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The latest research shows potential

Do vitamins have 
     an eff ect on GA?
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Ken loves to golf — Dr. Khanani loves to keep him golfi ng for longer. 

Ken is a real patient with 
GA, and Dr. Arshad Khanani 
is his retina specialist who 
treats his GA with IZERVAY.

Moments like this deserve your protection.

Dr. Arshad Khanani is a compensated physician.

INDICATION

IZERVAY™ (avacincaptad pegol intravitreal solution) is indicated for the treatment of geographic atrophy (GA) 

secondary to age-related macular degeneration (AMD)

IMPORTANT SAFETY INFORMATION

CONTRAINDICATIONS

IZERVAY is contraindicated in patients with ocular or periocular infections and in patients with active 

intraocular infl ammation.

WARNINGS AND PRECAUTIONS

Endophthalmitis and Retinal Detachments

• Intravitreal injections, including those with IZERVAY, may be associated with endophthalmitis and 

retinal detachments. Proper aseptic injection technique must always be used when administering 

IZERVAY in order to minimize the risk of endophthalmitis. Patients should be instructed to report 

any symptoms suggestive of endophthalmitis or retinal detachment without delay and should be 

managed appropriately.

References: 1. Holz FG, Strauss EC, Schmitz-Valckenberg S, van Lookeren Campagne M. Geographic atrophy: clinical features and potential 

therapeutic approaches. Ophthalmology. 2014;121(5):1079-1091. 2. Izervay. Package insert. Northbrook, IL: Astellas Pharma US, Inc.; 2025.

3. Syfovre. Package insert. Waltham, MA: Apellis Pharmaceuticals, Inc.; 2025. 4. Astellas Pharma US, Inc. Izervay. Data on File. 



Protect healthy retinal cells for longer with IZERVAY1,2

*As of 08/25. Based on samples and commercially distributed vials.
†Based on Symphony data from 3/24-7/25. May not represent entire population.

Demonstrated safety through 2 years in the GATHER trials2

Consistent real-world safety across more than 400k vials distributed.2,4*

In 2 clinical trials of 624 people, IZERVAY was proven to reduce the annualized rate 
of GA lesion growth by 18%-35% in one year compared to those who were not treated.2

Only IZERVAY showed effi cacy at one year in two Phase 3 trials2,3

Treat GA to help preserve 
vision for longer1,2

Scan to explore IZERVAY: 
The #1 prescribed FDA-approved 
treatment for new GA patients4†

IMPORTANT SAFETY INFORMATION (CONT’D)

WARNINGS AND PRECAUTIONS (CONT’D)

Neovascular AMD

• In clinical trials, use of IZERVAY was associated with increased rates of neovascular (wet) AMD or choroidal 
neovascularization (7% when administered monthly and 4% in the sham group) by Month 12. Over 24 months, 
the rate of neovascular (wet) AMD or choroidal neovascularization in the GATHER2 trial was 12% in the IZERVAY 
group and 9% in the sham group. Patients receiving IZERVAY should be monitored for signs of neovascular AMD.

Increase in Intraocular Pressure

• Transient increases in intraocular pressure (IOP) may occur after any intravitreal injection, including 
with IZERVAY. Perfusion of the optic nerve head should be monitored following the injection and 
managed appropriately.

ADVERSE REACTIONS

Most common adverse reactions (incidence ≥5%) reported in patients receiving IZERVAY were conjunctival 

hemorrhage, increased IOP, blurred vision, and neovascular age-related macular degeneration. 

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

Copyright © 2025 Astellas Pharma Inc. or its affi liates. All trademarks are the property of their respective owners. 
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IZERVAY™ (avacincaptad pegol intravitreal solution)

Rx only
Brief Summary: This information is not comprehensive. Visit  
IZERVAYecp.com to obtain the FDA-approved product labeling or call  
800-707-4479.
1 INDICATIONS AND USAGE

IZERVAY is indicated for the treatment of geographic atrophy (GA) 
secondary to age-related macular degeneration (AMD).
2 DOSAGE AND ADMINISTRATION

2.1 General Dosing Information

IZERVAY must be administered by a qualified physician.
2.2 Recommended Dosage

The recommended dose for IZERVAY is 2 mg (0.1 mL of 20 mg/mL solution) 
administered by intravitreal injection to each affected eye once monthly 
(approximately every 28 ± 7 days).
4 CONTRAINDICATIONS

4.1 Ocular or Periocular Infections

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

IZERVAY is contraindicated in patients with active intraocular inflammation.
5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis and Retinal Detachments

Intravitreal injections may be associated with endophthalmitis and 
retinal detachments. Proper aseptic injection techniques must always 
be used when administering IZERVAY in order to minimize the risk of 
endophthalmitis. Patients should be instructed to report any symptoms 
suggestive of endophthalmitis or retinal detachment without delay, to 
permit prompt and appropriate management.
5.2 Neovascular AMD

In the GATHER1 and GATHER2 clinical trials, use of IZERVAY was 
associated with increased rates of neovascular (wet) AMD or choroidal 
neovascularization (7% when administered monthly and 4% in the sham 
group) by Month 12. Over 24 months, the rate of neovascular (wet) AMD or 
choroidal neovascularization in the GATHER2 trial was 12% in the IZERVAY 
group and 9% in the sham group.  Patients receiving IZERVAY should be 
monitored for signs of neovascular AMD.
5.3 Increase in Intraocular Pressure

Transient increases in intraocular pressure (IOP) have been observed after 
an intravitreal injection, including with IZERVAY. Perfusion of the optic nerve 
head should be monitored following the injection and managed as needed.
6 ADVERSE REACTIONS

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

• Ocular and periocular infections
• Active intraocular inflammation
• Endophthalmitis and retinal detachments
• Neovascular AMD
• Increase in intraocular pressure

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 the clinical trials of another drug and may not reflect the 
rates observed in practice.
The safety of avacincaptad pegol was evaluated in 733 patients with 
AMD in two sham-controlled studies (GATHER1 and GATHER2). Of these  
patients, 292 were treated with intravitreal IZERVAY 2 mg (0.1 mL of 20  
mg/mL solution). Three hundred thirty-two (332) patients were assigned 
to sham.
Adverse reactions reported in ≥2% of patients who received treatment with 
IZERVAY pooled across GATHER1 and GATHER2, are listed below in Table 1.
Table	1:	Common	Ocular	Adverse	Reactions	(≥2%)	and	greater	than	Sham	

in Study Eye

Adverse Drug Reactions IZERVAY 

N=292

Sham 

N=332

Conjunctival hemorrhage 13% 9%

Increased IOP 9% 1%

Blurred Vision* 8% 5%

Choroidal neovascularization 7% 4%

Eye pain 4% 3%

Vitreous floaters 2% <1%

Blepharitis 2% <1%

*  Blurred vision includes visual impairment, vision blurred, visual acuity 
reduced, visual acuity reduced transiently.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy Risk Summary

There are no adequate and well-controlled studies of IZERVAY 
administration in pregnant women. The use of IZERVAY may be 
considered following an assessment of the risks and benefits.
Administration of avacincaptad pegol to pregnant rats and rabbits 
throughout the period of organogenesis resulted in no evidence of adverse 
effects to the fetus or pregnant female at intravenous (IV) doses 5.5 times 
and 3.4 times the human exposure, respectively, based on Area Under the 
Curve (AUC), following a single 2 mg intravitreal (IVT) dose (see Data).
In the U.S. general population, the estimated background risks of major birth 
defects and miscarriage in clinically recognized pregnancies is 2-4% and 
15%-20%, respectively.
Animal Data

An embryo fetal developmental toxicity study was conducted with 
pregnant rats. Pregnant rats received daily IV injections of avacincaptad 
pegol from day 6 to day 17 of gestation at 0.1, 0.4, 1.2 mg/kg/day. No 
maternal or embryofetal adverse effects were observed at any dose 
evaluated. An increase in the incidence of a non-adverse skeletal variation, 
described as short thoracolumbar (ossification site without distal cartilage) 
supernumerary ribs, was observed at all doses evaluated. The clinical 
relevance of this finding is unknown. Plasma exposures at the high dose 
were 5.5 times  the human AUC of 999 ng•day/mL (23976 ng•hr/mL) following 
a single 2 mg IVT dose.
An embryo fetal developmental toxicity study was conducted with pregnant 
rabbits. Pregnant rabbits received daily IV injections of avacincaptad pegol 
from day 7 to day 19 of gestation at 0.12, 0.4, 1.2 mg/kg/day. No maternal or 
embryofetal adverse effects were observed at any dose evaluated. Plasma 
exposure in pregnant rabbits at the highest dose of 1.2 mg/kg/day was 3.4 
times the human  AUC of 999 ng•day/mL (23976 ng•hr/mL) following a single 
2 mg IVT dose. 
8.2 Lactation

There is no information regarding the presence of avacincaptad pegol 
in human milk, or the effects of the drug on the breastfed infant or on 
milk production. Many drugs are transferred in human milk with the 
potential for absorption and adverse reactions in the breastfed child.
The developmental and health benefits of breastfeeding should be 
considered along with the mother’s clinical need for IZERVAY and any 
potential adverse effects on the breastfed infant from IZERVAY.
8.4 Pediatric Use

Safety and effectiveness of IZERVAY in pediatric patients have not 
been established.
8.5 Geriatric Use

Of the total number of patients who received IZERVAY in the two clinical 
trials, 90% (263/292) were ≥65 years and 61% (178/292) were ≥75 years of age. 
No significant differences in efficacy or safety of avacincaptad pegol were 
seen with increasing age in these studies. No dose adjustment is required in 
patients 65 years and above.

Distributed by: Astellas Pharma US, Inc.
Northbrook, IL 60062

Copyright © 2025 Astellas Pharma Inc. or its affiliates. All trademarks 
are the property of their respective owners. 
US-AP-2400552 02/25
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+
ecently, revakinagene taro-

retcel-lwey (Encelto, Neuro-

tech) was FDA-approved as 

the f irst-ever treatment for 

slowing the progression of macular 

telangiectasia type 2 (Mac Tel). The 

device contains genetically modifi ed 

cells that release ciliary neurotrophic 

factor. With any new therapy comes 

a myriad of questions and concerns. 

Some have likened Encelto to the 

complement inhibitors for geograph-

ic atrophy, as both slow down pro-

gression but don’t reverse it. The rate 

of ellipsoid zone loss with Encelto 

was more favorable, ranging from 

31 to 55 percent over 24 months in 

two parallel Phase III trials, com-

pared to around 20 percent with the 

complement inhibitors.1 However, 

neither therapy has demonstrated 

definitive functional vision preser-

vation. Encelto showed significant 

reductions in retinal sensitivity loss in 

one of the two Phase III trials. Oth-

erwise, visual acuity, reading speed 

and visual function questionnaires 

were similar between the treated and 

sham groups.

The other concern that has been 

voiced is that Mac Tel is slowly pro-

gressive and few patients complain 

of any defi cits. I agree many patients 

fall into this category, but in speak-

ing to some in more detail, I realize 

that many are just doing their best to 

adapt to their slowly changing reality. 

The majority of my patients have 

been referred in because they were 

noticing diffi  culties with vision in one 

eye. While we bank on the other eye 

carrying them through, what if it, 

too, goes down the tubes? We’ve then 

lost our opportunity to save vision.

Finally, there’s the surgical aspect 

that we must consider, including the 

risks involved and, ultimately, cost. 

The data seems to be showing better 

effi  cacy with earlier treatment, but 

is it risky to put this into someone’s 

better-seeing eye, especially if the 

patients who really want it are the 

ones who have already lost signifi cant 

central vision in the fi rst eye? While 

the device seemed to have low rates 

of adverse events, there are still the 

usual risks of surgery. It’s also im-

portant to consider the issues with 

miosis and dark adaptation which 

are related to the release of CNTF. 

On the fl ip side, this can be a one-

and-done procedure, unlike comple-

ment inhibitors that require repeated 

intravitreal injections. Compared to 

gene therapy where there’s no kill 

switch, the device can be removed if 

there are adverse reactions.

We’re in an exciting time with new 

treatment options becoming avail-

able for both established and new in-

dications. It’s great to be able to off er 

something now for our Mac Tel pa-

tients. While it won’t be for everyone, 

my sense is that some patients could 

see a lot of potential upside in being 

able to slow down the disease. 
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INDICATIONS AND USAGE

ENCELTO is an allogeneic encapsulated cell-based gene therapy 
indicated for the treatment of adults with idiopathic macular 
telangiectasia type 2 (MacTel).

IMPORTANT SAFETY INFORMATION

CONTRAINDICATIONS 

ENCELTO is contraindicated in patients with active or suspected 
ocular or periocular infections, and in patients with known 
hypersensitivity to Endothelial Serum Free Media (Endo-SFM). 

WARNINGS AND PRECAUTIONS

ENCELTO implantation surgery and/or implantation related 
procedures have been associated with the following: 

Severe Vision Loss

Severe vision loss defined as three or more lines of visual acuity loss 
[≥15 Early Treatment Diabetic Retinopathy Study (ETDRS) letters] has
occurred following ENCELTO implantation. Monitor patients for signs
and symptoms of vision loss and manage as clinically indicated.

Infectious Endophthalmitis

Infectious endophthalmitis may occur following ENCELTO
implantation. Signs and symptoms of infectious endophthalmitis
include progressively worsening eye pain, vision loss, or
scleral and conjunctival injection. To mitigate the risk of
endophthalmitis, use proper aseptic surgical technique for
ENCELTO implantation. Monitor patients for signs or symptoms of
infectious endophthalmitis. Remove ENCELTO implant if infectious
endophthalmitis occurs and manage symptoms according to
clinical practice.

Retinal Tear and Detachment

Retinal tears and retinal detachment may occur following ENCELTO
implantation. Signs and symptoms of retinal tears include acute
onset of flashing lights, floaters, and/or loss of visual acuity. Signs
and symptoms of retinal detachment may include progressive visual
field loss and/or loss of visual acuity. Use standard vitreoretinal
surgical techniques during ENCELTO implantation to minimize
the risk of retinal tears and retinal detachment. Monitor for any
signs or symptoms of retinal tear and/or retinal detachment. Treat
rhegmatogenous retinal detachment and retinal tears promptly.
Remove ENCELTO implant, if vitrectomy with a complete gas fill or
silicone oil fill is required.

Vitreous Hemorrhage

Vitreous hemorrhage, which may result in temporary vision loss,
has occurred following ENCELTO implantation. Patients receiving
antithrombotic medication (e.g., oral anticoagulants, aspirin,
nonsteroidal anti-inflammatory drugs) may be at increased risk of
vitreous hemorrhage. To reduce the risk of vitreous hemorrhage,
interrupt antithrombotic medications prior to the ENCELTO
implantation. Vitrectomy surgery may be necessary to clear severe,

recurrent, or non-clearing vitreous hemorrhage. If the patient has 
a late onset vitreous hemorrhage (greater than one year following 
ENCELTO implantation surgery), examine the ENCELTO implantation 
site for possible implant extrusion. If implant extrusion has occurred, 
surgically reposition ENCELTO.

Implant Extrusion

Implant extrusion through the initial scleral wound has occurred 
following ENCELTO implantation. Signs and symptoms of implant 
extrusion include recurrent uveitis, vitreous hemorrhage, eye pain 
more than one year after implantation, or visibility of titanium fixation 
loop under the conjunctiva. To reduce the risk of implant extrusion, 
carefully follow the specific surgical steps for ENCELTO implantation.

Evaluate patients after 6 months to confirm proper positioning of 
ENCELTO and then annually. If ENCELTO begins to extrude, surgically 
reposition ENCELTO to a proper scleral wound depth either in the 
same site or in the opposing inferior quadrant of the vitreous cavity.

Cataract Formation

Cataract formation, including cataract cortical, cataract nuclear, 
cataract subcapsular, cataract traumatic, and lenticular opacities, 
has occurred following ENCELTO implantation. To reduce the risk 
of ENCELTO-related cataract formation or progression, carefully 
follow the specific surgical steps for ENCELTO implantation. 

Suture Related Complications 

Suture related complications, including conjunctival erosions 
due to suture tips and suture knots, have occurred following  
ENCELTO implantation.  

To mitigate the risk of suture related complications, carefully follow 
the specific surgical steps for ENCELTO implantation and manage 
suture-related complications as clinically indicated. 

Delayed Dark Adaptation

Delayed Dark Adaptation, a delay in the ability to adjust vision from 
a bright lighting condition to a dim lighting, has occurred following 
ENCELTO administration which remained unchanged for the duration 
of study follow up. Advise patients to take caution while driving and 
navigating in the dark.

ADVERSE REACTIONS

The most common adverse reactions (≥2%) reported with ENCELTO 
were conjunctival hemorrhage, delayed dark adaptation, foreign 
body sensation, eye pain, suture related complications, miosis, 
conjunctival hyperemia, eye pruritus, ocular discomfort, vitreous 
hemorrhage, blurred vision, headache, dry eye, eye irritation, 
cataract progression or formation, vitreous floaters, severe vision 
loss, eye discharge, anterior chamber cell, iridocyclitis. 

Please see Brief Summary of full Prescribing Information 
on adjacent pages. 

References: 1. ENCELTO [prescribing information]. Cumberland, RI. Neurotech 

Pharmaceuticals, Inc. 2. Data on file. Neurotech Pharmaceuticals, Inc. Cumberland, RI.
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with idiopathic macular telangiectasia type 2 (MacTel)1

Proven to slow disease progression
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BRIEF SUMMARY OF PRESCRIBING 
INFORMATION
This Brief Summary does not include all of the 
information needed to use ENCELTO™ safely  
and effectively.  
See full Prescribing Information for ENCELTO.

ENCELTO (revakinagene taroretcel-lwey) implant, 
for intravitreal use

Initial U.S. Approval: 2025

INDICATIONS AND USAGE

ENCELTO is indicated for the treatment of adults with 
idiopathic macular telangiectasia type 2 (MacTel).

DOSAGE AND ADMINISTRATION

Recommended Dose 

For intravitreal implantation only 

•  ENCELTO is administered by a single surgical
intravitreal procedure performed by a qualified
ophthalmologist.

•  The recommended dose is one ENCELTO implant
per affected eye. Each ENCELTO implant contains
200,000 to 440,000 allogeneic retinal pigment
epithelial cells expressing recombinant human ciliary
neurotrophic factor (rhCNTF) (NTC-201-6A cell line),
a neurotrophic factor.

CONTRAINDICATIONS

ENCELTO is contraindicated in patients with:

•  Active or suspected ocular or periocular infections.

•  Known hypersensitivity to Endothelial Serum Free
Media (Endo-SFM)

WARNINGS AND PRECAUTIONS

Severe Vision Loss 

Severe vision loss defined as three or more lines 
of visual acuity loss [≥15 Early Treatment Diabetic 
Retinopathy Study (ETDRS) letters] has occurred 
following ENCELTO implantation. Monitor patients for 
signs and symptoms of vision loss and manage as 
clinically indicated. 

Infectious Endophthalmitis

Infectious endophthalmitis may occur following ENCELTO 
implantation. Signs and symptoms of infectious 
endophthalmitis include progressively worsening eye 
pain, vision loss, or scleral and conjunctival injection. 
To mitigate the risk of endophthalmitis, use proper 
aseptic surgical technique for ENCELTO implantation. 
Monitor patients for signs or symptoms of infectious 
endophthalmitis. Remove ENCELTO implant if infectious 
endophthalmitis occurs and manage symptoms 
according to clinical practice. 

Retinal Tear and Detachment 

Retinal tears and retinal detachment may occur following 
ENCELTO implantation. Signs and symptoms of retinal 
tears include acute onset of flashing lights, floaters, and/
or loss of visual acuity. Signs and symptoms of retinal 
detachment may include progressive visual field loss 
and/or loss of visual acuity. Use standard vitreoretinal 
surgical techniques during ENCELTO implantation to 
minimize the risk of retinal tears and retinal detachment. 
Monitor for any signs or symptoms of retinal tear and/
or retinal detachment. Treat rhegmatogenous retinal 

detachment and retinal tears promptly. Remove 
ENCELTO implant, if vitrectomy with a complete gas fill 
or silicone oil fill is required. 

Vitreous Hemorrhage

Vitreous hemorrhage, which may result in temporary 
vision loss, has occurred following ENCELTO 
implantation. Patients receiving antithrombotic 
medication (e.g., oral anticoagulants, aspirin, 
nonsteroidal anti-inflammatory drugs) may be at 
increased risk of vitreous hemorrhage. To reduce the 
risk of vitreous hemorrhage, interrupt antithrombotic 
medications prior to the ENCELTO implantation. 
Vitrectomy surgery may be necessary to clear severe, 
recurrent, or non-clearing vitreous hemorrhage. If the 
patient has a late onset vitreous hemorrhage (greater 
than one year following ENCELTO implantation surgery), 
examine the ENCELTO implantation site for possible 
implant extrusion. If implant extrusion has occurred, 
surgically reposition ENCELTO.

Implant Extrusion 

Implant extrusion through the initial scleral wound has 
occurred following ENCELTO implantation. Signs and 
symptoms of implant extrusion include recurrent uveitis, 
vitreous hemorrhage, eye pain more than one year after 
implantation, or visibility of titanium fixation loop under 
the conjunctiva. To reduce the risk of implant extrusion, 
carefully follow the specific surgical steps for ENCELTO 
implantation.

Evaluate patients after 6 months to confirm proper 
positioning of ENCELTO and then annually. If ENCELTO 
begins to extrude, surgically reposition ENCELTO to a 
proper scleral wound depth either in the same site or in 
the opposing inferior quadrant of the vitreous cavity. 

Cataract Formation

Cataract formation, including cataract cortical, cataract 
nuclear, cataract subcapsular, cataract traumatic, and 
lenticular opacities, has occurred following ENCELTO 
implantation. To reduce the risk of ENCELTO-related 
cataract formation or progression, carefully follow the 
specific surgical steps for ENCELTO implantation. 

Suture Related Complications 

Suture related complications, including conjunctival 
erosions due to suture tips and suture knots, have 
occurred following ENCELTO implantation.

To mitigate the risk of suture related complications, 
carefully follow the specific surgical steps for ENCELTO 
implantation and manage suture-related complications 
as clinically indicated. 

Delayed Dark Adaptation

Delayed Dark Adaptation, a delay in the ability to adjust 
vision from a bright lighting condition to a dim lighting, 
has occurred following ENCELTO administration which 
remained unchanged for the duration of study follow 
up. Advise patients to take caution while driving and 
navigating in the dark.

ADVERSE REACTIONS

Clinical Trials Experience

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



ADVERSE REACTIONS (cont’d)

Clinical Trials Experience (cont’d)

The safety data described in this section reflects 
exposure to ENCELTO in two clinical trials, Study 1 
(NTMT-03-A) and Study 2 (NTMT-03-B) and are pooled 
for analysis. A total of 117 patients received ENCELTO, 
and 111 patients underwent a sham procedure and were 
followed for a duration of 24 months.

Serious adverse reactions occurred in six patients (5%) 
including suture related complications (n=5) and implant 
extrusion (n=1).

Table 1 lists the most common adverse reactions that 
occurred in ≥2% patients and with higher frequency in 
ENCELTO group compared to Sham group in Study 1 
and Study 2.

Table 1.   Adverse Reactions occurring in ≥2% of 
Patients and with higher frequency in 
ENCELTO group compared to Sham group 
in ENCELTO studies*

Adverse Reactions ENCELTO Sham

(N=117) (N=111)

n (%) n (%)

Conjunctival hemorrhage 36 (31) 29 (26)

Delayed dark adaptation 27 (23.1) 1 (1)

Foreign body sensation in eyes 18 (15) 15 (13.5)

Eye pain 18 (15) 10 (9)

Suture related complication** 18 (15.4) 3 (2.7)

Miosis 18 (15.4) 0 (0.0)

Conjunctival hyperemia 13 (11) 9 (8)

Eye pruritus 10 (9) 4 (3.6)

Ocular discomfort 10 (9) 1 (1)

Vitreous hemorrhage 10 (8.5) 0 (0.0)

Vision blurred 8 (7) 4 (4)

Headache 8 (7) 1 (1)

Dry eye 7 (6) 2 (2)

Eye irritation 6 (5.1) 2 (2)

Cumulative cataract incidence 6 (5) 0 (0)

Vitreous floaters 6 (5) 0 (0.0)

Severe visual loss>15 letters*** 4 (3) 0 (0)

Eye discharge 4 (3.4) 1 (0.9)

Anterior chamber cell 4 (3.4) 0 (0.0)

Iridocyclitis 3 (2.6) 0 (0)

* Pooled data from Study 1 and Study 2; Adverse reaction
rates were comparable between the two studies

 ** Suture related complications include exposed 
suture, foreign body sensation, conjunctival wound 
dehiscence, painful sutures, suture irritation, suture 
granuloma, scleral wound opening, and itchy suture 

*** Includes one case of visual loss due to cataract 
formation which remained unresolved at the end of 
the study

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary 

There are no data on the use of ENCELTO in pregnant 
women. Endogenous CNTF is naturally found in 
maternal plasma, placental cells, and umbilical cord 
blood. It is not known if the use of ENCELTO increases 
CNTF above naturally occurring levels in these tissues. 

In animal reproduction studies, subcutaneous 
administration of rhCNTF to pregnant rats and rabbits 
demonstrated no evidence of teratogenic effects on the 
fetus. However, when administered to rabbits at a dose 
level of 10ug/kg/day, a decrease in implantations and 
live fetuses was observed. When administered to rats 
at a dose level of 100ug/kg/day a decrease in corpora 
lutea was observed. 

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

Data

Animal Data 

See Risk Summary for details on data.

Lactation 

Risk Summary 

There is no data on the presence of ENCELTO in human 
milk, its effects on the breastfed infant, or its impact on 
milk production. 

The developmental and health benefits of breastfeeding 
should be considered along with the mother’s clinical 
need for ENCELTO and any potential adverse effects on 
the breastfed infant from rhCNTF or from the underlying 
maternal condition.

Pediatric Use

The safety and effectiveness of ENCELTO have not 
been established in pediatric patients.

Geriatric Use

There were 38 patients (32%) 65 years of age and older 
and two patients (1%) 75 years of age and older in 
Study 1 and Study 2 who received ENCELTO. Clinical 
studies of ENCELTO did not include sufficient numbers 
of patients aged 65 and over to determine whether they 
respond differently than younger patients.

Manufactured for: 
Neurotech Pharmaceuticals, Inc. 
Cumberland, RI 02864

ENCELTO, the ENCELTO logo, and the Neurotech 
logo are registered trademarks of Neurotech 
Pharmaceuticals, Inc.

© Neurotech Inc. All rights reserved. 
US-EO-PM-250200024 04/2025
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A 
60-year-old woman was referred 

for evaluation of  macular drusen. 

The patient reported she was diag-

nosed with nonexudative age-relat-

ed macular degeneration four years prior to 

presentation. On questioning, she reported 

progressive nyctalopia but denied other 

visual changes, including metamorphopsia.

Examination findings
Best-corrected visual acuity of  the right 

eye was 20/50 and left eye was 20/20. In-

traocular pressures were normal in both 

eyes. Pupils were equal, round and reactive 

without a relative afferent pupillary defect.

Slit lamp biomicroscopy was unremark-

able in both eyes. Dilated fundoscopic ex-

amination in both eyes revealed few mac-

ular drusen and retinal pigment epithelial 

mottling. There was mild vascular attenua-

tion. There were few drusen in the periph-

ery (Figure 1A and 1B).

Work up
Fundus autofluorescence demonstrated 

hyper- and hypoautofluorescent changes 

throughout the posterior pole and mid-pe-

riphery (Figure 1C and 1D). Optical coher-

ence tomography was notable for scattered 

sub-RPE deposits in both eyes (Figure 2). 

On comparison with imaging obtained four 

years prior to presentation to our service, 

there was mild blunting of  the foveal con-

tour in the right eye and progression of  the 

sub-RPE deposits in both eyes (Figure 2B and 

2D). Neither eye developed cystoid macular 

edema, subretinal fluid or hemorrhage.

Diagnosis
We observed that the pattern of  macular 

drusen and fundus autofluorescence was 

slightly atypical for AMD. A few of  the 

mid-peripheral autofluorescent changes 

had an irregular pisciform fleck-like ap-

pearance. These examination findings, cou-

pled with the patient’s report of  progressive 

nyctalopia, prompted consideration of  a 

macular dystrophy. The patient was subse-

quently referred for genetic testing.

Genetic testing revealed two variants in 

the ABCA4 gene. Mutations in this gene 

are associated with Stargardt disease. The 

first variant was a known pathogenic splice-

site variant, c.4253+43G>A, that has been 

identified as a hypomorphic allele.1 The 

second variant was a likely pathogenic mis-

sense variant, c.2965G>A, p.(Val989Ile). 

Further genetic testing of  her children re-

vealed that her two variants were inherited 

separately and in trans configuration. When 

considering the correlation between gen-

otype and phenotype, patients with hypo-

morphic and missense mutations are often 

found to have a milder form of  Stargardt 

disease. Therefore, these genetic findings 

may explain why the patient presented with 

a later age of  onset and a milder form of  

the disease than is typically seen. Ultimately, 

the patient was diagnosed with late-onset 

Stargardt disease.

Management
There’s currently no treatment available 

to reverse the effects of  Stargardt disease. 

However, understanding the etiology of  the 

patient’s macular degeneration has allowed 

us to recommend that the patient limit vi-

tamin A supplementation, which is known 

to be associated with Stargardt disease pro-

gression. Another benefit of  this diagnosis 

is that she may now be eligible for ongoing 

and upcoming clinical trials.

Discussion
Stargardt disease is the most common 

inherited juvenile macular dystrophy in 

the United States.2,3 It has an estimated 

prevalence of  1 in 10,000 and displays an 

autosomal recessive mode of  inheritance.3

There is a variable age of  onset among 

A routine case of AMD or something more?
An older woman presents with nyctalopia and findings atypical of AMD, prompting 
genetic testing.

By Dany Hage MD,  

Jennifer R. Chao, MD, 

PhD, and Alyssa C. 

Bonnell, MD
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tients; however, it classically presents 

in childhood or early adulthood.3

Less commonly, late-onset Stargardt, 

as seen in our case, can develop in 

late adulthood and often has a better 

visual prognosis with sparing of  the 

fovea in many cases.3

Stargardt disease (STGD1) is 

caused by mutations in the ABCA4

gene, which encodes an ATP-bind-

ing cassette transporter that‘s ex-

pressed in the outer segment of  

photoreceptors and in low concen-

trations throughout the RPE.4,5 The 

transporter is involved in clearing 

toxic byproducts of  retinoid metab-

olism; therefore, dysfunction of  the 

transporter leads to the accumula-

tion of  bisretinoids and A2E, which 

in turn causes dysfunction of  the 

RPE, deposition of  fluorescent lipo-

fuscin and photoreceptor death.4,5

The classic presentation of  Star-

gardt disease includes progressive 

loss of  central vision, decreased 

color vision and slowed dark adap-

tation. Fundus examination may 

appear normal early in the disease 

course. However, over time, yellow 

pisciform flecks of  lipofuscin depo-

sition can be seen throughout the 

posterior pole and mid-periphery, 

as well as pigmentary mottling and 

macular atrophy.6

Similarly, patients with AMD of-

ten experience loss of  central vision, 

metamorphopsia and decreased 

color and contrast sensitivity.7 The 

hallmarks of  AMD include drusen 

and pigmentary changes throughout 

the macula, as well as geographic 

atrophy in the later stages of  the 

disease.7 While the pathogenesis of  

AMD is multifactorial, dysfunction 

of  the RPE and choroid ultimately 

leads to photoreceptor degeneration and 

central vision loss.8

Catherina H.Z. Li, MD, and col-

leagues recently analyzed 71 patients in 

the Netherlands with late-onset Stargardt 

disease.9 They found that the median age 

was 55 years; the most frequent allele was 

c.5603A→T (p.Asn1868Ile); and that none 

Figure 2. Optical coherence tomography of the right and left eyes on initial evaluation when she was 

first diagnosed with AMD (A, B), compared to the first presentation to our service four years later (C, 

D). There are sub-RPE deposits in both eyes with evidence of progression over time. In the right eye 

there is mild blunting of the foveal contour (C).  There is no cystoid macular edema, subretinal fluid or 

hemorrhage in either eye. 

A C

B D

Figure 1. Optos pseudocolor fundus photography of the right and left eyes demonstrating drusen 

around the central and temporal macula, and throughout the periphery (A, B). Vessels appear 

mildly attenuated. Fundus autofluorescence of the right and left eyes demonstrating hyper- and 

hypoautofluorescent changes throughout the macula and mid-periphery (C, D). 

A

C

B

D

(Continued on page 14)
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T
he concept of lamellar macular 

hole was first reported by Gass et 

al. in 1976.1 Subsequently, OCT 

illustrated that a thick prolifera-

tive tissue often accompanies LMH on 

the macula, which was named lamellar 

hole-associated epiretinal proliferation. In 

eyes with LMH, removing LHEP doesn’t 

necessarily result in improved postoper-

ative vision and a full-thickness macular 

hole is sometimes developed postopera-

tively.

Dr. Fumio Shiraga reported that em-

bedding LHEP into the hole achieved 

favorable outcomes.2 In the original meth-

od, LHEP is peeled from the ILM using 

microforceps and embedded into the hole 

while keeping it at-

tached to the edge 

of the hole. This 

technique requires 

precise handling of 

the microforceps. If 

the LHEP is gripped 

too deeply, it may 

damage the under-

lying sensory retina 

or ILM, potentially 

causing scotomas. 

Additionally, LHEP 

is st icky and may 

adhere strongly to 

the microforceps’ 

tips, leading to un-

intentional remov-

al from the hole’s 

edge. 

Here, we describe 

a new method we’ve 

developed that uses 

a backf lush needle 

instead of the for-

ceps to achieve suc-

cessful LHEP em-

bedding.3

Surgical technique
After a core vitrectomy, we use triam-

cinolone acetonide to visualize a thin pre-

retinal membrane on the macula (Figure 

Surgeons describe a new twist on an old procedure that may offer new benefits.
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SURGICAL

PEARL VIDEO

LHEP embedding with a backflush needle

View the Video

Drs. Fukushima and Tsuboi demonstrate their embedding  

technique using a backflush needle. 

 Go to https://vimeo.com/1137001573 or scan the QR code.

Figure 1. (A) The membrane is visualized with triamcinolone acetonide. (B) The 

thin preretinal membrane, a non-yellowish tissue (asterisk), is peeled centripetally 

using a 25-gauge disposable Shiraga backflush instrument with an extendible 

brush tip (D.O.R.C./Zeiss) and passive aspiration. (C) The thin preretinal membrane 

is selectively removed by passive aspiration, but the LHEP, which appeared as a 

yellowish tissue (arrowhead), remains adjacent to the hole. (D) Staining of the ILM 

with BBG reveals that the entire ILM is stained, suggesting that the ILM in the area 

of the thin preretinal membrane peeling remains intact.

C

A

D

B
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1A), which we peeled using a silicone-tipped backflush 

needle with “passive” aspiration (the irrigation pressure 

was set to 20 mmHg). We then gently peel the thin pre-

retinal membrane centripetally and remove it, leaving 

the LHEP adjacent to the hole (Figure 1 B, C). Although 

we selectively remove the thin preretinal membrane by 

passive aspiration, the LHEP remains on the edge of the 

hole because of its strong adhesion.

We then peel the ILM using Brilliant blue G. The 

entire ILM is stained without any damage (Figure 1D), 
suggesting that the ILM in the area of the thin preretinal 

membrane peeling remains intact. We then embed the 

remaining LHEP into the hole, followed by a fluid-air 

exchange to conclude the surgery. The technique has 

three advantages:

1. It simplif ies the peeling process, eliminating the 

need for advanced microforceps skills.

2. Passive aspiration selectively removes the thin pre-

retinal membrane while preserving the LHEP at the 

LMH edge.

3. The technique minimizes retinal damage, as shown 

by uniform internal limiting membrane staining after 

membrane peeling.

Important considerations
To avoid excessive aspiration near the macula, we’ve 

found it’s safer to turn off IOP control in the Constella-

tion system (Alcon), which is the device we use. Starting 

the peeling process about two disc diameters away from 

the macula and using BBG or triamcinolone for better 

visualization can help, though the method may not work 

for LMH cases with thick ERM.

Final thoughts
In summary, the LHEP embedding technique using 

a backf lush needle offers a simpler, safer and more 

controlled alternative to traditional microforceps-based 

methods. By relying on passive aspiration to selectively 

peel the thin preretinal membrane while preserving and 

embedding the LHEP, this approach maintains ILM in-

tegrity and enhances reproducibility among surgeons. 

REFERENCES
1. Gass JDM. Lamellar macular hole: A complication of cystoid macular edema after cataract extraction. 

Archives of Ophthalmology 1976;94:793-800.
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A routine case of AMD or something more?
(Continued from page 11)

of the patients in the study had two severe variants.9

Most patients were found to have flecks in their fundi, 

foveal-sparing retinal atrophy and preserved central 

vision.9 Additionally, they found that 22 percent of their 

patients had been previously diagnosed with AMD with 

geographic atrophy.9 While exceedingly rare, late-onset 

Stargardt disease should remain on the differential for 

a patient with AMD, especially in cases with atypical 

fundoscopic findings or symptoms, such as progressive 

nyctalopia beyond what is observed with normal aging.

Multimodal imaging, including fundus photography, 

FAF and OCT, can be used in conjunction with fundo-

scopic examination to improve recognition of late-onset 

Stargardt. In general, flecks are often irregularly shaped, 

whereas drusen are round.9 Flecks have a less prominent 

yellow tint, while drusen tend to be brighter; flecks are 

also more hyperautofluorescent on FAF.9

Drusen are often concentrated around the macula, as 

opposed to flecks, which can be found throughout the 

posterior pole and mid-periphery.9 On OCT, drusen are 

defined as being under the RPE, while flecks may be sit-

uated within the photoreceptor layers.9 Additionally, fo-

veal involvement is common in AMD, whereas late-onset  

Stargardt tends to spare the fovea.9

Bottom Line
While late-onset Stargardt disease and AMD may have 

similar clinical presentations, it’s important to distinguish 

between them to inform genetic and prognostic counsel-

ing, as well as to provide accurate guidance on vitamin 

A supplementation and eligibility for clinical trial partic-

ipation. 
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A
REDS2 oral supplements are well 

known to decrease the risk of pro-

gression to advanced age-related 

macular degeneration, particu-

larly neovascular AMD.1-3 They’re rec-

ommended by the American Academy of 

Ophthalmology for patients with inter-

mediate or advanced AMD in at least one 

eye.4 We hadn’t previously analyzed in 

detail whether they might also be helpful 

in slowing GA enlargement. We recently 

had the opportunity to address this im-

portant question, with the availability of 

GA data from reading center grading of all 

AREDS1/2 participants.5 Specifically, we 

calculated the GA enlargement rate for all 

eyes in these two large datasets with long 

follow-up time. Importantly, we can relate 

these enlargement rates to the underlying 

randomizations in the trials. Because of 

these robust randomizations, we’re justi-

fied in inferring causality and treatments 

effects, which isn’t true for observational 

data.

We used GA area as one outcome mea-

sure, in line with many recent clinical tri-

als. However, for extrafoveal GA, the area 

metric has the problem that it treats all 

macular locations as equally important, 

whereas we know that the fovea and near-

by paracentral areas are most important 

for visual acuity and quality of life.6,7 We 

therefore used GA proximity to the foveal 

center-point as a second outcome measure 

(Figure 1). For eyes with extrafoveal GA, 

time-to-fovea is increasingly recognized as 

an important metric,8 and slower change 

in proximity over time can indicate greater 

tendency to foveal sparing. Foveal sparing 

is an important protective phenomenon, 

whereby GA expansion near and into the 

fovea is usually much slower than expan-
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sion elsewhere, leading to beneficial GA 

configurations (e.g., horseshoe and donut) 

where the GA wraps around the fovea but 

doesn’t involve it until much later (Figure 
1).9 These configurations are usually com-

patible with good visual acuity.10 There-

fore, strategies to enhance foveal sparing 

would be very valuable, as they could keep 

eyes in these beneficial GA configurations 

for longer.

AREDS results

The AREDS randomization is shown in 

Figure 2A. In eyes with extrafoveal GA, for 

rate of progression towards the fovea, the 

oral antioxidant component (comprising 

vitamin C, vitamin E, and beta-carotene) 

had a significant treatment effect (Table 1).5

Participants randomly assigned to the an-

tioxidants had a progression rate that was 

36 percent slower than those randomly 

assigned to no antioxidants. Interestingly, 

no significant treatment effect was detect-

ed for area-based progression overall, al-

though a beneficial treatment effect was 

present for the subgroup of eyes with early 

GA (particularly those with extrafoveal 

GA). In fact, in that subgroup of eyes with 

early extrafoveal GA, the rate of visual 

acuity decline was twice as slow in partic-

ipants randomized to antioxidants vs no 

antioxidants. The zinc component had 

no significant beneficial or harmful effect 

for either the area or proximity outcome 

measure.

AREDS2 results

Almost all AREDS2 participants were 

also assigned to take the AREDS supple-

ments, so AREDS2 participants with ex-

trafoveal GA were presumably already 

benefiting from the antioxidant compo-

nent taken by all participants. In these 

analyses of the AREDS2 randomization 

(Figure 2B), we were therefore looking for 

any additional treatment effect. Interest-

ingly, we saw a similar pattern of results 

to AREDS. In eyes with extrafoveal GA, 

for rate of progression towards the fovea, 

we did observe an additional significant 

treatment effect for the lutein/zeaxanthin 

component (Table 2).5 Participants ran-

domly assigned to the lutein/zeaxanthin 

component (and to no beta-carotene) had 

a progression rate that was 35 percent 

slower than those randomly assigned to no 

lutein/zeaxanthin. This was accompanied 

by a borderline significant difference for 

visual acuity, with slower decline in acui-

Figure 1. Color fundus photographs showing the progression of extrafoveal geographic atrophy 

towards the fovea over time. Geographic atrophy proximity (i.e., the shortest distance between 

the foveal center-point and the nearest pixel of GA) decreased gradually over time from 685 

mm (2007) to 68 mm (2011). (This figure was published in: Keenan TDL, et al. Oral Antioxidant and 

Lutein/Zeaxanthin Supplements Slow Geographic Atrophy Progression to the Fovea in Age-

Related Macular Degeneration. Ophthalmology 2025;132:1:14-29. Copyright Elsevier (2025))

Figure 2. Randomization schemes. A) Age-Related Eye Disease Study: Participants were 

randomized 1:1:1:1, using a 2x2 factorial design, to oral antioxidants (vitamin C, vitamin E, 

and β-carotene) only, zinc only, both antioxidants and zinc, or placebo. B) AREDS2: Partic-

ipants were randomized, 1:1:1:1, using a 2x2 factorial design, to oral lutein/zeaxanthin only, 

docosahexaenoic acid (DHA) plus eicosapentaenoic acid only, both lutein/zeaxanthin and 

DHA/EPA, or placebo. All participants were also offered the original AREDS formulation to 

take alongside the randomly assigned primary treatment.
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n = 3640
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n = 903
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n = 945
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n = 904
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ty in those assigned to lutein/zeaxanthin. 

Again, no significant treatment effect was 

detected for area-based progression. The 

docosahexaenoic acid/eicosapentaenoic 

acid component had no significant benefi-

cial or harmful effect for either the area or 

proximity outcome measure.

Putting together the results 
from both trials

The combined results suggest that the 

modern AREDS2 supplement (which in-

cludes the same vitamin C, vitamin E, and 

lutein/zeaxanthin doses) should slow GA 

progression towards the fovea by as much 

as half. Therefore, patients with extrafo-

veal GA should benef it from AREDS2 

supplements (Figure 3). The supplements 

may substantially slow GA expan-

sion towards and into the fovea, 

presumably by enhancing foveal 

sparing. Together with their oral 

administration, high convenience, 

low cost and excellent safety pro-

file, this makes the supplements 

an attractive option, with very few 

downsides. Importantly, approx-

imately two-thirds of cases arise 

as extrafoveal GA,11 so this is a 

common form of disease.

However, as these results come 

from post hoc analyses, we need 

to replicate them in a new dedicated trial. 

We’re therefore planning a prospective 

trial of oral supplements for extrafoveal 

GA, as part of the AREDS3, and hope to 

begin enrolling participants for this in the 

near future. In the meantime, the results 

represent the only large-scale data avail-

able examining GA progression according 

to oral supplement use by randomization.

Biological plausibility and 
a unifying explanation

Multiple points support the idea of a 

genuine treatment effect. First, not all post 

hoc analyses are created equal. These re-

sults come from randomized data, so they 

represent a high level of evidence quality. 

By contrast, observational data on supple-

Table 1. Geographic atrophy proximity-based progression and  
area-based progression in the Age-Related Eye Diseases Study (AREDS), 
according to randomized assignment

Randomized assignment

(main effects)

Proximity-based progression rate Area-based progression rate

n 

(eyes)

Estimate (µm/

year)
P

n 

(eyes)

Estimate (µm/

year)
P

No antioxidants 109 72.9

0.012
206 0.255

0.63

Antioxidants 99 50.7 186 0.261

No zinc 87 57.9

0.28

166 0.261

0.58

Zinc 121 67.4 226 0.255

Bold font: P-value significant at the 0.05 threshold

Early AMD No proven benefit
Intermediate 

AMD

Neovascular 

AMD

Geographic 

atrophy

Benefit

Uncertain benefit
Progression 

towards foveaPotential benefit

Figure 3. Diagram illustrating the potential benefits of oral micronutrient supplementation for different stages of age-related macular degeneration.
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ment use, even from clinical trials, suffer 

from high risk of confounding and poor 

ascertainment of actual supplement use; 

it’s therefore impossible to make claims of 

efficacy or lack of efficacy from them. Sec-

ond, a similar pattern of results was seen 

independently in AREDS and AREDS2, 

which is unlikely to occur by chance. 

Third, the results are biologically plau-

sible. For example, lutein/zeaxanthin are 

abundant in the central macula (given 

suff icient dietary or supplement intake, 

since these important carotenoids can’t 

be synthesized by the body) but virtually 

absent in the peripheral macula.12 There-

fore, it seems likely that, if their presence 

and antioxidant activity are able to slow 

GA progression, this effect would be ob-

served preferentially at the central macula, 

where they're located. This effect would be 

captured well by the proximity measure 

but very poorly by the GA area measure, 

which is dominated by the more peripheral 

macula. These ideas are also supported by 

the subgroup analyses.

Fourth, the visual acuity data provide 

some support for the structural data. We 

had minimal expectation that slowing GA 

progression to the fovea would be accom-

panied by slower decline in acuity, since 

progression fell well short of actual cen-

ter-point involvement in most 

cases. Despite this, significant 

or numerical differences were 

seen for some important com-

parisons.

Finally, in separate analyses 

of the same datasets according 

to dietary intake, as opposed to 

supplement use, we found sim-

ilar associations, with strong 

associations between health-

ier diet and slower GA pro-

gression.13-15 In this way, both 

observational data on dietary 

intake and randomized data 

on oral supplementation point 

to the importance of antioxi-

dants in slowing GA progres-

sion. In fact, in analyses that considered 

diet and randomized supplement intake to-

gether, the results for extrafoveal GA even 

demonstrated a degree of redundancy. 

With increasing oral supplementation by 

randomization, the associations between 

a healthier diet and slower progression to 

the fovea were fewer and weaker.15 It's very 

difficult to explain these results in the ab-

sence of a genuine treatment effect of oral 

supplements.

One potential limitation of these anal-

yses is the use of color fundus photogra-

phy, which was the gold standard for grad-

ing GA area and proximity at the time of 

the trials. However, levels of inter-grader 

agreement for measuring GA area on the 

AREDS2 CFP images have been analyzed 

in detail, and had low mean difference, 

narrow limits of agreement and no system-

atic bias.16 Although fundus autofluores-

cence and/or OCT imaging are now typi-

cally used, several studies have shown high 

levels of correlation between CFP and FAF 

images in measuring GA area and progres-

sion.17-19 In previous large-scale analyses of 
the AREDS2 dataset itself, measurements 
of GA progression rates were extremely 
similar between the two modalities, with no 
significant difference.17 In fact, the evalua-
tion of foveal involvement was considered 

Table 2. Geographic atrophy proximity-based progression and area-based 
progression in the Age-Related Eye Disease Study 2 (AREDS2), according to 
randomized assignment.

Randomized assignment

(main effects)

Proximity-based progression rate Area-based progression rate

n 

(eyes)

Estimate (µm/

year)
P

n 

(eyes)

Estimate (µm/

year)
P

No lutein/zeaxanthin 411 105.3
0.017

629 0.282
0.83

Lutein/zeaxanthin 382 84.5 581 0.280

No lutein/zeaxanthin† 174 114.4
0.011

274 0.306
0.64

Lutein/zeaxanthin† 151 80.1 231 0.298

No DHA/EPA 359 97.9
0.58

569 0.278
0.60

DHA/EPA 434 93.0 641 0.284

* All participants also assigned to receive AREDS supplements

† Considering only those participants in the secondary randomization study population who were randomly assigned to no β-carotene (analyzed because lutein/zeaxanthin and 

β-carotene compete for intestinal absorption)

DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid

Bold font: P-value significant at the 0.05 threshold
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superior on CFP than on FAF. The central 
masked reading center grading and the 
repeated-measures regression (based on 
measurements at multiple time-points per 
eye) also mitigate this concern, through 
increased precision and power. Most im-
portantly, even if the use of CFP were as-
sociated with slightly lower inter-grad-
er agreement for GA measurements, this 
would apply to all randomized treatment 
arms. The randomization is key here and 
means that the results can’t be explained by 
the grading approach.

Lifestyle factors and geographic 
atrophy progression

More broadly, outside oral supplement 
use, our analyses strongly suggest that life-
style factors are important not just for risk 
of GA occurrence but also for rate of GA 
progression.14 Analyses of the AREDS1/2 
datasets have shown consistently that a 
Mediterranean-type diet is associated 
with slower GA area-based progression 
and slower progression to the fovea; for 
extrafoveal GA, this is accompanied by a 
slower decline in visual acuity.13,15 The most 
important components include vegetables, 
fruit, and less red meat. Cigarette smoking 
is associated with faster GA area-based 
progression, and, in men, heavy alcohol 
consumption is also associated with faster 
area-based progression.11,20 Overall, pa-
tients with GA may therefore benefit from 
both a healthy lifestyle and oral micronutri-
ent supplementation.

Bottom line
Patients with extrafoveal GA should 

be counselled on the potential benefit of 
AREDS2 supplements in slowing GA 
progression to the fovea. In analyses that 
related GA progression rates back to the 
clinical trial randomizations, the AREDS2
supplements appear to slow progression 
to the fovea by approximately half, likely 
by augmenting the natural protective phe-
nomenon of foveal sparing. Slowing the 
GA time-to-fovea in this way should help 

preserve visual acuity and quality of life. 
Patients with GA should also be advised on 
the likely importance of lifestyle factors in 
slowing progression, particularly adopting a 
healthy diet and avoiding smoking.
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46-year-old African-American man 

with poorly controlled type 1 dia-

betes presented to clinic with blurry 

vision. He was diagnosed with pro-

liferative diabetic retinopathy in both eyes, 

complicated by diffuse capillary nonper-

fusion involving the macula (Figure 1). His 

visual acuity measured 20/200 in the right 

eye and 20/400 in the left. The consulting 

physician at the time recommended treat-

ment, but the patient was lost to follow-up.

Two years later, the patient presented 
to our clinic with worsening vision, now 
reduced to hand motions in both eyes. 
Examination showed bilateral fovea-involv-
ing tractional retinal detachments (Figure 
2). Further questioning revealed that the 
patient was unemployed, faced housing and 
food instability, and depended on public and 
Medicaid transportation to get to medical 
appointments. Surgical intervention was rec-
ommended; however, the patient’s prognosis 
for visual recovery was dismal, and his case 
illustrates how much worse outcomes can 
be when patients are lost to follow-up, often 
due to challenges related to social determi-

nants of health.
Unfortunately, stories like this one aren’t 

uncommon in retinal practice. Retinal 
diseases remain a leading cause of vision 
loss and blindness worldwide. While risk 
factors such as diabetes, hypertension, aging, 
smoking and trauma are well established, 
outcomes are also shaped by SDOH. Th ese 
include factors such as income, access to 
care, health literacy, transportation, food in-
security and social support.1 Healthy People 
2030 has defi ned SDOH as “the conditions 
in the environments where people are born, 
live, learn, work, play, worship and age,” and 
further grouped SDOH into fi ve domains: 
economic stability; education access and 
quality; health-care access and quality; 
neighborhood and built environment; and 
social and community context.2 Together, 
these conditions often determine whether 
patients can obtain timely diagnosis, initiate 
treatment and adhere to follow-up sched-
ules.

Th ere’s growing recognition that SDOH 
play a pivotal role in ophthalmology, infl u-
encing disparities in diagnosis, treatment 

By Ranveer Palia, MSc, Sunny Lang Qin, MD, Jaron Kai Pruett, MD, 

and Sally S. Ong, MD
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Examining the socioeconomic and structural drivers that 

infl uence access, treatment and vision outcomes.
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access, adherence and long-term outcomes. 
Two patients with the same disease severity 
may have vastly diff erent prognoses depend-
ing on the social and economic contexts in 
which they live.

In this article, we highlight how SDOH 
aff ect the care and prognosis of three key 
retinal diseases: diabetic retinopathy, retinal 
vein occlusion and rhegmatogenous retinal 
detachment. Th rough these examples, we 
highlight how non-biological factors drive 
disease burden and outcomes, and why 
addressing them is critical to reducing 
inequities.

����
�����
����	����
Diabetic retinopathy is one of the lead-

ing causes of vision loss globally, with an 
estimated 9.6 million people living with 
diabetic retinopathy in the United States, 
yet awareness and access to medical care 
remain uneven across populations.3 Growing 
evidence highlights that SDOH are critical 
drivers of outcomes for patients at risk of 
or living with DR. Studies using nation-
al data demonstrate both the scale of the 
disease and the disparities in its recognition 
and treatment. For example, an analysis of 
National Health and Nutrition Examination 
Survey data found that awareness of DR 

was low overall, and that minority status, 
unemployment and food insecurity signifi -
cantly infl uenced whether patients knew 
about the disease.4

Similarly, population-level analyses of the 
National Health Interview Survey showed 
that unemployment, disability and residence 
in the Southern United States were associat-
ed with higher DR burden, underscoring the 
role of geography and economic stability.5

Large-scale surveys have also demonstrated 
that individuals facing social vulnerabilities 
such as unemployment and poor self-rated 
health were less likely to undergo recom-
mended eye exams, further linking structural 
disadvantage to gaps in preventive care.6,7

Specifi c SDOH drivers have been ex-
tensively studied. Food insecurity not only 
worsens diabetes control but also reduces 
the likelihood of patients pursuing vision 
care, with both food and housing instability 
associated with lower odds of DR screen-
ing.8,9 Economic stability plays a similar 
role: Unemployment, disability, and fi nancial 
hardship decrease access to preventive care.5,6

Race, ethnicity and cultural factors introduce 
additional disparities, with minority popula-
tions less likely to undergo guideline-based 
monitoring, while childcare responsibilities 
and perceived provider bias further reduce 
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access.7,10-11

Access to health care and insurance 
coverage remain central issues: Insurance 
status and higher education improve the 
odds of completing annual exams, while 
lack of coverage, financial insecurity and 
transportation barriers increase the risk of 
advanced complications.12-14 Broader reviews 
emphasize that systemic issues—including 
language barriers, limited provider availabil-
ity and fragmented coverage—continue to 
shape inequities in vision care.15,16

The implications of these findings are 
clear. Tailoring prevention strategies by 
employment status, geography or disability 
may improve screening rates, and increasing
awareness of DR in underserved commu-
nities could provide an entry point for pre-
ventive diabetes care.3-4 Structural barriers 
must also be addressed through expanded 
insurance coverage, transportation support 
and multilingual resources.15 At a systems 
level, incorporating SDOH into electronic 
health records may allow clinicians to antic-
ipate patient needs and design interventions 
accordingly.16 In parallel, culturally sensitive 
approaches are essential for reducing dispar-
ities in racial and ethnic minority groups.10,11

Retinal vein pcclusion
Central and branch retinal vein occlusions 

are important causes of vision loss with an 
estimated 16.4 million adults being affect-
ed by retinal vascular occlusions globally 
(2.5 million by CRVO and 13.9 million by 
BRVO).17 It’s well known that predisposing 
factors for RVO include many of the same 
risks as those for cardiovascular and cere-
brovascular disease, namely hypertension, 
obesity, hyperlipidemia and diabetes melli-
tus.18-21 In the United States, these systemic 
risk factors have been shown to be both 
more prevalent and worse-controlled among 
patients with markers of low socioeconomic 
status, possibly placing these patients at 
increased risk of vision-threatening illness.22

However, further work is needed to deter-
mine whether this directly translates into 
a higher incidence or prevalence of RVOs 

in socially and economically disadvantaged 
populations.

While this has yet to be demonstrated, a 
recent retrospective study found that among 
patients presenting with BRVO with cystoid 
macular edema who were treated with in-
travitreal anti-VEGF injections, those with 
higher socioeconomic deprivation scores 
had thicker final central macular thickness.23

Additionally, non-White patients had worse 
initial and final best corrected visual acuity. 
Both these results point to disparities in 
visual outcomes associated with lower socio-
economic status among patients with RVOs.

More recently, an analysis of over 600 
cases of RVO from the National Institutes 
of Health’s All of Us database further 
highlighted the role of social determinants 
in disease risk. In addition to confirming 
traditional medical risk factors mentioned 
above, the study found that patients who 
identified as Black and those with opioid 
use were independently associated with an 
increased risk of both BRVO and CRVO, 
highlighting the need for further investiga-
tion into how social and behavioral factors 
contribute to RVO.24

Rhegmatogenous retinal detachment
Rhegmatogenous retinal detachment is 

the most common form of RD, with an es-
timated incidence of 6.3 to 17.9 per 100,000 
persons.25 Multiple studies have demonstrat-
ed that socioeconomic factors significantly 
impact how patients present with RRD 
and their subsequent outcomes. Research 
consistently shows that socioeconomically 
disadvantaged patients are more likely to 
present with severe disease, including worse 
visual acuity and fovea-involving detach-
ments.26

Large-scale studies from major U.S. aca-
demic centers have found that factors such 
as older age, male gender, minority race and 
lower income are independently associated 
with more severe presentation.26,27 Patients 
with public insurance (Medicare/Medicaid) 
or no insurance have worse baseline visual 
acuity and higher rates of fovea-involving 

Social determinants of healthFEATURE
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detachments compared to those with private 
insurance.26-28 Neighborhood-level factors, 
including area deprivation indices and 
transportation barriers, also predict worse 
baseline severity even after controlling for 
individual characteristics.27 International 
studies from Scotland and other countries 
have reported similar patterns, with retinal 
detachment severity correlating inversely 
with socioeconomic status.25,29

Beyond initial presentation, socioeconom-
ic disadvantage affects surgical outcomes. 
Patients from disadvantaged backgrounds 
face higher reoperation rates and worse 
long-term visual outcomes, even after 
accounting for baseline disease severity.26,28

These disparities persist across different 
health-care systems and geographic regions.

These disparities matter because RRD 
outcomes have been shown to be closely 
linked to baseline visual acuity and fove-
al status.30 Delays in presentation allow 
progression to foveal involvement, where 
subfoveal fluid can cause irreversible photo-
receptor damage.31-33 Socioeconomic barriers 
to timely care—including limited health-
care access, transportation 
challenges and delayed symp-
tom recognition—directly 
compromise visual outcomes 
in this sight-threatening 
condition.

Bottom line

Diabetic retinopathy, 
retinal vein occlusion and 
rhegmatogenous retinal 
detachment are all vi-
sion-threatening conditions 
for which outcomes can be 
heavily impacted by SDOH, 
which include socioeconomic 
status, access to high quality 
education and health care, 
safe and healthy environ-
ments, and social connected-
ness.2 Evidence demonstrates 
that patients facing financial 
hardship, unemployment, 

food and housing insecurity, transportation 
barriers or systemic inequities are more 
likely to present with advanced disease, have 
lower rates of preventive screening, and ex-
perience worse visual outcomes.4-6,8-9,12-14,26-28

Addressing these disparities requires 
multi-level interventions. At the patient 
level, culturally sensitive education, aware-
ness campaigns, and navigation support 
can encourage timely care and adherence 
to screening guidelines. At the system level, 
telehealth initiatives and integration of 
SDOH into electronic health records can 
mitigate barriers, particularly for historically 
underserved populations. Another promis-
ing system-level strategy involves leveraging 
federally qualified health centers, which are 
uniquely positioned to extend vision care 
to communities most affected by social and 
structural inequities.

FQHCs serve over 30 million Americans, 
most of whom are uninsured or publicly 
insured, and yet fewer than 3 percent of 
patients receive vision services, even though 
they face disproportionately higher rates of 
diabetic retinopathy, glaucoma and vision 

Figure 2. The patient was lost to follow-up and returned two years later with worsening vision in both 

eyes to hand motions. Fundus photos of the right (A) and left (C) eyes show progressive proliferative 

diabetic retinopathy with bilateral fovea-involving tractional retinal detachments with thick fibrovascular 

membranes extending from the optic nerve head to both the superotemporal and inferotemporal arcades. 

Optical coherence tomography of the right (B) and left (D) eyes through the macula confirm tractional 

retinal detachments, showing the retinal layers pulled anteriorly in a tent-like configuration with complete 

loss of the normal foveal contour.
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impairment.35 Many patients and provid-
ers alike are unaware that FQHCs can be 
powerful partners in preventing vision loss. 
Retina specialists and ophthalmology prac-
tices can help change this by building closer 
relationships with local FQHCs—offering 
on-site or teleophthalmology screening, 
rotating clinics or streamlined referral 
networks. Such collaborations can bring 
retinal expertise directly to patients who 
might otherwise never see a specialist, while 
connecting those identified with eye disease 
to the enabling services FQHCs already 
provide like transportation, translation and 
case management.36,37

Beyond improving access, these partner-
ships can foster awareness within the com-
munity that vision care is an important part 
of comprehensive health care. Moreover, in-
vesting in FQHC-based vision programs 
isn’t only the ethical thing to do but also 
yields long term economic benefits. FQHCs 
prevents avoidable blindness, which reduces 
long-term health costs and helps maintain the 
independence and productivity of those most 
affected by social and structural inequities.36,37

By engaging with FQHCs, retina specialists 
have an opportunity not only to treat disease 
but to transform the systems that determine 
who gets to keep their sight, bringing us closer 
to equitable vision care for all. 
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ltrahigh-speed swept-source op-

tical coherence tomography an-

giography has gained increased 

attention for its ability to charac-

terize retinal blood fl ow metrics with high 

precision. It off ers a more non-invasive ap-

proach than fl uorescein angiography, and 

faster scan rates compared to spectral-do-

main OCTA.1 SS-OCTA has demonstrat-

ed utility across a wide range of retinal 

diseases, including diabetic retinopathy, 

age-related macular degeneration and reti-

nal vein occlusion. Though primarily limit-

ed to larger centers at this time, SS-OCTA 

off ers substantial potential for broader clin-

ical implementation for retinal evaluation.

The fi eld of retinal imaging has rapidly 

advanced in the past two decades, with 

ongoing eff orts aimed at streamlining image 

analysis with higher accuracy. We aim to 

provide a brief overview of retinal micro-

vascular metrics evaluated through ultra-

high-speed SS-OCTA—emphasizing rele-

vant technical specifi cations, the potential 

for, and challenges of, clinical application, 

and potential future advancements.
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In brief, optical coherence tomography 

angiography is an imaging modality that 

relies on capturing repeated brightness scan 

(B-scan) images to quantify changes due to 

blood fl ow in comparison to surrounding 

static tissue, while still evaluating the struc-

tural characteristics of traditional OCT.2

Early SS-OCTA prototypes were limited 

by relatively low B-scan acquisition rates, 

which constrained their ability to perform 

the repeated scans required for angiograph-

ic signal detection. Since the introduction 

of ultrahigh-speed SS-OCTA by Fujimoto’s 

group in 2010,3,4 this imaging modality 

has been frequently studied for its clinical 

utility in a variety of retinal diseases. Using 

a tunable swept laser detected by a photo-

diode, modern ultrahigh-speed SS-OCTA 

can achieve scan rates between 100 to 400 

kHz. This scan rate off ers an improvement 

By Kailynn M. Barton, BS, Shivesh H. Shah, BA, Chong Chen, MD 

and John B. Miller, MD
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The challenges and potential of SS-OCTA in 
diagnosing and managing retinal disease.

)�$#
'	(�)���
�������+���)�����2��*�����#2����
�*�1�����3��) &&��&������)�*��)2���*��3�
�2��2�*����������) �3�������� ��(��1����
����*����+���*����,&���&�3�2*����� ��

�2���*)��&��
�
��& *�'
�������


'�(�#����������&2�� �3����+���)�����2�
��*�����
���+&2� �!&�������*�������*���
����)�����������) �3�������� ��(��1����

����*����+���*����,&���&�3


��(�%���������1����&����*����2���&*����
� �*� �����*�����(&��������*��� ��

����&*���!��*�)���������) �!�*�����&���3��

����������*�����&���&)�&����������) �
����&%����� ��(��1��������*����+���*��

��,�������) 2�������3��
�*�����
�

��(�'
���������*����&)�������&����&��&��
&� � ��+&�&�3���������) 2�������3��
�*������&��(��1��������)����) &&���*�
'&��&*��*������)�&��&��� ��(��1����

����*����+���*����,&���&�3
�(�����)�&����
�2��&���,3��*����� ���*��$�����1����*�
�&�3�#�) *&�&�3��*��)&*�2���*��%&�/�

�&��$�)&*��$������*��!������������2*&1�&*��
#&�)&*��*����*�*��) 


%�
���%���*�'� �
���)(�'
����*�'�



RETINA SPECIALIST | NOVEMBER/DECEMBER 202530

SS-OCTAFEATURE

over earlier SS-OCTA 

devices that typically op-

erated between 10 to 50 

kHz.3 Ultrahigh-speed 

SS-OCTA also maintains 

the longer wavelength of 

earlier SS-OCTA mod-

els (~1050-nm) that con-

tributed to deeper light 

penetration compared to 

SD-OCTA (~840-nm).3,5

Visualization 

of the retinal 

microvasculature

SS-OCTA can efficient-

ly characterize many reti-

nal microvascular metrics 

including retinal area and 

length densities, foveal 

avascular zone area, var-

ious flow areas and signal 

voids in microvascular 

networks.4 The combina-

tion of faster scan speed 

and increased wavelength 

offers improved sensitivity 

roll-off and reduced po-

tential for scattering from 

the retinal pigment epi-

thelium. Taken together, 

these factors all contribute 

to improvements in accu-

racy. Such improvements 

are particularly important 

in evaluating densely vas-

cularized areas such as the 

optic nerve head, where 

high precision is necessary 

to discern structures.4 This 

higher speed is also helpful 

in visualizing deeper lay-

ers such as the deep cap-

illary plexus and choroid, 

which are particularly sus-

ceptible to sensitivity roll-

off.5,6 Furthermore, faster 

scan speeds lead to reduc-

tions in artifacts that may 

Figure 1. Right eye with branch retinal vein occlusion, imaged using expanded-field SS-OCTA (Zeiss PLEX Elite 

9000) during routine follow-up. (A) 12 × 12 mm SS-OCTA image acquired at 100 kHz, demonstrating areas of non-

perfusion (pink and blue lines indicate the location of the corresponding B-scan). (B) Corresponding B-scan with 

vascular overlay; yellow dashed lines represent segmentation boundaries.

A

B
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interfere with evaluation.7 These character-

istics may afford more accurate grading and 

characterization of retinal pathology.

Clinical implications
Differentiation in signals based on mo-

tion to distinguish blood flow from tissue 

and generate “decorrelation signals” un-

derpins SS-OCTA. This non-invasive eval-

uation offers an advantage over dye-based 

modalities such as FA or indocyanine green 

angiography.1,8 Subsequent development of 

scan speeds provided a marked advance-

ment over earlier generations of SS-OCTA.  

These faster acquisition speeds have al-

lowed grading and characterization of a 

wide array of retinal diseases at depths that 

were previously difficult to effectively dis-

cern with earlier SS-OCTA technologies. 

For example, SS-OCTA has shown im-

proved depth resolution of the choriocap-

illaris layer compared to ICGA, and this 

effect is amplified at faster image acquisition 

speeds.9 At these speeds, SS-OCTA even 

offers better assessment of choroidal vessels 

of greater size compared to SD-OCTA.10

These improvements in image acquisition 

have led to a number of novel applications, 

especially in clinical settings. This technol-

ogy has been applied to detecting changes 

in CC perfusion among eyes with varying 

levels of AMD, and there is substantial po-

tential for further evaluation of this relation-

ship.2,11 SS-OCTA has also demonstrated 

utility in both the early diagnosis and man-

agement of diabetic retinopathy. Compared 

to SD-OCT, SS-OCTA has superior vi-

sualization of the vitreoretinal interface, 

utility in convenient evaluation of non-per-

fusion area12 and improved early detection 

of retinal microvasculature alterations and 

CC abnormalities.10 Other applications of 

SS-OCTA have included characterizing 

areas of nonperfusion in eyes with ischemic 

retinal vein occlusion10 and evaluating ves-

sel density alterations associated with visual 

function changes in eyes with retinal artery 

occlusion.13

The ease of use, noninvasiveness and im-

proved resolution of microvasculature may 

theoretically reduce the threshold to obtain 

imaging with SS-OCTA—whether it be 

initial scans to evaluate based on clinical 

suspicion or subsequent scans for longitu-

dinal follow-up of retinal disease. As more 

cohorts are followed longitudinally, the 

findings in SS-OCTA that correspond to 

disease progression may be further charac-

terized. Such understanding will compound 

the value of longitudinal retinal microvas-

cular metrics for patients in a clinical setting 

by offering clues into potential for disease 

progression.

Challenges in SS-OCTA
Despite the advantages of SS-OCTA, 

there are still several challenges accom-

panying efforts to increase the scope of its 

use. First, though this technology offers im-

provements in artifact over earlier models 

with slower scan rates, artifacts still exist. 

Improvements in tracking can help limit 

motion artifacts, but manual correction is 

often required. The time-consuming nature 

of manual segmentation, which requires 

repeated adjustment of layer boundaries in 

areas of distortion, hinders efforts to effi-

ciently analyze images for larger cohorts.14

Semi-automated algorithms are increas-

ingly being applied to streamline image 

analysis,15 alongside current efforts to au-

tomate segmentation and correct errors in  

SS-OCTA images. Such advances would 

likely increase efficiency of research evalu-

ation of disease complications and progres-

sion. Furthermore, automatic segmentation 

could ease the clinical implementation of 

SS-OCTA with improved efficiency of im-

age analysis. Such improvements would 

allow for increased point-of-care utility 

without the need for manual correction of 

errors that would be impractical in fast-

paced clinical settings.

With various SS-OCTA devices in use 

spanning different clinics and manufac-

turers–oftentimes with high inter-device 

variability in measurements such as vessel 

Despite the 

advantages of 

SS-OCTA, there 

are still several 

challenges  

accompany-

ing eforts to 

increase the 

scope of its use.

(Continued on page 33)
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W
hen I f irst began recording a 

retina-focused podcast nearly a 

decade ago, digital education 

felt like an experiment. In 2016, 

podcasting was a curiosity—an emerging 

format somewhere between radio and lec-

ture hall. Few journals had video archives, 

webinars were clunky and the idea that a 

retina surgeon might one day teach through 

a smartphone seemed improbable. Yet, less 

than 10 years later, the world of ophthalmic 

education looks almost unrecognizable.

What changed was 

not just technology—it 

was the culture of how 

we share, learn and 

connect as physicians.

The beginnings
In the mid-2010s, 

online medical educa-

tion was still slow and 

centralized. Confer-

ence talks and society 

webinars dominated, 

and interactivity was 

limited to an occasional 

email follow-up. Podcasts and early YouTube 

channels were informal side projects—a way 

to share case discussions and journal insights 

with a wider audience. There was a sense of 

intimacy to it: a conversation between col-

leagues that happened to be broadcast.

Early listeners were residents on commutes, 

fellows between cases and attendings curious 

about new surgical approaches. Each episode 

or video felt handcrafted, more like a case 

report than a formal show. But as bandwidth 

expanded and social media matured, the 

scale of engagement changed dramatically.

The platform explosion
By the early 2020s, the educational land-

scape had fragmented and multiplied. The 

same conference that once depended on a 

few in-person sessions now spawned simul-

taneous streams, highlight clips and analy-

sis posts across multiple platforms. Educa-

tional voices emerged on YouTube, TikTok,  

Instagram and LinkedIn, bringing surgical 

tips and study summaries to global audi-

ences.

A one-minute reel demonstrating internal 

limiting membrane peeling might rack up 

50,000 viewers overnight. A TikTok explain-

ing diabetic macular edema could reach 

more people than a traditional CME lecture. 

Residents began sharing 

their own micro-lessons, 

while societies and jour-

nals hired media teams 

to produce podcasts, 

animated abstracts and 

cross-platform discus-

sions.

For ophthalmology—

and retina in particular—

this explosion has been 

both thrilling and hum-

bling. Knowledge that 

once required journal 

access and travel funding 

is now free and immediate. The boundaries 

between student, teacher and audience have 

blurred beyond recognition.

The price of accessibility
Democratization has a cost. The same 

accessibility that fuels innovation also invites 

misinformation and oversimplification. Algo-

rithms reward emotion over nuance; a care-

fully designed study summary can be buried 

beneath a flashy but inaccurate claim about 

“miracle injections.”

Even within professional circles, the 

pressure to stay visible online can distort 

priorities. Educational intent can drift to-

ward self-promotion, and the line between 

influence and information grows faint. Yet, 

physicians shouldn’t retreat from the digital 

From microphones to microlearning
How the digital classroom continues to transform ophthalmic education.
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space—it’s precisely why credible clinicians must participate. 

Our presence ensures that accurate, ethical perspectives re-

main accessible amid the noise.

The modern classroom
Today, podcasting and short-form video have become 

default learning environments. CME courses and fellowship 

curricula now routinely include digital content, and many 

programs encourage residents to create educational media as 

part of training.

The most striking development isn’t the technology itself 

but rather the community built around it. Podcasts create 

ongoing conversations that evolve with the field. Social plat-

forms host journal clubs that span continents. Surgeons trade 

pearls via comments and DMs. The new classroom mirrors 

what medicine has always valued: mentorship; curiosity; and 

shared problem-solving—now transposed into pixels and 

audio waves.

Looking ahead
As we enter the second half of the decade, artificial intelli-

gence and adaptive learning will likely define the next fron-

tier. Algorithms already shape what learners see; soon, they 

may build personalized curricula. AI voice translation could 

make every podcast multilingual, and augmented reality 

could turn a surgical video into a virtual wet lab.

The question isn’t whether these tools will arrive—they al-

ready have—but whether we can guide their use responsibly. 

How do we preserve clinical judgment in a world of instant 

answers and balance accessibility with accuracy?

Perhaps the answer lies in recognizing that the medium has 

never been the real message—the relationships are.

The continuity of connection
After nearly a decade of watching digital education evolve, 

one lesson stands out: Technology changes, but curiosity 

doesn’t. Online education isn’t replacing traditional teach-

ing—it’s extending it. The reach is broader, the cadence 

faster and the medium more visual, but the essence remains 

mentorship through conversation. Whether through a mi-

crophone, a one-minute reel or a virtual panel spanning time 

zones, we’re continuing the oldest tradition in medicine—

sharing what we’ve learned so someone else can do it better.

That, perhaps, is the truest measure of progress: not the 

format, but the fidelity of connection it sustains. 

density—establishing a consensus of measurement will be 

critical.16 Similarly, limiting the variability of inter-device 

metrics will be critical. Such standardization will likely allow 

for more accurate longitudinal multicenter evaluation of 

patient cohorts. Lastly, cost remains a substantial limiting 

factor in the implementation of ultrahigh-speed SS-OCTA 

compared to SD-OCTA. This difference in price point is 

commonly attributed to the need for expensive laser compo-

nents.10 Efforts to reduce the cost of this component would 

likely help improve the accessibility of this device.

Bottom line
Ultrahigh-speed SS-OCTA offers substantial potential for 

non-invasively quantifying perfusion and vessel areas within 

retinal microvasculature. This technology has demonstrated 

utility in determining differences in retinal microvasculature 

between various stages of disease, such as for AMD and 

DR. Longitudinal research is ongoing to determine the 

most predictive metrics of visual function, progression or 

complications of specific retinal diseases. Challenges involve 

addressing artifactual errors and increasing consensus re-

garding accepted measurements. However, with continued 

work in this area, there is much promise regarding broad 

clinical implementation of this technology. 

REFERENCES
1. Zheng F, Deng X, Zhang Q, et al. Advances in swept-source optical coherence tomography and optical coherence 

tomography angiography. Advances in Ophthalmology Practice and Research 2022;3:2:67.

2 .Moult E, Choi W, Waheed NK, et al. Ultrahigh-speed swept-source OCT angiography in exudative AMD. Ophthalmic Surg 

Lasers Imaging Retina 2014;456:496.

3. Potsaid B, Baumann B, Huang D, et al. Ultrahigh speed 1050nm swept source / Fourier domain OCT retinal and anterior 

segment imaging at 100,000 to 400,000 axial scans per second. Opt Express 2010;18:19:20029.

4. Baumann B, Potsaid B, Kraus MF, et al. Total retinal blood flow measurement with ultrahigh speed swept source/Fourier 

domain OCT. Biomed Opt Express 2011;2:6:1539.

5. Miller AR, Roisman L, Zhang Q, et al. Comparison between spectral-domain and swept-source optical coherence 

tomography angiographic imaging of choroidal neovascularization. Invest Ophthalmol Vis Sci 2017;58:3:1499-1505.

6. de Carlo TE, Romano A, Waheed NK, Duker JS. A review of optical coherence tomography angiography (OCTA). Int J 

Retina Vitreous 2015;1:1.

7. Bazvand F, Ghassemi F. Artifacts in macular optical coherence tomography. J Curr Ophthalmol 2020;32:2:123.

8. Li P, Cheng Y, Li P, et al. Hybrid averaging offers high-flow contrast by cost apportionment among imaging time, axial, 

and lateral resolution in optical coherence tomography angiography. Opt Lett 2016;41:17:3944.

9. Borrelli E, Sarraf D, Freund KB, Sadda SR. OCT angiography and evaluation of the choroid and choroidal vascular 

disorders. Prog Retin Eye Res 2018;67:30-55.

10. Laíns I, Wang JC, Cui Y, et al. Retinal applications of swept source optical coherence tomography (OCT) and optical 

coherence tomography angiography (OCTA). Prog Retin Eye Res 2021;84.

11. Choi W, Moult EM, Waheed NK, et al. Ultrahigh-speed, swept-source optical coherence tomography angiography in 

nonexudative age-related macular degeneration with geographic atrophy. Ophthalmology 2015;122:12:2532-2544.

12. Garg I, Uwakwe C, Le R, et al. Nonperfusion area and other vascular metrics by wider field swept-source oct 

angiography as biomarkers of diabetic retinopathy severity. Ophthalmology Science 2022;2:2.

13. Lu Y, Cui Y, Zhu Y, et al. Quantitative wide-field swept-source optical coherence tomography angiography and visual 

outcomes in RAO. Clinical Ophthalmology 2023;17:2505-2513.

14. Sampson DM, Dubis AM, Chen FK, Zawadzki RJ, Sampson DD. Towards standardizing retinal optical coherence 

tomography angiography: A review. Light Sci Appl 2022;11:1.

15. Garg I, Miller JB. Semi-automated algorithm using directional filter for the precise quantification of non-perfusion area 

on widefield swept-source optical coherence tomography angiograms. Quant Imaging Med Surg 2023;13:6:3688-3702.

16. Lu Y, Cwang J, Zeng R, et al. Quantitative comparison of microvascular metrics on three optical coherence tomography 

angiography devices in chorioretinal disease. Clinical Ophthalmology 2019;13:2063-2069.

SS-OCTAFEATURE

(Continued from page 31)



Eye care practices are navigating a complex landscape of rising patient volumes, 

persistent staffi  ng shortages and increasing operational demands. At the same time, the 

fi nancial strain from managing high-cost medications, frequent reimbursement denials 

and supply chain disruptions continues to mount, directly impacting your ability to deliver 

consistent, high-quality patient care.

Amy Valley, Vice President of Strategic Roadmap & Execution at Cardinal Health, works 

with hundreds of practices nationwide, and sees these challenges fi rsthand.

“Without the right systems in place, it’s harder than ever to deliver the level of care 

patients deserve,” said Valley. “Managing these dynamics while maintaining day-to-

day operations requires more than just resilience — it demands smarter systems and 

integrated support.”

By adopting the following strategies, fueled by advanced solutions and support from 

Cardinal Health, your practice can optimize drug and medical supply management, 

streamline workfl ows, maximize reimbursement and stay ahead of change, so you can 

focus on what matters most: patient care.

Use a single source for pharmaceuticals and medical supplies, and 

harness the aggregated purchasing power of a specialty GPO

Cardinal Health can serve as a streamlined, reliable, single solution for specialty 

medications and medical supplies, eliminating the need to juggle multiple vendors. 

“By using Cardinal Health as your single-source distributor and joining one of our affi  liated 

specialty group purchasing organizations (GPOs), practices can benefi t from unmatched, 

aggregated purchasing power,” said Helen Mannhalter, Group Product Manager, 

Commercial Technologies at Cardinal Health. “Our Acuity™ GPO negotiates competitive 

contracts, discounts, and rebates on ophthalmology medications that individual practices 

would be hard-pressed to secure on their own.” 

Utilizing our integrated model, where Acuity™ GPO and distributor operate within the 

same organization, ensures seamless data fl ow and a single source of truth. This reduces 

discrepancies, enhances operational effi  ciency and simplifi es inventory and fi nancial 

management, which is especially important for high-cost therapies.

To help practices fully leverage their Acuity™ GPO contracts, Cardinal Health off ers the 

GPO Contract Dashboard — a self-service tool that provides real-time visibility into 

contract performance and rebate opportunities. Since the dashboard is updated daily 

and integrated with Cardinal Health’s distribution systems, it delivers accurate, actionable 

insights from a single source of truth.
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Streamline specialty medication inventory 

management

“For many specialty practices, inventory represents one of the  

largest capital investments after payroll,” said Jeff Weaver, Group 

Product Manager, Commercial Technologies at Cardinal Health.  

With shrinking margins and rising drug costs, there’s no room for 

error. That’s why managing high-cost medications is one of the most 

common pain points experienced by specialty physician practices.”

Weaver says that technology-driven inventory management 

solutions help practices streamline operations and reduce 

administrative burden. 

Cardinal Health™ RxID Select™ Platform provides full visibility into 

medication status across locations. Practices can reduce waste and 

spoilage by knowing exactly what’s available and when it expires.

RxID Select™ Platform enables practices to:

• Manage high-cost medications for fluctuating patient volumes

• Scan medications at receipt and dispense for full chain-of-

custody tracking

• Access real-time inventory data across multiple locations

• Auto-adjust par levels based on dispense velocity, to match 

demand

• Prevent the dispensing of expired or recalled products

• Integrate with EHR (Electronic Health Record) or PMS (Practice 

Management System) systems for patient-level reporting and 

reduced manual errors

This automation helps reconcile discrepancies faster, reduces waste, 

and improves financial performance. “Inventory management 

isn’t just about stock levels — it’s about visibility, traceability, and 

value. Our RxID Select™ Platform delivers all three, agnostic of your 

distributor,” said Weaver.

Leverage Advanced Practice Analytics to improve the 

financial and operational health of your practice

Understanding cost drivers and performance metrics has become 

increasingly vital — not only for internal operations, but also to 

empower you to drive better negotiations with payers.

“Inventory data is just one part of your practice’s much larger 

operational picture. You can only benefit from the true value of 

analytics when inventory and dispense records are integrated 

with financial data, like reimbursement trends, purchasing history 

and GPO contract terms,” said Mannhalter. “This comprehensive 

view is where platforms like Advanced Practice Analytics deliver 

transformative impact for specialty physician practices.”

By connecting key data streams, Advanced Practice Analytics 

provides you with a 360-degree view of practice operations, 

including inventory dispense activity, purchasing and reimbursement 

records, GPO contract pricing, claims and billing data.

Beyond billing, Advanced Practice Analytics can empower your 

practice to:

• Monitor clean claim rates, by payer

• Analyze denial trends — distinguishing between clinical and 

administrative issues

• Evaluate reimbursement lag times

• View rebate thresholds to avoid costly shortfalls

• Track margins by drug, payer, and practice location 

Fuel your financial performance with end-to-end 

revenue cycle management

In today’s complex healthcare environment, revenue cycle 

management (RCM) is more challenging than ever, and physician 

practices are feeling the pressure. Because we understand that every 

practice is unique, Cardinal Health is collaborating with Advantum 

Health to deliver fully customizable, end-to-end RCM services to 

meet the evolving needs of your practice. With more than 20 years of 

experience, our RCM experts can serve as an extension of your team 

— helping to streamline workflows, reduce staff burden and protect 

and grow your revenue, by handling any or all of your practice’s 

specific needs, including:

• Medical coding and billing

• Denial management

• Accounts receivable (AR) follow-up

• Provider enrollment and credentialing

• Benefits verification and prior authorization

• CMS-compliant coding audits

• Payer contracting support

Whether it's navigating reimbursement complexities, optimizing 

inventory management, or improving decision-making,  

Cardinal Health has a team of trusted experts and a suite of advanced 

solutions that can help you confidently navigate the evolving 

healthcare landscape. Let us help you improve the long-term 

sustainability and growth of your practice.

Scan the QR code to learn more

Visit us at booth # 151 at Hawaiian Eye and Retina 2026 

to explore our tailored solutions for your practice. 

 “Inventory management 

isn’t just about stock levels 

— it’s about visibility, 

traceability and value. 

Our RxID Select™ Platform 

delivers all three, agnostic 

of your distributor,” said 

Weaver.



iCareEIDON
®

 Family

Excellent Ultra-Widefi eld image 

quality covering up to 200°

iCare is a trademark of Icare Finland Oy. Icare Finland Oy, Icare USA, Inc., iCare World Australia Pty Ltd, China iCare Medical Technology Co. Ltd, Thirona 

Retina B.V. and CENTERVUE S.P.A., are parts of Revenio Group and represent the brand iCare. iCare EIDON is a trademark or a registered trademark of Icare 

Finland Oy in the EU and the USA and/or other countries. CENTERVUE S.P.A. is the legal manufacturer of EIDON. Not all products, accessories, services 

or of ers are approved in every market. Approved labeling and instructions may vary from one country to another. This material is intended for healthcare 

professionals only. ©2025 Icare Finland Oy. All rights reserved. ICARE-EIDON-FAMILY-UWFL-TRADE-ADS-017-REV02-EN-2025-02-US
0123

Learn more 
icare-world.com

Confocal Technology allows scanning through media 

opacities and pupils as small as 2.5 mm resulting in 

high-resolution images

Fully automated easy-to-use family of products with 

advanced features and multiple imaging modalities

Using white LED light provides TrueColor detail-rich 

retinal images from the macula to the periphery

quality covering up to 200°


