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Potential treatments 
for 

geographic
atrophy
Family history and 
lifestyle are key in the 
development of GA

surgery      
Averting zonular crises                                                       

in different cataract cases 

cell & gene therapy      
Will experience support use                                             

of first-ever retinal gene therapy?

imaging      
The truth about invisible                                      

posterior vitreous structures

Clinical diagnosis      
Optimizing ocular surface to achieve                            

full visual potential does not end at surgery

 For nearly 2 decades, neovascular 
age-related macular degeneration 
has been at the forefront due to 
the introduction of intravitreally 
administered anti-VEGF drugs.  
These agents have successfully 
halted disease progression and 
saved vision in impacted patients.  
CONTINUED ON  PAGE 30
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Powerful technology for sustained intraocular pressure and medication reduction. Predictable outcomes from a truly 
tissue-sparing procedure. All on a proven platform with the most clinical evidence of any MIGS device.

Experience the latest evolution of the iStent® legacy of excellence in your practice.

iStent inject® W IMPORTANT SAFETY INFORMATION
INDICATION FOR USE. The iStent inject® W Trabecular Micro-Bypass System Model G2-W is indicated for use in conjunction with cataract surgery for the reduction of intraocular pressure (IOP) in adult patients with mild to moderate 
primary open-angle glaucoma. CONTRAINDICATIONS. The iStent inject W is contraindicated in eyes with angle-closure glaucoma, traumatic, malignant, uveitic, or neovascular glaucoma, discernible congenital anomalies of the anterior 
chamber (AC) angle, retrobulbar tumor, thyroid eye disease, or Sturge-Weber Syndrome or any other type of condition that may cause elevated episcleral venous pressure. WARNINGS. Gonioscopy should be performed prior to surgery to 
exclude congenital anomalies of the angle, PAS, rubeosis, or conditions that would prohibit adequate visualization of the angle that could lead to improper placement of the stent and pose a hazard. MRI INFORMATION. The iStent inject
W is MR-Conditional, i.e., the device is safe for use in a specified MR environment under specified conditions; please see Directions for Use (DFU) label for details. PRECAUTIONS. The surgeon should monitor the patient postoperatively for 
proper maintenance of IOP. The safety and effectiveness of the iStent inject W have not been established as an alternative to the primary treatment of glaucoma with medications, in children, in eyes with significant prior trauma, abnormal 
anterior segment, chronic inflammation, prior glaucoma surgery (except SLT performed > 90 days preoperative), glaucoma associated with vascular disorders, pseudoexfoliative, pigmentary or other secondary open-angle glaucomas, 
pseudophakic eyes, phakic eyes without concomitant cataract surgery or with complicated cataract surgery, eyes with medicated IOP > 24 mmHg or unmedicated IOP < 21 mmHg or > 36 mmHg, or for implantation of more or less than two 
stents. ADVERSE EVENTS. Common postoperative adverse events reported in the iStent inject® randomized pivotal trial included stent obstruction (6.2%), intraocular inflammation (5.7% for iStent inject vs. 4.2% for cataract surgery only), 
secondary surgical intervention (5.4% vs. 5.0%) and BCVA loss ≥ 2 lines ≥ 3 months (2.6% vs. 4.2%). CAUTION: Federal law restricts this device to sale by, or on the order of, a physician. Please see DFU for a complete list of contraindications, 
warnings, and adverse events. 
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FALLING FOR TODAY’S ADVANCEMENTS
As the seasons change, ophthalmology sets pace

Welcome to the September issue of Ophthalmology 
Times.®

As we head into fall, ophthalmology continues to 

be fertile ground for cutting-edge advancements. 

The cover of this months issue of Ophthalmology 
Times® highlights therapeutics, with Rishi P. Singh, 

MD, discussing geographic atrophy and its poten-

tial treatments (page 30).  He notes that geographic 

atrophy requires reappraisal of these diagnostic 

techniques to ensure that the patients with the 

greatest need are identifi ed for treatment through 

the clinical trials. 

In the Surgery section, Imran Masood, MBChB, 

MRCSEd, MBChB, BSc, FRCOphth, off ers tips for 

averting zonular crises in cataract cases (page 22). 

When managing cases with zonular compromise, 

clinicians must assess the degree of zonulopathy. 

However, a lot of other factors also need to be 

considered. One of the issues when looking for 

zonulopathy is that if clinicians dilate the pupil, the 

ciliary body or the ciliary ring is put under tension 

and subtle degrees of phacodonesis can sometimes 

be missed. 

Cell and Gene therapy continues to showcase 

innovation. In this issue (page 34), a team of physi-

cians led by Maximilian J. Gerhardt, MD, details how 

voretigene neparvovec is the fi rst causal treatment 

for biallelic RPE65 mutation–associated retinal dis-

ease, which regularly progresses to legal blindness 

in patients. Moreover, the one-time gene therapy 

treatment aims to deliver the correct coding se-

quence of the human RPE65 to the retinal pigment 

epithelium and is performed via subretinal injection 

following vitrectomy.

Imaging remains an interesting area for advance-

ments, and Akihiro Kakehashi, MD, PhD, points out 

(Page 38) how with optical coherence tomography, 

meticulous changes in the posterior vitreous can 

be observed that are not clearly visible by slit lamp 

biomicroscopy.

In Clinical Diagnosis (page 40), Steven I. Ros-

enfeld, MD, discusses how optimizing the ocular 

surface to achieve full visual potential continues 

after surgery. He also notes that although it is always 

important to consider optimizing the ocular surface 

for all patients to improve their vision, it is of critical 

importance before cataract surgery. 

In Device Technology (page 42), our team high-

lights the new Zeiss Innovation Center and US 

Medical Headquarters in Dublin, California, which 

opened on March 31, 2021. The Zeiss Innovation 

Center’s R&D eff orts focus primarily on digital 

solutions and scientifi c and industry partnerships 

spanning disciplines and technologies—key drivers 

behind the company’s decision to locate the center 

in the San Francisco Bay area. 

Mike Hennessy jr, 
President and CEO of Ophthalmology Times®’ 
parent company, MJH Life Sciences®
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Tarsus submits NDA 
to the FDA for TP-03 for 
treatment of Demodex 

blepharitis

Investigator: 
Study raises red � ags 
about corporatization 

of health care

Early onset of diabetes, 
hypertension can predict 

early glaucoma, UTSW 
ophthalmologists report

VIDEO
David A. Eichenbaum, MD, FASRS, 
and Caroline Baumal, MD, provide 
take-home messages to providers 
treating patients with AMD and DME.

Scan QR code to watch.
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educated to pay 
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health for the long 
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“Life is a game. He who dies 
with the most toys wins.”
– Unattributed proverb ridiculing people who 
compulsively pursue accumulation of material 
possessions

When I was a young corneal surgeon recently out of 
fellowship, my belief was that the best way to put my 
training to use was to perform as many surgeries as 
possible on as many individuals as possible, allowing 
them to see better and live better lives. Sort of like the 
quote above, but with corneal transplants and cataract 
extractions instead of sports cars and yachts.

From time to time when we would decide to sched-
ule surgery, a patient would ask me how many of these 
surgeries I had done already, or they would encourage 
me to be sure and to get a good night’s sleep the night 
before. But one day a patient who had been referred to 
me for a corneal transplant asked me something I had 
never been asked before: “How many of these surger-
ies do you perform in a typical day?” he inquired. I 
think my answer was “about 8.” He responded: “Then 
please make mine your third operation.”

I was intrigued. This individual was a very intelligent 
and successful entrepreneur but had no medical back-
ground. “I am happy to put you third on the schedule. 
But please tell me why you want that,” I said.

He explained. “When you fi rst start operating that 

day, I fi gure you will be warming up, because you 
haven’t operated for a couple of days. By the time you 
fi nish operating on eye No. 2, I fi gure you will really be 
in the swing of things. But by the time you get to eyes 
7 and 8, I think it is only natural that you might start 
getting a bit tired. So I think being third or fourth in 
the sequence would be optimal.” 

“That’s a very interesting analysis,” I said, smiling.  
Everything went well with this gentleman’s opera-

tion, and I have never heard of anyone doing a study to 
see if the order of surgical procedures is an important 
variable contributing to surgical outcomes. I do know 
some surgeons who place patients at the end of the 
day who they think might be at higher risk for com-
plications (due to something like pseudoexfoliation 
syndrome or a bad outcome in the fellow eye).

I thought of this patient recently when I heard an 
interview with Nobel laureate Eugene F. Fama. Accord-
ing to Fama, a professor of economics at The Universi-
ty of Chicago Booth School of Business, one can only 
optimally perform work that requires careful thought 
for 4 hours per day. After that, he thinks, quality 
suff ers. Is that right? If so, what does that portend for 
patients who are being operated on toward the end of 
an 8-hour day in the operating room? 

Optimal performance 
has a limited window

E D I TO R I A L

THE NUMBERS GAME

Peter J. McDonnell, MD 
 director of the Wilmer 

Eye Institute, Johns 
Hopkins University 
School of Medicine, 
Baltimore, and chief 

medical editor of 
Ophthalmology 

Times®.
HE CAN BE REACHED AT 
727 Maumenee Building

600 N Wolfe St, Baltimore, 
Maryland 21287-9278

P: 443-287-1511   
F: 443-287-1514   

E: pmcdonn1@jhmi.edu

https://www.facebook.com/OphthalmologyTimes
https://twitter.com/OphthTimes
https://www.instagram.com/ophthalmologytimes/
https://www.linkedin.com/company/ophthalmologytimes/


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

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

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

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

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

†  Key study findings were after 8 weeks of treatment, 6 times daily. REPARO (Study NGF0212): 52 European patients with 
neurotrophic keratitis (NK) in 1 eye per group; 72% of patients completely healed; vehicle response rate 33.3%.  
Study NGF0214: 24 US patients with NK in 1 or both eyes per group; 65.2% completely healed; vehicle response rate 16.7%.2,3

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

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

Lactation
The developmental and health benefits of breastfeeding 
should be considered, along with the mother’s clinical 
need for OXERVATE, and any potential adverse effects  
on the breastfed infant from OXERVATE.
Pediatric Use
The safety and effectiveness of OXERVATE have been 
established in the pediatric population. Use of OXERVATE 
in pediatric patients 2 years of age and older is supported 
by evidence from adequate and well-controlled trials of 
OXERVATE in adults with additional safety data in children.
INDICATION
OXERVATE® (cenegermin-bkbj) ophthalmic solution 
0.002% (20 mcg/mL) is indicated for the treatment  
of neurotrophic keratitis.
DOSAGE AND ADMINISTRATION
Instill one drop of OXERVATE in the affected eye(s),  
6 times a day at 2-hour intervals for eight weeks.
To report ADVERSE REACTIONS, contact Dompé U.S. Inc. 
at 1-833-366-7387 or FDA at  1-800-FDA-1088 or  
www.fda.gov/medwatch.
Please see the Brief Summary of full Prescribing 
Information for OXERVATE on the following page.
References: 1. OXERVATE® (cenegermin-bkbj) ophthalmic solution 0.002% (20 mcg/mL) [US package 
insert]. Boston, MA; Dompé U.S. Inc.; 2019. 2. Bonini S, et al. Ophthalmology. 2018;125:1332-1343.  
3. Pflugfelder SC, et al. Ophthalmology. 2020;127:14-26. 4. Data on File. Clinical Study Report (NGF0212). 
Dompé U.S. Inc., 2016. 

© 2022 Dompé U.S. Inc.  All rights reserved. US-OXE-2200017 1.1 08/22

See more clinical data 
OXERVATE.com/hcp

https://oxervate.com/hcp/


Brief Summary of full Prescribing Information 
Consult the full Prescribing Information for complete 
product information, available at  
www.oxervate.com/prescribing-information.

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

DOSAGE AND ADMINISTRATION 
General Dosing Information 
Contact lenses should be removed before applying 
OXERVATE and may be reinserted 15 minutes after 
administration.
If a dose is missed, treatment should be continued as 
normal, at the next scheduled administration.
If more than one topical ophthalmic product is being used, 
administer the eye drops at least 15 minutes apart to avoid 
diluting products. Administer OXERVATE 15 minutes prior to 
using any eye ointment, gel or other viscous eye drops.
Recommended Dosage and Dose Administration

Instill one drop of OXERVATE in the affected eye(s), 6 times 
a day at 2-hour intervals for eight weeks.

WARNINGS AND PRECAUTIONS
Use with Contact Lens

Contact lenses should be removed before applying 
OXERVATE because the presence of a contact lens 
(either therapeutic or corrective) could theoretically limit 
the distribution of cenegermin-bkbj onto the area of the 
corneal lesion. Lenses may be reinserted 15 minutes after 
administration.
Eye Discomfort

OXERVATE may cause mild to moderate eye discomfort such 
as eye pain during treatment. The patient should be advised to 
contact their doctor if a more serious eye reaction occurs.

ADVERSE REACTIONS
Clinical Studies Experience

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

USE IN SPECIFIC POPULATIONS
Pregnancy

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

Of the total number of subjects in clinical studies of 
OXERVATE, 43.5 % were 65 years old and over. No overall 
differences in safety or effectiveness were observed 
between elderly and younger adult patients.

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility

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

© 2022 Dompé U.S. Inc. All rights reserved. US-OXE-1900010.1 07/22
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special report
C H A N G I N G  R E A L M  O F 

M I G S  &  G L AU C O M A

By Victor H. Gonzalez, MD

Since iStent inject W (Glaukos) be-
came the fi rst FDA-approved stent in 
2012, adoption of minimally invasive 
glaucoma surgery (MIGS) has grown 
substantially. In an analysis of over 
200,000 cataract surgeries that oc-
curred from 2013 to 2018, the number of con-
current MIGS procedures increased more than 
5-fold.1 By 2020, 19% of cataract and glaucoma 
surgeons were using MIGS.2 When surgeons 
performed multiple MIGS procedures during 
cataract surgery, the most common pairing was 
iStent and endocyclophotocoagulation (ECP) 
(Endo Optiks E2; BVI Medical), bypassing the 
trabecular meshwork while reducing aqueous 
production from the ciliary processes.1

Although cataract surgery has become a key 
opportunity for MIGS treatment of glaucoma, it 
is not the only opportunity. We perform stand-
alone placement of stents and regularly rely on 
procedures such as the Omni Surgical System 
(Sight Sciences) and Xen Gel Stent (Allergan). 

Another key opportunity that receives less 

attention is vitrectomy. Busy surgeons 
may not recognize that they are in 
a position to help pseudophakic 
patients maximize control of IOP at 
the time of vitrectomy using ECP. 

When patients are already undergoing 
surgery for a serious problem, ECP 
is a low-risk, high-return, effi  cient 

procedure that can have a benefi cial impact on 
IOP and quality of life.

Implementing ECP during 
vitrectomy
When patients are referred to me for a condi-
tion requiring a vitrectomy, such as a macular 
hole, and they are pseudophakic and being 
treated for glaucoma, I evaluate them for pos-
sible ECP. If patients are on maximum medical 
therapy with borderline control, it is important 
to seize the opportunity to improve their status 
with ECP. Even if patients are stable on max-
imum medical therapy, I discuss the benefi ts 
of ECP with them. ECP can improve patient 
adherence and ease the economic burden by 
decreasing the number of drops needed for 

glaucoma control.
I communicate to the referring ophthal-

mologist that we have an opportunity to help 
control IOP and reduce the number of drops 
the patient is using by performing ECP while 
doing vitrectomy. Nine out of 10 times, the 
referring physician agrees with the treatment 
plan and gives me the green light to proceed 
with the treatment.

Patients with a diagnosis of neovascular 
glaucoma who can have their pressures con-
trolled with medical therapy can benefi t from 
treatment with ECP during the vitrectomy as 
well. In my experience, this has spared me 
from having to implant a stent device in many 
of these patients.

An e�  cient, amenable procedure 
During cataract surgery, the treatment is 
performed through the corneal incision. After 
pars plana vitrectomy, ECP is done through the 
trocar, using a 23-gauge probe. First, I visualize 
the ciliary processes with the endoscope. With 
a laser setting of 150 to 250 mW and continu-
ous exposure, I apply energy to the processes 
until shrinkage and whitening occur. I treat 
180° of the ciliary processes and a small section 
of pigmented tissue on the pars plicata. After 
ECP, I use dexamethasone intracamerally. 

On average, ECP lowers IOP by approximate-
ly 5 to 8 mm Hg,3,4 reaching maximum eff ect 6 
weeks after the procedure. Thus, patients con-
tinue their glaucoma medications after surgery, 
and we see them back at 6 weeks for adjust-
ments in medication if IOP has decreased. Re-
covery is otherwise identical to that of patients 
undergoing vitrectomy without ECP.

My results for ECP mirror those of the 
literature, which show that a large majority of 
patients are able to eliminate 1 or 2 classes of 

Continues on page 10 : Vitrectomy

Seize underused opportunity to 
treat glaucoma during vitrectomy 

Ophthalmologists can reduce IOP and medications with ECP while in the eye

A panoramic 
endoscopic view of 
the treated ciliary 
processes. 
(Image courtesy of 
Victor H. Gonzalez, MD)

Victor H. Gonzalez, MD
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enVista.

INDICATIONS & IMPORTANT SAFETY INFORMATION FOR enVista® Toric IOL 

INDICATIONS
The enVista one-piece hydrophobic acrylic IOL is indicated for primary implantation in the capsular bag of the eye in adult patients for visual correction of aphakia following removal of a cataractous lens for improved uncorrected 
distance vision. The enVista one-piece hydrophobic acrylic toric IOL is indicated for primary implantation in the capsular bag of the eye in adult patients for visual correction of aphakia and corneal astigmatism following removal 
of a cataractous lens for improved uncorrected distance vision. WARNINGS: Careful preoperative evaluation and sound clinical judgment should be used by the surgeon to decide the risk/benefit ratio before implanting a lens in a 
patient. PRECAUTIONS: Do not resterilize this intraocular lens by any method. Do not use if the packaging is damaged or if there are signs of leakage. Do not store lenses or inserter at temperatures over 43°C (109°F) or lower than 
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infection (endophthalmitis), retinal detachment, vitritis, cystoid macular edema, corneal edema, pupillary block, cyclitic membrane, iris prolapse, hypopyon transient or persistent glaucoma, acute corneal decompensation, toxic anterior 
segment syndrome (TASS), and secondary surgical intervention. CAUTION: Federal law restricts this device to sale by or on the order of a physician. ATTENTION: Reference the Directions for Use labeling for a complete listing of 
indications and important safety information.

®/™ are trademarks of Bausch & Lomb Incorporated or its affiliates. 
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special report
C H A N G I N G  R E A L M  O F 

M I G S  &  G L AU C O M A

By Lynda Charters; 
Reviewed by Ehsan Sadri, MD

Minimally invasive glaucoma surgery (MIGS) 
has changed the landscape of glaucoma 
surgery. Ehsan Sadri, MD, founder and CEO of 
the Visionary Eye Institute in Newport Beach, 
California, shared his pearls for addressing 
open-angle glaucoma using MIGS and provid-
ed an overview of the various technologies.

CASE 1: Practicing physician with 
visual � eld (VF) progression
A 58-year-old vascular surgeon underwent a 
previous LASIK procedure and uses maximal 

medical therapy with latanoprost/brimoni-
dine-timolol (Combigan; AbbVie) for bilateral 
IOPs of 16 mm Hg. His best-corrected visual 
acuity (BCVA) is 20/50 bilaterally; arcuate 
scotomas are present bilaterally. 

The corneal thickness is 490 µm and the 
cup to disc ratios are 0.85 and 0.9 in the right 
and left eye, respectively. The patient has 
marked progressive VF loss bilaterally. He 
underwent cataract extraction surgery with 
monofocal lens implants. Sadri performed an 
OMNI Surgical System (Sight Sciences) trabec-
ulotomy, goniotomy, and eye stent bilaterally. 
The patient’s IOPs are stable between 10 and 
12 mm Hg, and his BCVA is 20/20.

The surgical approach to such a patient has 
changed over the past decade when bilateral 
trabeculectomies with or without cataract 
extraction may have been performed. 

“Because of the advent of MIGS, we’re fortu-
nate to provide a minimally invasive treat-
ment with minimal downtime,” Sadri said. 
“Trabeculectomies were extremely challenging 
with too-low or too-high IOPs. Patients often 
needed either laser suture lysis or needling.”

Because of MIGS, which is Sadri’s go-to 
procedure for glaucoma, recoveries are rapid. 
If a MIGS procedure fails, he then elects to 
perform a more invasive surgery. Considering 

Continues on page 15 : MIGS

Pearls for MIGS in patients with 
open-angle glaucoma 

Technique has led to a renaissance period in ophthalmology
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drops.5,6 They are often stabilized on 1 prosta-
glandin or aqueous suppression drug after ECP. 
In some cases, such as in patients with acute 
neovascular glaucoma, lowering IOP with a 
MIGS procedure like ECP may even help pre-
vent the need for more invasive surgery later in 
the disease process. 

Reaction from patients 
and referring physicians
Patients are ecstatic when I can treat their 
acute problem and help them have stable 
pressure and optic nerve readings with less 
dependence on drops. Combining ECP with 
vitrectomy also has a positive eff ect among 

referring physicians. When they refer patients, 
they want to know whether they are good 
candidates for ECP, and they are excited to 
off er patients that option. If ophthalmologists 
expand access to this combined approach, 
more patients undergoing vitrectomy will be 
able to improve the overall health of their eyes 
as well as their quality of life. 

Victor H. Gonzalez, MD
E: maculadoc@aol.com
Gonzalez is the founder of Gulf Coast Eye Institute, 
which serves the Rio Grande Valley region in Texas. 
He also serves as a consultant for BVI Medical, 
Endo Optiks. 
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INDICATION
LUMIGAN® 0.01% (bimatoprost ophthalmic solution) is indicated for the reduction 
of elevated intraocular pressure in patients with open angle glaucoma or ocular 
hypertension.

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
LUMIGAN® 0.01% is contraindicated in patients with hypersensitivity to bimatoprost 
or to any of the ingredients.

WARNINGS AND PRECAUTIONS
Pigmentation
Bimatoprost ophthalmic solution has been reported to cause changes to pigmented 
tissues. The most frequently reported changes have been increased pigmentation 
of the iris, periorbital tissue (eyelid) and eyelashes. Pigmentation is expected to 
increase as long as bimatoprost is administered. After discontinuation of bimatoprost, 
pigmentation of the iris is likely to be permanent, while pigmentation of the periorbital 
tissue and eyelash changes have been reported to be reversible in some patients. 
Patients who receive treatment should be informed of the possibility of increased 
pigmentation. The long term effects of increased pigmentation are not known. Iris 
color change may not be noticeable for several months to years. While treatment with 
LUMIGAN® 0.01% can be continued in patients who develop noticeably increased iris 
pigmentation, these patients should be examined regularly.

Eyelash Changes
LUMIGAN® 0.01% may gradually change eyelashes and vellus hair in the treated 
eye. These changes include increased length, thickness, and number of lashes. 
Eyelash changes are usually reversible upon discontinuation of treatment.

Intraocular Inflammation
Prostaglandin analogs, including bimatoprost, have been reported to cause 
intraocular inflammation. In addition, because these products may exacerbate 
inflammation, caution should be used in patients with active intraocular 
inflammation (e.g., uveitis).

Macular Edema
Macular edema, including cystoid macular edema, has been reported during 
treatment with bimatoprost ophthalmic solution. LUMIGAN® 0.01% should be used 
with caution in aphakic patients, in pseudophakic patients with a torn posterior lens 
capsule, or in patients with known risk factors for macular edema.

Bacterial Keratitis
There have been reports of bacterial keratitis associated with the use of multiple-
dose containers of topical ophthalmic products.

Contact Lens Use
LUMIGAN® 0.01% contains benzalkonium chloride, which may be absorbed by and 
cause discoloration of soft contact lenses. Contact lenses should be removed prior 
to instillation of LUMIGAN® 0.01% and may be reinserted 15 minutes following its 
administration.

ADVERSE REACTIONS
In a 12-month clinical study with bimatoprost ophthalmic solutions 0.01%, the most 
common adverse reaction was conjunctival hyperemia (31%). Approximately 1.6% 
of patients discontinued therapy due to conjunctival hyperemia. Other adverse drug 
reactions (reported in 1 to 4% of patients) with LUMIGAN® 0.01% in this study 
included conjunctival edema, conjunctival hemorrhage, eye irritation, eye pain, eye 
pruritus, erythema of eyelid, eyelids pruritus, growth of eyelashes, hypertrichosis, 
instillation site irritation, punctate keratitis, skin hyperpigmentation, vision blurred, 
and visual acuity reduced.

USE IN SPECIFIC POPULATIONS
Pediatric Use
Use in pediatric patients below the age of 16 years is not recommended because 
of potential safety concerns related to increased pigmentation following long-term 
chronic use.

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

(bimatoprost ophthalmic 
solution) 0.01%

CAN EXPERIENCE
MAKE A DIFFERENCE?



HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all the information needed to use LUMIGAN 0.01% safely 
and effectively. See full prescribing information for LUMIGAN 0.01%.
LUMIGAN® (bimatoprost ophthalmic solution) 0.01%, for topical ophthalmic use  
Initial U.S. Approval: 2001

INDICATIONS AND USAGES
LUMIGAN® 0.01% is a prostaglandin analog indicated for the reduction of elevated intraocular 
pressure in patients with open angle glaucoma or ocular hypertension. (1)

DOSAGE AND ADMINISTRATION
One drop in the affected eye(s) once daily in the evening. (2)

DOSAGE FORMS AND STRENGTHS
Ophthalmic solution containing 0.1 mg/mL of bimatoprost. (3)

CONTRAINDICATIONS
Hypersensitivity. (4)

WARNINGS AND PRECAUTIONS
•  Pigmentation: Pigmentation of the iris, periorbital tissue (eyelid) and eyelashes can occur. 

Iris pigmentation is likely to be permanent. (5.1)
•  Eyelash Changes: Gradual change to eyelashes including increased length, thickness and 

number of lashes. Usually reversible. (5.2)

ADVERSE REACTIONS
Most common adverse reaction (31%) is conjunctival hyperemia. (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact Allergan at 1-800-678-1605 or FDA  
at 1-800-FDA-1088 or www.fda.gov/medwatch.

USE IN SPECIFIC POPULATIONS
Use in pediatric patients below the age of 16 years is not recommended because of potential 
safety concerns related to increased pigmentation following long-term chronic use. (8.4)

See 17 for PATIENT COUNSELING INFORMATION.
Revised: 9/2020
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FULL PRESCRIBING INFORMATION
1 INDICATIONS AND USAGE
LUMIGAN® (bimatoprost ophthalmic solution) 0.01% is indicated for the reduction of elevated 
intraocular pressure in patients with open angle glaucoma or ocular hypertension.
2 DOSAGE AND ADMINISTRATION
The recommended dosage is one drop in the affected eye(s) once daily in the evening. LUMIGAN® 
(bimatoprost ophthalmic solution) 0.01% should not be administered more than once daily since 
it has been shown that more frequent administration of prostaglandin analogs may decrease the 
intraocular pressure lowering effect.
Reduction of the intraocular pressure starts approximately 4 hours after the first administration 
with maximum effect reached within approximately 8 to 12 hours.
LUMIGAN® 0.01% may be used concomitantly with other topical ophthalmic drug products to 
lower intraocular pressure. If more than one topical ophthalmic drug is being used, the drugs 
should be administered at least five (5) minutes apart.
3 DOSAGE FORMS AND STRENGTHS
Ophthalmic solution containing bimatoprost 0.1 mg/mL.
4 CONTRAINDICATIONS
LUMIGAN® 0.01% is contraindicated in patients with hypersensitivity to bimatoprost or to any  
of the ingredients [see Adverse Reactions (6.2)].
5 WARNINGS AND PRECAUTIONS
5.1 Pigmentation
Bimatoprost ophthalmic solution has been reported to cause changes to pigmented tissues. 
The most frequently reported changes have been increased pigmentation of the iris, periorbital 
tissue (eyelid) and eyelashes. Pigmentation is expected to increase as long as bimatoprost is 
administered. The pigmentation change is due to increased melanin content in the melanocytes 
rather than to an increase in the number of melanocytes. After discontinuation of bimatoprost, 
pigmentation of the iris is likely to be permanent, while pigmentation of the periorbital tissue 
and eyelash changes have been reported to be reversible in some patients. Patients who receive 
treatment should be informed of the possibility of increased pigmentation. The long term effects  
of increased pigmentation are not known.
Iris color change may not be noticeable for several months to years. Typically, the brown 
pigmentation around the pupil spreads concentrically towards the periphery of the iris and the 
entire iris or parts of the iris become more brownish. Neither nevi nor freckles of the iris appear 
to be affected by treatment. While treatment with LUMIGAN® (bimatoprost ophthalmic solution) 
0.01% can be continued in patients who develop noticeably increased iris pigmentation, these 
patients should be examined regularly.
5.2 Eyelash Changes
LUMIGAN® 0.01% may gradually change eyelashes and vellus hair in the treated eye. These 
changes include increased length, thickness, and number of lashes. Eyelash changes are usually 
reversible upon discontinuation of treatment.
5.3 Intraocular Inflammation
Prostaglandin analogs, including bimatoprost, have been reported to cause intraocular 
inflammation. In addition, because these products may exacerbate inflammation, caution  
should be used in patients with active intraocular inflammation (e.g., uveitis).

5.4 Macular Edema
Macular edema, including cystoid macular edema, has been reported during treatment with 
bimatoprost ophthalmic solution. LUMIGAN® 0.01% should be used with caution in aphakic 
patients, in pseudophakic patients with a torn posterior lens capsule, or in patients with known 
risk factors for macular edema.
5.5 Bacterial Keratitis
There have been reports of bacterial keratitis associated with the use of multiple-dose containers of 
topical ophthalmic products. These containers had been inadvertently contaminated by patients who, 
in most cases, had a concurrent corneal disease or a disruption of the ocular epithelial surface.
5.6 Contact Lens Use
LUMIGAN® 0.01% contains benzalkonium chloride, which may be absorbed by and cause 
discoloration of soft contact lenses. Contact lenses should be removed prior to instillation of 
LUMIGAN® 0.01% and may be reinserted 15 minutes following its administration.
6 ADVERSE REACTIONS
The following adverse reactions are described elsewhere in the labeling:
 •  Pigmentation including blepharal pigmentation and iris hyperpigmentation [see Warnings 

and Precautions (5.1)]
 • Eyelash Changes [see Warnings and Precautions (5.2)]
 • Intraocular Inflammation [see Warnings and Precautions (5.3)]
 • Macular Edema [see Warnings and Precautions (5.4)]
 • Hypersensitivity [see Contraindications (4)]
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.
In a 12-month clinical study with bimatoprost ophthalmic solutions 0.01%, the most common 
adverse reaction was conjunctival hyperemia (31%). Approximately 1.6% of patients discontinued 
therapy due to conjunctival hyperemia. Other adverse drug reactions (reported in 1 to 4% 
of patients) with LUMIGAN® 0.01% in this study included conjunctival edema, conjunctival 
hemorrhage, eye irritation, eye pain, eye pruritus, erythema of eyelid, eyelids pruritus, growth of 
eyelashes, hypertrichosis, instillation site irritation, punctate keratitis, skin hyperpigmentation, 
vision blurred, and visual acuity reduced.
6.2 Postmarketing Experience
The following adverse reactions have been identified during postapproval use of LUMIGAN® 
0.01%. Because these reactions are reported voluntarily from a population of uncertain size, it is 
not always possible to reliably estimate their frequency or establish a causal relationship to drug 
exposure. These reactions, which have been chosen for inclusion due to either their seriousness, 
frequency of reporting, possible causal connection to LUMIGAN®, or a combination of these 
factors include: asthma-like symptoms, dizziness, dry eye, dyspnea, eye discharge, eye edema, 
foreign body sensation, headache, hypersensitivity including signs and symptoms of eye allergy 
and allergic dermatitis, hypertension, lacrimation increased, periorbital and lid changes including 
deepening of the eyelid sulcus, and photophobia.
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy

LUMIGAN® 0.01%
(bimatoprost ophthalmic solution)
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Risk Summary
There are no adequate and well-controlled studies of LUMIGAN® (bimatoprost ophthalmic 
solution) 0.01% administration in pregnant women. There is no increase in the risk of major birth 
defects or miscarriages based on bimatoprost postmarketing experience.
In embryofetal developmental studies, administration of bimatoprost to pregnant mice and rats 
during organogenesis, resulted in abortion and early delivery at oral doses at least 33 times (mice) 
or 94 times (rats) the human exposure to bimatoprost 0.03% dosed bilaterally once daily (based 
on blood area under the curve [AUC] levels). These adverse effects were not observed at 2.6 times 
(mice) and 47 times (rats) the human exposure to bimatoprost 0.03% dosed bilaterally once daily 
(based on blood AUC levels).
In pre/postnatal development studies, administration of bimatoprost to pregnant rats from 
organogenesis to the end of lactation resulted in reduced gestation length and fetal body weight, 
and increased fetal and pup mortality at oral doses at least 41 times the human systemic 
exposure to bimatoprost 0.03% dosed bilaterally once daily (based on blood AUC levels). No 
adverse effects were observed in rat offspring at exposures estimated at 14 times the human 
exposure to bimatoprost 0.03% dosed bilaterally once daily (based on blood AUC levels).
Because animal reproductive studies are not always predictive of human response LUMIGAN® 
0.01% should be administered during pregnancy only if the potential benefit justifies the potential 
risk to the fetus.
Data
Animal Data
In an embryofetal development rat study, abortion was observed in pregnant rats administered 
bimatoprost orally during organogenesis at 0.6 mg/kg/day (94 times the human systemic 
exposure to bimatoprost 0.03% dosed bilaterally once daily, based on AUC). The No Observed 
Adverse Effect Level (NOAEL) for abortion was 0.3 mg/kg/day (estimated at 47 times the human 
systemic exposure to bimatoprost 0.03% dosed bilaterally once daily, based on AUC). No 
abnormalities were observed in rat fetuses at doses up to 0.6 mg/kg/day.
In an embryofetal development mouse study, abortion and early delivery were observed in 
pregnant mice administered bimatoprost orally during organogenesis at doses greater than or 
equal to 0.3 mg/kg/day (33 times the human systemic exposure to bimatoprost 0.03% dosed 
bilaterally once daily, based on AUC). The NOAEL for abortion and early delivery was 0.1 mg/kg/day 
(2.6 times the human systemic exposure to bimatoprost 0.03% dosed bilaterally once daily, based 
on AUC). No abnormalities were observed in mouse fetuses at doses up to 0.6 mg/kg/day (72 times 
the human systemic exposure to bimatoprost 0.03% dosed bilaterally once daily, based on AUC).
In a pre/postnatal development study, treatment of pregnant rats with bimatoprost orally 
from gestation day 7 to lactation day 20 resulted in reduced gestation length, increased late 
resorptions, fetal deaths, and postnatal pup mortality, and reduced pup body weight at doses 
greater than or equal to 0.3 mg/kg/day. These effects were observed at exposures at least  
41 times the human systemic exposure to bimatoprost 0.03% dosed bilaterally once daily, based 
on AUC. The NOAEL for postnatal development and mating performance of the offspring was  
0.1 mg/kg/day (estimated at 14 times the human systemic exposure to bimatoprost 0.03%  
dosed bilaterally once daily, based on AUC).
8.2 Lactation
Risk Summary
It is not known whether topical ocular treatment with LUMIGAN® 0.01% could result in 
sufficient systemic absorption to produce detectable quantities in human milk. In animal studies, 
bimatoprost has been shown to be present in breast milk of lactating rats at an intravenous dose 
(i.e., 1 mg/kg) 970 times the RHOD (on a mg/m2 basis), however, no animal data is available at 
clinically relevant doses.
The developmental and health benefits of breastfeeding should be considered along with the 
mother’s clinical need for LUMIGAN® 0.01% and any potential adverse effects on the breastfed 
child from LUMIGAN® 0.01%.
8.4 Pediatric Use
Use in pediatric patients below the age of 16 years is not recommended because of potential 
safety concerns related to increased pigmentation following long-term chronic use.
8.5 Geriatric Use
No overall clinical differences in safety or effectiveness have been observed between elderly  
and other adult patients.
10 OVERDOSAGE
No information is available on overdosage in humans. If overdose with LUMIGAN® (bimatoprost 
ophthalmic solution) 0.01% occurs, treatment should be symptomatic.
In oral (by gavage) mouse and rat studies, doses up to 100 mg/kg/day did not produce any 
toxicity. This dose expressed as mg/m2 is at least 210 times higher than the accidental dose of  
one bottle of LUMIGAN® 0.01% for a 10 kg child.
11 DESCRIPTION
LUMIGAN® (bimatoprost ophthalmic solution) 
0.01% is a synthetic prostamide analog with 
ocular hypotensive activity. Its chemical name is 
(Z )-7-[(1R,2R,3R,5S )-3,5-Dihydroxy-2-[(1E,3S )-
3-hydroxy-5-phenyl-1-pentenyl]cyclopentyl]-5-
N-ethylheptenamide, and its molecular weight 
is 415.58. Its molecular formula is C25H37NO4. Its 
chemical structure is:
Bimatoprost is a powder, which is very soluble 
in ethyl alcohol and methyl alcohol and slightly 
soluble in water. LUMIGAN® 0.01% is a clear, 
isotonic, colorless, sterile ophthalmic solution 
with an osmolality of approximately 290 mOsmol/kg.
LUMIGAN® 0.01% contains Active: bimatoprost 0.1 mg/mL; Inactives: benzalkonium chloride 
0.2 mg/mL; sodium chloride; sodium phosphate, dibasic; citric acid; and purified water. Sodium 
hydroxide and/or hydrochloric acid may be added to adjust pH. The pH during its shelf life ranges 
from 6.8-7.8.
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
Bimatoprost, a prostaglandin analog, is a synthetic structural analog of prostaglandin with 
ocular hypotensive activity. It selectively mimics the effects of naturally occurring substances, 
prostamides. Bimatoprost is believed to lower intraocular pressure (IOP) in humans by increasing 
outflow of aqueous humor through both the trabecular meshwork and uveoscleral routes. Elevated 

IOP presents a major risk factor for glaucomatous field loss. The higher the level of IOP, the greater 
the likelihood of optic nerve damage and visual field loss.
12.3 Pharmacokinetics
Absorption
After one drop of bimatoprost ophthalmic solution 0.03% was administered once daily to both 
eyes of 15 healthy subjects for two weeks, blood concentrations peaked within 10 minutes after 
dosing and were below the lower limit of detection (0.025 ng/mL) in most subjects within 1.5 
hours after dosing. Mean Cmax and AUC0-24hr values were similar on days 7 and 14 at approximately 
0.08 ng/mL and 0.09 ng•hr/mL, respectively, indicating that steady state was reached during the 
first week of ocular dosing. There was no significant systemic drug accumulation over time.
Distribution
Bimatoprost is moderately distributed into body tissues with a steady-state volume of distribution 
of 0.67 L/kg. In human blood, bimatoprost resides mainly in the plasma. Approximately 12% of 
bimatoprost remains unbound in human plasma.
Elimination
Metabolism
Bimatoprost is the major circulating species in the blood once it reaches the systemic 
circulation following ocular dosing. Bimatoprost then undergoes oxidation, N-deethylation and 
glucuronidation to form a diverse variety of metabolites.
Excretion
Following an intravenous dose of radiolabeled bimatoprost (3.12 mcg/kg) to six healthy subjects, 
the maximum blood concentration of unchanged drug was 12.2 ng/mL and decreased rapidly with 
an elimination half-life of approximately 45 minutes. The total blood clearance of bimatoprost was 
1.5 L/hr/kg. Up to 67% of the administered dose was excreted in the urine while 25% of the dose 
was recovered in the feces.
13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis
Bimatoprost was not carcinogenic in either mice or rats when administered by oral gavage 
for 104 weeks at doses up to 2 mg/kg/day and 1 mg/kg/day, respectively (192 and 291 times 
the estimated human systemic exposure to bimatoprost 0.03% dosed bilaterally once daily, 
respectively, based on blood AUC levels) 
Mutagenesis 
Bimatoprost was not mutagenic or clastogenic in the Ames test, in the mouse lymphoma test,  
or in the in vivo mouse micronucleus tests.
Impairment of Fertility
Bimatoprost did not impair fertility in male or female rats up to doses of 0.6 mg/kg/day (at least 
103 times the recommended human exposure to bimatoprost 0.03% dosed bilaterally once daily 
based on blood AUC levels).
14 CLINICAL STUDIES
In a 12-month clinical study of patients with open angle glaucoma or ocular hypertension with an 
average baseline IOP of 23.5 mmHg, the IOP-lowering effect of LUMIGAN® 0.01% once daily (in 
the evening) was up to 7.5 mmHg.
16 HOW SUPPLIED/STORAGE AND HANDLING
LUMIGAN® (bimatoprost ophthalmic solution) 0.01% is supplied sterile in opaque white low 
density polyethylene ophthalmic dispenser bottles and tips with turquoise polystyrene caps in the 
following sizes:
2.5 mL fill in a 5 mL container - NDC 0023-3205-03 
5 mL fill in a 10 mL container - NDC 0023-3205-05 
7.5 mL fill in a 10 mL container - NDC 0023-3205-08
Storage: Store at 2°C to 25°C (36°F to 77°F). 
After opening, LUMIGAN® 0.01% can be used until the expiration date on the bottle.
17 PATIENT COUNSELING INFORMATION
Potential for Pigmentation
Advise patients about the potential for increased brown pigmentation of the iris, which may be 
permanent. Also inform patients about the possibility of eyelid skin darkening, which may be 
reversible after discontinuation of LUMIGAN® (bimatoprost ophthalmic solution) 0.01%.
Potential for Eyelash Changes
Inform patients of the possibility of eyelash and vellus hair changes in the treated eye during 
treatment with LUMIGAN® 0.01%. These changes may result in a disparity between eyes in 
length, thickness, pigmentation, number of eyelashes or vellus hairs, and/or direction of eyelash 
growth. Eyelash changes are usually reversible upon discontinuation of treatment.
Handling the Container
Instruct patients to avoid allowing the tip of the dispensing container to contact the eye, 
surrounding structures, fingers, or any other surface in order to avoid contamination of the 
solution by common bacteria known to cause ocular infections. Serious damage to the eye and 
subsequent loss of vision may result from using contaminated solutions.
When to Seek Physician Advice
Advise patients that if they develop an intercurrent ocular condition (e.g., trauma or infection), have 
ocular surgery, or develop any ocular reactions, particularly conjunctivitis and eyelid reactions, they 
should immediately seek their physician’s advice concerning the continued use of LUMIGAN® 0.01%.
Contact Lens Use
Advise patients that LUMIGAN® 0.01% contains benzalkonium chloride, which may be absorbed 
by soft contact lenses. Contact lenses should be removed prior to instillation of LUMIGAN® 0.01% 
and may be reinserted 15 minutes following its administration.
Use with Other Ophthalmic Drugs
Advise patients that if more than one topical ophthalmic drug is being used, the drugs should be 
administered at least five (5) minutes between applications.
Distributed by: Allergan USA, Inc. 
Madison, NJ 07940
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All trademarks are the property of their respective owners. 
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The need for precision management in 
glaucoma moves field forward

Genotyping study and research on caffeine will help patients manage risk

By Caroline Richards, editor, Ophthalmology 
Times Europe®

I have previously interviewed glaucoma spe-
cialist Anthony Khawaja, PhD, MA (Cantab), 
FRCOphth, on the therapeutic area of preci-
sion medicine, and I was interested in talking 
with him again to revisit the rapidly devel-
oping field and discuss the latest promising 
research. Here is our interview.

CR: Why is there a need 
for precision medicine in 
ophthalmology?
AK: Because the way we currently practice 
medicine is very much evidence based, 
which, as I will describe, has its shortcom-
ings. We all know that the highest-quality 
evidence comes from randomized controlled 
trials. For example, the ocular hypertension 
treatment study [randomly assigned] people 
with ocular hypertension who did not have 
glaucoma to eye pressure lowering or no eye 
pressure lowering.2

Those whose eye pressure was lowered had 
a dramatically reduced chance of converting 
to glaucoma over the subsequent 5 years. 
This means that if we treat everybody with 
ocular hypertension, fewer people will con-
vert to glaucoma.

However, around 90% of untreated people 
did not convert to glaucoma. Therefore, if we 
treated everybody with ocular hypertension, 
as [findings from] the randomized controlled 
trial might suggest is a good idea, then we 
would be treating many people unnecessarily: 
some would benefit but some would receive 
treatment they did not need. And, of course, 
some people will develop [adverse] effects to 
the treatment, and treatments have costs to 
the health care providers and to the patients, 
depending on the health care setting.

Another similar example is the United 

Kingdom Glaucoma Treatment Study (UKGTS), 
[whose data] showed that treatment with lat-
anoprost can halve the chance of established 
open-angle glaucoma getting worse, compared 
with placebo.3 This, again, suggests that if all 
patients were the same—if everyone were aver-
age—then treating them would be a good idea. 

But not everybody is the same and three-
[fourths] of people in the placebo group in this 
study did not measurably progress over the 
2-year study period. This suggests that some 
people who fulfil our diagnostic criteria for 
glaucoma might not actually need treatment.

On the flip side of that, 15% of the people 
who received latanoprost progressed, meaning 
that they perhaps needed a different treatment 
or a more intensive treatment strategy. The 
overall message here is that evidence-based 
medicine is great to tell us what is best to do 
on average, but not what is best for an individ-
ual patient. 

There is a great picture of Barack Obama 
from when he was launching the Precision 
Medicine Initiative in 2015.4 He stood by a 
model of DNA, the double helix, because 
one of the key enablers for personalizing 
our approach to managing patients lies in 
genetics and genomics: leveraging an individ-
ual patient’s genetic code to better understand 
how they will individually respond to different 
treatment strategies.

One reason that this is an exciting time for 
personalized or precision medicine is that mea-
suring the genetic code has become so cheap: 
You can have it done at a local high street phar-
macy in the UK for less than £150 [$174].

One genotyping study that is going to start 
in the UK soon, called the Our Future Health 
study,5 will measure common variations in the 
genetic code in 5 million adults at a cost of 
around £20 [$23] each. This 1 test can inform 
us about how best to manage people at risk 
of not only common blinding eye conditions 

but also cardiovascular disease, dementia, 
breast cancer, prostate cancer, and almost 
any medical condition you can think of. This 
demonstrates that we are at a very exciting 
point in time in precision medicine and I think 
we are going to see big changes within the 
next decade.

What specific benefits can precision 
medicine bring to glaucoma patients?
We usually assess a person’s personal risk 
according to how bad their glaucoma is when 
they first present, but we tend to have to mon-
itor them for at least a couple of years before 
we can fully or better understand that risk.

Genetics will help us stratify our patients 
right from the outset, to better identify those 
who will be on a downward trajectory in 
5 years’ time, so we can treat them better, 
and those who will have barely changed in 
5 years—the really low-risk patients who 
we can spare [from] the costs and [adverse] ef-
fects of treatment, freeing up precious health 
care resources and giving the glaucoma 
specialist time to focus on patients who have 
a much higher risk of going blind.

Given the rapidly increasing number of 
[patients with] glaucoma and our limited 
health care resources, we need these kinds 
of innovations. This is not a hope but an 
absolute must. Secondly, we have so many 
different glaucoma treatments now: many 
classes of drops, different forms of laser, [and] 
different forms of surgery from very minimal-
ly invasive to highly effective but much more 
invasive and risky. 

However, we are not very good at predict-
ing who will respond well, and we tend to 
treat patients in a trial-and-error manner. It is 
rare that a patient comes to severe long-term 
harm from this—[adverse] effects are often 
temporary—but it does not provide patients 
with a great experience and is also a massive 
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the choice of lens implants, he did not use 
multifocal or diff ractive optics lenses because 
of the potential for contrast loss in this patient 
who is a practicing physician. Sadri also em-
phasized that MIGS procedures are not a cure, 
but they will slow glaucomatous progression. 
The VF functionality in these patients should be 
followed closely. 

Another plus with MIGS is that patients 
have good quality of life, which is not the case 
with trabeculectomies, with which quality of 
life decreases. One current MIGS treatment is 
the iStent inject (Glaukos), which Sadri had 
a hand in developing with Richard Hill, MD, 
and which, he claimed, has had a remarkable 
impact on patients. 

A number of MIGS technologies are available. 
These include bleb-based surgeries, such as the 
XEN Gel Stent procedure (Allergan/AbbVie), for 
refractory glaucoma; glaucoma shunt devices, 
including Ahmed Glaucoma Valve (New World 
Medical) and Baerveldt valve (Johnson & Johnson 
Vision); and ab interno procedures, such as 
trabeculotomy and goniotomy procedures. 

The OMNI device is a popular choice in that 
it enters the trabecular meshwork, cannulates, 
and does a trabeculotomy. A major advantage 
is that a device is not left behind in the eye. 
Another advantage of OMNI is its reproduc-
ibility; also, this is a standalone procedure that 
does not require cataract surgery as other MIGS 
procedures do.

CASE 2: an unhappy patient
A 67-year-old Caucasian woman with glaucoma 
had moderate to severe VF loss, an IOP of 21 
mm Hg, and normal anatomy and clear media 
for visualization. She uses multiple drops and 
complains of eye pain, redness, and aesthetic 
issues. Diff erent types of hemorrhages are seen 
in the optic nerve in diff erent locations that 
appear and resolve over time. 

An optic nerve hemorrhage indicates a 
glaucomatous eye until proved oth-
erwise, presumably normal tension 
glaucoma (NTG). Despite the fact that 
the IOP was 21 mm Hg, IOPs that range 

from 50 to 60 mm Hg and greater are not 
surprising with further progression. NTG is 
challenging because the IOPs seem OK, but the 
reality is that the optic nerve is cupping, Sadri 
explained.

Following an OMNI procedure, the IOP de-
creased from 21 to 14 mm Hg. This procedure 
can result in IOP decreases up to 40 mm Hg, 
accompanied by decreased medications, costs, 
and adverse eff ects. With such notable chang-
es, patients’ quality of life is favorably aff ected 
because adherence to burdensome treatment 
regimens is eliminated. 

When patients are unhappy, Sadri explains 
their clinical pictures to them and gets their 
input to individualize their therapies. For the 
current patient, he explained the advantages of 
trabeculotomy or goniotomy using the OMNI 
device to help her understand the clinical ap-
proach. Additionally, he told her that while the 
medications are working, the eye needs structur-
al support to dilate the drainage areas. 

During initial patient conversations, Sadri 
explains that the device is minimally invasive 
with rapid recovery and discusses the risks 
and benefi ts. The patient who understands has 
better acceptance of the procedure. 

The other important point is making patients 
understand that glaucoma is an irreversible 
blinding disease and that participating in their 
care is vital. If they do otherwise, it becomes 
the ophthalmologist’s problem. 

“I want to take the clinical therapeutic aspects 
of the intervention away from the patient and 
put it back in the surgeon’s hands. The OMNI 
system is a great example of this,” Sadri said. 
“There are obviously other MIGS procedures, 
but you can see the notable IOP reduction in this 
patient, whose medication decreased to 1 drop.”

In addition, the OMNI system fi ts nicely into 
this era of remote-monitored care, as it stabilizes 
the ocular pressure reduction. “We’re in a renais-
sance in ophthalmology, not just in MIGS but 
also in eye surgery generally,” Sadri concluded. 
“I think our patients benefi t from that.” 

Ehsan Sadri, MD
E: esadrii@gmail.com
Sadri is founder and CEO of the Visionary 
Eye Institute in Newport Beach, California, 

and is a consultant to Sight Sciences.

waste of resources.
There is growing evidence to 

suggest we can predict using 
genomics who will respond well to 
treatment such as selective laser 
trabeculoplasty. Work is…ongoing, 
so watch this space!

What research are you most 
excited about at present?
I am really excited about genetic 
data, not just from patients with 
glaucoma vs patients without 
glaucoma, but also from patients 
with established glaucoma, where 
we know what their treatment 
pathway has been, their response 
to treatments, and their vision loss 
trajectory. Once we have these large 
data sets, we can start to accurately 
validate prediction algorithms that 
incorporate genetics for clinically 
meaningful outcomes such as risk of 
progression, rate of progression, and 
response to diff erent treatments.

Another exciting area is modifi -
able risk factors for glaucoma. Know-
ing which lifestyle factors infl uence 
glaucoma risk has been a challenge, 
as studies have tended to be small 
and results inconsistent. But now, 
with large studies such as the UK 
Biobank,6 we are better able to ask 
these questions.

We recently brought together a 
multidisciplinary collaboration of 
nutritionists, nutritional epidemiolo-
gists, statistical geneticists, ophthal-
mic epidemiologists, and glaucoma 
specialists from multiple institutions 
around the world, such as Harvard 
[University], Mount Sinai, the Pasteur 
Institute, and beyond.

The fi rst thing we looked at was 
caff eine, partly because all the 
investigators enjoy consuming caf-
feine. We were interested to know 
whether it infl uences the pressure 
in the eye and the chances of hav-
ing glaucoma.

MIGS
( Continued from page 10 )

Continues on page 16 : Genotyping
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A high genetic risk of glaucoma is in some 
ways a proxy for how well developed the 
aqueous fl uid outfl ow channels are: If they 
are not adequately developed, such that they 
are starting to fail at an older age, then the 
outfl ow channels cannot handle the addi-
tional aqueous that is produced as a result of 
consuming more caff eine. This pushes up the 
pressure and increases the chance of devel-
oping glaucoma.

Interestingly, we found that there does not 
seem to be a strong association in the pop-
ulation overall, other than when you focus 
on people at high genetic risk of glaucoma. 
So only in the high-risk people, who can be 
determined with inexpensive genotyping 
tests, [is] high caff eine intake associated with 
a higher eye pressure and a greater chance of 
having glaucoma.

What does this mean for patients? Current-
ly, if a patient’s glaucoma is well controlled, 
I certainly would not advise them to stop 
consuming caff eine or reduce their caff eine 
intake. But if a patient is getting worse de-
spite best medical or surgical treatment, then 
I think they need to know this information. 
I would say that, although it is not proved, 
if you do consume a lot of caff eine, you may 

wish to consider reducing or stopping, given 
what we know.

It may work, it may not work; but cer-
tainly if I was a patient and I was getting 
worse despite all best eff orts, this is the type 
of information I would like to know. In the fu-
ture, I think we will be giving people lifestyle 
advice according to their genotype.

Where does arti� cial intelligence 
(AI) � t in?
We have used AI to look at retinal photo-
graphs of patients in the UK Biobank. Doing 
this, we processed around 80,000 photo-
graphs in less than a day, assessing whether 
there are features of glaucoma and measuring 
the vertical cup disc ratio. This is something 
which would take a decade for human grad-
ers to undertake.

Genetic data are available for everyone in 
the UK Biobank, so this allowed us to carry 
out the largest genome-wide association 
study for vertical cup disc ratio,7 identifying 
many new genetic markers for glaucoma. 
These genetic markers were very predictive 
for glaucoma prevalence in the independent 
EPIC-Norfolk study [European Prospective 
Investigation Into Cancer in Norfolk Prospec-
tive Study; NCT03424668].8

AI will complement genetic prediction mod-
els. Using all our clinical skills, OCT [optical 
coherence tomography] scans, and visual 
fi elds, we can only phenotype a patient so far. 
There are extra clues in their genetic markers 
that will tell us about that patient’s profi le, 
their prognosis, their susceptibility to disease, 
and their response to diff erent treatments.

There are also hidden signatures that 
humans cannot currently interpret, while AI 

can. So I think that AI assessment of imag-
ing in particular is going to give us some 
extra clues that can further help person-
alize the care of our patients.

Where will we be in 10 years ?
I think we will have started pilot 
programs in which health care users 
meeting quite broad criteria are geno-
typed, which will inform personalized 

care strategies. For glaucoma, it might be 
a personalized screening strategy.

For example, patients with the top 10% 
risk of glaucoma might be advised to start 
having annual eye checks at the age of 40, 
whereas the bottom 10% will not have any 
specifi c eye tests and will just go to the 
optometrist opportunistically. People who are 
somewhere in the middle might start at the 
age of 50 and be screened every 2 years.

In 10 years, the best management is going 
to be an intersection of genomic prediction 
models and AI models.

Anthony Khawaja, PhD, MA (Cantab), 
FRCOphth
E: anthony.khawaja@gmail.com
Khawaja is an associate professor at Universi-
ty College London Institute of Ophthalmology 
and honorary consultant ophthalmic surgeon at 
Moor� elds Eye Hospital NHS Foundation Trust in 
London, UK. He is supported by a UK Research 
and Innovation Future Leaders Fellowship and an 
Alcon Research Institute Young Investigator Grant. 
He reports acting as consultant to Aerie, Allergan, 
Google Health, Novartis, Reichert, and Santen and 
has received lecturing fees from Grafton Optical 
and travel support from Théa. 
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““Only in the high-risk 
people [is] high ca� eine 
intake associated with 
a higher eye pressure 

and a greater chance of 
having glaucoma."
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focal points

Orbis International has focused on vision 
impairment related to workers in low- and 
middle-income countries. To no one’s sur-
prise, unaddressed visual problems nega-
tively aff ect both the level of safety and the 
earnings of workers in these underdeveloped 
countries. Simple, readily available solutions 
can profoundly impact poverty reduction, 
gender disparities, and road safety.

Bus crashes
Investigators led by Munir Ahmed, MS, 
MBBS, country director for Orbis Internation-
al in Bangladesh, found that visual problems 
were factors in bus crashes in Bangladesh 
and called for appropriate screening to 
identify aff ected drivers. The study data were 
recently published in a special edition of 
Asia-Pacifi c Journal of Ophthalmology.1  

Orbis International in Dhaka, Bangladesh, 
with local partner Grameen GC Eye Hospital, 
conducted eye health screenings including 
refraction and the distribution of question-
naires at 10 bus terminals in 7 districts of 

Bangladesh, from June through August 2019. 
Near and distance visual impairment and 
self-reported traffi  c crashes were recorded 
among 700 drivers. 

Nearly 1 in 5 bus drivers had a presenting 
visual acuity (VA) in the better-seeing eye 
of 6/9 or lower, which is below the vision 
standard required in Bangladesh for driving 
a bus. Most drivers, 70.3%, had a near or 
distance refractive error. Of those who fell 
below the driving standard, the vast majority, 
88.1%, achieved improved vision with simple 
measures—by either wearing glasses or un-
dergoing cataract surgery. Almost 9% of the 
drivers reported ever having 1 or more traffi  c 
crashes while driving a bus or minibus. 

The factors identifi ed as being associated 
with near or distance visual impairment were 
older age (odds ratio [OR]/year, 1.15; 95% CI, 
1.12-1.18; P < .0001] and not having a driver’s 
license [OR, 1.80; 95% CI, 1.04-3.13; P = .037). 
A self-reported history of a motor vehicle 
crash was associated with near or distance 
visual impairment (OR, 2.45; 95% CI, 1.09-

5.49; P = .030), even when adjusting for other 
factors such as age and weekly miles driven.

Ensuring that bus drivers are screened 
to meet the required vision standards for 
driving and referring those who do not meet 
the standard for treatment, which usually 
only requires wearing a pair of glasses, can 
contribute to safer roads in this high-risk 
setting. The investigators pointed out the 
alarming rate of crash fatality per capita in 
Bangladesh: It is 3 times higher than that in 
the South Asia region, and bus crashes are a 
high contributor to that statistic. In a recent 
3-year period, about 50% of fatal crashes in 
the Dhaka metro area of Bangladesh involved 
buses compared with less than 1% in the 
United States and United Kingdom.

“These fi ndings underscore important rec-
ommendations for policy makers, including 
ensuring that specifi c vision standards are not 
only set for licensure, but also enforced by 
rigorous testing of all applicants, particularly 
those responsible for the safety of numerous 
other road users. Additionally, given the 

VISION IMPAIRMENT AFFECTS EARNINGS 
AND SAFETY IN BANGLADESH

Treatment of vision problems can help improve quality of life
By Lynda Charters; Reviewed by Jennifer L. Patnaik, PhD
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very high proportion of drivers with vision 
impairment due to readily treatable causes, 
referral for aff ordable and accessible care 
must be made for all those failing screening,” 
the authors commented. 

Garment workers in Bangladesh
Women largely comprise the population of in-
dividuals who work in the garment industry 
in Bangladesh. Visual problems among these 
workers are associated with lower monthly 
wages, according to fi ndings from another 
recent study led by Ahmed.2

“Given that women constitute the majority 
of workers in the garment industry globally, 
the study off ers evidence that increasing 
access to quality eye care can help increase 
earnings among female workers and has the 
potential to pull more women out of poverty,” 
Ahmed commented. 

Considering that garment production 
accounts for over 80% of Bangladesh’s total 
export earnings and that 4 million workers 
are involved in the industry, alleviating vi-
sion-related problems would have a profound 
eff ect on both workers and country. Most 
of the tasks of cutting material and sewing 
require good near vision.

A total of 915 women, aged 18 to 70 years, 
were included in the study, which was conduct-
ed at 4 factories in Bangladesh. Of the partici-
pants, 29.2% (n = 267) and 26.8% (n = 245) had 
correctable distance and near vision impair-
ment, respectively, the authors reported.

The prevalence of near vision impairment 
was signifi cantly (P < .0001) higher among 
rural residents (34.2%) than urban residents 
(19.0%). The greatest diff erences were seen in 
women aged 35 to 39 years (68.2% vs 44.2%, 
respectively; P = .0019) and those over 40 
years (85.9% vs 48.9%; P < .0001). 

The treatment of presbyopia is simple and 
requires the wearing of glasses in most cases. 
When this is addressed, the study investiga-
tors suggest earnings could increase by about 
$70 US annually; this diff erence is equivalent 
to 6 weeks of income over the World Bank’s 
poverty line and can cover almost 1 month of 
expenses for a child. This increase also can 
translate into gains for the factories involved 
in garment production.

“This study proposes solutions such as 
workplace screenings and the provision of 
glasses as a scalable strategy for poverty 
reduction. Additionally, by fi ghting prevent-
able vision loss in industries with a high 
proportion of female workers, we can begin 
to address gender disparities and combat the 
adverse economic impact of gender inequali-
ty,” the investigators concluded.

“These 2 studies in Bangladesh demon-
strate the powerful impact of vision impair-
ment on traffi  c safety and income potential,” 
said Jennifer L. Patnaik, PhD, a volunteer 
faculty member at Orbis International and 

principal investigator for both studies. “Our 
work at Orbis seeks to improve the well-be-
ing of individuals in countries where visual 
health issues are underaddressed.” 

References
1. Ahmed M, Patnaik JL, Whitestone N, et al. Visual 
impairment and risk of self-reported road tra�  c 
crashes among bus drivers in Bangladesh. Asia Pac 
J Ophthalmol (Phila). 2022;11(1):72-78. doi:10.1097/
APO.0000000000000471

2. Ahmed M, Shefali MK, Husain L, et al. Vision im-
pairment and productivity among female garment 
workers in Bangladesh: a cohort study. Asia Pac J 
Ophthalmol (Phila). 2022;11(1):79-84. doi:10.1097/
APO.0000000000000485

A bus transports garment workers in Bangladesh to eye appointments. 
(Images courtesy of Orbis International/Geo�  Oliver Bugbee)
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Long-term Care:  
What you don’t know can hurt you
By John J. Grande, CFP; John S. Grande, CFP; and Traudy Grande, CFP

Of all professionals, the last ones that have to be 
convinced that long-term care cost is a reality are 
physicians. Physicians see this every day with 
their elderly patients. However, almost every fam-
ily has been touched by the challenges of finding 
proper care facilities, then having to find ways to 
pay for them. 

Families are caught between the reality of 
what they can afford and the quality of care they 
can extend to those they love. This can become 
a very hard decision to make as well as a very 
emotional one, something we have witnessed in 
our business and outside of it. No one should ever 
have to choose between quality health care and 
preserving money, especially for those we love or 
for ourselves. But when we do the numbers in a 
retirement analysis, adding in an extra $80,000 
or $90,000 for 4 to 6 years of long-term care, we 
find that the probability of running out of money 
increases substantially. 

We have seen firsthand that the old traditional 
long-term care policies (where you pay annual 
premiums for life) have not always panned out 
as planned. In fact, for many years we have been 
witnessing annual increases in premiums, going 
as high as 69% in some of these policies in 2022 
alone. This in essence forces some individuals 
to drop their coverage just when they need it 
the most. Insureds can choose to reduce their 
benefits to keep premiums the same for a while 
longer, but this is reminiscent of term insurance 
in which insureds pay premiums for most of their 
lives only to be forced to drop the policies be-
cause of astronomical premiums that come due 
at the end of the term period. Again, this forces 
people to drop policies after all those premium 
payments just when the likelihood of a death 
claim becomes more probable. 

We hope to inform ophthalmologists of the 
many exciting options now available in the area 
of funding long-term care, whether for them-
selves or their parents. We include parents be-
cause we have often seen doctors taking care of 

their parents. There are strategic ways to prepare 
for this situation that now offer a return of premi-
um to you in the event the coverage is never used. 
You maintain the ownership and control of the 
asset, but at little cost if it is never needed.

Because of the limited space, we will be very 
general in describing what we feel you need to 
know but most likely do not know. In addition 
to using cash, here are 3 other ideas for funding 
asset-based long-term care policies:

1. Using individual retirement account (IRA) or 
401(k) money to fund an asset-based long-
term policy

2. Rolling over an annuity to a long-term care 
policy

3. Doing a 1035 tax-free exchange of a life 
insurance policy to an asset-based long-term 
care policy. 

For those of you who are thinking “I am 
self-funded or I will be self-funded,” becom-
ing familiar with these high-bred policies and 
strategies may alter your current mindset. In our 
experience, there are ways to funding long-term 
care that should be explored: 

 ■ Premiums can never increase (or are 
needed)

 ■ Benefits never decrease
 ■ Reimbursement or Indemnity plans available
 ■ Inflation protection riders available
 ■ Values, benefits and deaths benefits can be 
tied to an equity index

 ■ Coverage can cover single or joint lives
 ■ Marriage discounts even if only 1 spouse 
applies

 ■ Guaranteed cash values, return of premium
 ■ Guaranteed death benefits

There is a great benefit to utilizing IRA, simpli-
fied employee pension, or 401(k) funds, as this 
enables the cash value to stay in your account 
while being leveraged 3 to 4 times in long-term 
care benefits. In addition, there is an added tax 
advantage whereby, if used for long-term care, 
benefits are withdrawn tax free from a normally 

taxable account. 
Another option available allows an individual 

to use an annuity that has grown and who does 
not want to withdraw money because of the ordi-
nary income taxes. Now individuals can initiate a 
tax-deferred exchange to a long-term policy that 
would also pay out tax free if used for long-term 
costs, as per the January 1, 2010, long-term care 
benefits of the Pension Protection Act. And with 
all these plans, you have the right to get a large 
part of your premium back if never used. There 
is also a death benefit to heirs if you should die 
before using the benefits or using up benefits 
that are less than what you paid in the premium. 
Benefits are for in-home care and outside facili-
ties, and in many cases can be used to pay family 
members to care for you at home. 

Long-term care coverage is generally available 
from age 35 to 80 years. Long-term care is a so-
phisticated and complicated area. It is imperative 
to evaluate all the carriers available and consider 
ratings, financial statements, future plans and 
expectations of the companies, benefit costs 
at various ages, and so on. Each individual is 
unique and it is critical to choose the right carrier 
and product that match that individual’s needs. 
The steps we use for our clients and recommend 
to anyone looking for a long-term care policy is 
to first, figure out the strategy as it applies to your 
individual circumstances, then find the policy 
that best matches your long-term care goal. The 
second step is getting a blanket approval from a 
number of companies prior to applying for a spe-
cific policy, so you can ascertain what companies 
you qualify for. be a fit and narrows down the 
available options. 

John J., John S. and Traudy Grande, CFPs, are 
owners and Principals of Grande Financial Services, 
Inc., Oakhurst, New Jersey.  The Grandes advise 
doctors across the country on a diverse range of 
investment and financial matters. Contact them 
questions at john.s.grande@grandefs.com or call 
800-722-1258. 
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Averting zonular crises in 
different cataract cases
Ophthalmologists can solve complex problems and achieve excellent results

By Imran Masood, MBChB, MRCSEd, MBChB, 
FRCOphth
Zonulopathy can result from a number of 
situations. In the case of preexisting pathology, 
the patient may have had trauma or pseudoex-
foliation syndrome, which causes progressive 
zonulopathy. This can lead to IOL subluxation 
and dislocation years later. 

High myopia is another risk factor, and syn-
dromic problems such as Marfan syndrome, ho-
mocystinuria and ectopia lentis also need to be 
considered. Intraoperative problems can arise 
with zonules: either iatrogenic or a preexisting 
zonulopathy that had been undiscovered in the 
preoperative examination.

When managing cases with zonular com-
promise, clinicians must assess the degree of 
zonulopathy. However, a lot of other factors also 
need to be considered. One of the issues when 
looking for zonulopathy is that if you dilate the 
pupil, the ciliary body or the ciliary ring is put 
under tension and subtle degrees of phacodone-
sis can sometimes be missed. 

Increasing numbers of cataract visits take 
place with patients’ pupils predilated. Clinicians 
must look for signs of phacodonesis and irido-
donesis. I tell my juniors that if they see a male 
patient with a unilateral cataract, they should 
consider trauma.

It is key to be aware of the degree of clock 
hours of zonulopathy, presence of vitreous in 
the anterior chamber and, particularly in eyes 
affected by trauma, IOP. The patient should be 
assessed in the supine position because a sub-
luxated cataract may appear to be in a different 
position than when viewed with the slit lamp. 

Challenging cases
CASE STUDY 1: Small pupil, brunescent cata-
ract, pseudoexfoliation with phacodonesis

In cases such as this, I shake the eye to 

ascertain the degree of phacodonesis before 
making a temporal incision. Before mechani-
cally dilating the pupil with the Malyugin Ring 
(MicroSurgical Technology; MST), I inject Vis-
coat dispersive ophthalmic viscosurgical device 
(Alcon) to protect the cornea.

I then create a capsulorhexis, painting trypan 
blue onto the capsule before starting it. When 
this is done, I hook the capsule using capsule 
retractors (MST), which are really good for 
dealing with difficult cases and essentially give 
you 4-point broad fixation.

In this case, the lens is fairly dense. I like to 
debulk these lenses centrally and then use a 
shelf at the end to do a phaco chop maneuver.

I then insert the capsular tension ring. I 
like to do all these maneuvers, which can put 
torque and tension on the remaining zonules, 
with the capsule retractors on. In fact, I keep 
them on right until the lens is in, and then I re-
move them. Then I remove the Malyugin Ring.

CASE STUDY 2: ECTOPIA LENTIS
This case was a monocular patient in her 40s. 
I approach from the anterior segment because 
there is no vitreous in the anterior chamber.

You can perform a capsulorhexis on the 
subluxated lens. You have to center the capsu-
lorhexis on the lens and not on the pupil. Once 
you have completed the capsulorhexis, you 
will be surprised how much strength these few 
zonules still give you.

I put a couple of iris hooks on just to support 
the area of zonular weakness and then carry 
out the hydrodissection, prolapsing the lens 
out of the bag into the anterior chamber. Phaco 
then proceeds relatively easily.

It is important that the chamber does not 
collapse, so I use viscoelastic to pump up the 
anterior chamber, pushing the capsule back 
and preventing vitreous prolapse. Once the 

cataract has been removed, the bag is fixated to 
the sclera using a capsular tension segment.

I make a mark a couple of millimeters back 
from the limbus and put the tension segment 
into the eye to fixate the capsular bag to the 
sclera. I use an 8/0 Gore-Tex suture (WL Gore & 
Associates), which is passed through the eyelet 
and then docked with a needle on the other 
side using the 23-g MST Micro-Holding forceps.

I pull the suture through. Once I have it 
through the eyelet, placing the second needle 
is easy because I am operating outside of the 
eyelet. I end up with a loop of Gore-Tex around 
the eyelets of the segment and pull the lens into 
the capsular bag in a more central position.

I tie the Gore-Tex off with a couple of slip 
knots and put a capsular tension ring in for 
circumferential support of the zonules of the 
capsular complex. I place the IOL into the cap-
sular bag and finally lock the knot on the suture 
once I am happy with the position of the lens.

This patient has done very well and ended 
up with 6/6 vision unaided, without my going 
into the vitreous cavity. 

Conclusion
Zonular crises can occur because of many 
different etiologies, but we have multiple tools 
at our disposal to solve complex problems, and 
excellent outcomes are achievable. 

Imran Masood, MBChB, MRCSEd, MBChB, 
FRCOphth
E: imranmasood777@gmail.com
Masood completed his fellowship at the Royal 
College of Ophthalmologists and has undergone 
training in the management of complex glaucoma 
at the Moorfields Private Eye Hospital. He is a con-
sultant ophthalmic surgeon at Optegra Eye Hospital 
in Birmingham, England. His financial disclosures 
include lecture fees from MicroSurgical Technolo-
gy, Glaukos, and Sight Sciences.
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Not enough corneas: Fact or fiction?
Around the world, corneal specialists are making the most of limited resources

By Nicole Fram, MD

“There are three kinds of lies: Lies, damned lies, 
and statistics.” – Mark Twain, Chapters from 
My Autobiography

Donor corneal tissue for transplantation is 
something that most US corneal specialists 
typically do not worry about, because our eye 
banking system here is the envy of the world. 
We have many well-regarded, well-established, 
and well-managed organizations doing an 
incredible job of serving our communities. 
We can treat our patients with confidence, 
knowing that we can obtain high-quality donor 
corneal tissue, whenever and wherever we 
need it. 

But what is the global situation, when it 
comes to donor cornea supply? How can 
corneal specialists make the best use of these 
resources? How can advances in technology 
change our diagnoses and practice patterns?

What We Know Today:  
Relevant Statistics
Despite Mark Twain’s cynical quote (see above), 
we as physicians (and scientists) tend to believe 
in data. A landmark study1, published in 2016 
in JAMA Ophthalmology, surveyed the global 
landscape for corneal transplantation. Data 
collected from a 12-month period in 2012-13 
was obtained from 742 eye banks and analyzed 
approximately 185,000 corneal transplants in 
116 countries. Although this is the most recent 
and definitive survey of its kind, it is not “new 
news”—it is where we source the oft-cited fact 
that only 1 donor cornea is available worldwide 
for every 70 diseased eyes. 

Not surprisingly, the US leads the world in 
corneal transplant rates at 199 patients per 1 
million population, followed by Lebanon at 
122 per million and Canada at 117 per million, 
while the median of the 116 transplanting 

countries was a mere 19 per million.  In fact, 
our US cornea donor network is so strong, 
we are the world’s largest exporter of donor 
corneas (85% of total exports). It is also, the 
journal authors hypothesize, why US innova-
tion regarding assistive devices and transplant 
tissue in the US is greater than in any other 
country: we have the resources, entrepreneurial 
mind-set and the capacity to innovate.

Nevertheless, wait times for transplants and 
demand for donor corneas—even in developed 
countries—are surprisingly long. A 2019  
survey2, presented at the Canadian National 
Consensus Conference in February 2020, 
revealed that 30% of Canadian transplant sur-
geons estimate more than 1-year wait times for 
nonurgent corneal transplants.

Which leads us to the questions of disease 
prevalence, diagnoses and physician practice 
patterns. The JAMA Ophthalmology survey in-
dicated that approximately 12.7 million people 
worldwide have been diagnosed with corneal 
disease, of which 60% is Fuchs Endothelial 
Corneal Dystrophy (FECD), and are awaiting a 
transplant. Another oft-cited National Institutes 
of Health/National Library of Medicine study 
suggests that 4% of the US population over the 
age of 40 is prevalent for FECD3, or approxi-
mately 6.5 million people. Yet the EBAA, in its 
2021 report, cites fewer than 50,000 corneal 
transplants were performed in the US.  This 
vast discrepancy—6.5 million people in the US4 
who are prevalent with disease vs fewer than 
50,000 people treated annually—is clearly not 
just about available supply of corneas. 

How We Practice Medicine – and 
How that Changes Over Time
Why is it that even in the US, where we know 
we have ample supply of corneal tissue, we are 
treating only a small subset of patients with cor-
neal disease? I believe there are several reasons 
for the current state of practice.

First, although it has generally excellent 
outcomes, endothelial keratoplasty is still inva-
sive: our inclination is to perform surgery only 
when absolutely necessary. Fortunately, since 
endothelial disease is relatively slow to prog-
ress, patients have greater leeway to choose 
an optimal time to undergo this procedure. 
Further, innovations in endothelial keratoplasty 
have enabled use of thinner tissue used for less 
invasive procedures, first via DSAEK and now 
with DMEK. Accordingly, DMEK has grown in 
volume5, due to shorter patient recovery times 
and excellent outcomes.

However, many corneal specialists consid-
er DMEK a more painstaking, complex and 
time-consuming procedure - perhaps another 
reason for relatively small annual volume 
increases. Whatever the reasons for the current 
state of practice, it seems that CED is a category 
with plenty of room for growth—and more 
treatment innovations. 

What’s Needed: More Research  
(and More Innovation)
I believe we are poised to experience anoth-
er wave of innovations, but we need more 
research to fully grasp how best to leverage 
these discoveries, especially when it comes to 
diagnosis and treatment of corneal dystrophies. 
Recently, at the American Society of Cataract 
and Refractive Surgery 2022 annual conference, 
the team from Aurion Biotech revealed key 
findings from a survey it sponsored, conducted 
by BMC Research6. Of the 1500 survey respon-
dents (a mix of optometrists, ophthalmologists, 
and cataract specialists), more than 60% indi-
cated they’re diagnosing patients with corneal 
endothelial diseases (CEDs) frequently (at least 
1-2 patients per month, and as frequently as 1-2 
per week). Nearly half of those who are diag-
nosing CEDs frequently are optometrists. 

The findings from this survey may help us to 
better understand frequency of CED diagnoses, 
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but more work is needed to answer the ”then 
what happens?” questions. How long after 
initial diagnosis do patients wait for further 
treatment? When does the optometrist make 
a referral to an ophthalmologist? When does 
a patient, in consultation with their oph-
thalmologist, decide to opt for a procedure 
such as endothelial keratoplasty? If disease 
diagnosis is relatively common, why aren’t 
more ophthalmologists performing endotheli-
al keratoplasties? 

Equally important, how will new innova-
tions aff ect the current landscape of diagnosis 
and treatment decisions? 

Many of us have read about the 
ground-breaking corneal endothelial cell ther-

apy invented by Professor Shigeru Kinoshi-
ta and his colleagues at Kyoto Prefecture 
University of Medicine in Japan, in his articles 
published in New England Journal of Medi-
cine7 and Ophthalmology Journal8. 

Kinoshita and colleagues were able to get 
corneal endothelial cells to replicate in the 
lab - something these cells do not do in the 
body. Results from this cell therapy in patients 
were excellent - his studies show signifi cant, 
lasting improvements in corneal edema and 
visual acuity. 

Kinoshita’s innovations have profound 
implications for supply and demand: from a 
single donor, cells can be replicated to treat 
up to 100 eyes. In addition, the cell therapy 

procedure can be performed relatively quick-
ly (~15-20 minutes), in an outpatient setting. 
Last year, this cell therapy was acquired by 
Aurion Biotech, and the company is investing 
in additional development.

If corneal endothelial cell therapy proves to 
be a viable option for certain corneal endo-
thelial diseases, would ophthalmologists and 
their patients opt for this procedure, perhaps 
even earlier in the disease progression? What 
will clinicians and their patients require, in 
terms of proof points, to get comfortable in 
selecting this procedure?

Answers to all of these questions will help 
us to more eff ectively leverage the precious 
resources we have at our disposal. Because 
(of course), there is never enough corneal tis-
sue to meet the needs of patients throughout 
the world. 

Nicole Fram, MD
E: drfram@avceye.com
Dr. Fram is the managing partner of Advanced 
Vision Care and a clinical instructor of ophthal-
mology at the Stein Eye Institute, University of 
California, Los Angeles (UCLA). She is a member of 
the Medical Advisory Board of Aurion Biotech and 
CorneaGen. She completed her residency at the 
prestigious Wills Eye Hospital and served as the 
co-chief resident, followed by a fellowship in cornea 
and external disease at Francis I. Proctor Founda-
tion, University of California, San Francisco (UCSF). 
Dr. Fram can be reached by email.

FIGURE. DSAEK and DMEK procedures in the United States since 2015. 
(Source: EBAA 2020 Annual Report)

Bausch + Lomb Corp and Alfa Instru-
ments announced that the companies 
have entered into an exclusive distribution 
agreement under which Bausch + Lomb 
will distribute and commercialize Alfa 
Instruments' line of surgical intraocular 
dyes, VitreoCare, globally with the excep-
tion of Italy, where Alfa is based.

According to the companies, the 
agreement expands and enhances Baus-
ch + Lomb's surgical portfolio o� ering 

with Alfa Instruments' di� erentiated intra-
ocular dyes, which have been proven safe 
and e� ective in the European Union (EU).

The companies noted that a common 
threat of the VitreoCare intraocular dyes 
is lutein, a natural blue light � lter. 
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receiving VABYSMO was conjunctival hemorrhage (7%).
You may report side effects to the FDA at (800) FDA-1088 or 
www.fda.gov/medwatch. You may also report side effects to 
Genentech at (888) 835-2555.

WHERE 2 WORLDS MEET

VABYSMO is a registered trademark of Genentech, Inc., and the VABYSMO logo is a trademark 
of Genentech, Inc. ©2022 Genentech, Inc. 1 DNA Way, South San Francisco, CA 94080-4990. 
All rights reserved. M-US-00013122(v2.0) 07/22
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1 INDICATIONS AND USAGE 
VABYSMO is a vascular endothelial growth factor (VEGF) and 
angiopoietin 2 (Ang-2) inhibitor indicated for the treatment of 
patients with:
1.1 Neovascular (wet) Age-Related Macular Degeneration 
(nAMD)
1.2 Diabetic Macular Edema (DME)

4  CONTRAINDICATIONS
4.1 Ocular or Periocular Infections
VABYSMO is contraindicated in patients with ocular or periocular 
infections.
4.2 Active Intraocular Inflammation
VABYSMO is contraindicated in patients with active intraocular 
inflammation.
4.3 Hypersensitivity
VABYSMO is contraindicated in patients with known hypersensitivity 
to faricimab or any of the excipients in VABYSMO. Hypersensitivity 
reactions may manifest as rash, pruritus, urticaria, erythema, or 
severe intraocular inflammation.

5 WARNINGS AND PRECAUTIONS
5.1 Endophthalmitis and Retinal Detachments
Intravitreal injections have been associated with endophthalmitis 
and retinal detachments [see Adverse Reactions (6.1)]. Proper 
aseptic injection techniques must always be used when 
administering VABYSMO. Patients should be instructed to report 
any symptoms suggestive of endophthalmitis or retinal detachment 
without delay, to permit prompt and appropriate management [see 
Dosage and Administration (2.6) and Patient Counseling Information 
(17)].
5.2 Increase in Intraocular Pressure
Transient increases in intraocular pressure (IOP) have been seen 
within 60 minutes of intravitreal injection, including with VABYSMO 
[see Adverse Reactions (6.1)]. IOP and the perfusion of the optic 
nerve head should be monitored and managed appropriately [see 
Dosage and Administration (2.6)].
5.3 Thromboembolic Events
Although there was a low rate of arterial thromboembolic events 
(ATEs) observed in the VABYSMO clinical trials, there is a potential 
risk of ATEs following intravitreal use of VEGF inhibitors. ATEs are 
defined as nonfatal stroke, nonfatal myocardial infarction, or 
vascular death (including deaths of unknown cause).
The incidence of reported ATEs in the nAMD studies during the 
first year was 1% (7 out of 664) in patients treated with VABYSMO 
compared with 1% (6 out of 662) in patients treated with aflibercept 
[see Clinical Studies (14.1)].
The incidence of reported ATEs in the DME studies during the first 
year was 2% (25 out of 1,262) in patients treated with VABYSMO 
compared with 2% (14 out of 625) in patients treated with 
aflibercept [see Clinical Studies (14.2)].

6 ADVERSE REACTIONS
The following potentially serious adverse reactions are described 
elsewhere in the labeling:
•  Hypersensitivity [see Contraindications (4)]
•  Endophthalmitis and retinal detachments [see Warnings and 

Precautions (5.1)]
•  Increase in intraocular pressure [see Warnings and Precautions 

(5.2)]
•  Thromboembolic events [see Warnings and Precautions (5.3)]
6.1 Clinical Trial Experience
Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical trials of 
a drug cannot be directly compared to rates in other clinical trials 
of the same or another drug and may not reflect the rates observed 
in practice.
The data described below reflect exposure to VABYSMO in 1,926 
patients, which constituted the safety population in four Phase 3 
studies [see Clinical Studies (14.1, 14.2)].

VABYSMO™ (faricimab-svoa) injection, for intravitreal use
This is a brief summary. Before prescribing, please refer to the full 
Prescribing Information

 Table 1:  Common Adverse Reactions (≥ 1%)

Adverse 
Reactions

VABYSMO
 

Active Control 
(aflibercept) 

AMD 
N=664

DME 
N=1262

AMD 
N=622

DME 
N=625

Conjunctival 
hemorrhage 7% 7% 8% 6%

Vitreous 
floaters 3% 3% 2% 2%

Retinal 
pigment 
epithelial 
teara

3% 1%

Intraocular 
pressure 
increased

3% 3% 2% 2%

Eye pain 3% 2% 3% 3%
Intraocular 
inflammationb 2% 1% 1% 1%

Eye irritation 1% 1% < 1% 1%
Ocular 
discomfort 1% 1% < 1% < 1%

Vitreous 
hemorrhage < 1% 1% 1% < 1%

aAMD only
bIncluding iridocyclitis, iritis, uveitis, vitritis

Less common adverse reactions reported in < 1% of the patients 
treated with VABYSMO were corneal abrasion, eye pruritus, 
lacrimation increased, ocular hyperemia, blurred vision, eye 
irritation, sensation of foreign body, endophthalmitis, visual acuity 
reduced transiently, retinal tear and rhegmatogenous retinal 
detachment.
6.2 Immunogenicity
The immunogenicity of VABYSMO was evaluated in plasma samples. 
The immunogenicity data reflect the percentage of patients whose 
test results were considered positive for antibodies to VABYSMO 
in immunoassays. The detection of an immune response is highly 
dependent on the sensitivity and specificity of the assays used, 
sample handling, timing of sample collection, concomitant 
medications, and underlying disease. For these reasons, comparison 
of the incidence of antibodies to VABYSMO with the incidence of 
antibodies to other products may be misleading.
There is a potential for an immune response in patients treated 
with VABYSMO. In the nAMD and DME studies, the pre-treatment 
incidence of anti-faricimab antibodies was approximately 1.8% 
and 0.8%, respectively. After initiation of dosing, anti-faricimab 
antibodies were detected in approximately 10.4% and 8.4% of 
patients with nAMD and DME respectively, treated with VABYSMO 
across studies and across treatment groups. As with all therapeutic 
proteins, there is a potential for immunogenicity with VABYSMO.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
There are no adequate and well-controlled studies of VABYSMO 
administration in pregnant women.
Administration of VABYSMO to pregnant monkeys throughout 
the period of organogenesis resulted in an increased incidence of 
abortions at intravenous (IV) doses 158 times the human exposure 
(based on Cmax) of the maximum recommended human dose [see 
Animal Data]. Based on the mechanism of action of VEGF and 
Ang-2 inhibitors, there is a potential risk to female reproductive 
capacity, and to embryo-fetal development. VABYSMO should not 
be used during pregnancy unless the potential benefit to the patient 
outweighs the potential risk to the fetus.
All pregnancies have a background risk of birth defect, loss, and 
other adverse outcomes. The background risk of major birth defects 
and miscarriage for the indicated population is unknown. In the 
U.S. general population, the estimated background risk of major 
birth defects is 2%-4% and of miscarriage is 15%-20% of clinically 
recognized pregnancies.
Data
Animal Data
An embryo fetal developmental toxicity study was performed 
on pregnant cynomolgus monkeys. Pregnant animals received 5 
weekly IV injections of VABYSMO starting on day 20 of gestation 
at 1 or 3 mg/kg. A non-dose dependent increase in pregnancy 
loss (abortions) was observed at both doses evaluated. Serum 
exposure (Cmax) in pregnant monkeys at the low dose of 1 mg/kg 
was 158 times the human exposure at the maximum recommended 
intravitreal dose of 6 mg once every 4 weeks. A no observed adverse 
effect level (NOAEL) was not identified in this study.

8.2 Lactation
Risk Summary
There is no information regarding the presence of faricimab in 
human milk, the effects of the drug on the breastfed infant, or the 
effects of the drug on milk production. Many drugs are transferred in 
human milk with the potential for absorption and adverse reactions 
in the breastfed child.
The developmental and health benefits of breastfeeding should be 
considered along with the mother’s clinical need for VABYSMO and 
any potential adverse effects on the breastfed child from VABYSMO.
8.3 Females and Males of Reproductive Potential
Contraception
Females of reproductive potential are advised to use effective 
contraception prior to the initial dose, during treatment and for at 
least 3 months following the last dose of VABYSMO.
Infertility
No studies on the effects of faricimab on human fertility have 
been conducted and it is not known whether faricimab can 
affect reproduction capacity. Based on the mechanism of action, 
treatment with VABYSMO may pose a risk to reproductive capacity.
8.4 Pediatric Use
The safety and efficacy of VABYSMO in pediatric patients have not 
been established.
8.5 Geriatric Use
In the four clinical studies, approximately 60% (1,149/1,929) of 
patients randomized to treatment with VABYSMO were ≥ 65 years 
of age. No significant differences in efficacy or safety of faricimab 
were seen with increasing age in these studies. No dose adjustment 
is required in patients 65 years and above.

17 PATIENT COUNSELING INFORMATION
Advise patients that in the days following VABYSMO administration, 
patients are at risk of developing endophthalmitis. If the eye 
becomes red, sensitive to light, painful, or develops a change 
in vision, advise the patient to seek immediate care from an 
ophthalmologist [see Warnings and Precautions (5)].
Patients may experience temporary visual disturbances after 
an intravitreal injection with VABYSMO and the associated eye 
examinations [see Adverse Reactions (6)]. Advise patients not 
to drive or use machinery until visual function has recovered 
sufficiently.

VABYSMO™ [faricimab-svoa] 
Manufactured by:
Genentech, Inc.
A Member of the Roche Group 
1 DNA Way
South San Francisco, CA 94080-4990 
U.S. License No.: 1048
 
VABYSMO is a trademark of Genentech, Inc.
©2022 Genentech, Inc.  
M-US-00013249(v1.0) 2/22
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By James D. Lehmann, MD

As we have known since the dawn of 
phacoemulsifi cation, the quantity of ultrasound 
energy expended during cataract surgery 
correlates with the amount of postoperative 
corneal edema and endothelial cell loss. This 
leads to a slower visual recovery after surgery. 

When the femtosecond laser is used to soften 
and fragment the nucleus before phacoemul-
sifi cation, it reduces the eff ective phacoemul-
sifi cation time (EPT) and may decrease 
anterior chamber infl ammation, resulting in 
less endothelial cell loss and corneal edema.1 

Cataract density and the fragmentation pattern 
the surgeon uses may infl uence the amount of 
ultrasound energy used for phacoemulsifi cation 
and EPT.

For the last several years, we have been 
using the Lensar Laser System with Streamline, 
which optimizes phacofragmentation param-
eters based on automated cataract density 
grading. 

Study results
Using the Lensar Laser System with Streamline 
with automated cataract density grading and 
customized phacofragmentation, my colleagues 
and I performed a multicenter observational 
study of cataract patients.2 Our goal was to 
determine whether an optimized laser phacof-
ragmentation pattern reduced EPT compared 
with the standard pattern.

Patients having automated cataract density 
grading and femtosecond laser-assisted cataract 
surgery were assigned to 2 groups: standard 
phacofragmentation (68 patients) or optimized 
phacofragmentation (45 patients) based on 
automated cataract density grading. 

In the standard group, a cross pattern was 
applied to the cataract, whereas in the opti-

mized group, the cross pattern was combined 
with concentric rings (Figure 1).

When phacofragmentation was customized 
with optimized laser parameters, it produced 
better fault lines to split the nucleus and more 
cylinders to soften it (Figure 2). It was easier to 
break up the lens, and less energy was used. 
With optimized laser parameters, EPT was 
reduced by 27%, and EPT per cataract grade 
was reduced by 23% compared with settings 
that were not optimized (Figure 3). Surgery was 
completed within 10 minutes in nearly 95% of 
these patients. 

The automated cataract density grading was 
comparable to the cataract density grading of 
the Lens Opacities Classifi cation III (Figure 4).

New technology
The automatic cataract density grading system 
is part of all Lensar systems, including the new 
ALLY Adaptive Cataract Treatment System, re-
cently approved by the FDA. The ALLY system, 
which is the fi rst technology to combine the 
femtosecond laser and phacoemulsifi cation in 
the same system, will optimize fragmentation 
even more quickly. 

Lensar is the only company with an au-
tomated cataract density grading system to 
optimize fragmentation. This femtosecond laser 
technology has 2 major advantages that make 
it easier to obtain better outcomes and 
reduce the risk of errors. It syncs with 
the Pentacam (Oculus), compensating for 
cyclorotation and eliminating the need 
for manual, preoperative ink marking 
before implanting toric IOLs. In addition, 
it centers the capsulorhexis based on the pupil, 
optimizing centration of the IOL. 

Optimizing cataract surgery
As surgeons, we tend to get comfortable 

with our technological tools, rarely changing 
parameters or using newer devices. However, I 
challenge everyone to invite Lensar engineers 
to their site to explore automated cataract den-
sity grading with customized phacofragmen-
tation patterns to see how it can improve their 
processes and patient outcomes. 

Many surgeons are reticent about investing 
in a laser and incorporating it into their surgical 
fl ow because they fear it will slow them down 
signifi cantly, but with the right adjustments to 
the process, we can be as effi  cient as we would 
be with traditional surgery. 

Transitioning from traditional cataract 
surgery to femtosecond laser cataract surgery 
is one of the best decisions we have ever made. 
Patients have high expectations of their visual 
outcomes after cataract surgery. 

They want to reduce their dependence on 
glasses, and we need to do all that we can to 
optimize their results. Technological advances 
in centration of the IOL, alignment of the toric 
axis, and automated cataract density grading 
and customized phacofragmentation with a 
femtosecond laser equipped with Scheimp-
fl ug imaging increase our accuracy and our 
confi dence in delivering the results our patients 
expect. 

James D. Lehmann, MD
P: 210-880-3221

Lehmann practices with Focal Point Vision in 
San Antonio, Texas, and is adjunct faculty 
at UT Health San Antonio. His � nancial 
disclosures include Lensar, CorneaGen, 
Diamatrix, Glaukos, Johnson & Johnson, 

Modernizing Medicine, and RxSight. 

Pearls for optimizing femtosecond 
laser phacofragmentation patterns 
Ophthalmologists are turning to automated cataract density grading

THE FULL ARTICLE, INCLUDING 
REFERENCES AND FIGURES, 
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By Lynda Charters; 
Reviewed by Rishi P. Singh, MD

For nearly 20 years, neovascular age-related 
macular degeneration (AMD) has been getting 
all the attention as a result of the introduc-
tion of intravitreally administered anti-VEGF 
drugs. These agents have successfully 
stopped disease progression and saved vision 
in many aff ected patients.

Focus has been shifting to the overwhelm-

ingly large population of patients who have 
the dry form of AMD, the insidious form 
without blood vessels that erodes vision over 
time, commented Rishi P. Singh, MD, pres-
ident of Cleveland Clinic Martin North and 
South hospitals in Stuart, Florida. 

This dry nonexudative form of dry AMD, 
the end stage of which is geographic atrophy 
(GA), has been the topic of the most recent 
study in this arena. At this stage of the dis-
ease, the activities of daily living—reading, 
driving, facial recognition, and so on—are 
severely aff ected, leading to overall serious 
deterioration of the patient’s condition and 
quality of life.

Current status of GA therapy
Some recent trials1,2 have provided evidence 
that intravitreal injection of certain inhibitors 
can cause regression or slowing of vision loss 
over time. 

“This is how clinicians are currently at-
tempting to treat GA,” said Singh, who is also 
a professor of ophthalmology at Cleveland 
Clinic Lerner College of Medicine in Ohio.

Findings from these studies have shown 
advances in the ability to prevent progres-
sion of GA by 15% to 25%. In the case of 
GA outside the fovea, that ability increased 
to 35%, “a good step in the right direction,” 
Singh stated.

He also pointed out that previously phy-
sicians had not looked at GA as closely as 
they could have, mainly because treatments 
are only now on the horizon. Optical coher-

ence tomography (OCT) is the main imaging 
modality, and the emphasis in these images 
is on identifying exudative AMD and its char-
acteristic fl uid or hemorrhages during clinical 
evaluations.

“GA requires reappraisal of these diagnos-
tic techniques to ascertain that the patients 
with the most need are identifi ed for treat-
ment through the clinical trials,” Singh said.

Real-world practice vs clinical trials
Singh explained that in routine clinical 
practice a few factors come into play, and ac-
knowledged the need to do better when eval-
uating and treating patients with neovascular 
AMD. For example, the number of treatments 
is substantially lower in clinical practice than 
the number administered in clinical trials. 
Additionally, fl uorescein angiography is not 
carried out routinely in clinical practice as it 
is in clinical trials, although that test may not 
always be necessary.

In studies of GA, numerous tests are 
performed, such as microperimetry and 
low-luminance vision testing, that are also 
not performed routinely in clinics; the added 
benefi ts in the clinical setting are question-
able, he noted. In clinical trials, these tests 
quantify the benefi t of the drugs under evalu-
ation for treating GA.

“If I want a very precise measurement of 
the clinical eff ect of a drug, tools such as 
low-luminance vision and microperimetry are 
invaluable to determine the treatment eff ect 

From the Cover

Continues on page 32 : Geographic atrophy

PATIENTS SHOULD 
RECOGNIZE KEY 
MARKERS FOR THE 
DEVELOPMENT OF GA:

• FAMILY HISTORY
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• SMOKING
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VEGETABLES IN DIET

Spotlight on GA: A bright future 
with potential treatments

Family history and lifestyle are key in the development of geographic atrophy
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over time,” Singh explained. 
Although those specifi c tests are not 

used often by ophthalmologists, fundus 
autofl uorescence and OCT are often used to 
determine the size and spread of the GA as 
patients are followed.

Regarding treatments, the eff ects of the 
drugs being evaluated are individualized to 
each patient. 

“Each patient dictates the clinical suspi-
cions based on how much the disease has 
progressed and [whether] further intervention 
is needed,” Singh said.

He also noted that he is very pragmatic in 
these cases when ordering testing. “I use an 
evidence-based treatment approach, in that if 
I order a particular test or additional imaging, 
it [is] going to help me make useful decisions 
about a particular patient’s treatment plan,” 
he explained. This more thoughtful approach 
will ease the burden in the clinic.

The clinical trials of drugs for GA are ongo-
ing. All the treatment candidates attack the 
complement cascade, C3 and C5, both of which 
are in the alternative complement cascade. 

Pegcetacoplan (Empaveli; Apellis Pharma-
ceuticals), a targeted C3 therapy, was recently 
fast-tracked by the FDA based on the results of 

3 studies: the OAKS (NCT03525613), DERBY 
(NCT03525600), and FILLY (NCT02503332) 
trials.3 The drug successfully slowed the 
progression of GA. “Pegcetacoplan showed 
signifi cant benefi t in its phase 3 trial and it has 
a relatively good safety profi le. Some patients 
converted to neovascular AMD as a result of 
treatment with pegcetacoplan, which we need 
to learn more about,” noted Singh.

Avacincaptad pegol (Zimura; Iveric bio), 
a C5 inhibitor, is now being evaluated in a 
phase 3 study. The results of the GATHER1 
study (NCT02686658) were similar to those 
of the OAKS and DERBY studies. GATHER2 
(NCT04435366),4 which compared monthly 
avacincaptad treatment with sham, will 
report results during fall 2022. 

“These fi ndings will determine how we 
will use the drug in clinical practice,” Singh 
pointed out.

Singh believes the future of these thera-
pies is very bright, especially concerning the 
approximately 50% of patients who require 
the assistance of caregivers to travel to ap-
pointments and other activities. Considering 
this patient burden, a reduction in disease 
progression would be a major step forward 
for patients and caregivers.

Three messages for patients with GA
Data from the current studies clearly indicate 
that there is a great deal of hope for benefi -

cial future therapies for this patient popula-
tion. Singh recommended that patients under 
the care of a retina specialist or ophthalmol-
ogist should determine whether they are 
candidates for treatment with these drugs 
when they become clinically available.  

Patients should recognize the importance 
of family history and lifestyle in the devel-
opment of GA, both of which are strong pre-
dictors of disease development. Smoking, a 
diet high in saturated fat, and not eating fi sh 
or green leafy vegetables are key elements in 
GA development.

A change in habits is a good step toward 
possibly preventing the disease.

Singh is looking past the fi rst iterations of 
drugs for GA that may include sustained drug 
delivery to eliminate the need for monthly 
or every-other-month treatment, and then 
combination therapies. 

Rishi P. Singh, MD
E: Singhr@ccf.org
Singh is president of Cleveland Clinic Martin North 
Hospital and Cleveland Clinic Martin South Hospital 
and a sta�  surgeon at Cleveland Clinic Florida in 
Stuart. He is also a professor of ophthalmology 
at Cleveland Clinic Lerner College of Medicine in 
Ohio. He serves as a consultant to Allergan, Bausch 
+ Lomb, Genentech, Regeneron, Novartis, AsclepiX, 
Gyroscope, and Apellis. 
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Considering this patient burden, 
a reduction in disease progression 

would be a major step forward for 
patients and caregivers."
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cell & gene therapy

result from different residual activity of the enzyme.
Clinically, the 2 most common forms of RPE65-related retinal 

disease are Leber congenital amaurosis (LCA) and early-onset severe 
retinal dystrophy. In both forms, visual impairment is first noticed at 
birth and during the first years of life, respectively, and worsens over 
time, eventually leading to complete blindness.5 

By Maximilian J. Gerhardt, MD; 
Stylianos Michalakis, PhD; Günther 
Rudolph, MD; Claudia Priglinger, 
MD; and Siegfried Priglinger, MD

Voretigene neparvovec (Luxtur-
na, Spark Therapeutics) is the 
first causal treatment for biallelic 
RPE65 mutation–associated 
retinal disease, which regularly 
progresses to legal blindness. The 
one-time gene therapy aims to de-
liver the correct coding sequence 
of the human RPE65 gene to the 
retinal pigment epithelium and is 
performed via subretinal injection 
following vitrectomy.

The therapy was approved by 
both the European Medicines 
Agency (in 2018) and FDA (in 2017) 
after data from the supporting 
pivotal phase 3 study revealed 
statistically significant functional 
vision improvement in patients in 
terms of increased light sensi-
tivity. The findings also showed 
improved ability to navigate a 
mobility course at different levels 
of environmental illumination.

New gene therapies such as 
these raise the hope of treating a 
previously incurable disease with 
a favorable adverse effect profile. 
However, as with any new thera-
peutic product, there are limited 
real-world data, so it is natural that 
uncertainties regarding the durabil-
ity and benefit-risk ratio exist.

Recent reports of retinal atro-
phy development in the postop-
erative course of the disease have 
led to concerns that voretigene 

neparvovec could lead to poten-
tially devastating consequences 
in the long-term. It is therefore 
necessary to closely follow-up 
treated patients with multimodal 
imaging approaches in order to 
assess retinal morphology and 
gain further knowledge on the 
factors possibly contributing to 
atrophy development.

RPE65 mutation–
associated disease
The RPE65 gene encodes a key 
enzyme in the retinoid cycle and 
is responsible for the regeneration 
of the light-sensitive component 
of rhodopsin, our visual purple.1 
When light enters the eye, it hits 
the photoreceptors in the retina 
leading to a conversion of the light 
signal into a chemical signal.2 

This so-called photoisomeriza-
tion of the vitamin A derivative 
11-cis-retinal (to all-trans-retinal) 
cannot take place unless there is 
sufficient functional 11-cis-retinal 
available. Because 11-cis-retinal 
decays after initiation of the visual 
process, it must be perpetually 
regenerated by specific metabolic 
processes in the retinal pigment 
epithelium to initiate and main-
tain the visual process.3

Mutations in the RPE65 gene 
result in deficiency or severely 
functionally impaired isomerohy-
drolase activity, causing a severe 
rod-cone dystrophy.4 The clinical 
courses of RPE65-associated 
retinal dystrophy are thought to 

Will experience support use of 
first-ever retinal gene therapy?
Recent reports of retinal atrophy have raised concerns about potential long-term safety

1

2

FIGURE 1. Principle of application of gene therapy with voretigene 
neparvovec.  FIGURE 2. Mode of action of AAV-mediated gene 
therapy.  (Images courtesy of LMU Eye Hospital)
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cell & gene therapy

LCA is considered the most 
severe form of early childhood 
blindness and was fi rst described 
by Theodor Leber in 1869.6

Aff ected infants usually show lack 
of eye contact and nystagmus 
and/or present with conspicuous 
pressing of their eyeballs with 
fi ngers, fi sts, or toys (oculo-digital 
phenomenon).

Parents may report that their 
child frequently trips over objects 
or bumps into obstacles, especial-
ly in dim light. Early-onset severe 
retinal dystrophy that manifests 
after infancy also has a very poor 
prognosis and, like LCA, usually 
leads to blindness in the third to 
fi fth decade of life.

To date, it is known that LCA 
can be caused not only by alter-
ations in the RPE65 gene, but also 
by mutations in a further 24 genes 
(see: https://sph.uth.edu/retnet/
sum-dis.htm#A-genes). However, 
mutations in the RPE65 gene 
might also manifest in the form of 
retinopathia pigmentosa (RP20).7

In the subtype of RP20, a 
noticeable deterioration of visual 
acuity usually occurs in young 
adulthood or adolescence while 
concentric loss of visual fi eld is 
already advanced.7 Common to all 
forms of RPE65 mutation–asso-
ciated retinal disease is a pro-
nounced night blindness, which 
presents as one of the earliest and 
most characteristic symptoms of 
the disease, and a progressive, 
irreversible retinal degeneration.

The night blindness can be 
explained by the functional 
impairment of the rods, which 
are already aff ected at the earliest 
disease stages. Rods, unlike 
cones, are completely dependent 
on 11-cis-retinal regeneration 
through the retinoid cycle of the 
retinal pigment epithelium. Cones 
are less aff ected in early stages of 

the disease because they can rely 
on 11-cis-retinal from other sourc-
es, such as Müller cells, which 
explains their better function in 
early disease stages.8-10

Gene therapy surgery and 
mechanism of action
Voretigene neparvovec consists of 
the capsid of an adeno-associated 
viral vector serotype 2 (AAV2) 
containing a correct coding 
sequence (cDNA) of the human 
RPE65 gene and regulatory 
elements.11 This is provided in the 
form of frozen concentrate, which 
must be prepared into a vector 
solution by trained personnel. 

Subsequently, the therapy is 
provided in a syringe containing 
the vector solution that must 
be applied within 4 hours after 
preparation. Following vitrec-
tomy, delivery of the vector 
solution is performed by using 
a small injection cannula by 
placing it onto the retina and 
applying slight pressure to create 
a retinotomy through which the 
fl uid can pass into the subretinal 
space (see Figure 1). 

The injection may be per-
formed manually with the help 
of an assisting surgeon or using 
a foot pedal–controlled injection 
device. Patients receive a single 
dose of 1.5 x 1011 vector ge-
nomes of voretigene neparvovec 
in each eye; the intended target 
volume is 300 µl.

The injection forms 1 or more 
fl uid-fi lled bubbles under the 
retina (blebs). These are reab-
sorbed within 24 to 48 hours after 
subretinal delivery, as the drug 
is taken up by the target cells, 
the retinal pigment epithelium. 
Uptake into the target cells is 
receptor mediated. 

Once in the nucleus, the sin-
gle-stranded DNA is transcribed 

https://ttimedical.com
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into double-stranded DNA, and the mRNA is 
subsequently translated in the cytosol into the 
functional protein, the enzyme isomerohydro-
lase (illustrated in Figure 2).

Reports of atrophy development 
following administration
Data from the clinical studies leading to ap-
proval of voretigene neparvovec showed that 
there are certain risks associated with the gene 
therapy procedure. However, most of the treat-
ment-related adverse events were transient 
and mild. These included elevated IOP (18%), 
cataract formation (18%), ocular inflammation 
(8%), retinal tears (8%), dellen (8%), and retinal 
deposits (8%).12,13 

The previously undescribed complication of 
chorioretinal atrophy development following 
treatment with voretigene neparvovec was 
recently reported by Gange and colleagues.14 
Eighteen eyes of 10 patients developed perifo-
veal chorioretinal atrophy; in 80% of the cases 
this was seen bilaterally.

Atrophy was first identifiable anywhere 
between 1 week and 1 year postoperatively 
at an average of 4.7 months after treatment 
(follow-up period, 4-18 months). In 10 eyes, 
the atrophy occurred within and outside the 
area of the subretinal bleb, whereas in 7 eyes, 
it formed exclusively within the bleb’s area.

One eye showed atrophy only outside the 
bleb area. Despite atrophy development, 
functional results remained stable or improved 
in the majority of patients. Twelve of 18 eyes 
showed improved visual acuity (VA), whereas 
in 3 of the eyes VA did not change.

VA decreased in a further 3 eyes. After sta-
tistical analysis, no significant change in mean 
VA was found pre- versus postoperatively (P = 
.45). Although all 13 eyes with reliable Gold-
mann visual field tests showed improvement 
(expansion or gain of isopters), paracentral 
scotomas caused by the atrophy were seen in 
3 eyes.

Another recent publication reported pro-
gressive atrophy development in 13 eyes of 8 
patients.15 All eyes developed atrophy within 
the bleb area and 3 patients additionally de-
veloped atrophic changes outside the bleb.

The mean duration of the patients’ fol-
low-up period was 15.3 months (range, 6-27). 

First signs of developing atrophy as detected 
by reduced autofluorescence were identifi-
able in 5 of 8 eyes as early as 2 weeks after 
treatment, which represented the earliest 
postoperative visit.

At month 3 following therapy, all 13 eyes 
showed areas of retinal atrophy. Notably, the 
atrophy area enlarged over time and in 6 of 7 
eyes with existing follow-up data after 1 year, 
atrophy development progressed even after 
1 year. Functional improvement shown by in-
creased light sensitivity and perimetry seemed 
to be overall stable over the observational 
period despite atrophy development.

What could be the cause of atrophy?
Possible explanations for the development of 
atrophy include immune reactions against the 
vector genome (eg, promotor sequence as the 
CAG promotor in voretigene neparvovec, the 
expressed transgene, or manufacturing-related 
impurities) or against the capsid. Manufactur-
ing-related factors could also include subtle de-
viations in the preparation of the gene therapy 
shortly before therapy administration at the 
respective treatment center.

Surgical factors may also play an important 
role. Mechanical stress and/or damage at the 
injection site as well as shear stress within the 
bleb may directly lead to damage of the retina 
or trigger deleterious stress responses. This 
may be particularly relevant in the setting of 
RPE65-related retinal disease and other inher-
ited retinal dystrophies in which dystrophic 
changes and a more fragile, thinned retina 
may predispose to damage.

Patient-related factors should be considered 
as well. Age, gender, stage of disease, and 
immune status of the individual patient could 
influence the functional outcome and morpho-
logical state of the retina after treatment.

Conclusion
Early detection of inherited retinal diseases is 
becoming increasingly important, as earlier 
diagnoses enable more timely initiations of 
therapy and thus potentially lead to better 
prognoses for affected patients. Symptoms such 
as increased sensitivity to light (photophobia), 
night blindness, or nystagmus may indicate an 
inherited retinal disease and require a thorough 

ophthalmological work-up within a specialized 
ophthalmogenetic department. 

If there is reasonable suspicion, molecular 
genetic testing should be carried out. This is 
crucial to determine whether therapy with 
voretigene neparvovec is applicable. Gene 
therapy with this product must only be per-
formed in individuals with confirmed biallelic 
RPE65 mutation–associated retinal dystrophy 
and sufficient viable retinal cells.

Limited real-world data initially confirmed 
the tolerable safety profile seen in marketing 
authorization trials.16 However, the recent 
reports of progressive atrophy development 
following therapy are undoubtedly concerning.

In summary, currently available data are 
insufficient to draw definite conclusions about 
the causes of atrophy development and their 
functional consequences in the long-term. Ex-
periences of other treatment centers, including 
reports of the exact surgical procedure and 
patient details as well as longer follow-up pe-
riods, are necessary to reach a more accurate 
picture on possible long-term effects of the 
therapy. This could have important implica-
tions for the selection of patients and will help 
in predicting the expectable treatment benefit 
for eligible patients. 

Maximilian J. Gerhardt, MD
Stylianos Michalakis, PhD
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Outlining truths about invisible 
posterior vitreous structures
Understanding vitreomacular interface diseases is key to effective treatment

By Akihiro Kakehashi, MD, PhD

With the development of optical coher-
ence tomography (OCT), meticulous 
changes in the posterior vitreous can be 
observed that are not clearly visible by 
slit lamp biomicroscopy. The advanced 
swept-source OCT (SS-OCT) technology 
allows visualization of the variations in the 
normal changes and those associated with 
aging in the posterior vitreous. 

Premacular lacuna and Cloquet canal
In most normal eyes, the premacular 
lacuna and connected Cloquet canal can 
be clearly detected by SS-OCT (Figure 1). 
However, those structures become less 
noticeable with advancing patient age. 
The contours of the premacular lacuna col-
lapse and the liquefaction of the vitreous 
gel progresses. 

In some cases in which the premacular 
lacuna and Cloquet canal are not visible 
(Figure 2) and in which advanced vitreous 
liquefaction is present, a presumed bursa 
premacularis/posterior precortical vitreous 
pocket (PPVP) appears (Figure 3). In some 
cases, the premacular lacuna and bursa 
fuse into a large empty space (Figure 4, 
upper right; Figure 5, right). Differentia-
tion of the premacular lacuna and bursa 
premacularis/PPVP is important. 

In the previous original reports, the bur-
sa premacularis/PPVP is a liquefied space 
with a relatively large volume and not a 
thin space like the premacular lacuna.1,2 
In usual OCT examinations, the depth is 
emphasized (Figure 1, top) and the prem-
acular lacuna looks relatively large. 

However, when viewing the premacular 
lacuna with vertical and horizontal scales 
on a 1:1 scale in young patients (Figure 1, 
bottom), the premacular lacuna is almost 
the same depth as the thickness of the 
retina. The premacular lacuna seems to cor-
respond to a subbursal space, which Worst 
referred to using his technique of in vivo 
slit lamp microscopy and later as an artifact 
after discussion with Kishi and Sebag.3 
However, it is my opinion that the prem-
acular lacuna corresponds to a subbursal 
space. The bursa premacularis/PPVP, which 
appears in older adults, should be distin-
guished from the premacular lacuna, which 
is present from a young age.

Posterior vitreous detachments
Details of the early phase of age-related 
posterior vitreous detachments (PVDs) 
have been unknown until now because 
they were not visible by biomicroscopy, 
but SS-OCT has revealed those details. 
Age-related PVD progression begins from 
the state of no PVD to the vicinity of the 

FIGURE 1. OCT image of 39-year-old woman shows premacular lacuna and Cloquet’s canal.   
Top: Premacular lacuna(*) and connected Cloquet’s(**) canal can be clearly detected.   
Bottom: The same case of top image with vertical and horizontal scales on a 1:1 scale.

FIGURE 2. OCT image of 63-year-old woman does not show premacular lacuna and Cloquet’s canal.  Premacular 
lacuna and Cloquet’s canal become inconspicuous because of age-related change of the vitreous.

FIGURE 3. OCT image of 56-year-old man shows Bursa premacularis coexisting with premacular lacuna/
subbursal space and connected Cloquet’s canal.  Presumed Bursa premacularis/posterior vitreous pocket 
appears (***) with premacular lacuna/subbursal space (*) and connected Cloquet’s canal (**) .

1
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outer periphery of the macula, as seen in the OCT 
image on the upper left to lower left of Figure 4.4 As 
the PVD progresses, it does so throughout the posterior 
pole, but it is relatively rare for PVD to progress with-
out showing an oval defect in the detached posterior 
vitreous cortex (Figure 4, upper right). 

In many cases, the oval defect in the posterior 
vitreous cortex forms as shown in the middle or lower 
right, and the thin posterior vitreous cortex remains 
on the macular retina. Among them, there are 2 types 
of shallow PVDs with an oval defect in the posterior 
vitreous cortex: 1 with vitreous gel attachment to the 
macula through the premacular oval defect of the 
posterior vitreous cortex (Figure 4, middle right)5,6 and 
1 with no vitreous gel attachment to the macula (Figure 
4, bottom right). 

The condition of vitreous attachment through the oval 
defect in the posterior vitreous cortex may be experi-
enced during creation of a PVD during vitreous surgery. 
This type of PVD is thought to provide protection for the 
fovea, where the retina is thin and fragile. The failure 
to make such a circular defect in the posterior vitreous 
cortex may induce the development of macular holes in 
some cases (Figure 5).

The structure that was defined as a bursa has many 
variations in aging. When the bursa fuses with premac-
ular lacuna/subbursal premacular space, it appears as a 
large empty space. There are some variations in PVDs 
starting in the posterior pole, but some of them are 
related to macular holes and epiretinal membranes, so 
detailed observation is indispensable. 

Although these descriptions are based on my personal 
experience and opinion, I hope  they increase clinicians’ 
understanding of vitreomacular interface diseases. 

Akihiro Kakehashi, MD, PhD
E: kakeaki@gmail.com
Kakehashi is from the Department of Ophthalmology, Saitama 
Medical Center, Jichi Medical University in Saitama, Japan. He 
has no financial interest in any aspect of this report.
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FIGURE 4. Early phase of PVD progression.
PVD progression bigins from the state of No PVD (upper left) to 
the vicinity of the outer periphery of the macula (bottom left), 
then PVD spreads throughout the posterior pole (upper right). 
In many cases, an oval defect in the posterior vitreous cortex is 
formed (middle or lower right), and the thin posterior vitreous 
cortex remains on the macular retina (blue arrow). Among 
them, there are two types of shallow PVD with an oval defect 
in the posterior vitreous cortex. Shallow PVD with vitreous gel 
attachment to the macula through the premacular oval defect 
of posterior vitreous cortex (middle right) and no vitreous gel 
attachment to the macula (bottom right).

FIGURE 5. Mechanism of macular hole development.
OCT findings clearly show that Shallow PVD, which leaves 
pinpoint adhesion in the fovea (left), is the cause of macular 
hole (right).

FIGURE 6. Vitreous attachment through the oval defect in 
posterior vitreous cortex observed during PVD creation in 
vitreous surgery. After core vitrectomy, artificial posterior 
vitreous detachment is created using triamcinolone. The 
vitreous gel adhesion to the macula through the oval defect in 
the posterior vitreous cortex is clearly seen.
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Optimizing ocular surface to achieve full 
visual potential continues after surgery
Teach patients to pay attention to their eye health for the long term

By Steven I. Rosenfeld, MD

Although it is always important 
to consider optimizing the ocular 
surface for all patients to improve 
their vision, it is of critical importance 
before cataract surgery. As has 
often been stated, cataract surgery 
is a form of refractive surgery. All our patients 
expect excellent postoperative results with 
clear and stable vision regardless of the type 
of lens implant we are using.

Garbage In, Garbage Out
I counsel my patients that an optimized ocular 
surface supports accurate preoperative mea-
surements including refractions, keratometry, 
corneal topography, and biometry, and that 
with a healthy tear fi lm and smooth corneal 
surface, they can achieve their full visual po-
tential. On the other hand, a dry ocular surface 
with an increased tear breakup time, punctate 
staining, or desiccation will aff ect the reliability, 
reproducibility, and accuracy of the measure-
ments—garbage in, garbage out. This increases 
the chances of the surgeon making an inappro-
priate IOL recommendation or selecting the 
wrong IOL power and the patient experiencing 
a suboptimal outcome. In fact, a poor ocular 
surface can have a profound eff ect on the 
corneal topography measurements.

Multifocal presbyopia-correcting lens im-
plants off er patients the greatest chance for 
freedom from glasses after surgery; however, 
they are the most sensitive to ocular surface 
disease. This means patients with signifi cant 
dry eye who receive this IOL technology tend 
to have more variability in the quality of their 
vision than those who receive a monofocal or 
toric lens.

Further, patients must be made aware that 

it is not enough to optimize their ocular 
surface before surgery, but they must 
continue to take care of it postop-
eratively as well. If ocular surface 
disease recurs, vision will certainly 

be adversely impacted.

Keys to the Evaluation
No matter where patients are coming from—an 
outside referral or within the practice—it is 
incumbent upon the surgeon to ensure their 
corneal health preoperatively. When I evaluate 
patients, I still do what I learned as a corneal 
fellow: Observe the patient for clues before 
starting the slit lamp exam. They may be blink-
ing frequently to clear their vision or perhaps 
they have skin manifestations of rosacea that 
would predispose them to blepharitis. They 
might have an incomplete blink, lagophthal-
mos, or like to rub their eyes. I ask about con-
tact lens wear and  level of comfort, and probe 
for symptoms of dry eyes or blepharitis. All of 
this is helpful in guiding my exam and helping 
in my ultimate IOL recommendation.

When I perform the slit lamp exam, I look 
at the lid margins for signs of anterior blepha-
ritis or meibomian gland dysfunction. I assess 
the quality of the tear fi lm and tear breakup 
time with fl uorescein. I look for punctate 
staining, keratitis, or other forms of irregular 
corneal such as anterior basement membrane 
corneal dystrophy. 

Stepwise Therapy
When it comes to treatment, I explain the na-
ture of dry eye disease and why it needs to be 
treated. I start patients with newly diagnosed 
disease on artifi cial tears 4 times a day and 
consider punctal plugs at that fi rst visit; I use 
collagen DuraPlugs (Katena) that dissolve after 3 
to 4 months. 

I have become much more inclined to 
add nutraceutical options such as HydroEye 
(ScienceBased Health) very early on in my 
treatment regimen. The patented formulation’s 
key ingredient is the unique anti-infl ammatory 
fatty acid gamma linolenic acid (GLA), derived 
from black currant seed oil.1 GLA is a precur-
sor to the anti-infl ammatory prostaglandin 
PGE1 and has been validated in a variety of 
clinical trials for improving dry eye symptoms 
in a range of patient populations.2-8

The supplement includes a specifi c balance 
of other omegas and nutrient cofactors to 
provide dry eye relief, and may change the 
chemistry of the meibomian glands as they 
start producing normal lipids, stabilizing the 
tear fi lm and relieving symptoms. 

Conclusion
I am honest and forthright when explaining 
to patients that the ultimate outcome of their 
cataract surgery depends on how they care 
for themselves. I point out that if they want 
to have reliable vision and be less dependent 
on glasses, they need to invest in their eyes 
and take the time and eff ort to prepare for 
surgery. I remind them that this is a lifetime 
commitment because there is no cure for dry 
eye disease. This means they cannot totally 
abandon caring for their ocular surface. 

Steven I. Rosenfeld, MD
E: StevenR@delrayeyecare.com
Rosenfeld is in practice with Delray Eye Associates, PA, 
in Delray Beach, Florida, and is a voluntary professor at 
Bascom Palmer Eye Institute in Miami, Florida. Rosen-
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Innovation center taking device 
technology into the digital age
Zeiss parlays technology into standardization for ophthalmologists, patients

By David Hutton

With the scenic hills of Northern California as 
a backdrop, Carl Zeiss Meditec, Inc, recently 
opened its new Zeiss Medical Technology 
headquarters in Dublin, 35 miles east of San 
Francisco. 

The company hosted the media for an 
interactive discussion about its digital inte-
grated workflow solutions in its state-of-the-art 
customer experience center, which brings 
engineers, researchers, and sales and service 
teams under 1 roof. 

The Zeiss Innovation Center and U.S. 
Medical Headquarters marks a $180 million 
investment, opened on March 31, 2021, and 
can accommodate about 700 employees. Its lo-
cation is convenient to San Francisco, Oakland 
and San Jose. The high-tech facility, which 
brings together a footprint that had been split 
between Dublin and Pleasanton, offers all of 
the latest amenities for its employees and vis-
itors. It is a purpose-buit faciity that will help 
the company meet its evolving needs. 

The Zeiss Innovation Center’s R&D efforts fo-
cus primarily on digital solutions and scientific 
and industry partnerships spanning disci-
plines and technologies – key drivers behind 
the company’s decision to locate the center in 
the Bay Area.

The center features an Innovation Lab 
demonstrating the company’s several Zeiss 
workflows. These include:

 ■ Cataract Workflow – Zeiss solutions 
enhance the efficiency and clinical 
outcomes for cataract procedures. 

 ■ Corneal Refractive Workflow – Zeiss 
solutions help streamline the refractive 
workflow with a digital connected 
infrastructure and improve efficiency with 
the right solution for any eligible patient.

 ■ Retina Workflow – Zeiss solutions 
support both routine and complex patient 
management decision processes by 
combining premier imaging and at-a-

glance history with interactive analysis, 
for a more efficient, worry-free and cost 
effective workflow.

Continues on page 44 : Innovation

TOP. The Zeiss 
Innovation 
Center's 
Customer 
Experience 
Center.
RIGHT. The 
Zeiss Innovation 
Center in Dublin, 
California.
(Images courtesy of 
Carl Zeiss Meditec)
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device technology

 ■ Glaucoma Workflow – Zeiss solutions 
support complex disease management by 
integrating critical data points necessary 
to make accurate decisions on treatment 
paths and providing at-a-glance history 
and progression trends with interactive 
analysis.

 ■ Tumor Workflow - Combining three 
leading technologies, Zeiss solutions 
support surgeons and intraoperative 
teams over several steps of the surgical 
workflow in delivering brain tumor 
treatment. It is important to note that 
standard of care does not imply change 
in clinical practice. The Zeiss Tumor 
Workflow is a concept that includes Zeiss 
Kinevo 900, Zeiss Convivo and Zeiss 
Intrabeam 600.

Zeiss CEO Euan S. Thomson, PhD, president 
of ophthalmic devices and head of the Digital 
Business Unit, offered an overview highlight-
ing the company’s strategy in ophthalmology. 
“We are very proud of what we have achieved 
and believe it is a differentiator from our com-
petitors,” he said. 

For the company, the COVID-19 pandemic 
shifted the way it approached business, with 
new constraints and restrictions that would 
change the way business is done forever. It 
also provided an opportunity, even although 
it would not be a money-making venture. “We 
engaged with customers to be prepared for the 
reopening of the industry and prepare for the 
new normal,” Thomson explained. 

For example, the company started to use 
longer cables for devices to allow physi-
cians to maintain safe social distancing. “We 
extended the partnership that started during 
[the pandemic] with COVID[-19] as a catalyst 
and we now think of everything in terms of 
integrated solutions,” he said.  

This helps the company examine the 
workflows that are required to manage chronic 
diseases and offer additional layers of value 
beyond technology. These workflow solutions 
are carefully aligned and can help customers 
operate more efficiently and provide better 

outcomes for patients. 
Thomson noted that this includes 3 layers––

tech, data, and application––adding that the 
data layer continues to evolve. To drive that 
evolution, Zeiss has partnered with Microsoft 
to build out its digital platform. 

“Microsoft tells us this is one of the most 
sophisticated medical data platforms ever de-
veloped,” Thomson pointed out. The platform 
addresses compliance, interconnectivity, data 
management capabilities, and security. 

“You have to think about data security at 
the transfer point,” Thomson said. He added 
that security features ensure the safety of all 
Zeiss technology. 

Working with Microsoft, the company has 
developed a connectivity module that can 
ensure security when medical data are trans-
ferred to the cloud. “This is a sophisticated 
cloud environment specifically designed for 
the ophthalmology industry,” Thomson added. 

The third layer, an application layer, serves 
as a user interface. This is where ophthalmol-
ogists can gain efficiency. “These applications 
are designed to make a streamlined work-
flow for each procedure that our customers 
manage and they are designed to manage 
efficiency,” Thomson said. 

For some, it may seem strange that a med-
ical device company is producing a patient 
app. However, for many procedures, [adher-
ence] is key and by educating patients, oph-
thalmologists can achieve better outcomes. 

“It is not a Zeiss-labeled app,” Thomson 
explained. “It is an app that we give to our 
customers and they can populate it with 
their educational information. It is not a 
money-making effort for us, but it is very 
important.”

The flow of data remains critical for 
ophthalmologists, and it also can flow freely 
between equipment in the operating room. 
For example, the phacoemulsification device 
can be connected to the operating micro-
scope and the surgeon can then receive data 
in real time. 

“The surgical procedure is captured on 
video and it is stored on the cloud,” Thom-
son said. “The surgeon can later review the 
procedure. The procedure can be reviewed in 
segments using artificial intelligence and [the 

surgeon can] look at multiple procedures side 
by side to determine where efficiencies can 
be gained.”

Moreover, the technology also can be 
utilized to create standardization in clinicals 
of all sizes. 

“This application layer is not designed to 
make us into a data company or even a soft-
ware company,” Thomson pointed out. “It is 
to create a fully integrated solution environ-
ment.” 

The application layer was started with 
cataracts and the company currently is in the 
process of developing similar digitally inte-
grated workflow solutions for other surgical 
and nonsurgical procedures. 

The developments have been welcome 
news to ophthalmologists, according to Ste-
ven Schallhorn, MD, chief medical officer for 
Zeiss, who is in private practice in San Diego, 
California. He pointed out that the company’s 
mantra is to advance the science, and design 
to help ophthalmologists be productive and 
provide good outcomes for patients. 

“In today’s environment, ophthalmologist 
[strive] to achieve productivity, efficiency, 
and cost management while providing the 
best outcomes possible for patients,” he said. 
Moreover, Schallhorn noted, the company’s 
workflow solutions will work with any tech-
nology, meaning nobody is shut out. 

“It is not a case where you have to have 
Zeiss equipment or you are out,” he said. 

Schallhorn is impressed with the ability 
to have all the data available in the oper-
ating room. “It comes down to surgery and 
clinical decision-making, and it is important 
to have all of the information to be able to 
make quick decisions,” he said. “That really 
is the hard part. If you can do that concisely, 
quickly, and digitally, then [you] can make a 
decision very quickly.”

Having access to data also can help the 
ophthalmologist manage diseases such as 
diabetic retinopathy and glaucoma to know 
immediately whether a patient’s disease is 
progressing. “The goal of standardization is 
to ensure every ophthalmologist can get the 
best possible outcome in cataract procedures,” 
Schallhorn concluded. “The goal is for every-
one to succeed.” 

INNOVATION
( Continued from page 42 )
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external diseases and where we are there. I 
think they go well and complement each other, 
because to be a great refractive surgeon I do 
think that we have to be very mindful of what’s 
going on. We know long-term vision requires a 
healthy lid as well as ocular surface health. 

Stevenson: What makes this a must-attend 
event?

Yeu: First of all, you can’t beat getting to Mar-
co Island in December. That’s really wonderful, 
as well as the fact that there’s nothing better 
than to have broad-spectrum, comprehensive 
education. Yes, rapid-fi re education is always 
great—as well as all the interaction and the 
networking—but to have good lectures that re-
ally get deep down into each of the core topics 
[is invaluable]. And to comprehensively cover 
everything from the nuts and bolts of what’s 
going on [to] what’s really new and pertinent…
[is exciting]. And then to get into what to expect 
to see that’s happening and relevant in the next 
1 to 2 years, at least in the near pipeline, so that 
we can be best educated and up to speed. It’s 
nice to be able to do it and get away from some 
of the cold [weather] at the same time.

Stevenson: What are you most looking 
forward to?

Yeu: I like to know “how to” once we are into 
any level of innovation. I like to know what’s 
that next level, how are we doing with it. The 
fi rst 6 months, [for] a lot of people, especially 
early adopters, things go pretty well. What 
about the second phase of adoption, when the 
less-than-satisfi ed patients are coming in, or the 
IOPs are rising, or we’ve done 1 MIGS [minimal-
ly invasive glaucoma surgery], can we layer on 
a diff erent MIGS for the comprehensiveness? 

Those [are the] types of questions that I my-
self have now, as a surgeon who’s been doing 
MIGS surgery for…3, 4, or 5 years with the ex-
panding options. So kind of that next level and 
maybe the intermediate to advanced questions 
that I may have for some of those technologies 
that I was not necessarily an early adopter for. 
And to see what else is on the horizon and 
pipeline technologies for those that are not 
within my own subspecialty. 

This December, Ophthalmology Times®

EyeCon 2022 will gather the nation’s lead-
ing ophthalmologists to share new data and 
practical strategies that clinicians can apply to 
their patients. The conference will take place 
December 16 to 17 at the JW Marriott Marco 
Island Beach Resort in Florida.

From imaging technology to novel agents, 
attendees will learn key insights that will keep 
their practices current in the coming year. The 
2-day event will be chaired by Peter J. McDon-
nell, MD, director and William Holland Wilmer 
Professor of Ophthalmology at the Wilmer Eye 
Institute, Johns Hopkins University School of 
Medicine in Baltimore, Maryland, and glauco-
ma specialist Oluwatosin U. Smith, MD, from 
Glaucoma Associates of Texas in Dallas.

Elizabeth Yeu, MD, will present a talk titled 
“Clearer Picture: Updates in Cataract and Re-
fractive Surgery” and will be participating in the 
session Intraocular Lenses in Complex Cases. 
Recently, Yeu spoke with Ophthalmology 
Times®’ Group Editorial Director Sheryl Steven-
son on what attendees can expect from EyeCon 
2022. Yeu is the medical director at Virginia Eye 
Consultants in Norfolk, Virginia. 

Below is an excerpt from their interview. 

Sheryl Stevenson: I am joined today by Dr 
Elizabeth Yeu. We are excited about this year’s 
EyeCon meeting in December in Marco Island 
and excited to have you as part of our faculty. 
Could you tell us a little bit about your presenta-
tions and your session?

Elizabeth Yeu, MD: It’s going to be such a 
fantastic agenda that’s, …specifi cally, deep 
diving for the comprehensive ophthalmolo-
gist. My particular areas that I will be covering 
[include] a talk …looking at and focusing on 
refractive cataract surgery and where we are in 
2022. There is such a breadth of new technolo-
gies. …How do we really manage our patients 
perioperatively? How are we evaluating them? 
How are we making sure that we are looking 
at and not missing things preoperatively? [This 
includes] getting [patients] prepared and mak-
ing sure we address [those things] and [satisfy] 
them, and hopefully, exceed expectations and 
match the technologies. And there’s so many 
ever-expanding options, but we need to do it in 
kind of a standardized fashion where it is not 
overwhelming. My talk will cover some breadth 
of that, and in our session we’ll be able to get 
into some of that too. And then the other talk 
will be looking at ocular surface disease and 

To register for or learn more 
about Ophthalmology Times® 
EyeCon 2022, scan QR code: 

EYECON 2022: 
KEEPING UPDATES IN CATARACT 
AND REFRACTIVE SURGERY IN FOCUS
Elizabeth Yeu, MD, will highlight pearls for managing 
intraocular lenses in di�  cult cases
By Sheryl Stevenson

For the complete interview, scan QR code.

https://www.ophthalmologytimes.com/view/eyecon-2022-keeping-updates-in-cataract-and-refractive-surgery-in-focus
https://www.ophthalmologytimes.com/view/eyecon-2022-keeping-updates-in-cataract-and-refractive-surgery-in-focus
https://event.gotoper.com/event/d59dfce6-6596-43f3-b90b-7a70b2fe592f/summary
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Introducing the Wizard Research Patent Pending Electric Heated Dry Eye Mask.
THE NEW GOLD STANDARD IN TREATING CHRONIC DRY EYE

One World Trade Center
New York, NY 10007

213.471.8050
www.DryEyeMask.com
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Ph: 855-EYE-BILL ext. 802
Email: amay@focusedmedicalbilling.com
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Call us today for your free, no obligation consultation

Focused Medical Billing is a full service medical billing firm servicing all 
specialties of Ophthalmology. With our firm our focus is to maximize our 
client’s revenue and dramatically decrease denials by utilizing 30 years of 

Ophthalmology billing/coding experience and expertise. Our firm provides 
accurate clean claim submissions on first submissions with relentless A/R 
follow up to obtain a 98% collection rate that so many of our clients enjoy.

SERVICES INCLUDE:

 Expert Coders: Billing to Primary,  
Secondary & Tertiary insurance companies

 A/R Clean Up and analysis
 Patient Billing

 Posting of all Explanation of benefits 
 Credentialing & Re-Credentialing

 Eligibility
 Fee Schedule Analysis
 Monthly Reports

 No long term commitment or contract required
 100% HIPAA Compliant
 Stellar letters of reference
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Did Your Business Receive PPP? Either way, You Still Qualify for ERC!

Bottom Line Savings helps business owners receive money back from the Employee Retention Credit (ERC) federal grant.
This ERC program differs greatly from the Paycheck Protection Program (PPP) and is much easier to apply for. Bottom Line will 
submit and collect a few important documents making this program turnkey for our owners.

 ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★

You don’t ned a sales reduction to qualify for ERC. Operational impacts to your business will qualify you as well.
 ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★

Your business could be getting up to $8,000-$26,000 per employee in 
Employee Retention Credits (ERC) even if you received PPP loans.

Our experts at Bottom Line will help you maximize your refund!
As a valued partner, Bottom Line will:

• Identify how you qualify for the ERC Program   • Outline your speciic ERC calculations to maximize the credit
• Help you claim the credit   • Ensure proper payroll tracking and documention

What is ERC?

Apply today and an ERC Specialist 
will contact you directly.
Please visit www.tryerc.com
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classifieds
For Products & Services and Recruitment advertising information, contact: 
Joanna Shippoli at 440-570-4625 • Email: jshippoli@mjhlifesciences.com

49OphthalmologyTimes.com SEPTEMBER 2022

careers: pennsylvania

careers: south dakota

SSaannffoorrdd  EEyyee  CCeenntteerr  is seeking a BC/BE Ophthalmologist to add to its current group of 4 
ophthalmologists and 5 optometrists, with one physician focusing on pediatric patients.

 Ideal candidate would be a comprehensive ophthalmologist with fellowship training in glaucoma

 Call is 1:4

 Competitive compensation and comprehensive benefit package

 Excellent retention incentive & relocation allowance

Sioux Falls is one of the fastest growing areas in the Midwest. As the largest city in the state, it 
balances an excellent quality of life and strong economy with a safe, clean living environment. The 
cost of living is competitive and South Dakota has no state income tax. Sioux Falls offers amenities 
of a community twice its size such as fine dining, shopping, arts, sports and nightlife.

Check us out at pprraaccttiiccee..ssaannffoorrddhheeaalltthh..oorrgg

FFoorr  MMoorree  IInnffoorrmmaattiioonn  CCoonnttaacctt::  Deb Salava, Sanford Physician Recruitment at
((660055)) 332288--66999933  oorr  ((886666))  331122--33990077 or email: debra.salava@sanfordhealth.org

Reach your target audience.

Contact me today to place your ad.

Joanna Shippoli
(440) 570-4625

 jshippoli@mjhlifesciences.com

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

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

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

Adverse Reactions
EYLEA 

(N=1824)

Active Control  
(ranibizumab) 

(N=595)
EYLEA 

(N=1824)

Control  
(ranibizumab) 

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

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

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

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

Adverse Reactions
EYLEA 

(N=218)
Control 
(N=142)

EYLEA 
(N=91)

Control 
(N=92)

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

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

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

Adverse Reactions
EYLEA 

(N=578)
Control 

(N=287)
EYLEA 

(N=578)
Control 

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

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

Infertility
There are no data regarding the effects of EYLEA on human fertility. Aflibercept adversely affected female and male reproductive 
systems in cynomolgus monkeys when administered by intravenous injection at a dose approximately 1500 times higher than the 
systemic level observed humans with an intravitreal dose of 2 mg. A No Observed Adverse Effect Level (NOAEL) was not identified. 
These findings were reversible within 20 weeks after cessation of treatment.
8.4 Pediatric Use  
The safety and effectiveness of EYLEA in pediatric patients have not been established.
8.5 Geriatric Use  
In the clinical studies, approximately 76% (2049/2701) of patients randomized to treatment with EYLEA were ≥65 years of age and 
approximately 46% (1250/2701) were ≥75 years of age. No significant differences in efficacy or safety were seen with increasing age 
in these studies.
17 PATIENT COUNSELING INFORMATION 
In the days following EYLEA administration, patients are at risk of developing endophthalmitis or retinal detachment. If the 
eye becomes red, sensitive to light, painful, or develops a change in vision, advise patients to seek immediate care from an 
ophthalmologist [see Warnings and Precautions (5.1)]. 
Patients may experience temporary visual disturbances after an intravitreal injection with EYLEA and the associated eye examinations 
[see Adverse Reactions (6)]. Advise patients not to drive or use machinery until visual function has recovered sufficiently.
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IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
• EYLEA is contraindicated in patients with ocular or periocular infections, active intraocular inflammation, or known hypersensitivity to aflibercept or 

to any of the excipients in EYLEA.

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

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

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

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

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

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

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

patients not to drive or use machinery until visual function has recovered sufficiently.

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

First-line efficacy and safety data from 8 clinical trials1

Dosing flexibility across several FDA-approved indications1

>20 million doses administered to >1.6 million eyes since launch2

Broad first-line coverage and dedicated support with EYLEA4U®2

EYLEA and EYLEA4U are registered trademarks of Regeneron Pharmaceuticals, Inc.
© 2022, Regeneron Pharmaceuticals, Inc. All rights reserved.   777 Old Saw Mill River Road, Tarrytown, NY 10591   06/2022   EYL.22.05.0005

References: 1. EYLEA® (aflibercept) Injection full U.S. Prescribing Information. Regeneron Pharmaceuticals, Inc. June 2021. 2. Data on file. Regeneron Pharmaceuticals, Inc.

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