammatory Bowel Disease: TEPEZZA may cause an exacerbation of preexisting infl ammatory bowel disease (IBD). 
Monitor patients with IBD for fl are of disease. If IBD exacerbation is suspected, consider discontinuation of TEPEZZA.

Hyperglycemia: Increased blood glucose or hyperglycemia may occur in patients treated with TEPEZZA. In clinical trials, 10% of 
patients (two-thirds of whom had preexisting diabetes or impaired glucose tolerance) experienced hyperglycemia. Hyperglycemic 
events should be managed with medications for glycemic control, if necessary. Monitor patients for elevated blood glucose and 
symptoms of hyperglycemia while on treatment with TEPEZZA. Patients with preexisting diabetes should be under appropriate 
glycemic control before receiving TEPEZZA.

Adverse Reactions

The most common adverse reactions (incidence ≥5% and greater than placebo) are muscle spasm, nausea, alopecia, diarrhea, fatigue, 
hyperglycemia, hearing impairment, dysgeusia, headache, and dry skin.

Please see Brief Summary of Prescribing Information for TEPEZZA on following page.

In the treatment of Thyroid Eye Disease (TED),

FIRST AND ONLY 
FDA-APPROVED TREATMENT 
FOR THYROID EYE DISEASE

SEE THE TEPEZZA DIFFERENCE7*

BASELINE
Proptosis: 19 mm OD, 20.5 mm OS

OD, oculus dexter; OS, oculus sinister.

WEEK 21: ON DAY OF 8TH INFUSION
Proptosis: 17 mm OD, 18 mm OS

* Real patient treated with TEPEZZA. Individual results may vary for patients 
treated with TEPEZZA.

† Both the safety and e®  cacy of TEPEZZA were evaluated in 2 randomized, 
double-masked, placebo-controlled clinical trials (Studies 1 and 2) 
consisting of 171 patients with TED (84 were randomized to TEPEZZA 
and 87 to placebo). The primary endpoint in Studies 1 and 2 was proptosis 
responder rate, defi ned as having a ≥2-mm reduction from baseline in 
proptosis in the study eye at Week 24 without deterioration (≥2-mm 
increase in proptosis) in the non-study eye.1

vs83%
TEPEZZA

TEPEZZA (n=41)
P<0.001 at Week 24

10%
Placebo

Placebo (n=42)

Signifi cantly greater proptosis responder rate† (Study 2)1,2

See more before and after photos
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INDICATIONS AND USAGE
TEPEZZA is indicated for the treatment of  
Thyroid Eye Disease.
WARNINGS AND PRECAUTIONS
Infusion Reactions
TEPEZZA may cause infusion reactions. Infusion reactions 
have been reported in approximately 4% of patients treated 
with TEPEZZA. Signs and symptoms of infusion-related 
reactions include transient increases in blood pressure, 
feeling hot, tachycardia, dyspnea, headache and muscular 
pain. Infusion reactions may occur during any of the infusions 
or within 1.5 hours after an infusion. Reported infusion 
reactions are usually mild or moderate in severity and can 
usually be successfully managed with corticosteroids and 
antihistamines. In patients who experience an infusion 
reaction, consideration should be given to pre-medicating 
with an antihistamine, antipyretic, corticosteroid and/
or administering all subsequent infusions at a slower 
infusion rate.
Exacerbation of Preexisting Inflammatory Bowel Disease
TEPEZZA may cause an exacerbation of preexisting 
inflammatory bowel disease (IBD). Monitor patients with 
IBD for flare of disease. If IBD exacerbation is suspected, 
consider discontinuation of TEPEZZA.
Hyperglycemia
Hyperglycemia or increased blood glucose may occur in 
patients treated with TEPEZZA. In clinical trials, 10% of 
patients (two-thirds of whom had preexisting diabetes or 
impaired glucose tolerance) experienced hyperglycemia. 
Hyperglycemic events should be controlled with 
medications for glycemic control, if necessary.
Monitor patients for elevated blood glucose and symptoms 
of hyperglycemia while on treatment with TEPEZZA. 
Patients with preexisting diabetes should be under 
appropriate glycemic control before receiving TEPEZZA. 

ADVERSE REACTIONS
The following clinically significant adverse reactions are 
described elsewhere in the labeling:

• Infusion Reactions [see Warnings and Precautions]
•  Exacerbation of Inflammatory Bowel Disease 

[see Warnings and Precautions]
• Hyperglycemia [see Warnings and Precautions]

Clinical Trials Experience
Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates 
observed in practice.
The safety of TEPEZZA was evaluated in two randomized, 
double-masked, placebo-controlled clinical studies 
(Study 1 [NCT:01868997] and Study 2 [NCT:03298867]) 
consisting of 170 patients with Thyroid Eye Disease (84 
received TEPEZZA and 86 received placebo). Patients 
were treated with TEPEZZA (10 mg/kg for first infusion and 
20 mg/kg for the remaining 7 infusions) or placebo given 
as an intravenous infusion every 3 weeks for a total of 8 
infusions. The majority of patients completed 8 infusions 
(89% of TEPEZZA patients and 93% of placebo patients).
The most common adverse reactions (≥5%) that occurred 
at greater incidence in the TEPEZZA group than in the 
control group during the treatment period of Studies 1 
and 2 are summarized in Table 1.

Table 1. Adverse Reactions Occurring in 5% or More of 
Patients Treated with TEPEZZA and Greater Incidence 
than Placebo

a - Fatigue includes asthenia
b - Hyperglycemia includes blood glucose increase 
c - Hearing impairment (includes deafness, eustachian 
tube dysfunction, hyperacusis, hypoacusis and autophony)
Immunogenicity
As with all therapeutic proteins, there is potential for 
immunogenicity. The detection of antibody formation is highly 
dependent on the sensitivity and specificity of the assay.
In a placebo-controlled study with TEPEZZA, 1 of 42 
patients treated with placebo had detectable levels of 
antidrug antibodies in serum. In the same study, none 
of the 41 patients treated with TEPEZZA had detectable 
levels of antidrug antibodies in serum.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary 
Based on findings in animals and its mechanism of action 
inhibiting insulin-like growth factor-1 receptor (IGF-1R), 
TEPEZZA may cause fetal harm when administered to a 
pregnant woman. Adequate and well-controlled studies 
with TEPEZZA have not been conducted in pregnant 
women. There is insufficient data with TEPEZZA use in 
pregnant women to inform any drug associated risks for 
adverse developmental outcomes. In utero teprotumumab 
exposure in cynomolgus monkeys dosed once weekly 
with teprotumumab throughout pregnancy resulted in 
external and skeletal abnormalities. Teprotumumab 
exposure may lead to an increase in fetal loss [see Data]. 
Therefore, TEPEZZA should not be used in pregnancy, 
and appropriate forms of contraception should be 
implemented prior to initiation, during treatment and for  
6 months following the last dose of TEPEZZA. 
If the patient becomes pregnant during treatment, 
TEPEZZA should be discontinued and the patient advised 
of the potential risk to the fetus.
The background rate of major birth defects and miscarriage 
is unknown for the indicated population. In the U.S. 
general population, the estimated background risks of 
major birth defects and miscarriage in clinically recognized 
pregnancies are 2-4% and 15-20%, respectively.
Data
Animal Data 
In an abridged pilot embryofetal development study, seven 
pregnant cynomolgus monkeys were dosed intravenously 
at one dose level of teprotumumab, 75 mg/kg (2.8-fold 
the maximum recommended human dose [MRHD] based 
on AUC) once weekly from gestation day 20 through the 
end of gestation. The incidence of abortion was higher for 
the teprotumumab treated group compared to the control 
group. Teprotumumab caused decreased fetal growth 
during pregnancy, decreased fetal size and weight at 
caesarean section, decreased placental weight and size, 
and decreased amniotic fluid volume. Multiple external 
and skeletal abnormalities were observed in each 
exposed fetus, including: misshapen cranium, closely set 
eyes, micrognathia, pointing and narrowing of the nose, 
and ossification abnormalities of skull bones, sternebrae, 
carpals, tarsals and teeth. The test dose, 75 mg/kg of 

teprotumumab, was the maternal no observed adverse 
effect level (NOAEL).
Based on mechanism of action inhibiting IGF-1R, 
postnatal exposure to teprotumumab may cause harm.
Lactation 
Risk Summary 
There is no information regarding the presence of 
TEPEZZA in human milk, the effects on the breastfed 
infant or the effects on milk production.
Females and Males of Reproductive Potential 
Contraception
Females 
Based on its mechanism of action inhibiting IGF-1R, 
TEPEZZA may cause fetal harm when administered to 
a pregnant woman (see Use in Specific Populations). 
Advise females of reproductive potential to use effective 
contraception prior to initiation, during treatment with 
TEPEZZA and for 6 months after the last dose of TEPEZZA.
Pediatric Use
Safety and effectiveness have not been established in 
pediatric patients. 
Geriatric Use
Of the 171 patients in the two randomized trials, 15% 
were 65 years of age or older; the number of patients  
65 years or older was similar between treatment groups. 
No overall differences in efficacy or safety were observed 
between patients 65 years or older and younger patients 
(less than 65 years of age).

OVERDOSAGE 
No information is available for patients who have received 
an overdosage.

PATIENT COUNSELING INFORMATION
Embryo-Fetal Toxicity
Advise females of reproductive potential that TEPEZZA 
can cause harm to a fetus and to inform their healthcare 
provider of a known or suspected pregnancy. 
Educate and counsel females of reproductive potential 
about the need to use effective contraception prior  
to initiation, during treatment with TEPEZZA and for  
6 months after the last dose of TEPEZZA.
Infusion-Related Reactions
Advise patients that TEPEZZA may cause infusion 
reactions that can occur at any time. Instruct patients to 
recognize the signs and symptoms of infusion reaction 
and to contact their healthcare provider immediately for 
signs or symptoms of potential infusion-related reactions.
Exacerbation of Inflammatory Bowel Disease
Advise patients on the risk of inflammatory bowel disease 
(IBD) and to seek medical advice immediately if they 
experience diarrhea, with or without blood or rectal 
bleeding, associated with abdominal pain or cramping/
colic, urgency, tenesmus or incontinence.
Hyperglycemia
Advise patients on the risk of hyperglycemia and,  
if diabetic, discuss with healthcare provider to  
adjust glycemic control medications as appropriate. 
Encourage compliance with glycemic control.
Manufactured by: 
Horizon Therapeutics Ireland DAC 
Dublin, Ireland
U.S. License No. 2022
Distributed by:
Horizon Therapeutics USA, Inc.
Lake Forest, IL 60045
TEPEZZA and the HORIZON logo are trademarks owned 
by or licensed to Horizon.
© 2020 Horizon Therapeutics plc L-TEP-00018 03/20

For injection, for intravenous use

Brief Summary - Please see the TEPEZZA package 
insert for full prescribing information.

Adverse 
Reactions

TEPEZZA 
N=84 
N (%)

Placebo 
N=86 
N (%)

Muscle spasms 21 (25%) 6 (7%)
Nausea 14 (17%) 8 (9%)
Alopecia 11 (13%) 7 (8%)
Diarrhea 10 (12%) 7 (8%)
Fatiguea 10 (12%) 6 (7%)
Hyperglycemiab 8 (10%) 1 (1%)
Hearing impairmentc 8 (10%) 0
Dysgeusia 7 (8%) 0
Headache 7 (8%) 6 (7%)
Dry skin 7 (8%) 0
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Aster-B: A carotenoid transporter for 
protection against retinal diseases
Transporters are key in macula pigment metabolism 

By Lynda Charters; 
Reviewed by Johannes von Lintig, PhD

Carotenoids are a familiar sight in nature 
and display as the red to orange colors of 
many fruits and vegetables, and these dietary 
pigments have important functions in the 
eye. β-carotene, an essential nutrient, is the 
major precursor of vitamin A and is converted 
to 2 metabolites: 11-cis-retinal and all-trans 
retinoic acid. 

Through those molecules, β-carotene aff ects 
major physiological functions in our body 
(ie, vision, cellular diff erentiation, metabolic 
control, reproduction, and embryonic de-
velopment and organogenesis), according to 
Johannes von Lintig, PhD, a professor in the 
Department of Pharmacology at Case Western 
Reserve University in Cleveland, Ohio.

In addition to (pro)vitamin A, other carot-
enoids are absorbed and accumulated in the 
central retina (the macula lutea) of the human 
eyes, namely lutein, zeaxanthin, and me-
so-zeaxanthin, all of which reduce chromatic 
aberrations, increase visual acuity, and prevent 
oxidative stress to photoreceptors. 

An unanswered question
Although a good deal is known about vita-
min A metabolism in the retina, von Lintig 
discussed a remaining question about the 
mechanism of carotenoid accumulation in the 
macula. A carotenoid scavenger, β-carotene-ox-
ygenase 2 (BCO2), has been identifi ed by his 
laboratory and is a mitochondrial enzyme 
expressed in the inner membrane of the mito-
chondrial that breaks down carotenoids, such 
as zeaxanthin, into smaller entities.

The enzyme is important to the colors in na-
ture, in that it is responsible for, among other 
things, the colors in betta fi sh, as von Lintig 

and colleagues from Columbia University re-
cently demonstrated. In addition, investigators 
showed that genetic variation in the BCO2 gene 
infl uences the colors of feathers and skin in 
several bird species. 

The research into cone photoreceptors 
showed some surprising fi ndings. The pho-
toreceptors are rich in mitochondria, which 
is surprising because they rely on glycolysis 
rather than respiration mediated by these 
powerhouses of the cell. 

However, the unresolved question is how the 
carotenoids enter the mitochondria. He point-
ed out that carotenoids are lipids and cannot 
simply diff use in an aqueous environment 
as sugars or amino acids do. Therefore, the 
carotenoids need specifi c transport proteins to 
move from one membrane to the other. More-
over, von Lintig looked for candidate transport 
proteins that are expressed in the photorecep-
tors and found that the one with the highest 
expression in photoreceptors is Aster-B. 

Aster-B
“Aster-B was recently characterized in the 
context of cholesterol metabolism and trans-
ports cholesterol to mitochondria for steroid 
hormone production in the adrenal gland,” 
von Lintig said. The next question addressed 
was whether Aster-B was really expressed in 
the retina. 

To answer the question, the investigators 
analyzed eye samples to determine whether 
Aster-B helped the carotenoids access the mito-
chondria. Interestingly, opposite expression 
patterns of BCO2 and Aster-B were found in 
the retina of human donor eyes. Immuno-
histochemistry showed Aster-B expres-
sion in the inner and outer segments of 
the photoreceptors.

He also reported that Aster-B proteins, 

which constitute a novel family of lipid trans-
fer proteins, have a domain-like structure. 
The proteins have a transmembrane domain 
in the endoplasmic reticulum, a lipid-binding 
domain, and a phosphatidylserine-binding 
domain that connects them to another mem-
brane. Aster-B proteins resemble bridges 
that catalyze the movement of lipids, such as 
cholesterol, from one membrane through the 
other.

To determine whether the Aster proteins 
perform the same task with carotenoids, von 
Lintig and colleagues invented a novel test 
system for which they bioengineered a new 
strain of bacteria that produced carotenoids. 
They expected that recombinant Aster proteins 
should extract the pigments form membranes 
when expressed in this bacterial strain. 

The investigators concluded that BCO2, 
which metabolizes carotenoids and expresses 
in the peripheral retina, and Aster-B, which 
transports proteins, are important players in 
macula pigment metabolism and are responsi-
ble for the distinct pattern of accumulation of 
the pigments in the human retina.

The future is Aster-B
Aster-B is a candidate gene for autosomal 
recessive neurodevelopmental disorders with 
intellectual disabilities. von Lintig explained 
that Aster-B has to be determined to be the 
defi nitive transporter of carotenoids, which 
protect the brain and the retina from oxida-
tive stress. 

Johannes von Lintig, PhD
E: Johannes.vonlintig@case.edu

This article is adapted from von Lintig’s 
presentation at the Virtual Vision Research 
Symposium. He has no � nancial interest in 
this subject matter.



30 Cutting-edge AdvancementsApril 2022

clinical diagnosis

Unraveling the mysteries of amblyopia 
and fixation eye movements
Minute movements can make a difference when treating patients

By Lynda Charters; 
Reviewed by Fatema Ghasia, MD

In patients with amblyopia, minuscule fixation 
eye movements play a major role, according 
to Fatema Ghasia, MD, associate professor 
of ophthalmology and director of the Vision 
Neuroscience and Ocular Motility Laboratory 
at the Cole Eye Institute at Cleveland Clinic 
in Ohio. The visual system contains a built-in 
paradox, she explained, in that gaze fixation 
is necessary to inspect the minute details of 
an object. When an individual is attempting 
to fixate on an image, and when the highest 
visual acuity is achieved, the eyes are not 
completely motionless, but instead, minute 
involuntary fixation eye movements counter-
act the fading of the peripheral details during 
fixation by overriding the neural adaptation.

Physiologic fixation eye movements produce 
motion that causes variability in a position 
only within the fovea—this is stable fixation. 
“In normal subjects, fixational saccades—the 
fast-time movements—alternate with intersac-
cadic drifts,” she said. “The microsaccades are 
binocular, with small amplitudes of less than 
1 degree, and they are conjugate, that is, the 
amplitude and direction are the same between 
the 2 eyes, and they occur at [approximately] 1 
to 2 per second.”

In patients with amblyopia, the picture dif-
fers in that fixation is more unstable compared 
with the fellow eye. Amblyopia is a neurode-
velopmental disorder occurring secondary to 
an abnormal visual experience during early 
childhood, and it can arise from anisometro-
pia, strabismus, deprivation, or mixed mech-
anisms that affect 2% to 4% of the population, 
Ghasia said. She demonstrated that when 
evaluating scatterplots of eye positions ob-
tained from patients with anisometropic and 

strabismic amblyopia, the eye with amblyopia 
has more fixation instability compared with 
the fellow eye.

Characterizing amblyopic  
fixation instability
Ghasia and colleagues measured fixation eye 
movements using a remote desktop camera 
to record binocular, fellow eye, and ambly-
opic viewing conditions in 115 subjects with 
anisometropic amblyopia, strabismic amblyo-
pia, or mixed amblyopia of different severities 
and controls. A representative case was that 
of a patient with severe amblyopia without 
nystagmus. The fixation was unstable in the 
amblyopic and fellow eyes, especially during 
the amblyopic eye viewing conditions. Increas-
es in the drift and amplitude of the amblyopic 
eye were seen. 

Another patient had fusion maldevelop-
ment nystagmus, or latent nystagmus, which 
develops with disrupted binocularity during 
early infancy. This patient had seesaw oscil-
lations seen during binocular viewing. The 
oscillations were more pronounced during 
fellow and amblyopia eye viewing, particularly 
during the amblyopic eye viewing condition.

Another feature of fusion maldevelopment 
nystagmus is the slow phase of the nystagmus. 
It is always directed toward the nose, Ghasia 
explained. “When the fellow eye is compared 
[with] the amblyopia eye viewing, there’s a 
reversal in the nystagmus direction, which 
is the hallmark of fusion maldevelopment 
nystagmus,” she said. 

Patients with amblyopia can also have 
nystagmus that does not meet the criteria of 
fusion maldevelopment nystagmus. She de-
scribed a patient in whom the nystagmus was 
most evident during the amblyopia viewing 
condition, as indicated by seesaw traces. “The 

key feature is that there is no direction rever-
sal of the nystagmus between the fellow and 
amblyopia eye viewing conditions,” she said.

When Ghasia evaluated the distribution of 
these fixation eye movement characteristics 
based on the amblyopia type, she found that 
patients with anisometropic amblyopia were 
less likely to have nystagmus, strabismus 
patients were more likely to have nystagmus 
with and without fusion maldevelopment 
nystagmus, and those with mixed amblyopia 
had an equal distribution of different fixation 
eye movement waveforms.

Patching 
Patching therapy is the most common treat-
ment for amblyopia. “However, despite good 
[adherence], 40% of patients have recurrent/
residual amblyopia—the predictors of which 
are the amblyopia severity and older age at 
diagnosis,” Ghasia said. Moreover, Ghasia’s 
study and those of other investigators have 
shown that fusion maldevelopment nystag-
mus worsens during monocular viewing. 
During patching therapy, the good eye is 
patched, and the amblyopia eye is viewing. 
This raises the question about whether the 
outcomes vary with patching in the presence 
of fusion maldevelopment. 

“We hypothesized that patients without 
nystagmus would respond quicker and 
have more improvement over a short period 
compared [with] those without fusion malde-
velopment nystagmus,” Ghasia said. In light of 
this, they recruited 53 amblyopic patients who 
had eye movement recordings during at least 
12 months of follow-up, following the start 
of patching therapy, and evaluated patching 
duration, extent of visual acuity improvement, 
and stereopsis improvement. 

Ghasia reported not observing a substantial 
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diff erence in patching duration but perhaps 
less vision improvement in patients with 
mixed amblyopia. She also saw better stere-
opsis in patients with anisometropic ambly-
opia. However, in the same cohort, when the 
fi xation eye movement waveform character-
istics were categorized, patients with fusion 
maldevelopment nystagmus required much 
longer treatment durations than those without 
nystagmus. In addition, the visual acuity im-
provement was less over the treatment course, 
and there was worse stereopsis with little 
improvement at the end of treatment. 

Dichoptic treatment
Interest has turned to development of newer 
treatments for amblyopia, one of which 
is dichoptic treatment. Using this therapy, 

diff erent stimuli are presented to each eye. 
Lower-contrast stimuli are presented to the 
fellow eye, and 100% contrast is presented to 
the amblyopic eye to counteract suppression 
and allow for binocular combination, Ghasia 
explained. 

Large-scale pediatric studies have shown 
mixed results regarding treatment eff ective-
ness. This raised the question about whether 
fi xation eye movement abnormalities explain 
the varying responses during dichoptic 
treatment. To answer this, they measured 
fi xation eye movement during 4 trials, when 
the amblyopic eye contrast was the same 
at 100% and the fellow eye contrast 
was lowered. 

Ghasia showed data from 2 patients 
with moderate amblyopia with small- 

angle strabismus. In the fi rst example, as the 
fellow eye contrast was lowered, the ambly-
opic eye picked up fi xation. In the second 
patient, as the fellow eye contrast was low-
ered, the strabismus angle increased and the 
amblyopic eye did not pick up fi xation. Thus, 
the fi rst patient is more likely to respond to 
the treatment than the second patient. 

She also showed data from a patient with 
anisometropic amblyopia that exhibited 
increased fi xation instability of the fellow and 
amblyopic eyes at lower fellow eye contrasts. 
The increased instability could potentially 
aff ect the ability of the amblyopic eye to 
attend to the presented targets and could have 
treatment implications.

Key takeaways 
Ghasia noted that amblyopic patients with 
and without nystagmus have increased 
fi xational instability. Fixation eye movement 
abnormalities are associated with patching 
treatment outcomes, and patients with fusion 
maldevelopment nystagmus need a longer 
duration of part-time patching. Despite mod-
est vision improvements, stereopsis is poor 
in amblyopic patients with fusion maldevel-
opment nystagmus treated with part-time 
patching.

Fixation and vergence stability increase 
during dichoptic viewing particularly at lower 
fellow eye contrasts. Patients with strabismic 
or mixed amblyopia without fusion malde-
velopment nystagmus demonstrate a fi xation 
switch in which the amblyopic eye attends to 
the target presented during dichoptic view-
ing at lower fi xation eye contrasts, whereas 
patients with fusion maldevelopment nys-
tagmus were less likely to demonstrate the 
fi xation switch. Thus, future studies quan-
tifying fi xation eye movements before and 
during treatment are critical. It may serve as a 
missing link to understanding the mechanisms 
responsible for varying therapeutic effi  cacy 
seen with current treatment regimens. 

Fatema Ghasia, MD
E: ghasiaf@ccf.org
This article is adapted from Ghasia’s presen-
tation at the Cleveland Eye Bank Foundation 
Virtual Vision Symposium. She has no 

� nancial interest in this subject matter.

Fixation Instability in Amblyopia

Fixation eye movement abnormalities in amblyopia

� Fixation instability has been reported in amblyopic patients*
� Amblyopia is a neurodevelopmental disorder secondary to abnormal visual experience 

during early childhood and can arise due to anisometropia, strabismus, deprivation or 
mixed mechanisms

 Gonzalez EG, Wong AM 2012; Subrmanian V, Jost R, Birch E 2013; Ghasia FF Plos One 2016.
 Kang S, Ghasia FF: JEMR 2019, Scaramuzzi M, Ghasia FF,
 PIBR 2018, Scaramuzzi M, Ghasia FF Plos One 2020, Scaramuzzi M, Ghasia FF Scienti� c Rep 2021
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Unraveling genes, mutations 
in inherited retinal diseases
Variable TULP1 missense mutations in inherited retinal diseases

By Lynda Charters; 
Reviewed by Stephanie Hagstrom, PhD

Investigators are beginning to crack the 200 
genes and thousands of mutations that cause 
inherited retinal dystrophies, characterized by 
progressive photoreceptor degeneration and 
vision loss. Some of these more well-known 
diseases are retinitis pigmentosa (RP), Leber 
congenital amaurosis, and cone-rod dystrophy. 

These diseases diff er from each other in the 
times of onset during patients’ lives and the 
rates of progression. They result in progressive 
loss of peripheral vision, temporarily conserved 
central vision, and ultimately total vision loss. 

The broad range of heterogeneity is the chal-
lenge in fi nding treatments for these diseases, 
according to Stephanie Hagstrom, PhD, an 
associate professor of ophthalmology in the 
Department of Ophthalmic Research at the Cole 
Eye Institute at Cleveland Clinic in Ohio. 

“The goals are to not only identify mutations 
but also identify the functional consequences of 
these mutations—ie, the disease mechanisms—
to target specifi c pathways to generate thera-
pies to slow or halt the vision loss,” she said.

TULP1 mutations
TULP1 is a photoreceptor-specifi c protein in 
the inner segment, connecting the cilium and 
synaptic terminals. A Tulp1-/- mice model is 
characterized by early-onset, progressive pho-
toreceptor degeneration that is similar to that 
in humans with RP. Hagstrom described that 
the mice show mislocalization of outer segment 
proteins. The synapses do not have a tight spa-
tial relationship between the ribbon proteins. 

In their research, Hagstrom and colleagues 
generated and studied 2 homozygous knock-
in mouse models (D94Y and F491L) that each 
express a TULP1 missense mutation that causes 

RP in humans. The diff erence between this 
research and the previously described mouse 
model is that the current models have a mis-
sense mutation and are not completely lacking 
the TULP1 gene, which facilitated a study that 
could be compared with the knockout model 
and wild-type mice to determine the mecha-
nism of photoreceptor cell death.

In the fi rst experiment, they found that in the 
wild-type and mutant mice, TULP1 is localized 
correctly and is not in the knockout model, 
as expected. The following study of retinal 
morphology showed that on postnatal day 17, 
all mutant murine retina had relatively normal 
photoreceptors. On postnatal day 60, the F491L 
model mutant had degenerating retinas, and 
the inner and outer segments were absent. In 
the D94Y model, the scenario was similar to 
the wild-type mice. “These results suggested 
the disease severity varies with the genotype in 
these TULP1 models,” Hagstrom said.

In a study of retinal function using electro-
retinography, on postnatal day 17, the inves-
tigators observed an overall reduction in the 
TULP1 knockout response and in the F491L 
model compared with the wild type. On post-
natal day 60, the a- and b-waves both decreased 
with increasing age. 

The next experiment evaluated the localiza-
tion of several outer segment-specifi c proteins, 
which had been shown to be mistraffi  cked in 
the TULP1 knockout retina. Rhodopsin was 
traffi  cked correctly in the wild-type and the 
D94Y retinas and was expressed in the outer 
segments. However, in the F491L and knockout 
models, rhodopsin was expressed in diff erent 
photoreceptor compartments.

Evaluation of the cones showed that 
cone opsins were correctly traffi  cked 
and located in the outer segments of the 
D94Y and wild-type models but were 

mislocalized throughout the photoreceptor 
compartments in the F491L mutant, similar to 
the knockout model. 

In late-stage studies, the D94Y mice were 
evaluated at 12 and 18 months to determine 
whether photoreceptor degeneration ultimately 
developed. The 1-year results showed minimal 
changes between the D94Y retina compared 
with the wild-type retinas. Less pigmentation 
was seen in the retinal pigment epithelial cells. 
A few dilated structures in the synapses led 
to evaluation of the electroretinography of the 
mice, which showed an a-wave comparable 
with that of the wild-type retinas. However, in 
the D94Y mice, the b-wave was slightly reduced 
in dark- and light-adapted conditions, indicat-
ing a defect in the photoreceptor to bipolar cell 
neuronal transmission. 

“Evidence indicates these misfolded and 
mistraffi  cked proteins initiate a pathological 
process—the endoplasmic reticulum unfolded 
protein response that disrupts these pathways—
leading to stress and eventual neuronal cell 
death,” Hagstrom said.

Based on the results, the investigators 
concluded that the 2 mutations cause variable 
retinal phenotypes, with each expressing a 
diff erent mutation, causing RP. Investigation of 
the mechanism showed activation of the endo-
plasmic reticulum stress pathway in the F491L 
model but not the D94Y model, indicating 
that diff erent mutations in the same gene may 
cause cell death because of diff erent disease 
mechanisms and may then require unique 
therapies. 

Stephanie Hagstrom, PhD
E: hagstrs@ccf.org
This article is adapted from Hagstrom’s 
presentation at the Cleveland Eye Bank Foun-
dation Virtual Vision Symposium. She has no 

� nancial interest in this subject matter. 
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Prescribing fewer drops can lead 
to an improved patient experience
The cataract surgery process continues to become more re� ned

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

Although the visual outcome may be the 
most important aspect of cataract surgery, 
a more complete measure of success is 
patients’ happiness with their experience 
every step of the way. We have conducted 
several surveys in my practice to understand 
patients’ perspective of their cataract surgery 
journey and the factors that go into their 
perception of the quality of their experience. 
In other words, what makes them happy and 
what makes them unhappy.

What our studies have found is that, when 
thinking about patients’ satisfaction with 
cataract surgery, they consider the whole 
process. This includes the preoperative visits, 
the consultation, the conversations with 
educators and counselors, and the end result. 
Patients report that the key in the equation is 
the time it took them to arrive at their desired 
outcome. When patients have diffi  culty taking 
their postoperative drops, it interferes with 
their overall perception of how well their 
procedure went. 

Pain points along the way 
We asked approximately 100 patients who 
were happy with their visual outcome at their 
last follow-up (approximately 90 days post-
operatively) to refl ect on their journey. At that 
time, our postcataract surgery drop regimen 
included an antibiotic, a nonsteroidal anti-in-
fl ammatory agent, and a steroid. The No. 1 
area of dissatisfaction by far was related to 
their drop experience. 

Patients complained about the inconve-
nience of going to the pharmacy, challenges 
obtaining the right medication, and diffi  cul-
ty remembering to take the medications, 

according to the prescribed regimen. When 
using a tapering dose of a topical steroid, it 
can be confusing for patients when the fi rst 
and second eyes are not on the same dosing 
regimen. It is also worth noting that some 
patients have physical limitations that make 
it hard for them to instill their drops. 

Patients were also troubled by the time 
it took for their vision to stabilize—they 
expected to have good vision after approx-
imately 1 week. A common comment was, 
“My vision is great now, but for the fi rst few 
weeks, it fl uctuated.” In the survey, we found 
that patients expected postoperative vision 
to be unstable to begin with, because of a 
suboptimal tear fi lm and dry eye inherent to 
the procedure, but they also expected it to 
stabilize rather quickly. When we add to that 
with preservative-containing topical drops, 
it introduces additional visual instability and 
potential for delayed stability. 

To eliminate these patient pain points, we 
were excited to incorporate the drug-delivery 
platform, dexamethasone ophthalmic insert 
0.4 mg (Dextenza; Ocular Therapeutix). This 
preservative-free intracanalicular insert, which 
is placed at the time of surgery, eliminates the 
need for a postoperative steroid drop.

Losing a drop, gaining satisfaction 
We have found that patients are very happy 
to have 1 less drop in their regiment. In our 
early experience (approximately 30 patients), 
we used the insert in 1 eye only and our stan-
dard regimen in the other, with prednisolone 
acetate. More than 90% of patients said they 
experienced a signifi cant improvement 
in overall comfort, ease of remem-
bering their drop regimen, and time 
to visual acuity stabilization with the 
dexamethasone ophthalmic insert. 

When using a steroid suspension dosed 4 
times a day, it often takes longer for vision to 
stabilize. The eye can become more irritated, 
and therefore patients tend to experience a 
longer journey to a healthy ocular surface. In 
our practice, satisfaction increased greatly 
when we removed the topical steroid from 
the equation.

Patients are well aware of the amount of 
time they spend in the practice and on the 
phone with us. Patients who use the dexa-
methasone ophthalmic insert reported higher 
satisfaction, as they did not have to call back 
because of drop problems. Before using drug 
delivery, they may have not received the 
drops we had prescribed because of a phar-
macy switch or lack of insurance coverage, 
causing offi  ce calls and frustration. Not to 
mention the time spent in the offi  ce, educat-
ing patients on postoperative drop instruc-
tions. When we eliminated the steroid drop, 
we found there was an average of 4 minutes 
of time saved per patient per visit.

Honing our procedure and 
the experience 
Today we have advanced technologies that 
benefi t every stage of cataract surgery. We are 
refi ning our surgeries, honing our skills, and 
achieving fantastic results. Why not refi ne 
our postoperative management, as well? By 
eliminating the postoperative steroid drop 
with the dexamethasone ophthalmic insert, 
we can ultimately get better quality vision 
with a quicker recovery. 

Inder Paul Singh, MD
E: ipsingh@amazingeye.com
Singh is the president of The Eye Centers 
of Racine and Kenosha, Wisconsin. He 
is a consultant and speaker for Ocular 

Therapeutix.
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Bringing biologics to eye health
Ophthalmologists, optometrists gain nonpharmacological treatment options 
for some of the eye’s most complex issues, providing better outcomes

By C. Randall Harrell, MD; 
Special to Ophthalmology Times®

With all due respect to how quickly health 
care evolves, it was not all that long ago that 
regenerative medicine—an industry that is 
expected to grow to approximately $152 
million annually by 20261—was viewed to 
be more science fiction than actual medical 
science. But that was the prevailing sentiment 
as recently as the early 1990s. Despite the 
significant medical breakthroughs we had 
already begun to achieve at that time, such as 
the Human Genome Project, cloning, radiosur-
gery, and the SmartPill, the first known usage 
of the term regenerative medicine in 19922 was 
simply attributed to something the future of 
hospitals would conduct. 

Today that future has clearly become reality, 
as the science of regenerative medicine and 
its related products can be utilized to help 
the body heal itself in a variety of ways when 
administered appropriately. As we have pro-
gressively learned more about the hundreds 
of different biological pathways in the human 
body, we’ve also gained a better understanding 
of how the body heals naturally through those 
pathways. From chronic skin wounds and 
traumatic brain injuries to diabetes and certain 
cancers, the use of regenerative medicine has 
grown exponentially. 

From an ophthalmological standpoint, 
the science—specifically through the use of 
biologic products, or those products that are 
produced from or contain components of 
living organisms—has proven effective in treat-
ing one of the most chronic and debilitating 
conditions, affecting some 350 million people 
worldwide: dry eye disease (DED). DED is a 
condition that produces a myriad of symptoms 
that develop due to a loss of homeostasis in 

the eye’s tear film. It can be managed with the 
introduction of biological eye drops admin-
istered individually or in tandem with other 
modalities based on disease severity to return 
tear film back to a state of homeostasis while 
preventing further disease progression and 
improving the corneal surface. 

Basics of biologics and regeneration
Biologics include a range of products such as 
vaccines, blood and blood components, aller-
genics, somatic cells, gene therapy, tissues, 
and recombinant therapeutic proteins.3 They 
are derived by being isolated from a variety 
of natural sources, typically proteins from 
humans, animals, or microorganisms. They 
can also consist of sugars, nucleic acids, or a 
combination of such substances. Additionally, 
biologics can be actual living entities, such as 
cells and tissues. They are acellular and com-
plex, but they are not a pharmaceutical and 
are therefore less likely to produce adverse 
effects in patients. 

Biologics work by allowing providers to 
replace the natural body elements that are 
found in humans when embryos are in utero, 
which is a controlled environment that pro-
vides all the nutrients, hormones, cytokines, 
and proteins that the body requires. It’s also 
the best-known healing environment and 
the only environment that can produce true 
scarless healing, which has always been ideal 
from a historical perspective. The ability to 
heal without scarring underscores some of the 
significant benefits that biologics offer in the 
treatment of DED and other corneal disorders, 
such as meibomian gland dysfunction, which 
is the most common cause of DED, and other 
diseases that include any inflammatory com-
ponent. There is evidence that shows that the 
use of a biologic on the cornea can significant-

ly help to keep the tear film healthy. This is 
an important factor because when meibomian 
glands are functioning properly, they pro-
duce the correct amount of lipids to cover the 
tear film surface so we don’t experience the 
evaporative loss of the aqueous layer and the 
dryness/inflammation that results.

Ophthalmologists and optometrists are also 
becoming more aware of the idea that if we 
can keep the corneal surface in good overall 
health, we can also decrease complications 
and affect outcomes with cataracts (both 
before and after surgery), photorefractive kera-
tectomy refractive surgery, and LASIK surgery, 
all of which can also result in inflammation. 

Impact of inflammation
The body heals similarly throughout, with 
certain variations. Much like in the healing 
of chronic skin wounds and ulcers, a lack of 
healing can occur on the corneal surface if 
inflammation persists. Some investigators 
have described DED as “a vicious cycle of 
corneal epithelial damage and inflammation.”4 
When the body is not in homeostasis, proteins 
will change depending on different environ-
ments and become more or less inflammato-
ry. As they change, they either change their 
environment to one that’s more of a chronic 
inflammation or to a healing environment. To 
heal properly, the right environment and the 
right proteins are needed to allow the body to 
regenerate and stimulate its own stem cells.

When chronic inflammation is present, 
patients are at higher risk for cancer because 
their cells continuously try to regenerate but 
can’t quite do so because of the nature of the 
inflammatory environment. However, when 
we can control the inflammation, the patient 
has more of a microenvironment, in which 
regeneration can also be better controlled. 
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When treating DED, various biological options 
are available, including the following:

■ Autologous serum, a blood-derived 
eye drop that mimics the biochemical 
properties of natural basal tears to heal the 
ocular surface epithelium.

■ Autologous platelet-rich plasma, a 
preparation that concentrates platelets in a 
small volume of plasma to treat the ocular 
surface.

■ Preservative-free allogeneic drops 
that can be used to stimulate stem cell 
communication without cell contact. 

In particular, allogeneic drops are becoming 
more commonly prescribed as a maintenance 
therapy for mild to moderate or severe DED, 
especially when there are corneal fi ndings 
such as punctate epithelial keratitis. Other 
conditions that respond to this treatment 
include neurotrophic keratitis and exposure 
keratitis. These drops can also be used in 
patients with DED who have not responded 
to traditional therapies and patients who have 
had postsurgical ocular surface issues. 

The use of biologics can also decrease the 
infl ammatory response associated with graft-
vs-host issues that can arise after a corneal 
transplant or other surgical procedures in 
the cornea that are common today. Other 
autoimmune diseases that result in chronic 
infl ammation, such as Sjögren syndrome, 
Stevens-Johnson syndrome, diabetes, and es-
sentially any condition in which the immune 
system is turning on itself, are also candidates 
for biological therapies.

The future from here
When we follow the science, progression has 
been enhanced by our increased knowledge of 
pathways. We don’t know everything, but we 
do know about the major pathways and the 
ones that cause the most and least amount of 
infl ammation. However, the ability to regen-
erate is the novel part of these treatments. 
That opportunity is not available with drugs, 
surgery, or radiation. 

As the science behind regenerative 
medicine continues to evolve and the fi eld 
continues to diversify, we will see more 
iterations of treatments that will help us 
to care for patients across the health care 

spectrum. We will also continue to improve 
on the eff ectiveness of treatments and how to 
administer those treatments appropriately as 
we continue to better understand the human 
body and its pathways. We will also see more 
regulation and safer care planning. 

According to the US Food and Drug Admin-
istration (FDA), there continues to be broad 
marketing of unapproved products5 described 
to be regenerative medicine therapies, such 
as natural growth hormones. Before approv-
al, these products require FDA oversight in 
clinical trials. The FDA has received reports 
of blindness, tumor formation, infections, 
and more because of the use of unapproved 
products, and all physicians are urged to act 
ethically and legally when deciding to pre-
scribe a biologic to any patient. Truth be told, 
there are not yet many products on the market 
that fi t the true biologic category, especially for 
the eye. The FDA also warns that regenerative 
medicine therapies have not been approved 
for the treatment or prevention of the follow-
ing conditions/issues: COVID-19, acute respi-
ratory distress syndrome, autism, macular 
degeneration, blindness, chronic pain, fatigue, 
neurological disorders, cardiovascular disease, 
pulmonary disease, or orthopedic conditions.

There is also misinformation that exists on 
the general use of stem cells to improve var-
ious corneal surface problems. However, the 
problem with stem cells in this regard is that 
they require a delivery system that will typi-
cally result in injection. There are reports of 
stem cell injections into the eye, causing many 
complications for patients. In addition, the uti-
lization of stem cells is not ideal because they 
are diffi  cult to grow, and if they are not 
treated correctly within the appropriate 
microenvironment and do not receive 
needed nutrients, they will die. Stem 
cells also act diff erently throughout 
diff erent parts of the body because of the 
microenvironments they are in, and if they 
are not working properly, they never quite 
heal. We can accomplish more without stem 
cells when working with products that are 
acellular, which tend to off er better delivery 
systems, such as drops, and adverse eff ects 
are not of particular concern. Medicine in 
the future will likely not need cells. Amniotic 

membrane products—although in existence 
for nearly 100 years—are also somewhat 
complicated because they cannot be put 
into a liquid form and must be removed and 
replaced to be eff ective.

We also expect to see more progress in the 
aspect of preventive care through biologics. 
Depending on when we initiate treatments, 
outcomes can signifi cantly be improved. For 
instance, if we incorporate a biologic at the 
point of mild or moderate DED, we could see 
signifi cant improvement and potentially pre-
vent severe cases by allowing the body enough 
assistance to get to a healing phase and not to 
a phase of chronic infl ammation and scarring. 
In that sense, regenerative medicine and re-
generative biologics hold a prominent place in 
our present health care space and better hope 
for the future of medicine for almost any part 
of the human body. 
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Very high-frequency ultrasound 
improves ICL sizing precision
Advancements in imaging make ICL an e� ective option for a wider range of patients

By Brett H. Mueller, II, DO, PhD; 
Special to Ophthalmology Times®

Implantable collamer lens (ICL) implantation is 
reversible, spares the cornea from permanent 
change, and expands the treatment range up 
to -20 diopter (D) for patients with myopia and 
up to 6 D for those with astigmatic myopia. 
ICL implantation can also produce excellent 
outcomes. In United States Food and Drug Ad-
ministration clinical trials of the Visian Toric 
ICL (STAAR Surgical) in patients with a mean 
myopia of -9.37 D and a mean astigmatism of 
+1.95 D, 82% of the eyes were 20/20 or better 
uncorrected, and 54% of the eyes were 20/16 
or better uncorrected.1

In a more recent retrospective study 
of my patients with Visian Toric ICL, 
87% of eyes achieved postoperative 
spherical equivalent of 0.5 D or less. 
These features and outcomes are 
among the reasons why I am an 
enthusiastic ICL devotee and why I 
recommend these implantable lenses even to 
patients with low myopia, in contrast to many 
of my peers, who relegate them to patients who 
fall outside of approved LASIK parameters.

ICL sizing
Despite over a decade of excellent outcomes, 
the ICL adoption rate is not as robust as might 
be expected. Many consider lens sizing limita-
tions to be among the factors responsible for 
underutilization. The most widely used ICL 
sizing method entails obtaining white-to-white 
(WTW) measurements and plugging the data 
into the STAAR Online Calculation and Order-
ing System. This combination results in the 
correct-size ICL in most cases, but it is also as-
sociated with rare, high-risk outlier outcomes.2

Phakic lenses occupy the space between 

the posterior surface of the iris and the 
anterior surface of the crystalline lens. 
Because of the limited space and 
the need for aqueous humor to pass 
through, it is critical to measure this 

area accurately before surgery. 
Precise sizing of the ICL is crucial 

because it aff ects the vault. Ideally, 
the size of the vault should be approximately 
250 to 750 �m. If a vault is less than 250 �m, 
there is a risk of anterior subcapsular cataract 
formation. A vault greater than 750 �m risks 
pupillary block glaucoma and crowding of the 
angle, with possible iris chafi ng and resultant 
loss of pigment.2

Very high-frequency ultrasound
My practice is among the fi rst in the US to 
adopt an innovative very high–frequency ul-
trasound (VHFUS) device—the ArcScan Insight 
100 (ArcScan)—that, among other things, im-
proves the precision of ICL sizing. The device 
can image behind the iris, clearly visualizing 
the sulcus (the space between the iris and the 
ciliary body). 

Although traditional ultrasound biomicros-

copy (UBM) can also visualize this space, the 
Insight 100 obtains exceptional resolution and 
repeatability. The device maintains a consistent 
perpendicularity and distance from the eye, 
with a robotically controlled 50 MHz ultrasound 
transducer and automatic focal depth settings. 
The Insight 100’s measuring calipers are accu-
rate to within 0.12 mm laterally behind the iris. 
Each preoperative imaging scan set includes 7 
meridians to cover the desired area of the lens 
footplate location. In addition to determining 
the exact lateral space, the resulting images can 
be used to detect the presence of ciliary cysts or 
other pathologies, aiding surgical planning.

High-risk outcomes are rare in refractive 
surgery practices, but because of the sizing 
challenges and the unlikely—though possible—
event of pupillary block glaucoma or cataract 
formation, the fi rst 24 hours after ICL implan-
tation can be stressful. Surgeons like me, who 
perform a high volume of ICL procedures, have 
had the experience of implanting a lens that is 
too small or too large, then having to remove 
the lens or do an ICL exchange. The ArcScan 
system essentially eliminates that concern and 
enables me to off er this excellent refractive sur-

FIGURE 1. The ArcScan Insight 100 can measure anterior chamber depth; anterior 
chamber angle; angle-to-angle; anterior chamber width, measured scleral spur to 
scleral spur; angle recess-to-angle-recess lens rise; sulcus-to-sulcus; sulcus-to-
sulcus lens rise; and ciliary body inner diameter. 

1
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gery option to my patients, with a high 
degree of confidence in both its efficacy 
and safety.

Eliminating outliers
External ocular measurements are 
still the criteria most often used to 
determine ICL size. However, there 
are many more factors beyond WTW 
measurements that must be con-
sidered. For instance, in addition to 
sulcus-to-sulcus measurements, the 
Insight 100 can measure anterior 
chamber depth; anterior chamber 

angle; angle-to-angle; anterior chamber 
width, measured scleral spur to scleral 
spur; angle recess-to-angle recess lens 
rise; sulcus-to-sulcus lens rise; and 
ciliary body inner diameter (Figure 1).

The goal of these measurements is 
to reduce lens exchange to a very rare 
event. Once we secure the detailed in-
traocular measurements and put them 
into the ArcScan digital template, we 
upload the data to the London Vision 
Clinic free online ICL sizing calculator 
(www.iclsizing.com), which uses a ded-
icated nomogram to predict the vault 

for each ICL size (Figure 2). 
This process has enabled us to eliminate the outliers. The no-

mogram factors in the inner ciliary body diameter, the lens rise, 
the scotopic pupil size, and the lens power. When we have those 
4 measurements, we can reduce the scatter of the postvault by a 
factor of 4, according to Dan Reinstein, MD, who is responsible 
for the ICL sizing nomogram and much of the research behind 
the ophthalmic VHFUS measurement technology.

The Insight 100’s ICL sizing capability eliminates the risk of 
size-related complications by selecting a lens based on direct 
measurements of the posterior chamber. By producing VHFUS 
images instead of those captured by analogue UBM systems or 
WTW measurements, accuracy is assured to within 1.0 µm at 
the cornea and 0.12 mm laterally behind the iris.3

Retrospective study
We performed a retrospective study that observed our ICL 
patient cohort to assess the accuracy and predictability of 
utilizing the Insight 100 in conjunction with the online London 
Vision Clinic guide. Analysis of the first 86 eyes of 160 ICL 
patients identified for this study revealed that we were able to 
get within 300 µm—half the thickness of a cornea—of the pre-
dicted ICL vault size 97% of the time with the ArcScan system.

Eliminating the outliers has enhanced our confidence in this 
procedure even further, and we believe surgeons who have 
been on the fence about offering ICLs to their patients will be 
more likely to include these lenses in their armamentarium if 
concerns about high-risk outliers are eradicated. Surgeons will 
often use ICLs only if a patient is not a LASIK candidate, but 
we offer ICLs to any patient with myopia or astigmatic myopia 
who falls within the approved treatment parameters—even 
those who have lower prescriptions. 

We are not afraid of encountering high-risk outcomes 
because we are confident about the accuracy and precision we 
achieve with the Insight 100. Based on my experience with 
the ArcScan Insight 100, I believe VHFUS will become the 
gold standard of ICL sizing. And with our ability to predict the 
ICL vault to this level of accuracy, I anticipate that there will 
be further adoption of ICLs by refractive surgeons. 
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FIGURE 2. The London Vision Clinic free online ICL sizing calculator 
uses a dedicated nomogram to predict the vault for each ICL size. 
(Images courtesy of Brett Mueller, DO, PhD)
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FROM THE PAGES OF

Digital patient engagement tackles the labor 
crisis, improves the patient experience
By David Peterson

The detrimental effects of COVID-19 changed health care 
possibly forever. Patients are demanding more control and a 
safer, more simplified experience. For health care workers, 
the pandemic has led to increased burnout, concerns about 
workplace safety, and staffing shortages that threaten not only 
patient care but also the entire provider ecosystem.

Approximately 30% of health care workers are considering 
leaving their profession altogether and approximately 60% 
reported impacts to their mental health, stemming from their 
work during the COVID-19 pandemic, according to a 2021 sur-
vey conducted by the Washington Post and the Kaiser Family 
Foundation. This unprecedented labor shortage trend is also 
expected to continue through 2022 and beyond, according to 
predictions released by Moody’s Investors Service.

Consumerism and the labor shortage
The far-reaching impact of this labor shortage begs the 
question: What can hospitals and physician practices do 
to alleviate patient and staff fears, continue delivering an 
outstanding experience, and protect their financial viability? 
The choice is easy. If nothing is done or progress is made 
slowly, they risk the fate of Blockbuster Video. Embracing 
technologies that other industries have used for decades to 
solve similar challenges will more than likely lead to greater 
productivity, satisfaction, and financial success.

The simple truth is health care consumers of all ages 
now expect digital solutions that enable them to engage 
with their care as easily as they book travel or shop online. 
Giving patients the digital tools to self-serve will directly 
reduce staffing pressure experienced by every health care 
provider in the nation. 

There is also value for hospitals; by utilizing patient-facing 
technology, facilities can increase patient volume and related 
revenue, improve efficiencies, and decrease costs.

Automating self-registration and myriad other tasks as-
sociated with appointments reduces the burden on existing 
staff, freeing them for higher-value tasks, which also creates a 
clearer path of advancement for entry-level staff, contributing 
to lower attrition and recruiting demands.

Bridge staffing gaps with smart technology
Patient access typically requires a small ecosystem of staff—
all of whom are in alarmingly short supply right now. By 
adopting proven technology and automation, providers can 

reduce the resources they need and dramatically increase 
the productivity of the staff they do require. Consolidating 
systems and deploying 1 comprehensive platform that com-
plements the clinical tools of an electronic health record en-
ables the flexibility for patients and staff to share responsibil-
ity for completing the financial and administrative aspects of 
health care. Integrating intuitive solutions for digital patient 
intake, engagement, and access creates a true win-win.

Give patients what they want 
Implementing technologies that leverage adaptive rule en-
gines, robotic process automation, and artificial intelligence 
into the patient intake, engagement, and access processes 
doesn’t just reduce the labor resources required—patients 
prefer the experience because they’re used to it in other 
aspects of their lives. Easy-to-use text messaging, email, and 
voice technologies, along with highly intuitive digital-us-
er experiences on their own devices, help automate and 
simplify the patient journey safely from preregistration to 
discharge. Benefits include the following:

 ■ Self-registration saves time, eliminates errors, and 
increases satisfaction by allowing patients to provide, 
review, and edit demographic information, upload 
identification and insurance cards using their mobile 
phone’s camera, and digitally complete and sign other 
forms for preregistration and registration/check-in.

 ■ Patients get accurate out-of-pocket cost estimates they 
can trust to make payments with a single click, which 
alleviates their financial anxiety and optimizes cash 
collections and revenue for providers.

 ■ Health care facilities can communicate timely 
preservice information, such as fasting reminders and 
directions to the site of care, and conveniently add the 
appointment to the patient’s digital calendar.

 ■ Predefined and custom text messaging can 
acknowledge patient arrival and provide a QR code 
that serves as a pass to quickly enter the facility and go 
directly to their service location, making long, crowded 
waiting a thing of the past.

Patients want access to digital engagement solutions that 
create a safer and more customer-friendly experience, where-
as providers must be nimble to adapt to labor and staffing 
challenges and reduce costs. Thankfully, it’s never been easier 
to deliver singular solutions that address both. 
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By David Hutton

As the nation continues to emerge from the 
COVID-19 pandemic, the American Society of 
Cataract and Refractive Surgery (ASCRS) will 
host its 2022 ASCRS and American Society 
of Ophthalmic Administrators (ASOA) Annual 
Meetings on April 22-26 in Washington, DC, at 
the Walter E. Washington Convention Center. 

This year’s ASCRS annual meeting will high-
light the latest in clinical techniques, unveil 
the latest industry trends and innovations, 
and offer a chance to network with peers. 
According to Steve Speares, executive director 
of ASCRS, when attendees convene for the 
annual meeting later this month in the nation’s 
capital, they will have plenty of options to 
choose from.

“We feel very good about how the meeting 
is shaping up,” he said. “It is a jam-packed 
schedule.”

A live Eyecelerator event will be held on 
April 21, which is a joint venture with the 

American Academy of Ophthalmology. “We 
are trying to foster an environment that 
nourishes and feeds innovation in our field,” 
Speares said. “This event has interesting con-
tent around intellectual property [and] digital 
ophthalmology.” The event also will focus on 
therapeutic areas with advancements, includ-
ing cornea, cataract, and refractive. Speares 
also noted that Subspecialty Day remains a 
popular program and will include a pair of 
first-time chairpersons, with Cathleen McCabe, 
MD, in Refractive Day and Marjan Farid, MD, 
overseeing Cornea Day.

The Ophthalmology Quicksand Chronicles 
is a new offering this year that features physi-
cians discussing “quicksand” moments during 
their careers, when procedures didn’t go as 
expected. “This has been very well received,” 
Speares said. “They discuss how to get the best 
outcome possible when things go wrong.”

ASCRS will hold its business meeting to dis-
cuss financial results on April 22. “We also will 
have a session to review our bylaws,” Speares 

said. “It has been [over] a decade since they 
have been revised, and a lot of technology has 
come into the realm of association education.”

Party for a Purpose is also new this year, 
and it will be hosted at the Renaissance 
Hotel. “Registration is looking very strong. 
The exhibit hall is packed, and many of our 
international attendees will be back this year,” 
Speares said. “We want to celebrate that with 
a DJ party.” During the party, there will be an 
appeal to support the ASCRS Foundation and 
its mission. All attendees are invited to attend 
the party. 

This year’s event was originally contracted 
to be held in Philadelphia, Pennsylvania, 
but concerns about the facilities led ASCRS 
officials to seek another option. “The size of 
our organization [limits] the number of cities 
where we can hold our meetings,” Speares 
said. “We had a successful meeting in Wash-
ington, [DC], in 2018, and there is so much to 
do and see.” ASCRS officials then approached 
the city to facilitate moving the 2022 event to 

A Capital event 

ASCRS kicks 
off 2022 annual 

meeting 
 in Washington, DC

focal points
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Washington, DC. “This has led to a collabora-
tive relationship that has resulted in Washing-
ton, [DC], being added to our regular rotation,” 
Speares said. 

The skills labs and roundtables continue to 
be popular among attendees, and roundtable 
off erings have been increased for this year’s 
event. “It is that interaction that everyone is 
looking for,” Speares said. “That is the genesis 
of creating these roundtables.”

As for attendance, Speares said the 2021 AS-
CRS Annual Meeting in Las Vegas, Nevada, was 
at nearly 60% of a typical meeting. This year, 
he said he is confi dent the 2022 meeting will 
be safe and well attended. “We are going to put 
on the best meeting we can,” he said. “We don’t 
have any numbers in mind, and we want to 
give attendees as much fl exibility as possible.”

Below are some highlights of the 2022 ASCRS 
and ASOA Annual Meetings:

Friday, April 22
ASCRS Subspecialty Day is a popular day 
during ASCRS, featuring Refractive Day, Glau-
coma Day, and Cornea Day.

During Glaucoma Day, physicians can learn 
skills to improve patient outcomes, with guid-
ance for glaucoma treatment. Glaucoma Day 
is sponsored by the ASCRS Glaucoma Clinical 
Committee and features presentations from 
speakers, case studies, discussions, and videos 
of some of the latest surgical techniques. This 
year’s program cochairmen are Leon W. Hern-
don, MD, and Nathan Radcliff e, MD. 

Refractive Day, which is sponsored by the 
ASCRS Refractive Surgery Clinical Committee, 

off ers a detailed program to enrich skills and 
deepen understandings of a variety of refrac-
tive techniques. This program is a wide-rang-
ing overview of advancements in refractive 
surgery, providing innovative techniques 
and new surgical technologies that will help 
surgeons improve outcomes for their patients. 
The co-chairpersons for this program are Cath-
leen McCabe, MD, and Vance Thompson, MD. 

Cornea Day is sponsored by the ASCRS Cor-
nea Clinical Committee and features program-
ming on challenging cornea cases, anterior and 
posterior lamellar surgery, controversies, and 
management of severe ocular surface diseases. 
It will highlight cataract and refractive surgery, 
including case and video presentations. The 
session also will take a deep dive into where 
the cornea fi eld has been and where it is going. 

With the latest in clinical techniques, 
industry trends and innovations, and a 
chance to network with peers, attendees 
will have plenty of options to choose from.

focal points
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Marjan Farid, MD, and Francis Mah, MD, are the 
co-chairpersons for this program. 

Young Eye Surgeons (YES) Skills Labs are 
designed for residents, fellows, and oph-
thalmologists who are in their first 5 years 
of practice. This program requires separate 
registration. 

The Satellite Continuing Medical Educa-
tion (CME) Program, the Ophthalmology 
Quicksand Chronicles, will be held from 
11:45 am to 1 pm and will discuss some of the 
unexpected and even vulnerable “quicksand” 
moments that an anterior segment surgeon 
can be faced with at any given time. 

Attendees will gather for the ASCRS 
ASOA Party for a Purpose, which is an  
opportunity to socialize with industry thought 
leaders, colleagues, and exhibiting partners. 
The evening will include philanthropy, danc-
ing, and live music. 

Saturday, April 23
The ASCRS Opening General Session 
will kick off with Program Chairman Edward 
Holland, MD, interviewing incoming ASCRS 
President Douglas Rhee, MD.

The ASCRS Binkhorst Lecture will be given 
by Rosa Braga-Mele, MD, a professor of ophthal-
mology on the Faculty of Medicine at the Uni-
versity of Toronto in Canada. She is a cataract 
specialist and educator who speaks frequently 
at both the national and international levels on 
advanced surgical techniques and innovations 
in phacoemulsification surgery, complicated 
cataract cases, and IOL development. 

The Chang-Crandall Humanitarian Award 
will be presented to Roger Ohanesian, MD. 
This honor is sponsored by a gift from David 
and Victoria Chang and was established to 
honor and recognize outstanding humanitari-
an work in cataract blindness.

The ASCRS Educator Award will be present-
ed to Mitchell Weikert, MD. This honor was es-
tablished this past year to recognize individuals 
who commit time and talents to educate others 
in the field and foster clinical excellence. 

The ASCRS Ophthalmology Hall of Fame 
will induct the late Roger Steinert, MD, (1950-
2017) and George Spaeth, MD. 

Spaeth is a Yale University and Harvard Med-
ical School graduate and is the Lewis J. Esposito 
Glaucoma Research Professor at the Wills Eye 
Hospital, where he is also director emeritus. 
Additionally, he is a professor of ophthalmol-
ogy at the Sidney Kimmel Medical College at 
Thomas Jefferson University in Philadelphia, 
Pennsylvania. During his research career, he 
has focused on the characterization and natural 
history of cardinal manifestations of glaucoma. 
He is a founding member and was the first pres-
ident of the American Glaucoma Society. 

Steinert, who passed away in 2017, im-
proved corneal transplantation techniques, 
replacing a handheld surgical blade-based ap-
proach with the IntraLase femtosecond laser. 
He also spent over 20 years on the Harvard 
Medical School faculty before moving to the 
University of California, Irvine, School of Med-
icine, becoming chairman of the Department 
of Ophthalmology and founding director of the 
Gavin Herbert Eye Institute. 

The Keynote will feature a discussion with 
Chris Wallace, of CNN, who will present the 
keynote discussion, titled “The US Political 
Landscape ’22 and Beyond,” during the Open-
ing General Session.

Roundtable Discissions will be held on a 
first-come, first-served basis and will feature 
an array of experts. It is limited to only ASCRS 
MD/PhD registrants. 

The Satellite CME Program will be offered 
from 3:30 pm to 6 pm. This session will 
discuss how refractive surgery techniques and 
technologies can be implemented to provide 
refractive independence over the lifetime of a 
patient, solve complicated refractive chal-
lenges, and enhance the results of previous 
refractive surgeries. It also includes network-
ing with faculty. 

The Complicated Case Video Symposium 
will be held from 1:30 pm to 3 pm and will 
include attendee-submitted case videos, which 
will be discussed by the panel. The audience 

will vote, and the panel will award The Golden 
Apple to the best teaching case.

YES Skills Labs will offer a full day of pro-
graming. 

Sunday, April 24 
The Richard L. Lindstrom, MD, Lecture 
will be presented by Warren Hill, MD. This 
lecture was established in 2021 to recognize 
the contributions made by Richard L. Lind-
strom, MD, to ASCRS and ophthalmology and 
honors individuals who have made significant 
contributions in anterior segment surgery. 

The Satellite CME Program will offer 2 pro-
grams. The first, Glaucoma Treatment Spectrum, 
will be held from 11:30 am to 1 pm and will offer 
participants a review of surgical and therapeutic 
glaucoma treatments. The second session, Phaco 
FUNdamentals, will be offered from 3:30 pm 
to 6 pm. Attendees will discuss principles for 
adjusting and optimizing phaco machine settings 
for both routine and complex cases. 

Skills Transfer Labs offer an opportunity for 
a hands-on learning experience for physicians. 
Attendees must be registered for the meeting to 
attend Skills Transfer Sessions, which are open 
only to physicians. An additional registration is 
required for each Skills Transfer Session. 

Roundtable Discussions will also be held. 

Monday, April 25
The Charles D. Kelman, MD, Innovator’s 
Lecture will be presented by Francis Price Jr, 
MD, during the Innovator’s General Session. 
This lecture recognizes the work of industry 
leaders whose creativity and innovation has 
benefited ophthalmologists and their patients. 

Roundtable Discussions and Skills  
Transfer Labs will be offered. 

Tuesday, April 26
The Best of ASCRS 2022 General Session 
offers a review of some of the most import-
ant and interesting papers presented at the 
annual meeting from among the Best Paper 
of Session winners. 

focal points
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ARVO 2022 
Accelerating discovery through team science
By Lynda Charters

The Association for Research in Vision and 
Ophthalmology (ARVO) 2022 Annual Meet-
ing will focus on the idea that “challenges in 
vision science can be overcome by collabora-
tion and free sharing of ideas within interdis-
ciplinary teams.” 

The meeting off ers investigators and clini-
cians 2 meeting options: They can come in 
person on May 1-4 at the Colorado Convention 
Center in Denver or participate in a virtual 
program on May 11-12, during which all con-
ference off erings will be available worldwide.  

As always, ARVO has a great deal to off er in 
the form of symposia, mini symposia, paper 
and poster presentations, award lectures, 
special interest group meetings, cross-sec-
tional group meetings, and workshops—all of 
which are sprinkled throughout the meeting. 
Attendees can consult the program for the 
times of each session. The schedule illustrates 
the scope of the conference and is available 
online at www.arvo.org. 

The following represent a sampling of the 
conference highlights.

Preconference events
A couple of special events will take place on 
the evening before the offi  cial ARVO kickoff .

Saturday, April 30, the Dowling Society 

Reception is scheduled from 5:30 pm to 6 
Ppm. All times are local. This invitation-only 
gathering will recognize individuals for their 
signifi cant support for eye and vision research.

This year’s ARVO Foundation Award recipi-
ents are Susan Epstein, RN, JD; Ingrid Kreissig, 
MD; and Paul Sternberg Jr, MD, FARVO.

The Dowling Society meeting will be fol-
lowed immediately by the ARVO Foundation 
Gala Awards Ceremony from 6 pm to 6:45 pm.

ARVO program
The annual meeting offi  cially opens on Sun-
day, May 1, at 10:30 am to 11:45 pm, with the 
keynote address titled, “History and Biology of 
Coronaviruses: The Story Behind COVID-19,” 
delivered by Susan Weiss, PhD, who is vice–
chairwoman and professor in the Depart-
ment of Microbiology at Perelman School of 
Medicine at the University of Pennsylvania in 
Philadelphia.

Symposia
Five symposia are set during the event. 

May 1
On Sunday, May 1, from 8 am to 10 pm, these 
topics include the following: 

■ Cell-Based Therapies for Vision 
Restoration 

■ Cellular Senescence and Immune 

Response in Ocular Health and Disease 
■ New Vision for Restoring Visual System 

Dysfunction: Role of Neuromodulation 
and Optogenetics in Rehabilitation 

May 3
On Tuesday, May 3, from 8 am to 10 am, the 
symposia continue and address the following: 

■ Autophagosomes, Lysosomes and Other 
-somes: Their Role in Ocular Tissues 
Homeostasis 

■ Retinal Cell Biology Entering Human Era 

Mini symposia
Mini symposia are available each day of the 
conference. 

May 1
On Sunday, May 1, from 12:15 pm to 2 pm, the 
following presentations are off ered:

■ Cellular Reprogramming and 
Regenerative Strategies to Treat Ocular 
Diseases 

■ Decoding the Transcriptional and 
Epigenetic Dynamics Generating Cell-
Type Populations in the Developing 
Retina 

■ Keratoconus—A Physiological Optics 
Perspective 

■ Social Determinants of Eye and Vision 
Health 

S O A R I N G  I N  D E N V E R
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 ■ Visual Perception and Eye Movements: A 
Common Link 

 ■ On Monday, May 2, from 12:30 pm to 2:15 
pm, the topics include the following:

 ■ Advances and Insights into Retinal 
Disease, Therapy and Development Using 
Human Retinal Organoids 

 ■ Innovation in Simulation-Based 
Ophthalmic Surgical Training Delivery 

 ■ Segmental Aqueous Humor Outflow and 
Its Role in IOP Regulation 

 ■ The Microbiome and Ocular Health 
 ■ Vergence Abnormalities and Adaptations: 
Insights from Animal and Human Studies 

May 2
On Monday, May 2, from 3 pm to 4:45 pm, the 
offerings include the following:

 ■ Molecular Determinants of Variable 
Phenotypes in Ocular Disorders 

 ■ Optoretinography: Technique and 
Findings for Understanding Retinal 
Function 

 ■ Oxidative Stress in Age-Related Eye 
Diseases—What Do We Know Now? 

 ■ Retinal Ganglion Cells and Reflexive 
Vision 

May 3
On Tuesday, May 3, from 3:30 pm to 5:15 pm, 
the focus is on the following:

 ■ Vice Presidential Minisymposium: 
Frontiers in Structural Biology and 
Biochemistry of the Retina 

 ■ Modulation of the RPE’s Immunogenic 
Phenotype in Disease 

 ■ Ocular Surface Disorders: Biology, 
Pathology, and Mechanism 

 ■ Seeing beyond the Eye—Disciplinary 
Affiliation in Research Collaboration 

May 4
On Wednesday, May 4, from 12:30 pm to 2:15 
pm, the symposia wrap up with these topics:

 ■ AI: Opportunities for Reverse Translation? 
 ■ Beyond the Retina: The Impact of Vision 
on Behavior 

 ■ Emerging and Re-emerging Viruses: 
Pathobiology and Ocular Manifestations 

Cross-sectional sessions
A cross-sectional platform session is offered 
for those investigators whose interests are not 
easily defined by just 1 section.

Sunday, May 1, from 2:45 pm to 4:15 pm:  
AI-Based Imaging Biomarker: New Updates 
and Real-World Implementation 

Monday, May 2, from 10 am to 11:30 pm: 
Spotlight on Macular Disease: Impact on 
Everyday Function and Wellbeing 

Tuesday, May 3, from 1 pm to 2:30 pm: 
Gene Editing Technologies: From Basic 
Understanding of Ocular Development and 
Inherited Disease to Novel Therapeutic 
Approaches 

Members-in-Training (MIT) 
Outstanding Poster Awards
During this special event, the first authors of 
the 5 abstracts with the highest scores that are 
scheduled as poster presentations from each 
scientific section and cross-sectional group 
will be eligible for consideration as award 
recipients and invited to participate in the 
virtual MIT Outstanding Poster Award Compe-
tition during the annual meeting. One award 
recipient will be selected from each scientific 
section and cross-sectional group. Award 

recipients will be announced at the Closing 
Keynote session during the annual meeting.

On Wednesday, May 4, from 5:30 pm to 6:15 
pm, ARVO 2022 will close with a keynote ad-
dress, titled, “Accelerating Ophthalmic Discov-
ery and Technology Translation through Team 
Science.” Speakers Cynthia A. Toth, MD, the 
Joseph A.C. Wadsworth Distinguished Professor 
of Ophthalmology and professor of biomedical 
engineering at Duke University Medical Center 
in Durham, North Carolina, and Joseph A. Izatt, 
PhD, the Michael J. Fitzpatrick Distinguished 
Professor of Engineering and Professor of 
Ophthalmology at Duke University Pratt School 
of Engineering, will share the stage and discuss 
how they approach complex problems that 
require crossing classical institutional/scientific 
divisions and boundaries. 

COVID-19 considerations
Attendees must be fully vaccinated for 
COVID-19, as defined by the Centers for 
Disease Control and Prevention and the World 
Health Organization. There are no exemp-
tions to this rule. Vaccine verification will be 
handled through Clear Health Pass. Attendees 
within the US will upload their vaccination 
information into the Clear app. International 
attendees will show their vaccination cards 
and travel information.

The ARVO organizers emphasize the 
following:

 ■ Regardless of Denver mandates, 
attendees will be required to wear masks 
in the Convention Center.

 ■ Rooms will be set to allow for social 
distancing and will be cleaned between 
sessions.

 ■ Hand sanitizing stations will be available 
throughout the convention center.

The Association for Research in 
Vision and Ophthalmology (ARVO) 
2022 Annual Meeting schedule is 

available by scanning this QR code. 

Scan here to register for the 
Association for Research in Vision 
and Ophthalmology (ARVO) 2022 
Annual Meeting.

schedule + registration
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CONTINUING MEDICAL EDUCATION

D
ry eye disease (DED) is a multifactorial condition that a� ects 
the ocular surface and results in loss of homeostasis of the tear 
� lm and symptoms such as discomfort and visual distur-
bances.1 Although approximately 6.8% of adults in the United 

States have DED, it is believed to be underdiagnosed.2 Estimates of DED 
in the global population range up to 50%.3 Patients who have glaucoma 
or retinal disease or who are undergoing corneal or cataract procedures 
may be especially susceptible because ocular surface damage is a signi� -
cant etiological factor in the development of DED. Here are 3 things you 
should know about managing comorbid DED.

1 Minimizing treatment-related 
burdens can improve ocular 
surface health.

Glaucoma-related ocular surface disease a� ects 40% to 
59% of patients with glaucoma, leading to decreased adherence to topical 
intraocular pressure-lowering drops and poor quality of life.4,5 As the 
number of drops increases, patient persistence with therapy decreas-
es and the risk and severity of dry eye increase.6,7 Preservatives in the 
ophthalmic solutions or the medications themselves can be detrimental 
to the ocular surface.7 � e preservative benzalkonium chloride can 
reduce corneal and conjunctival cell viability and increase in� ammatory 
markers. Prostaglandin analogs, which are among the most widely used 
topical glaucoma therapies, are associated with meibomian gland dys-
function (MGD), a common cause of evaporative DED.8

Essential management strategies for comorbid glaucoma and DED 
include recognizing and treating DED early as well as minimizing the 
e� ects of topical glaucoma therapies on the ocular surface. � e use of 
preservative-free topical therapies can reduce ocular surface damage, 
and advances in the treatment of glaucoma can help limit drop burden, 
including selective laser trabeculoplasty, minimally invasive glaucoma 
surgeries and the bimatoprost sustained-release implant.9-11

Patients with retinal disease, such as diabetic macular edema and 
age-related macular degeneration, may require frequent—o� en month-
ly—intravitreal anti-vascular endothelial growth factor (VEGF) injec-
tions.12 DED is commonly associated with intravitreal injections, and 
many patients with retinal disease are already at risk of DED due to age 
or other systemic disorders.12

In addition to the chronic disruption of the ocular surface with 
frequent injections, the application of povidone-iodine during the 
procedure to prevent endophthalmitis can have damaging e� ects on the 
ocular surface.13 Managing DED in patients with retinal disease includes 
recognizing and treating ocular surface issues; in addition, the use of 

anti-VEGF therapies with extended treatment intervals can reduce treat-
ment burden.14,15

2 Dry eye assessment and management 
are essential to perioperative care.

Corneal and cataract procedures can induce or exac-
erbate DED through mechanisms such as corneal de-

nervation or ocular surface damage from surgery-related medications.16

However, according to the Tear Film and Ocular Surface Society Dry Eye 
Workshop II iatrogenic report, the optimal management of refractive 
surgery- or cataract surgery-induced dry eye is detection and treatment 
prior to surgery.17 Many cases of preoperative dry eye symptoms are a 
result of evaporative DED due to MGD.17

Various questionnaires and diagnostic tests can be used to assess DED 
pre- and postoperatively, including the Ocular Surface Disease Index (to 
measure symptoms), tear � lm breakup time, the Schirmer test (to evaluate 
tear volume), ocular surface staining and osmolarity tests.18 Assessment for 
MGD may also include gland expression and meibography.

Treatment of DED is o� en individualized. In cases of MGD, eyelid 
hygiene with antiseptic lid wipes, warming and compression are usual 
initial treatments. Several agents with novel mechanisms of action for 
MGD are also being investigated, including those listed above.19-21

3 Neuromodulation is an emerging 
treatment option for DED.

� e use of neuromodulation is emerging as a novel 
approach for DED that can also reduce eye drop burden 

for patients. Electronic and pharmacologic therapies that stimulate the 
nasolacrimal re� ex through trigeminal nerve endings in the nose have 
become available. Stimulation of the peripheral 
branch of the trigeminal nerve through 
sensory receptors in the nasal mucosa 
activates the nasolacrimal re� ex and 
results in tear production from the 
lacrimal functional unit.22 � e 
lacrimal functional unit not only 
produces the aqueous components 

“One type of patient we see with dry eye is someone 
with another eye problem—that may be retinal 
disease, glaucoma, lid disease, or corneal disease—
and they require a prioritized reduction in the 
interventions they’re receiving because their life is 
so complicated, compliance is globally abysmal and 
cumulative surface toxicity is [a] much higher risk.”   

—John D. Sheppard, MD, MMSc, FACS

AGENT MECHANISM

AZR-MD-001
Keratolytic that breaks bonds in 
abnormal keratin proteins and 
softens meibum

NOV03

Spreads across the ocular 
surface to decrease water 
evaporation from tear fi lm and 
dissolves viscous meibum

TP-03 Targets Demodex mites

Table. Investigational Agents for MGD

Stimulation of the 
trigeminal nerve activates 
the nasolacrimal refl ex.



PBOphthalmologyTimes.com SECTION 202246 Ophthalmology Times®APRIL 2022

CME Provider Contact Information
Physicians’ Education Resource®, LLC
2 Clarke Drive, Suite 110, Cranbury, NJ 08512
Toll-Free: 888-949-0045 | Local: 609-378-3701 | 
info@gotoper.com

CONTINUING MEDICAL EDUCATION

of tears but mucin and lipid components as well, 
resulting in multilayer, physiologic tears.23

� e � rst intranasal neurostimulator for DED 
treatment was an electronic device cleared for 
marketing by the United States Food and Drug 
Administration (FDA) in 2017, but this device has 
since been discontinued due to production expenses 
and low sales.23 An external nasal stimulation device 

used bilaterally twice daily was cleared for market-
ing as treatment for DED by the FDA in 2020 and 
has been shown to improve Schirmer scores with no 
device-related serious adverse events.24

Varenicline nasal spray, a pharmacologic tear 
stimulator, was approved by the FDA in 2021 to 
treat signs and symptoms of DED.25 It acts as an 
agonist on nicotinic acetylcholine receptors on the 

trigeminal nerve, activating the nasolacrimal re� ex. 
In two clinical trials, signi� cantly more patients 
treated with varenicline 0.03 mg achieved at least 
a 10-mm increase in Schirmer score from baseline 
compared with the control (P = .01; P < .001).26,27

Transient sneezing was the most common adverse 
event reported, and cough and nasal and throat 
irritation were also reported.

1  Which class of topical glaucoma therapies has been shown to be particularly associated with a higher risk of obstructive meibomian gland 
dysfunction (MGD) compared with other classes? 

A. α-adrenergic agonists
B. β-blockers

C. Prostaglandin analogs 
D. Rho kinase inhibitors

2  The Tear Film and Ocular Surface Society Dry Eye Workshop II iatrogenic report recommends which of the following strategies as the optimal management 
for refractive surgery-induced dry eye?

A. The use of photorefractive keratectomy (PRK) rather than laser-assisted in situ keratomileusis (LASIK)
B. Using a superior hinge position rather than a temporal hinge position 
C. Detection and treatment of preoperative dry eye
D. Focusing on treating dry eye for 2 to 4 weeks in the postoperative period, given its prevalence 

3  Which of the following is a true statement regarding the nasolacrimal refl ex and its potential role in treating dry-eye disease?

A. The fi rst approved therapy targeting this mechanism of action was a medication.
B. Stimulation of sensory receptors in the nasal mucosa can result in physiologic tears. 
C. Intranasal stimulation results in aqueous tear secretion, but not production of other tear components such as mucin and lipids.
D. An intranasal electrical stimulator was removed from the market due to safety concerns.
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D
iabetic retinopathy (DR) is a common complication of 
diabetes that can lead to the breakdown of the blood-reti-
nal barrier (BRB) and subsequent diabetic macular edema 
(DME).1 DME is the primary cause of blindness in patients 

with diabetes, and treatment is necessary to preserve visual function.2

Globally, approximately 7% of patients with diabetes have DME.3 It can 
occur during any stage of DR, but its prevalence rises with increasing 
DR severity.2 DME is caused by leakage of plasma into the macula and 
presents as macular thickening with or without hard exudates in the 
posterior pole.4 Here are 3 things you should know about corticoste-
roids for DME treatment.

1 Infl ammation is a signifi cant factor 
in the pathogenesis of DME.

� e BRB controls � uid and electrolyte balance into 
and out of the retinal space, and its breakdown results 

in vascular permeability and DME.4 Chronic hyperglycemia leads to 
DME through activation of the polyol, hexosamine, advanced glycation 
end-products and protein kinase C pathways; activation of these major 
biochemical pathways results in increased oxidative stress, in� amma-
tion and hypoxia.4 Oxidative stress and in� ammation lead to increased 
expression of vascular endothelial growth factor (VEGF) and in� am-
matory cytokines.5

VEGF, a strong inducer of vascular permeability and angiogenesis, 
is upregulated by hypoxia.6 � e role of the VEGF-A subtype has been 
widely established in DR and DME.5 Although elevated concentrations 
of VEGF have been found in patients with DME, in� ammation also 
plays a critical role in its development.5 Patients with DME have been 
shown to have higher intraocular levels of in� ammatory mediators in-
cluding placental growth factor (PlGF), platelet-derived growth factor 
(PDGF), interleukin (IL)-6, IL-8, monocyte chemoattractant protein-1 
(MCP-1), intercellular adhesion molecule-1 (ICAM-1) and interfer-
on-inducible 10-kDa protein (IP-10).1 ICAM-1 expression on the en-
dothelial surface triggers leukocyte adhesion and capillary obstruction, 
and hypoxia then results in additional production of VEGF.

2 Anti-VEGF therapies have limitations.

Initial treatment for DME typically involves the use of 
anti-VEGF agents, which include a� ibercept, o� -label 
bevacizumab and ranibizumab.7 Targeting VEGF leads 

to decreased angiogenesis and vascular permeability but has no e� ect 

on in� ammatory mediators. Although treatment is successful in many 
patients, some do not respond to these therapies or they develop DME 
a� er discontinuation.1 In the Diabetic Retinopathy Clinical Research 
Network (now the DRCR Retina Network) Protocol I study, a� er 3 
years of anti-VEGF treatment, only half of the patients achieved pro-
nounced visual gains of at least 10 Early Treatment Diabetic Retinop-
athy Study letters in best-corrected visual acuity (BCVA).8 In patients 
with limited early treatment response, improvement remained limited 
over the 3-year follow-up period. An analysis of the DRCR.net Protocol 
T study (NCT01627249) comparing the 3 anti-VEGF agents found that 
up to 66% of eyes had persistent DME despite 6 monthly treatments.9

Anti-VEGF injections also require frequent administration in a 
health care setting due to their short duration of action, representing 
a burden for patients.10 Additionally, establishing optimal treatment 
frequency remains a challenge. During treatment initiation, monthly 
injections are required but then treatment intervals may be extended 
based on patient-speci� c factors.10 Over the 2-year study period of 
Protocol T, the median number of injections needed ranged from 15 
to 16.11 However, in real-world settings, patients are getting as few as 
3 to 7 injections annually, resulting in inferior visual outcomes when 
compared with patients enrolled in randomized 
clinical trials.12

3 Corticosteroids are a possible 
option for DME treatment.

Given the suboptimal response to anti-VEGF therapy 
that some patients have and the role that in� ammatory 

cytokines play in DME, corticosteroids can be considered a treatment 
option because they reduce the production of multiple cytokines as well 
as VEGF-A.6 � e intravitreal corticosteroids dexamethasone, � uocino-
lone acetonide (FA) and triamcinolone acetonide (TA) have been studied 
in DME; a summary of studies and the United States Food and Drug 
Administration-approved indications are listed in the Table. Corticoste-
roids are associated with the risk of adverse events such as increases in 
intraocular pressure and cataract progression.13 Suprachoroidal injections 
are a novel method of delivery aimed at limiting corticosteroid exposure 
to the anterior space, and suprachoroidal TA has been approved for 
uveitic macular edema and is being studied in DME.14

Patients with DME have higher intraocular 
levels of infl ammatory mediators

PIGF
PDGF 
IL-6

IL-8
MCP-1
ICAM-1

IP-10

DME persists in many patients 
despite anti-VEGF injections
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To learn more about this topic, including information on 
the role of corticosteroids in the treatment of DME, 

go to gotoper.com/mxf22dme-act

1  Which of the following is true regarding therapy for diabetic macular edema (DME)? 

A. Afl ibercept, bevacizumab and ranibizumab target VEGF and several cytokines to prevent DME.
B. Corticosteroids target VEGF-A and VEGF-B only, which limits potential adverse effects of steroids.
C. Corticosteroids have no effect on retinal thickening. 
D. Corticosteroids prevent DME by targeting both VEGF and multiple cytokines.

2  A 65-year-old woman with a 17-year history of type 2 diabetes and a 5-year history of diabetic retinopathy with macular edema has been treated initially 
with ranibizumab and then afl ibercept therapy for the last year. Although her retinal exams showed mild improvement earlier, recent exams show no further 
improvement. What is the next best step for managing her condition?

A. Stop her anti-VEGF therapy.
B. Switch to bevacizumab. 
C. Consider a dexamethasone implant and discuss the safety and effi cacy of this therapy with the patient.
D. Switch to ranibizumab.

Claim Your CME Credit at: 
gotoper.com/mxf22dme-artCME POST-TEST QUESTIONS

For a full list of references go to gotoper.com/mxf22dme-art
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A meta-analysis of 
the use of corticosteroids 
in DME found that dexa-
methasone implants, FA 
implants, and intravitreal 
TA injections improved 
BCVA in patients with 
DME and reduced cen-
tral macular thickness.20

Although TA requires 
more frequent treatment 
and lacks FDA approval 
for DME, TA was not 
inferior to dexametha-
sone or FA. Limited data 
were available regarding 
elevations in intraocular 
pressure.

AGENT FDA-APPROVED INDICATION EFFICACY DATA
Dexamethasone 
intravitreal 
implant

Treatment of DME in patients who are 
pseudophakic or phakic and scheduled 
for cataract surgery15

In the MEAD study (NCT00168389), a signifi cantly greater percentage 
of patients achieved at least a 15-letter improvement in BCVA in the 
dexamethasone implant groups vs the sham group.16

FA 0.19 mg 
intravitreal 
implant

Treatment of DME in patients who have 
previously been treated with a course of 
corticosteroids and did not have clinically 
signifi cant rise in intraocular pressure17

In the FAME study, FA implant was signifi cantly more effective than a sham 
injection for improvement of baseline BCVA of 15 or more letters at 36 
months.18

TA intravitreal 
injection Not approved for DME

In the DRCR.net Protocol I study, TA with prompt laser photocoagulation 
was comparable with ranibizumab in reduction of central subfi eld thickness 
and resulted in comparable visual acuity gains in an analysis of pseudophakic 
eyes.19

TA 
suprachoroidal 
injection

Not approved for DME
The TYBEE trial (NCT03126786) compared suprachoroidal TA plus afl ibercept 
with afl ibercept monotherapy, with no signifi cant differences in BCVA gains 
but fewer treatments in the suprachoroidal TA plus afl ibercept group.14

Table. Corticosteroids in the Treatment of DME

BCVA, best-corrected visual acuity; DME, diabetic macular edema; FA, � uocinolone acetonide; TA, triamcinolone acetonide.
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See the e� ect of GA progression 
on your patients

PROGRESSION IN GEOGRAPHIC ATROPHY 
IS RELENTLESS AND IRREVERSIBLE1-4

While GA progression may appear to move slowly, 
it can affect your patients faster than you think1,4-6

The consequences of Geographic Atrophy (GA) are too critical to be ignored7-9

GA lesions can lead to visual impairment even before they reach the fovea1,5,6

2 OUT OF 3 PATIENTS
lost the ability to drive in a median 
time of <2 years according to a 
retrospective study (n=523)10†

IN A MEDIAN OF ONLY 2.5 YEARS,
GA lesions encroached on the fovea 
according to a prospective AREDS study 
(N=3640)2*
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