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In the setting of cataract surgery, 
much attention is rightly paid to 
proper preoperative workup and 
postoperative care. Just as important, 
however, is the cleaning and steri li-
zation of surgical instruments that 
go into the eye. Here, Nick Mamalis, 
MD, co-chair of the Ophthalmic 
Instrument Cleaning and Sterilization 
(OICS) Task Force, reviews the 
highlights of the comprehensive new 
“Guidelines for the Cleaning and 
Sterilization of Intraocular Surgical 
Instruments,” published in the 
Journal of Cataract and Refractive 
Surgery.1 

The OICS Task Force, chaired by 
David F. Chang, MD and Dr. Ma-
malis, consists of surgeons from three 
specialty organizations: ASCRS; the 
AAO; and the Ophthalmic Outpatient 
Surgical Society (OOSS). 

Intraocular Tools are Different

     Since the last specialty-specifi c 
guidelines for properly cleaning 
intraocular surgical tools were 
published in 2007, an update was 
necessary, according to Dr. Mama-
lis. “Our last guidelines were written 
almost 12 years ago, and so they 
were in need of updating,” he says. 
“What was also very important was 
the need to develop specialty-spe-
cifi c guidelines based on scientifi c 
evidence.”

The guidelines emphasize that best 
practices for sterilizing and cleaning 
surgical tools is not a one-size-fi ts-
all proposition: Because intraocular 
procedures are generally quicker than 

general surgery, the surgical tools may 
be cleaned and reused more times 
per day than other instruments. Intra-
ocular instruments are also typically 
much smaller than other tools. The 
authors add that although intraocular 
instruments don’t typically emerge 
from the eye with a large amount of 
tissue adherent to them, it only takes a 
little bit of residual tissue, OVD or en-
zymatic detergent to potentially cause 
a severe intraocular reaction, whereas 
similar exposures might not similarly 
affect other body parts. 

Short-cycle Sterilization
Dr. Mamalis says that one impor-

tant distinction set forth in the new 
guidelines clarifi es that short-cycle 
sterilization of instruments is appro-
priate for intraocular surgical tools, 
and distinguishes the technique from 
a method used in emergent situations. 
“Some issues had come up because 
the Joint Commission, which does a 

lot of the inspections and accredita-
tions of ambulatory surgical centers, 
wanted to require that ophthalmic 
instruments be wrapped, put into the 
sterilizer for 45 minutes, which would 
mean it would take almost an hour 
per sterilization cycle in between uses. 
That would have huge consequences 
for surgical centers with high volume. 
You’d have to buy all kinds of addi-
tional instruments,” he explains.

“So we worked with the Joint Com-
mission through the ASCRS and the 
AAO and we got them to modify their 
position to say that for ophthalmic in-
struments, the short cycle was safe,” he 
continues. “One of the fi rst things that 
our task force did was set out to actu-
ally show that short-cycle steam ster-
ilization used for sequential same-day 
ophthalmic surgery is safe and effec-
tive for killing bacteria. We designed a 
series of studies that looked at short-
cycle steam sterilization of phacoemul-
sifi cation handpieces. We used a stan-
dardized testing method to show that 
it did indeed adequately kill bacteria, 
by contaminating each handpiece with 
a specifi c amount of bacteria and test-
ing them under specifi c conditions to 
show that the short-cycle steam steril-
izations are adequate and safe. The re-
sults of these studies will be published 
in Ophthalmology.2 Then we incorpo-
rated these results into the guidelines. 
I think that it was very important to 
actually use a scientifi c method and to 
put it into our guidelines.”

“Short-cycle sterilization for a con-
tained or wrapped load is appropriate 
for sequential same-day instrument 

New Guidelines for Cleaning 
Surgical Instruments

Even if bacteria are killed via sterilization, 

remnants of their tissue can cause toxic 

anterior segment syndrome. 
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use,” the new guidelines state. The 
guidelines also stipulate that the transit 
time of unwrapped instruments emp-
tied from the sterilizer should be three 
minutes or less.  

Additionally, the OICS Task Force 
has clarifi ed that short-cycle steam 
sterilization is distinct from immediate-
use steam sterilization (formerly called 
“fl ash” sterilization), a method used 
when a necessary instrument lands on 
the fl oor in the middle of a case, for 
instance. “We wanted to make clear to 
CMS that our short-cycle steam steril-
ization is something that is legitimate 
for ophthalmic surgical instruments, in 
that it is not the same as immediate-use 
sterilization,” explains Dr. Mamalis. 

Enzymatic Cleaners
“Although the enzymatic deter-

gents can remove tissue burden 
from instruments, if there’s any resi-
due of the enzymatic detergent left 
on the instruments, it can actually 
cause toxic anterior segment syn-
drome, or TASS,” says Dr. Mamalis. 
“So we wanted to be very careful 
when we wrote these guidelines 
to make it clear that ophthalmic 
instruments should not routinely be 
subject to the use of enzymatic de-
tergents. But we needed to back up 
our recommendations with scientifi c 
evidence.” They did so by conduct-
ing a study at the Moran Eye Center 
that was funded through a grant 
from ASCRS, which demonstrated 
that phaco tips rinsed thoroughly in 
accordance with manufacturer in-
structions can still harbor enzymatic 
detergent residue detectable via 

scanning electron microscopy and 
energy dispersive X-ray spectros-
copy.3 “Then we went further and 
did a study in an animal model that 
showed that these residues could 
cause TASS,4” says Dr. Mamalis.

In light of the study results, the 
new guidelines state, “It is our posi-
tion that if intraocular instruments are 
thoroughly rinsed with critical water 
promptly after each use, the routine 
use of enzyme detergents is unneces-
sary and should not be required for 
routine decontamination of ophthal-
mic intraocular instruments.”

CMS, however, still insists that surgi-
cal facilities follow the manufacturers’ 
instructions for use (IFU) if they still 
require the use of enzymatic deter-
gents. “The issue that’s come up since 
we’ve put out these guidelines is that 
if the manufacturer’s IFU states spe-
cifi cally that you have to use enzymatic 
detergents, CMS says we still have to 
follow those,” Dr. Mamalis explains, 
adding that the Task Force is engag-
ing with other stakeholders to try to 
change this. “We have met with the 
manufacturers of the ophthalmic in-
struments we use to try to work with 
them to change their IFUs to make 
it so that enzymatic detergents aren’t 

mandatory. We actually had a meet-
ing with industry just this year during 
the spring ASCRS meeting. They re-
sponded very positively. We’re con-
tinuing to work with industry to try to 
update the instructions for use. We’re 
also going to meet again at the AAO 
meeting in Chicago this fall,” he says.

Ultrasound Options
Ultrasonic cleaners are another pos-

sible contamination point, according to 
the task force. “The issues arise when 
an ultrasound bath is not drained and 
thoroughly wiped down and cleaned 
between each use,” Dr. Mamalis ex-
plains. “A small amount of bacteria 
can remain within the ultrasound bath; 
they’re just fi lled with city tap wa-
ter and even though it’s safe to drink, 
there are still minute amounts of bac-
teria in there. If you let those grow in 
a warm ultrasound bath for a period 
of time, there might be enough pres-
ent that even if we put our instruments 
through the autoclave to kill bacteria, a 
heat-stable endotoxin from the bacte-
rial cell wall can cause not an infection, 
but TASS.

“Therefore, one of the things that we 
really wanted to stress in our guidelines 
was that you shouldn’t need to use an 
ultrasound bath or enzymatic deter-
gents if you adequately fl ush out and 
clean your instruments at the conclu-
sion of the previous case,” he continues. 

Greener, Leaner Choices
“Climate change, or global warm-

ing, is a serious public health con-
cern, and the health-care industry is 
a major source of emissions, respon-
sible for 10 percent of the total car-
bon footprint of the United States,” 
the authors write in the new guide-
lines. They also estimate that phaco 
in the U.K. emits as much CO2 as 
driving an American car 340 miles, 
with most of the environmental im-
pact attributable to single-use sup-
plies. To that end, the new guidelines 
give surgeons the latitude to inspect 

“Though enzymatic 
detergents can remove 

tissue burden from 
instruments, if there’s 

any residue of the 
detergent left on the 
instruments, it can 

actually cause TASS.” 
— Nick Mamalis, MD

Correction

In June’s Glaucoma Management, a 
layout error caused some of the text to be 
obscured by graphical elements on the 
page. To read the full text as intended, 
please see the version of the article on our 
website at reviewofophthalmology.com. 
Review regrets the error.
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subcapsular cataracts, increased intraocular pressure and glaucoma. 
Use of corticosteroids may enhance the establishment of 
secondary ocular infections due to bacteria, fungi, or viruses. 
Corticosteroids are not recommended to be used in patients 
with a history of ocular herpes simplex because of the potential 
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For Intravitreal Injection

INDICATIONS AND USAGE
ILUVIEN® (fluocinolone acetonide intravitreal implant) 0.19 mg is indicated for the 
treatment of diabetic macular edema in patients who have been previously treated 
with a course of corticosteroids and did not have a clinically significant rise in 
intraocular pressure.

CONTRAINDICATIONS
Ocular or Periocular Infections: ILUVIEN is contraindicated in patients with active 
or suspected ocular or periocular infections including most viral disease of the 
cornea and conjunctiva including active epithelial herpes simplex keratitis (dendritic 
keratitis), vaccinia, varicella, mycobacterial infections and fungal diseases.
Glaucoma: ILUVIEN is contraindicated in patients with glaucoma, who have cup  
to disc ratios of greater than 0.8.
Hypersensitivity: ILUVIEN is contraindicated in patients with known hypersensitivity 
to any components of this product. 

WARNINGS AND PRECAUTIONS
Intravitreal Injection-related Effects: Intravitreal injections, including those with 
ILUVIEN, have been associated with endophthalmitis, eye inflammation, increased 
intraocular pressure, and retinal detachments. Patients should be monitored  
following the intravitreal injection.
Steroid-related Effects: Use of corticosteroids including ILUVIEN may produce 
posterior subcapsular cataracts, increased intraocular pressure and glaucoma. Use 
of corticosteroids may enhance the establishment of secondary ocular infections 
due to bacteria, fungi, or viruses. 
Corticosteroids are not recommended to be used in patients with a history of  
ocular herpes simplex because of the potential for reactivation of the viral infection.
Risk of Implant Migration: Patients in whom the posterior capsule of the lens is 
absent or has a tear are at risk of implant migration into the anterior chamber.

ADVERSE REACTIONS
Clinical Studies Experience: Because clinical trials are conducted under widely 
varying conditions, adverse reaction rates observed in the clinical trials of a drug 
cannot be directly compared to rates in the clinical trials of another drug and may 
not reflect the rates observed in practice.
Adverse reactions associated with ophthalmic steroids including ILUVIEN include 
cataract formation and subsequent cataract surgery, elevated intraocular pressure, 
which may be associated with optic nerve damage, visual acuity and field defects, 
secondary ocular infection from pathogens including herpes simplex, and  
perforation of the globe where there is thinning of the cornea or sclera.
ILUVIEN was studied in two multicenter, randomized, sham-controlled, masked  
trials in which patients with diabetic macular edema were treated with either  
ILUVIEN (n=375) or sham (n=185). Table 1 summarizes safety data available when 
the last subject completed the last 36-month follow up visit for the two primary 
ILUVIEN trials. In these trials, subjects were eligible for retreatment no earlier than 
12 months after study entry. Over the three-year follow up period, approximately 
75% of the ILUVIEN treated subjects received only one ILUVIEN implant. 

Table 1: Ocular Adverse Reactions Reported by ≥1% of Patients and  
Non-ocular Adverse Reactions Reported by ≥5% of Patients

Adverse Reactions ILUVIEN (N=375)
n (%)

Sham (N=185)
n (%)

Ocular

Cataract1 192/2352 (82%) 61/1212 (50%)

Myodesopsia 80 (21%) 17 (9%)

Eye pain 57 (15%) 25 (14%)

Conjunctival haemorrhage 50 (13%) 21 (11%)

Posterior capsule opacification 35 (9%) 6 (3%)

Eye irritation 30 (8%) 11 (6%)

Vitreous detachment 26 (7%) 12 (7%)

Conjunctivitis 14 (4%) 5 (3%)

Corneal oedema 13 (4%) 3 (2%)

Foreign body sensation in eyes 12 (3%) 4 (2%)

Eye pruritus 10 (3%) 3 (2%)

Ocular hyperaemia 10 (3%) 3 (2%)

Optic atrophy 9 (2%) 2 (1%)

Ocular discomfort 8 (2%) 1 (1%)

Photophobia 7 (2%) 2 (1%)

Retinal exudates 7 (2%) 0 (0%)

Anterior chamber cell 6 (2%) 1 (1%)

Eye discharge 6 (2%) 1 (1%)

Table 1 (continued)

Adverse Reactions ILUVIEN (N=375)
n (%)

Sham (N=185)
n (%)

Non-ocular

Anemia 40 (11%) 10 (5%)

Headache 33 (9%) 11 (6%)

Renal failure 32 (9%) 10 (5%)

Pneumonia 28 (7%) 8 (4%)
1  Includes cataract, cataract nuclear, cataract subcapsular, cataract cortical  
and cataract diabetic in patients who were phakic at baseline. Among these 
patients, 80% of ILUVIEN subjects vs. 27% of sham-controlled subjects  
underwent cataract surgery.

2  235 of the 375 ILUVIEN subjects were phakic at baseline; 121 of 185  
sham-controlled subjects were phakic at baseline. 

Increased Intraocular Pressure
Table 2: Summary of Elevated IOP-Related Adverse Reactions

Event ILUVIEN (N=375)
n (%)

Sham (N=185) 
n (%)

Non-ocular

IOP elevation ≥ 10 mm Hg from baseline 127 (34%) 18 (10%)

IOP elevation ≥ 30 mm Hg 75 (20%) 8 (4%)

Any IOP-lowering medication 144 (38%) 26 (14%)

Any surgical intervention for elevated 
intraocular pressure

18 (5%) 1 (1%)

Figure 1: Mean IOP during the study 

Cataracts and Cataract Surgery

At baseline, 235 of the 375 ILUVIEN subjects were phakic; 121 of 185  
sham-controlled subjects were phakic. The incidence of cataract development in 
patients who had a phakic study eye was higher in the ILUVIEN group (82%)  
compared with sham (50%). The median time of cataract being reported as an 
adverse event was approximately 12 months in the ILUVIEN group and 19 months 
in the sham group. Among these patients, 80% of ILUVIEN subjects vs. 27% of 
sham-controlled subjects underwent cataract surgery, generally within the first 18 
months (Median Month 15 for both ILUVIEN group and for sham) of the studies.
Postmarketing Experience: The following reactions have been identified during 
post-marketing use of ILUVIEN in clinical practice. Because they are reported 
voluntarily, estimates of frequency cannot be made. The reactions, which have 
been chosen for inclusion due to either their seriousness, frequency of reporting, 
possible causal connection to ILUVIEN, or a combination of these factors, include 
reports of drug administration error and reports of the drug being ineffective.

USE IN SPECIFIC POPULATIONS

Pregnancy: Pregnancy Category C.
There are no adequate and well-controlled studies of ILUVIEN in pregnant women. 
Animal reproduction studies have not been conducted with fluocinolone acetonide. 
Corticosteroids have been shown to be teratogenic in laboratory animals when 
administered systemically at relatively low dosage levels. ILUVIEN should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus.
Nursing Mothers: Systemically administered corticosteroids are present in human 
milk and could suppress growth and interfere with endogenous corticosteroid 
production. The systemic concentration of fluocinolone acetonide following  
intravitreal treatment with ILUVIEN is low. It is not known whether intravitreal 
treatment with ILUVIEN could result in sufficient systemic absorption to produce 
detectable quantities in human milk. Exercise caution when ILUVIEN is  
administered to a nursing woman.
Pediatric Use: Safety and effectiveness of ILUVIEN in pediatric patients have not 
been established.
Geriatric Use: No overall differences in safety or effectiveness have been observed 
between elderly and younger patients.

CONTINUOUS MICRODOSING is a trademark of Alimera Sciences, Inc. 
ILUVIEN is a registered trademark of Alimera Sciences, Inc.  
Copyright © 2018 Alimera Sciences, Inc. All rights reserved.  
1-844-445-8843. Printed in USA. US-ILV-MMM-0560. 03/2018

Manufactured for:  Alimera Sciences, Inc. • 6120 Windward Parkway  
Alpharetta, GA 30005 • Patented. • See: www.alimerasciences.com 
All Rights Reserved.

RP0818_Alimera PI.indd   1RP0818_Alimera PI.indd   1 7/10/18   2:30 PM7/10/18   2:30 PM



News R
E

V
IE

W

August 2018 | reviewofophthalmology.com | 7

phaco tips and reuse them per their 
best clinical judgment. 

“This is an interesting new area,” 
says Dr. Mamalis. He cites the example 
of India’s Aravind Eye Care System, 
which reported an endophthalmitis 
rate of 0.02 percent in 555,550 consec-
utive cataract surgeries where patients 
received intracameral and topical an-
tibiotic prophylaxis.5,6,7 The authors of 
the new guidelines note that doctors 
and staff at Aravind Eye Hospitals 
don’t re-scrub or change their gowns 
and gloves after every case, and surger-
ies are performed simultaneously with 
other cases in a single room. These are 
examples of  “numerous practices that 
would be forbidden in any licensed 
North American surgical facility,” the 
guidelines state. The authors say that 
Aravind’s endophthalmitis rates are 
statistically identical to those extrapo-
lated from the 2014 OOSS survey of 
ASCs in the United States. 

“This is a new area of study and 
that’s why we wanted to include it in 
our guidelines,” Dr. Mamalis says. “We 
wanted to raise awareness among sur-
geons but also among regulatory bod-
ies, that we can still be safe and avoid 
problems with infections and endo-
phthalmitis without using so many re-
sources.” 

Dr. Mamalis acknowledges that both 
individual surgeons and their institu-
tions are constrained by rules and regu-
lations, but thinks the new guidelines 
provide food for thought about de-
creasing waste. “An individual surgeon 
can’t really make changes or take short-
cuts,” he says. “This is where our guide-
lines come in: We can now provide the 
surgeon and the surgery center with 
some guidelines that will help them 
stay compliant and safe from diffi cul-
ties with regulators if they follow them. 
But we can also provide surgeons and 
surgery centers with enough informa-
tion to see if they can make some new 
decisions on how to use their resources.

“What’s paramount is that patients’ 
safety always stays at the top,” Dr. Ma-

malis continues. “If it’s been shown that 
we don’t compromise patient safety by 
being more effi cient and eliminating 
some steps, then that’s something we 
wanted to raise in these guidelines. We 
want to make both surgeons and regu-
latory agencies aware that these are is-
sues that should be considered.”

1. Chang DF, Mamalis N, Ophthalmic Instrument and Cleaning 
Sterilization Task Force. Guidelines for the cleaning and 
sterilization of intraocular surgical instruments. J Cat Refract Surg 
2018;44:6:765-73. 
2. Chang DF, Hurley N, Mamalis N, Whitman J. Evaluation of 
ophthalmic surgical instrument sterility using short-cycle sterilization 
for sequential same-day use. Ophthalmol 2018;125: in press.
3. Tsaousis KT, Werner L, Reiter N, et al. Comparison of different 
types of phacoemulsifi cation tips. II: Morphological alterations 
induced by multiple steam sterilization cycles with and without use 
of enzyme detergent. J Cat Refract Surg 2016;42:1353-60
4. Mamalis N. Toxic anterior segment syndrome: role of enzymatic 
detergents used in the cleaning of intraocular surgical instruments 
(editorial).J Cat Refract Surg 2016;42:1249-50.
5. Haripriya A, Chang DF, Ravindran RD. Endophthalmitis reduction 
with intracameral moxifl oxacin prophylaxis: An analysis of 600,000 
surgeries. Ophthalmology 2017;124:768–775.
6. Chang DF, Haripriya A, Ravindran RD. Reply to letter RE: 
Endophthalmitis reduction with intracameral moxifl oxacin 
prophylaxis: An analysis of 600,000 surgeries. Ophthalmology 
2017;124:e78–e79. Available at: http://www.aaojournal.org/article/
S0161-6420(17)30748-0/pdf. Accessed July 15, 2018
7. Haripirya A, Chang DF. Intracameral antibiotics during cataract 
surgery: evidence and barriers. Curr Opin Ophthalmol 2018; 
29:33–39.

 

CMS Proposes 
Changes

Last month, the Centers for Medi-
care & Medicaid Services issued a 
proposed rule that includes changes to 
many of the policies that currently gov-
ern reimbursement and how measure-
ments of quality are made. Some of the 
proposed changes include alterations 
to evaluation and management policies 
in an effort to “reduce administrative 
burden and improve payment accu-
racy for E/M visits.” 

Among other things, CMS proposes: 
•  to allow practitioners to choose to 

document offi ce/outpatient E/M visits 
using medical decision-making or time 
instead of applying the current 1995 or 
1997 E/M documentation guidelines, 
or, alternatively, practitioners could 

continue using the current framework;
• to expand current options by al-

lowing practitioners to use time as the 
governing factor in selecting visit level 
and documenting the E/M visit, re-
gardless of whether counseling or care 
coordination dominate the visit;

• to expand current options regard-
ing the documentation of history and 
exam, to allow practitioners to focus 
their documentation on what has 
changed since the last visit or on per-
tinent items that have not changed, 
rather than re-documenting informa-
tion, provided they review and update 
the previous information; and

• to allow practitioners to review and 
verify certain information in the medi-
cal record that is entered by ancillary 
staff or the benefi ciary, rather than re-
entering it. 

CMS is also proposing to allow 
physicians to be reimbursed for brief 
consultations via a telecommunication 
device to help decide if an offi ce visit 
is necessary. Physicians would also be 
paid for reviewing photos or videos 
submitted by patients.

CMS also wants to “help curb ex-
cessive spending” on Part B drugs by 
changing the add-on amount that’s ap-
plied to the medications. The agency 
explains that many Part B drug pay-
ments are based on an average sales 
price methodology and, by statute, 
include an add-on payment of 6 per-
cent of the ASP amount. Other Part B 
drug payments, though, are based on 
the wholesale acquisition cost, such as 
for single-source drugs that don’t have 
ASP data. CMS proposes that WAC-
based payments for new Part B drugs 
have an add-on of just 3 percent rather 
than the 6 percent currently used dur-
ing the fi rst quarter of sales when the 
ASP is unavailable.

For a complete rundown of 
the proposed Medicare payment 
changes, visit https://www.cms.gov/
Newsroom/MediaReleaseData-
base/Fact-sheets/2018-Fact-sheets-
items/2018-07-12-2.html.  
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Investment Opportunities: Due Diligence and Key Elements of the Pitch

In prior columns, we’ve covered a broad 
range of topics geared towards the 
physician-entrepreneur that are specifi c 

to product development and business 
deals. Today, more physicians are getting 
involved as investors. But whether one 
is evaluating an opportunity to invest 
in, or is involved in a new company for 
which they’re seeking investors, there’s 
a standard playbook for conducting due 
diligence on a new opportunity. The series 
of questions you consider when evaluat-
ing a new investment is similar to those 
you can expect an independent investor 
to ask you when you’re developing your 
new company, and thus they’re important 
to consider when developing a pitch for 
acquiring funds. 

Over the years, we’ve seen a large number 
of opportunities, some of which fall under 
the heading of, “great idea, but wrong 
people to execute it and get a return on 
investment,” and some under the 
heading of, “great people, 
but not the best idea for 
driving an invest-
ment return.” We’ve 
also seen compa-
nies funded with 
seed capital from 
physician-investors, 
as well as those that 
reach pivotal clinical 
studies that are funded 
completely by individual angel 
investors, a large number of which are 
physicians. Doing your due diligence (spe-
cifi cally, performing a critical review of the 
clinical, regulatory, nonclinical, commercial 
and business components of a new oppor-
tunity), and having a solid list of questions, 
are critical in order to objectively evalu-
ate a project that’s seeking investment or 
collaboration from your colleagues, friends 
and/or family.

Here, we summarize a number of critical 
considerations we’ve learned by work-
ing with physician-entrepreneurs on their 
positioning, supporting due diligence on 
new projects and listening to feedback from 
investors and partners.

When evaluating an investment, or doing 
your due diligence, the main questions to 
ask are: What’s the time to value creation? 
What’s the cost of investment? What’s the 
risk (i.e., the likelihood that this project 
converts to value and a return on invest-

ment)? The pitch needs to articulate how 
a project can most rapidly demonstrate its 
potential and fi t in the product landscape, 
justify further investment and create value 
for the investor. Also, consider whether 
the proposed team leading the project is 
actually the best team for reaching all of the 
crucial development milestones. 

Target Product Profi le
Proper diligence (if you’re evaluating an 

investment) or positioning of a pitch (if 
you’re soliciting investment in your project), 
ultimately tie back to the target product 
profi le, which sits at the intersection of 
regulatory strategy and clinical, nonclinical 
and commercial elements. Navigating this 
intersection requires insights into each of 
these areas. And, if you’re making the pitch, 
the key is translating your insights into these 
areas into a message that’s understand-

able, and differentiating yourself from other 
groups’ ideas in a way that resonates with 
investors. Ultimately, you want to answer 
such questions as: Is the product safe? Can 
it be manufactured? Does it meet the level 
of clinical effi cacy required? And, beyond 
just achieving regulatory approval, will the 
TPP support reimbursement for users of the 
product, and a commercial strategy that will 
drive a successful exit from the investment?

Defi ne the Market
Defi ning the potential market for the prod-

uct in development requires understanding 
not only the total market, but the address-
able market: That’s the basis of proper mar-
ket modeling. What market segment is this 
product specifi cally targeting and how much 
of it can one expect to capture? This gener-
ally isn’t 100 percent of the addressable 
market. Pitches that are realistic in terms 

of the addressable market, and consider 
its unmet needs and the niche into which 
a product fi ts, demonstrate an appropriate 
level of thought and market understanding. 
Part of this assessment needs to consider 
the current alternatives to the proposed 
product, and whether, for example, the ben-
efi ts of the new product outweigh the lower 
cost of a generic that’s already entrenched 
in the market (even if the generic may have 
a slightly inferior effi cacy profi le). 

It’s important to consider not only those 
products already approved and marketed, 
but those in the pipeline, particularly those 
in the late trial stages or which may be in 
the market ahead of the product you’re 
thinking of investing in or developing. The 
key is fi nding what differentiates your 
product from those others, and clearly 
positioning your product appropriately based 
on that. It’s important to determine if that 
differentiation is large enough to drive the 

use of the product by end users, be 
they patients or eye-care profes-

sionals. For example, is it a 
product with solid clinical 
data but that, unfortu-
nately, doesn’t fi ll an unmet 
need from the physician’s 
perspective? Such a com-
petitive analysis should clearly 

demonstrate that there’s both 
a clinical and a market unmet 

need for the product, and that it 
has commercial viability commen-

surate to the size of the investment.

Product and Development Pathway
It’s important that you give investors a 

“reason to believe,” a development term 
that describes having confi dence in the 
product’s mechanism of action and preclini-
cal/early clinical data, as well as other data 
that supports that the product is likely to 
work, de-risks the program, differentiates 
it from other products, and promotes its 
potential adoption in the marketplace. 

We’ve written many prior columns in this 
series about specifi c areas of development, 
such as chemistry, manufacturing and 
controls; pre-IND meetings with the FDA; 
indications; and elements of the TPP, so 
we won’t go into further detail about those. 
The key to remember, though, is that each 
of these areas of development is a critical 
consideration for determining the TPP, defi n-
ing differentiation and assessing technical 

Aki Tobaru, Hiro Matsuda, PhD, & Matthew Chapin • Ora Inc., Andover, Mass.AkAki Tobbaruuu, Hiro Matatssudada, PPhDD, && Mattttheeww Chappinnn • OOra Innc.,, Andoover,r, MMass.kki Tobbararara uuuuuu Hiro Matatssudada PPhDD && Mattttheeww Chappininn • OOra Innc Andooverr MMass

Ophthalmic Product Development InsightsOphthalmic Product Development Insights
Matthew Chapin and Stuart Abelson • Andover, Mass.R

E
V

IE
W

003_rp0818_news.indd   8003_rp0818_news.indd   8 7/23/18   11:18 AM7/23/18   11:18 AM



August 2018 | reviewofophthalmology.com | 9

risk. Here are a couple prominent points to 
consider, based on recent product pitches 
we’ve heard:

• CMC. There needs to be (or needs to be 
a plan for) a stable formulation that will be 
comfortable if dosed locally. We have seen 
situations when small-lab batches that were 
assumed to be scalable and stable had 
issues when the process was scaled up, or 
they couldn’t tolerate sterilization or weren’t 
stable with validated methods. The impor-
tance of this area cannot be underestimated.

• Regulatory. Remember, when fi ling an 
IND, regulatory agencies are most concerned 
with safety. Generally speaking, the sponsor 
is free to select the endpoints that it feels 
best demonstrate proof-of-concept and 
reason to believe in the Phase II trial, but 
these may not necessarily be the endpoints 
accepted by regulatory agencies for Phase 
III to support registration. Particularly for 
the new physician-investor who may not be 
well-versed in regulatory science, be wary 
of claims in pitches that FDA has “accepted” 
exploratory endpoints at pre-IND meetings 
for Phase II studies, unless those endpoints 
are verifi ed to be acceptable for Phase III.

• Indication selection. Often, where one 
specifi c indication is suitable for a larger 
target market, developers may select an 
indication with a smaller market as the lead 
indication due to shorter clinical-regulatory 
timelines, lower risk or other considerations. 
In some situations, this is smart when 
considering the time and cost to get the 
product to clinical proof-of-concept, defi ne 
dose ranging, or achieve registration. In other 
cases, however, be mindful of how your 
ultimate partners will view the lead indica-
tion: Will they value the project based on just 
the smaller market, or consider the broader 
potential use in their valuation? Also consider 
how this smaller-market indication will 
impact user reimbursement out of the gate 
once it’s approved. You can’t blithely assume 
there will be off-label usage and simply in-
corporate that as part of the proposed model.

Intellectual Property
Proper IP due diligence is paramount to 

the business pitch. A great idea that fi lls 
an unmet need and has a well-defi ned 
development pathway won’t gain a return on 
investment if it can’t be suffi ciently protected 
in the market. For some products, protection 
may rest simply on regulatory market exclu-
sivity and a technical hurdle; for others the 
product may be protected by a broad estate 
of patents. While engaging a patent attorney 

is always advisable, performing preliminary 
patent searches to assess patentability (e.g., 
is there prior art for what you’re proposing?) 
and freedom to operate (FTO) should be 
performed as initial gut checks. Discovering 
existing IP in and of itself may not be a nega-
tive; perhaps there is opportunity to license 
new IP in order to broaden your protection. 
But remember that getting a patent granted 
is not the end game. It’s all about the patent 
being protected against potential litigation in 
the future from competitors.

While the Unites States, Europe and Japan 
are generally the leading markets in the 
world, it’s inevitable that an entrepreneur or 
new company will have to decide what to do 
with IP in other regions, and whether or not 
to keep paying the legal fees necessary to 
maintain a presence in those territories. Early 
on, prior to larger funding, this decision may 
have to be made based on cost. But keep in 
mind that even if certain countries won’t be 
expected to signifi cantly impact a deal with 
a global pharmaceutical company, it may im-
pact the ability to pursue regional deals that 
can serve as options for non-dilutive capital 
(i.e., investment that doesn’t require selling 
shares of the company) during the program. 
At the very least, this should be a topic of 
discussion when planning IP strategy.

 
Investment Needs

It goes without saying that a business plan 
pitch needs to have clarity about the size of 
the investment. But there’s a range of ways 
we’ve seen this presented. For the invest-
ment proposal to be understood, the pitch 

should include the total budget for R&D and 
other activities/overhead necessary to get to 
the value infl ection; the specifi c time period 
over which this will occur; and the time and 
cost needed to reach specifi c milestones. 
It’s about balancing risk and reward, so the 
last component, the time and cost to specifi c 
steps which de-risk the program, is key. For 
example, is there a defi nable animal study, or 
formulation stability study, that de-risks the 
program early, before a company moves to 
the next stage of investment? What are the 
reasonable, defi nable stages (or tranches) 
that can be incorporated into the funding 
plan to balance different infl ection points?

Exit Strategy
While situations may often change, it’s im-

portant to clearly articulate the exit strategy, 
namely at which points there are key value 
infl ections in the program where the chance 
for a corporate pharma deal or going public 
is highest. Aside from that, there also may be 
different scenarios in which the company can 
attract new investors and funds.

In some cases, there may be some interest 
from companies in partnering with you based 
on early preclinical data, but in others, even 
a single successful, well-controlled Phase 
II clinical trial may not be suffi cient, and 
companies may desire to see confi rmatory 
follow-up studies. Keep this in mind when 
assessing an opportunity or building the 
pitch. Have plans for how any follow-up work 
can be funded. Early dialogue with potential 
exit partners helps to inform this process and 
the development of your overall strategy.

In conclusion, the process of performing 
proper due diligence, or creating a pitch, 
is multifactorial. There need to be unique 
points of differentiation between the product 
in question and its competitors that can be 
communicated in a clear manner and which 
demonstrate a high likelihood that the project 
will succeed. We hope this brief article helps 
to highlight a few pearls on the thought pro-
cess involved in reviewing and/or presenting 
a specifi c business opportunity, and spurs 
deeper thought on the primary elements 
involved in assessing a potential product. 

Mr. Chapin is senior vice president of 
corporate development, and Mr. Abelson is 
president & CEO, at the consulting fi rm Ora 
Inc. The authors welcome your comments or 
questions regarding product development. 
Please send correspondence to mchapin@
oraclinical.com or visit www.oraclinical.com.

A great idea that fi lls 
an unmet need and has 
a well-defi ned develop-

ment pathway won’t gain 
a return on investment 
if it can’t be suffi ciently 
protected in the market.
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Make Room for
Improvement

Walter C. Bethke, Editor in Chief

In his popular book, “The 7 Habits of 
Highly Effective People,” author 
Steven R. Covey warns that, “We 
must never become too busy sawing 
to take time to sharpen the saw,” 
implying that just because you’re 
successfully humming along in your 
work doesn’t mean there won’t come 
a time when things get harder, or 
the methods that are working so 
well for you now suddenly become 
ineffective. Because of this possibility, 
it often pays to look for ways to 
improve on your current techniques 
and tools today, in order to minimize 
the diffi culties of tomorrow. In this 
month’s retina issue, the authors and 
other ophthalmologists who share 
their insights have taken Mr. Covey’s 
advice to heart.

It’s most evident in Steve Charles, 
MD’s, cover story on the use of pre-
operative optical coherence tomog-
raphy on cataract-surgery patients 
(p. 32). Cataract surgery is the pin-
nacle of what a successful, modern-
day surgery should look like: It’s 
minimally-invasive, quick, has a low 
rate of complications and a high 
rate of success, and it features that 
elusive “Wow” factor other surger-
ies lack, by virtue of restoring a pa-
tient’s eyesight. Dr. Charles argues, 
however, that there’s room for im-
provement. By using OCT to catch 
retinal pathology that would other-
wise be invisible—even at the slit 
lamp—you help ensure even bet-
ter outcomes and avoid any confu-
sion on the part of these patients in 
terms of what might be causing less-
than-ideal postoperative vision.

Speaking of successful treat-
ments, not many interventions have 
been as successful as anti-VEGF 
injections for wet age-related mac-
ular degeneration. Even with anti-
VEGF injections, however, says 
Boston retina specialist Chirag Shah 
(p. 26), there’s room for improve-
ment in terms of handling non-re-
sponders. The challenge is that the 
treatment modality has been so suc-
cessful, no one has put the time or 
funds into a randomized trial to de-
termine what’s best for the unfortu-
nate few in whom it’s not a success. 
Dr. Shah helps fi ll this research void 
with tips from his own practice, as 
well the latest data that does exist on 
the subject.

Finally, nothing embodies the 
spir it of innovation and the quest 
for improvement more than the 
new-product pipeline, which is 
high  lighted in Senior Associate Edi-
tor Kristine Brennan’s article on 
page 38. Retinal researchers and 
companies are hard at work on myr-
iad ways to attack VEGF, as well as 
other causes of AMD, which may be 
able to improve on today’s already 
excellent methods.

So, this month, pause for a min-
ute, give these articles a read, and 
get ready to sharpen the saw.

—Walt Bethke, Editor in Chief
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As demonstrated in phase 3 clinical trials evaluating BCVA,* as measured by ETDRS letters, in patients with Wet AMD,  
Macular Edema following RVO, DME, and by ETDRS-DRSS† in DR in Patients with DME,1 as well as your clinical experience

Start with EYLEA for proven efficacy outcomes1

Dosing driving efficacy outcomes across all indications.1  
Learn more at EYLEA.us/dose

Please see adjacent Brief Summary.
*Best-corrected visual acuity. 
†Early Treatment Diabetic Retinopathy Study–Diabetic Retinopathy Severity Scale: an established grading scale for measuring the severity of DR.

Reference: 1. EYLEA® (aflibercept) Injection full U.S. Prescribing Information. Regeneron Pharmaceuticals, Inc. May 2017.

EYLEA is a registered trademark of Regeneron Pharmaceuticals, Inc.

AMD = Age-related Macular Degeneration; DME = Diabetic Macular Edema;  
DR = Diabetic Retinopathy; RVO = Retinal Vein Occlusion.

INDICATIONS AND IMPORTANT SAFETY INFORMATION

INDICATIONS
EYLEA® (aflibercept) Injection is indicated for the treatment of patients with

•  Neovascular (Wet) Age-related Macular Degeneration (AMD): The 
recommended dose is 2 mg administered by intravitreal injection every  
4 weeks (monthly) for the first 12 weeks (3 months), followed by 2 mg 
once every 8 weeks (2 months). Although EYLEA may be dosed as 
frequently as 2 mg every 4 weeks (monthly), additional efficacy was not 
demonstrated in most patients when EYLEA was dosed every 4 weeks 
compared to every 8 weeks. Some patients may need every 4 week 
(monthly) dosing after the first 12 weeks (3 months).

•  Macular Edema following Retinal Vein Occlusion (RVO): The  
recommended dose is 2 mg administered by intravitreal injection every  
4 weeks (monthly).

•  Diabetic Macular Edema (DME) and Diabetic Retinopathy (DR) in Patients 
with DME: The recommended dose is 2 mg administered by intravitreal 
injection every 4 weeks (monthly) for the first 5 injections, followed by 
2 mg once every 8 weeks (2 months). Although EYLEA may be dosed as 
frequently as 2 mg every 4 weeks (monthly), additional efficacy was not 
demonstrated in most patients when EYLEA was dosed every 4 weeks 
compared to every 8 weeks. Some patients may need every 4 week 
(monthly) dosing after the first 20 weeks (5 months).

CONTRAINDICATIONS
•  EYLEA® (aflibercept) Injection 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. 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 floaters, intraocular pressure increased, and 
vitreous detachment.

© 2017, Regeneron Pharmaceuticals, Inc. All rights reserved. 10/2017

777 Old Saw Mill River Road, Tarrytown, NY 10591 US-LEA-13945

RP0218_Regeneron.indd   1 1/16/18   1:40 PM



1 INDICATIONS AND USAGE

EYLEA is a vascular endothelial growth factor (VEGF) inhibitor indicated for the treatment of:
Neovascular (Wet) Age-Related Macular Degeneration (AMD); Macular Edema Following Retinal Vein Occlusion (RVO); 
Diabetic Macular Edema (DME); Diabetic Retinopathy (DR) in Patients with DME

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 Dosage and Administration (2.7) and 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 [see Dosage and Administration 
(2.7 )].
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. 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 2711 patients treated with EYLEA constituted the safety population in seven phase 3 studies. Among those,  
2110 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 floaters, intraocular pressure increased, and vitreous detachment.
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, active-controlled 
clinical studies (VIEW1 and VIEW2) for 12 months.

Table 1: Most Common Adverse Reactions ( 1%) in Wet AMD Studies

Adverse Reactions
EYLEA 

(N=1824)
Active Control (ranibizumab) 

(N=595)

Conjunctival hemorrhage 25% 28%

Eye pain 9% 9%

Cataract 7% 7%

Vitreous detachment 6% 6%

Vitreous floaters 6% 7%

Intraocular pressure increased 5% 7%

Ocular hyperemia 4% 8%

Corneal epithelium defect 4% 5%

Detachment of the retinal pigment epithelium 3% 3%

Injection site pain 3% 3%

Foreign body sensation in eyes 3% 4%

Lacrimation increased 3% 1%

Vision blurred 2% 2%

Intraocular inflammation 2% 3%

Retinal pigment epithelium tear 2% 1%

Injection site hemorrhage 1% 2%

Eyelid edema 1% 2%

Corneal edema 1% 1%
Less common serious adverse reactions reported in <1% of the patients treated with EYLEA were hypersensitivity, retinal 
detachment, 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 CRVO in 2 clinical studies (COPERNICUS and GALILEO) and 91 patients 
following 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). 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.
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 [see 
Clinical Pharmacology (12.1)], 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 [see Nonclinical 
Toxicology (13.1)].
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.

Manufactured by:  
Regeneron Pharmaceuticals, Inc.

777 Old Saw Mill River Road
Tarrytown, NY 10591

EYLEA is a registered trademark of Regeneron Pharmaceuticals, Inc.
© 2017, Regeneron Pharmaceuticals, Inc. All rights reserved.

Issue Date: June 2017
Initial U.S. Approval: 2011

Based on the May 2017 EYLEA® (aflibercept) 
Injection full Prescribing Information.

BRIEF SUMMARY—Please see the EYLEA package insert  

for full Prescribing Information.

RP0218_Regeneron PI.indd   1RP0218_Regeneron PI.indd   1 1/16/18   1:41 PM1/16/18   1:41 PM



Technology Update 
R

E
V

IE
W

August 2018 | reviewofophthalmology.com| 19This article has no commercial sponsorship.

Edited by Michael Colvard, MD, and Steven Charles, MD

Ordering glasses or contact lenses 
online is not new, but renewal of 

the script has traditionally entailed a 
trip to the ophthalmologist or optom-
etrist for a dilated eye exam. Some 
doctors say that this office visit is 
needlessly burdensome for a large 
proportion of patients, who would 
benefit from the ease and cost-ef-
fectiveness of telemedicine. Online 
vision testing’s advocates seek to 
spread the word about a service they 
say offers a safe, quick and affordable 
alternative to in-offi ce visits. Other 
providers, however, vehemently op-
pose what they consider a danger-
ously incomplete eye-care paradigm. 

Although some online vision tests 
involve real-time interaction with an 
eye-care provider, many exemplify 
“store-and-forward,” or asynchro-
nous, telemedicine, wherein the 
provider reviews stored data after 
the patient completes testing. The 
online-glasses giant Warby Parker 
(New York) launched its app, Pre-
scription Check, in 2017 to allow 
existing customers to renew their 
spectacle prescriptions. (Represen-
tatives from Warby Parker were not 
available for comment at press time.) 

Opternative (Chicago) founded in 
2012, lets users renew or get updated 
scripts for glasses, contacts or both. 
Simple Contacts (New York), found-
ed in 2015, offers a vision-test app 
called Rx Renewal to check contact-
lens prescriptions only. 

“Telemedicine could create a lot of 
different ways of reducing ineffi cien-

cy in the U.S. health-care system,” 
opines Saya Nagori, MD, medical 
director of Simple Contacts. “In the 
case of contact lenses, 80 percent of 
the time you end up getting the same 
prescription you came in with. But 
you still have to pay for the doctor’s 
visit and schedule time out of your 
day.” 

Kristine Brennan, Senior Associate Editor

Vision-testing apps can save low-risk patients time and money 
when it’s time to renew contacts or get a new pair of glasses.

Online Vision Tests: Time 
Saver or Risk Maker?

The online vision tests discussed here are examples of asynchronous telehealth apps, 

where the patient takes a test and then an eye-care professional evaluates the patient’s 

responses or video recording remotely before renewing or issuing a prescription. Shown 

here: a color-vision item from Opternative’s online vision test. Patients respond to prompts 

on the computer screen by entering answers using a smartphone. 
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Steven Lee, OD, founder and 
chief science offi cer for Opternative, 
says that patients should be able to 
do more than confi rm existing pre-
scriptions remotely. He says that his 
company’s online refraction testing 
“is the only one on the market that 
allows patients to receive a prescrip-
tion for glasses and/or contact lenses, 
even if the prescription has changed. 

“We are aware that online refrac-
tion is only one component of a per-
son’s overall eye health,” Dr. Lee 
notes. “Because of this, we recom-
mend that all patients go through a 
full eye exam with an eye-care profes-
sional at least once every two years.” 
All three of the above vision-testing 
apps have language cautioning that 
their services are not intended as a 
substitute for a comprehensive eye 
exam, and they stress that ophthal-
mologists or optometrists evaluate 
the self-administered testing’s results. 
Warby Parker’s Prescription Check 
app cautions would-be patients, “The 
app will guide you through a series of 
tests to fi gure out how you’re seeing 
through the prescription eyeglasses 
you’re wearing. An eye doctor will as-
sess your visual acuity, but Prescrip-
tion Check isn’t meant to replace 
a comprehensive eye exam and we 
aren’t checking your eye health.”

Simple Contacts founder and 
CEO Joel Wishkovsky thought it 
was “baloney” when he was directed 
to go get a comprehensive eye exam 
to renew his contact-lens prescrip-
tion. His workaround (getting an 
ophthalmologist friend to renew his 
prescription based on his answers 
to health questions, video checks 
for redness and to demonstrate that 
he could read to 20/20 on an eye 
chart) inspired him to get into the 
telehealth market. “I immediately 
thought, ‘I can build this into an app. 
I can build a website around it,’ ” he 
recalls. 

Using a smartphone or computer, 
patients submit secure videos for 

ophthalmologist review after they 
answer some health-history ques-
tions, including when they had their 
last dilated eye exam. “The redness 
test is a video eye exam. We ask us-
ers to look left, right up and down, 
looking for any eye irritation and 
any kind of redness,” Dr. Nagori ex-
plains. “There’s a built-in zoom fea-
ture on the administrative side, so as 
a doctor, I have the ability to zoom in 
much closer than the patient actually 
takes the video. The second part is a 
distance-calibrated Snellen chart, so 
the iPhone or Android is able to tell 
how far you are from the phone/cam-
era and when you should initiate the 
vision test. That’s done at 10 feet. We 
only renew patients who are able to 
read the 20/20 line in their contacts.” 

Mixed Reactions

Online vision tests have gotten a 
mixed reception from professional 
eye-care associations, and there’s 
a wide gulf in acceptance between 
ophthalmologists and optometrists. 
“We’ve raised 30 million dollars, 
and a lot of that comes from oph-
thalmologists, not just from venture 
capitalists,” says Mr. Wishkovsky. Dr. 
Nagori concurs that fellow ophthal-

mologists are supportive.
The American Optometric Associ-

ation, however, stands in fi rm oppo-
sition to online vision testing on the 
grounds that patients may be misled 
into believing that they’re getting 
more health care than a simple veri-
fi cation of their vision prescription. 
A statement provided to Review of 
Ophthalmology from the Ameri-
can Optometric Association reads 
in part, “While there may be fine-
print disclaimers that say these apps 
do not replace comprehensive eye 
examinations, consumers may still 
be under the impression they have 
received medical eye care.” 

The statement concludes with a 
warning: “Existing vision apps prom-
ise health care, but they deliver 
much less than the medically rec-
ognized standard of care. Through 
an in-person, comprehensive exami-
nation, doctors of optometry assure 
precise and healthy vision, identify 
and treat diseases such as dry eye, 
macular degeneration and glaucoma 
as well as ensure early diagnosis of 
immediate threats to overall health, 
including hypertension, stroke and 
diabetes, which may have no obvious 
signs or symptoms.

“The AOA will continue to hold 
companies accountable for any 
claims they make that potentially put 
consumer health at risk.” 

In 2016 the AOA sent a strongly-
worded complaint letter to the U.S. 
Food and Drug Administration in 
which they alleged that Opterna-
tive was using its app in such a way 
that its testing constituted a novel 
medical device, without submitting 
a premarket application. The FDA 
subsequently issued a warning let-
ter to Opternative that enjoined it 
to “immediately cease activities that 
result in the misbranding or adul-
teration of the On-Line Opternative 
Eye Examination Mobile Medical 
App device, such as the commercial 
distribution of the device through 

This table shows the recommended 

frequency of comprehensive medical eye 

examinations for healthy adults with no risk 

factors for eye disease, per guidance from 

the American Academy of Ophthalmology.1  

The online vision-testing apps discussed 

here emphasize that their services are not 

intended as a substitute for a comprehen-

sive exam by an eye-care professional.

Recommended Eye-Exam 

Frequency for Low-risk Adults

Patient Age  Frequency

under 40  every 5-10 years
40-54  every 2-4 years
55-64  every 1-3 years
65-up  every 1-2 years
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your online website.”2

  Dr. Nagori says that her company’s testing incor-
porates a Snellen eye chart with the sole purpose of 
determining visual acuity—not to calculate a new pre-
scription. “We’re currently operating in 42 states. We’ve 
created a very comprehensive exam that’s very safe, and 
we took the strictest state’s requirements and applied 
them to all the states where we operate when devising 
our tests. That way, we don’t have any regulatory issues 
at the state level. In the case of ophthalmologists, refrac-
tions and contact-lens renewals are probably among the 
most benign things we do in the offi ce; and I, along with 
several other ophthalmologists, have worked together 
to make sure we comply with the American Academy 
of Ophthalmology’s clinical guidelines. We feel that this 
test is extremely comprehensive for its purpose—which 
is for contact-lens renewals only,” she says.

Dr. Nagori adds, “There’s a healthy amount of re-
search supporting the idea that lack of an easy way to re-
new your contact lenses is a factor in contact-lens-relat-
ed infections. An app like ours, which prevents patients 
from using their lenses for too long, can actually help to 
prevent those issues, because one of the biggest reasons 
patients don’t renew their contact lenses on time is that  
they just can’t get in to see the doctor, or because of the 
expense. Creating telemedicine solutions improves ac-
cess and also makes it affordable.” 

The American Academy of Ophthalmology has taken 
an offi cial stance of conditional openness to online test-
ing. “The Academy is generally supportive of the use 
of new technologies to improve effi ciency and widen 
access to eye-care services. These technologies can help 
make diagnostic tools more available in remote settings, 
enabling remote diagnosis and interpretation. They 
can also help reduce health-care costs and visits,” its 
statement reads in part. “But, as with any new medical 
technology, online vision testing needs to be evaluated 
over time for safety and effi cacy.”3 The AAO’s guidance  
does diverge from Simple Contacts’ inclusion criteria 
with regard to patient age, stating, “These services may 
be appropriate for people 18 to 39 years of age with non-
severe corrective eyeglass prescriptions and no symp-
toms of eye disease.”3 Simple Contacts does not have an 
upper age limit for users. The Academy also noted that it 
had “insuffi cient data” about online prescription renewal 
specifi cally for contact lenses at the time it issued guid-
ance about online vision testing in general.  

 Dr. Nagori says that patients must be aged 18 or older 
with no major medical issues to use the Rx Renewal app. 
“They can’t have hypertension or diabetes, for example,” 
she says. “While those conditions affect the back of the 
eye and have little to do with contact lens wear, we want 

NuLids

™

  

transformational 

dry eye therapy

Transforms your patients’ lives 

Finally… A doctor-
directed at-home 
treatment for dry eye 
disease that is safe, 
effective and easy 
to use. 

A multi-center study1 showed:
• 50% decrease in dry eye symptoms
• 65% improvement in TBUT
• 80% increase in meibomian glands

yielding liquid secretions.

For more information visit 
www.NuSightMedical.com  

or call us at 833-468-5437

1 Schanzlin, Olkowski, Coble, Gross.  NuLids II Study, April 2018

Doctor prescribed, at-home dry eye relief
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to encourage those patients to go in 
to see the doctor. At this juncture, 
we feel that we should push them 
into the doctor’s office. If you’re 
healthy and free of medical issues, 
and you’ve had a dilated eye exam 
within the time frame that the AAO 
recommends, then you’re eligible 
to use online prescription-
renewal testing,” she says. 

Dr. Nagori estimates that 
about 500,000 patients have 
used Rx Renewal. “It’s hard 
to tell how many people 
have gotten a script, be-
cause we do have some fail-
ures, which probably consti-
tute about 8 to 10 percent of 
the people using the app,” 
she says.

She adds that the failures 
help ensure safety. “The 
first broad screening is a 
questionnaire for issues that 
could affect eye health,” she 
says. “But, sometimes if we 
notice something incidental 
that is not really immediate-
ly harmful, like a stye that 
doesn’t look like it’s at risk of 
turning into a cellulitis and 
looks pretty benign, we may 
give a limited renewal for a 
month or two and then rec-
ommend that they go to see 
a doctor to get that issue addressed. 
Sometimes, the things that trigger a 
fail are more serious: for example, an 
unusual eye movement that concerns 
me. I obviously can’t examine them, 
so I’ll suggest that they see a doctor 
instead. Even though that’s not di-
rectly related to their use of contacts, 
I still want to motivate them to go 
in and see the doctor. Sometimes, 
fails are related to possible effects 
of contact-lens wear. So if a patient’s 
eye appears red or irritated, we don’t 
allow them to renew. They may also 
fail the vision test. Some patients 
think that they’re seeing clearly when 
they’re actually not able to read the 

20/20 line: That’s another reason we 
would send them back to their doctor 
to have their prescription refi ned and 
adjusted,” she says.

In the case of a failure, the patient 
receives a notification instead of a 
renewed script. Mr. Wishkovsky says 
that the company facilitates commu-

nication with the reviewing ophthal-
mologist. “We have a mechanism that 
allows the doctor to call the patient,” 
he says. “The patient can also call 
the doctor. Or they can have a con-
versation via text message. In most 
of these situations, the doctor sends 
instructions advising them of what 
they’ve detected and telling them 
they should see a doctor in person. 
Our team can work with that person 
to fi nd them an appropriate provider 
in their area.”

Future Advances?

Opternative’s Dr. Lee emphasizes 

that online refraction technologies 
are not particularly novel, and he 
thinks they’re safe when offered with 
care. “The technology has been test-
ed with hundreds of thousands of 
patients receiving accurate prescrip-
tions since 2015,” he says. “The tech-
nology checks various components 

of a patient’s prescription in 
a number of different ways 
to ensure that the prescrip-
tion has been accurately 
measured. Additionally, all 
refractive-error measure-
ments are reviewed by an 
eye-care professional before 
a patient is issued a new pre-
scription.”

Mr. Wishkovsky thinks 
that  as online refraction 
gains ground, the model is 
readily applicable to other 
health-care contexts, such 
as remotely renewing birth-
control prescriptions in 
healthy, low-risk patients. 
Dr. Nagori says that the com-
pany is already at work on 
adding specialty-specifi c fea-
tures to Rx Renewal. “Right 
now we’re working on de-
veloping an AI system that 
risk stratifi es patients found 
by the test to have red eyes. 
We want to find solutions 

that will alleviate not only issues for 
patients, but also unburden some of 
the health-care system where pos-
sible. With risk stratifi cation, instead 
of waiting in the ER for four or fi ve 
hours, a patient with a red eye could 
be triaged faster if an artifi cial intelli-
gence system could predict the likeli-
hood of needing to see an eye doctor 
immediately, versus the likelihood 
of something being a condition that 
could wait until the next morning, 
for example.” 

 As a glaucoma specialist, Dr. Na-
gori thinks that telemedicine could 
benefi t both patients and providers 
outside of the direct-to-consumer 

The online testing services discussed here emphasize that they 

are not providing the equivalent of a comprehensive eye exam, 

but they do have basic mechanisms to screen out patients in poor 

ocular health. Shown: patient using the redness-check portion of 

the Rx Renewal app.
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space. “In glaucoma, I think a lot of the tests are things 
that patients could do at one location, but that could be 
read remotely by a physician,” she says, adding that she 
believes adoption of telehealth monitoring in glaucoma 
will take awhile, since such visits are necessarily much 
more frequent than dilated eye exams. 

She also thinks that some postoperative exams could 
one day take place remotely. “Elderly patients could 
benefi t—populations such as cataract- surgery patients, 
or those who undergo lid surgery for purely functional 
ptosis,” says Dr. Nagori. “It’s hard for them to come back 
into the offi ce repeatedly. There are a few appointments 
that obviously would be crucial, but maybe fewer than 
we currently think. Maybe after the fi rst or second in-
person postop visit, we could offer a telehealth solution 
that could allow some of the more elderly patients a 
chance to complete some of their postop visits remotely, 
provided they had uncomplicated surgery and they were 
going in the right direction on postop day one and po-
stop day seven. Those are solutions that we haven’t built 
out yet, but we intend to keep looking at this space in 
health care.”

Dr. Lee also thinks that ocular telemedicine can go 
beyond online refractions. “Opternative is working on 
other telemedicine innovations surrounding eye health, 
including methods of monitoring glaucoma and macular 
degeneration on a more consistent basis,” he says.

At the 2018 American Society of Refractive and Cata-
ract Surgery meeting last spring in Washington, D.C., 
Dr. Nagori was a keynote speaker on the future possibili-
ties of telemedicine. She says she’s optimistic that online 
vision testing is just the beginning in ophthalmology and 
other specialties. 

 “We risk stratify in every other fi eld of medicine,” she 
notes. “Not everyone needs a Pap smear every year; not 
everyone starts getting their colonoscopies at 40. We 
should be risk stratifying in ophthalmology as well. We 
should allow those patients who are on the safer end of 
the spectrum to do certain things from the convenience 
of their homes, and we should fi nd solutions that are not 
only more accessible, but also more affordable. As long 
as it’s safe, I think patients should have the freedom to 
make choices in their health care.”  

1. AAO PPP Committee, Hoskins Center for Quality Eye Care. Comprehensive adult medical eye 
evaluation—2015.Avalilable at https://www.aao.org/preferred-practice-pattern/comprehensive-
adult-medical-eye-evaluation-2015. Accessed July 19, 2018. 
2. U.S. Food and Drug Administration. Warning letter, Re: On-line Opternative eye examination 
mobile medical app device. October 30, 2017. Available at https://www.fda.gov/iceci/
enforcementactions/warndngletters/2017/ucm600029.htm. Accessed June 29, 2018.
3. American Academy of Ophthalmology. American Academy of Ophthalmology provides 
information to the public on online vision testing for corrective eyeglass prescriptions. September 
22, 2015.Available at https://www.aao.org/newsroom/news-releases/detail/american-academy-
of-ophthalmology-provides-informa. Accessed July 3, 2018. 
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One of the less-well-known aspects 
of codes and coding is that CPT 

codes are actually released twice a 
year. Category I codes are what we 
know best, and those are released 
annually on January 1. Category III 
codes are released twice a year—on 
both January 1 and July 1. This July, 
there are two Category III codes 
(0506T and 0507T) affecting eye 
care that practitioners and practices 
should be aware of.

QWhat is code 0506T?

A New category III code 0506T 
has the following code descrip-

tor: “Macular pigment optical den-
sity measurement by heterochromatic 
fl icker photometry, unilateral or bilat-
eral, with interpretation and report.” 
The code can’t be used for reimburse-
ment, but it’s used for research. There 
is at least one new instrument just on 
the market that measures the macular 
pigment optical density in just this 
way. The macular pigments zeaxan-
thin, lutein, and the metabolite meso-
zeaxanthin in the retina shield it from 
damage related to short-wavelength, 
high-energy, visible blue light (400-
495 nm).  Such damage contributes to 

the development of age-related mac-
ular degeneration. Measurement of 
MPOD over time can assess whether 
dietary changes and/or antioxidant 
supplementation may diminish the 
harmful effects. The National Eye 
Institute predicted a 50-percent in-
crease in AMD in the U.S. population 
between 2004 and 2020. 

Note that the code is used once 
whether one or both eyes are mea-
sured and requires an interpretation 
and report.

Q What is heterochromic 
fl icker photometry?

A In the one device available 
now for MPOD measurement 

(others will likely be similar), the 
patient views a small circular stim-
ulus that alternates between a blue 
wavelength (460 nm), and a green 
wavelength (540 nm), which are 
absorbed and not absorbed by the 
macular pigments, respectively. 
The patient sees a “flicker” when 
the macular pigment is saturated 
by the absorbed blue light and is 
instructed to press a response but-
ton at that moment. An MPOD 
measurement is then generated by 
the device.

Q What is code 0507T for?

A The code descriptor for 0507T 
is as follows: “Near-infrared dual 

imaging (i.e., simultaneous refl ective 
and trans-illuminated light) of mei-
bomian glands, unilateral or bilateral, 
with interpretation and report.”  CPT 
also has a parenthetical note for this 
code, which states “For external ocu-
lar photography, use 92285. For tear 
film imaging, use 0330T.” Infrared 
imaging of the meibomian glands is 
currently available via a number of 
devices on the U.S. market.

As with the other July 1 code, this 
one is used one time whether one or 
both eyes are imaged and requires an 
interpretation and report.

Q Are there specifi cs 
regarding when these 

new codes can be used for 
Medicare?

A Yes. As mentioned above, both 
codes are for use as of July 1, 

2018.  Each of these codes has a “sun-
set” date of December 31, 2023. As 
a result, these can no longer be used 
as of January 1, 2024 unless they are 

This mid-year release comes with two Category III codes that 
practices need to be aware of.

New Mid-year 
CPT Codes

(Continued on page 59)
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Retina

Wet AMD: When 
Your First-line Fails
Chirag P. Shah, MD, MPH, Boston

Anti-vascular endothelial growth 
factor therapy for wet age-re-
lated macular degeneration has 

been incredibly effective, as demon-
strated both by large-scale clinical tri-
als1-4 and our real-world experience, 
with about 94 to 95 percent of patients 
losing fewer than 15 ETDRS letters af-
ter a year.1 Our therapy for wet AMD 
may be a victim of its own success, 
however: The fi rst-line anti-VEGF in-
jections are so successful, there hasn’t 
been a pressing need to perform large, 
randomized studies on how to prop-
erly treat the percentage of patients 
who fail their fi rst anti-VEGF therapy. 
This leaves retinal specialists and com-
prehensive ophthalmologists with the 
task of developing their own protocols 
for second-line therapy via experience. 
In this article, I’ll describe how I ap-
proach wet AMD patients who don’t 
succeed with their initial therapy, and 
also review some of the pertinent lit-
erature.

Defi ning Suboptimal Response

To understand my second-line pro-
tocol, it helps to understand my initial 
treatment approach and how I defi ne 
suboptimal responders.

My first anti-VEGF agent, used 
in almost all of my cases, is Avastin 
(bevacizumab). I start wet AMD 

cases on Avastin for a few reasons: it 
tends to work well; it’s inexpensive; it 
doesn’t require preauthorization from 
the patient’s insurance company; and 
my institution does not participate in 
the Lucentis (ranibizumab) and Ey-
lea (aflibercept) sampling programs 
that allow on-label treatment at pre-
sentation. At the outset, I usually tell 
patients that I expect to see a steady 
improvement over time with their 
Avastin treatment. My clinical team 
will start the precertifi cation process 
for Lucentis and Eylea during the fi rst 
visit, so we know what our options are 
moving forward.

When the patient initially presents 
and is diagnosed with wet AMD, I 
always check an optical coherence to-
mography (OCT) scan and often get a 
baseline fl uorescein angiogram. (I only 
have OCTA in one of my offi ces, but I 
suspect this technology will eventually 
replace fluorescein angiography for 
wet AMD.)

For the initial treatment, I use a 
treat-and-extend protocol in which I 
give the patient at least three to four 
monthly injections, without extend-
ing the interval, with the expectation 
that we’ll see consistent improvement 
anatomically and, hopefully, visually. I 
continue to treat at four-week intervals 
until the retina is dry, and then I ex-
tend by two-week intervals. I use OCT 

When an AMD 

patient fails to 

respond to your 

treatment, all is 

not lost, says this 

retinal specialist.
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to follow the response to 
anti-VEGF treatment. 

I monitor the patient’s 
treatment response very 
carefully using registered 
OCT scans. If I see per-
sistent fl uid on OCT, par-
ticularly if it appears to 
be impacting the vision, 
I’ll consider the patient 
a suboptimal responder 
to the drug. I expect to 
see consistent anatomic 
improvement; if I don’t, 
even if it’s only been one 
injection and the eye 
is noticeably worse or 
hasn’t improved, I’ll con-
sider the response sub-
optimal.

The patient’s visual 
acuity and symptoms 
play a signifi cant role in 
my decision making. If 
the patient has a shallow 
sliver of subretinal fl uid 
and is still 20/20 without 
symptoms, he may be a 
suboptimal responder, 
but I often do not feel 
compelled to change my 
treatment plan.  

Occasionally, a patient 
is treated for some time 
with a particular drug, 
but eventually he or she 
will either begin to have 
a diminished response 
(tachyphylaxis) or the 
disease will get more ag-
gressive—it’s diffi cult to 
tell which of these two 
mechanisms is contribut-
ing to this effect. When 
this occurs, I consider the response 
suboptimal (though it may have been 
optimal previously) and I’ll alter treat-
ment.

Fallback Plans

If my fi rst-line treatment fails and 

I need to move on to something else, 
there are several options I consider. I 
will start by fi rst switching the drug. If 
I don’t achieve the desired response, 
I’ll consider a higher dose of anti-
VEGF, such as a double-dose of Eylea 
or Lucentis. Failing this, I sometimes 
consider anti-VEGF treatment every 

two weeks instead of ev-
ery four. Photodynamic 
therapy and, rarely, la-
ser photocoagulation for 
extramacular choroidal 
neovascularization may 
also play roles.  

• Switching drugs. 
Fortunately, we have 
three commonly used 
anti-VEGF drugs to-
day—Avastin, Lucentis, 
and Eylea—with a fourth 
drug, brolucizumab, ex-
pected to hit the market 
in 2019. If a patient isn’t 
responding to a particular 
drug, even after only one 
injection, I will switch to 
one of the other drugs 
in an effort to achieve a 
better response. Pharma-
cologically, Lucentis has 
a greater binding affi nity 
for VEGF than Avastin, 
and Eylea has a greater 
binding affinity than 
Lucentis. It follows that 
these three drugs may re-
sult in varied responses 
among the most recalci-
trant cases of wet AMD.  

In our practice, we re-
ported an enhanced re-
sponse in refractory wet 
AMD cases switched to 
Eylea. We performed 
a retrospective study of 
353 eyes with wet AMD 
who had persistent fl uid 
despite being treated 
with Lucentis 0.5 mg or 
Avastin 1.25 mg and were 
subsequently switched to 

Eylea 2 mg and followed for six months. 
Of the 353 eyes, 28 eyes in 28 patients 
had persistent fluid after an average 
of 20 regular injections of Lucentis 
or Avastin (range: 7 to 37 injections). 
At one month after the fi rst Eylea in-
jection, 89 percent (25 eyes) showed 
anatomic improvement and 18 percent 

Persistent SRF in the same patient. First Eylea injection given. Vision 20/20.

Improved SRF. Eylea #2 given; vision remains 20/20.

Persistent subretinal fl uid despite intravitreous Avastin therapy (IVA). 

Shown here is the patient after IVA #37. Acuity is 20/20.

Stable, dry macula. Eylea #3 given. Vision is 20/20.

Rsolved SRF following Eylea #2. Vision is still 20/20.
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Welcome to the third year of Mackool Online CME! With the 
generous support of several ophthalmic companies, I am 
honored to have our viewers join me in the operating room 
as I demonstrate the technology and techniques that I have 
found to be most valuable, and that I hope are helpful to 
many of my colleagues. We continue to edit the videos only 
to either change camera perspective or to reduce down 
time – allowing you to observe every step of the procedure. 

As before, one new surgical video will be released monthly, 
and physicians may earn CME credits or just observe 

the case. New viewers are able to obtain additional CME credit by reviewing 
previous videos that are located in our archives.

I thank the many surgeons who have told us that they have found our CME 
program to be interesting and instructive; I appreciate your comments, 
suggestions and questions. Thanks again for joining us on Mackool Online CME.

Richard J. Mackool, MD
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Video Overview:

For our viewers who have 
requested complexity, this one 

certainly fi ts the bill: a highly 
myopic eye with previous retinal 
detachment, scleral buckle and 

partial pars plana vitrectomy, 
residual anterior vitreous 

opacifi cation, shallow anterior 
chamber, convex anterior 
capsule, extreme zonular 

weakness, infusion misdirection 
syndrome and 3 diopters of 

astigmatism requiring toric IOL 
implantation. Whew!
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(fi ve eyes) were dry. Central subfoveal 
thickness improved from 295 to 272 
µm (p<0.001). After an average of 4.4 
Eylea injections (range: 3 to 6) over a 
period of six months, the central sub-
foveal thickness remained improved, 
64 percent (18 eyes) showed anatomic 
improvement and a quarter of eyes 
(seven eyes) were dry. Visual acuity, 
however, didn’t improve in most pa-
tients at one month (20/69, p=0.64) or 
six months (20/76, p=0.49).5 

A prospective, open-label, single-
arm clinical trial from Retina Con-
sultants of Houston, funded by Re-
generon, demonstrated a beneficial 
effect from switching to Eylea. For-
ty-six patients who were incomplete 
responders to multiple Lucentis in-
jections were switched. They were 
seen monthly and given 2 mg Eylea at 
months one, two and four. Pro re nata 
treatment was administered at months 
three and fi ve if there was evidence of 
disease on SD-OCT.

Before the Eylea treatment, the 
patients had a mean vision of 74 let-
ters (20/32), and an average central 
subfield thickness of 347 µm. Their 
ETDRS letter score remained stable 
throughout the trial, and at month six 
the mean change in best-corrected vi-
sion was +0.2 letters (range: -10 to +13, 
p=0.71). The mean CST decreased 
significantly at each visit, including 
-23.6 µm at the fi rst month and -27.3 
µm at month six. Seventy-one of 90 (79 
percent) possible PRN injections were 
ultimately given, and a mean of 5.6 Ey-
lea injections out of a maximum pos-
sible number of six were administered 
to each patient. Ten of the patients (22 
percent) had no fl uid on OCT at six 
months, and no patient lost more than 
15 letters.6

Though some patients may respond 
to Eylea after incomplete response to 
either of the other two drugs, recent 
reports of infl ammation after the use 
of Eylea give us pause. In a retrospec-
tive study we reported in 2014, we 
evaluated 20 cases of noninfectious 

infl ammation after Eylea injections. In 
our report, the overall rate of infl am-
mation was low, 20 out of 5,356 injec-
tions (0.37 percent), and 19 out of 844 
patients (2.25 percent). All patients 
presented with decreased vision; three 
(15 percent) had pain; and two (10 
percent) had conjunctival injection.7 
After topical steroids, all but one pa-
tient regained their pre-injection visual 
acuity. Four patients resumed Eylea 
injections, and one of them developed 
inflammation again after five injec-
tions. There was also a more recent na-
tionwide cluster of infl ammation cases 
after Eylea in late 2017 and early 2018. 
Regeneron attributed this outbreak to 
the syringes packaged with the drug.8 
The company is no longer distributing 
kits with those particular syringes.

Switching to Lucentis is also an op-
tion, as it’s an excellent drug with many 
clinical trials behind it that show good 
safety data. It also has the benefi t of 
a prefilled syringe, and we recently 
presented an abstract at the annual 
meeting of the American Society of 
Retina Specialists that shows a lower 
rate of endophthalmitis with the Lu-
centis pre-fi lled syringe compared to 
the conventional Lucentis vial. This 
finding may be due to the reduced 
manipulation of withdrawing the drug 
from the vial.

In a retrospective study from Israel, 
physicians analyzed 114 eyes of 110 
wet AMD patients who were switched 
from Avastin to Lucentis. Overall, the 
researchers say that switching didn’t 
achieve a signifi cant change in visual 
acuity, and that even though there 
was a signifi cant reduction in central 
retinal thickness after the fi rst three 
injections, it wasn’t maintained by the 
end of the follow-up period. In 47.3 
percent of the eyes, though, the mean 
central retinal thickness was reduced 
by at least 10 percent after the first 
three Lucentis injections and the re-
duction was maintained with addition-
al injections. They note that eyes that 
lost at least 0.1 logMAR of visual acuity 

before the switch were more likely 
to improve (p=0.013) and eyes with 
at least a 10-percent increase in cen-
tral retinal thickness before the switch 
were more likely to improve anatomi-
cally (p=0.0003).9 

• Increasing the dose. Physicians 
have also tried “super dosing” the anti-
VEGF drugs for recalcitrant AMD 
cases. This is my preferred strategy 
when I don’t achieve an adequate re-
sponse from switching drugs. With 
Avastin, however, since it’s compound-
ed in individual syringes, it’s diffi cult to 
get much more than 60 to 70 µl, which 
is only 10 to 20 µl more than the stan-
dard compounded dose. Thus, when 
I use a higher-dose drug, it is typically 
Lucentis 0.75 mg or 1 mg, or Eylea 
3 mg or 4 mg.

In one retrospective, interventional 
case study, researchers fi rst switched 
AMD patients unresponsive to month-
ly Lucentis or Avastin to Eylea 2 mg 
every eight weeks. If there was resis-
tance to that, patients were escalated 
to every four weeks. If there still was 
no response, the dose was increased 
to 4 mg every four weeks. Thirty-three 
eyes of 28 patients were ultimately 
treated with 4-mg Eylea every four 
weeks, and followed for a mean of 16 
months. Subjects had a dry retina (no 
intraretinal or subretinal fluid) after 
a mean of 3.8 months of Eylea 4 mg 
every four weeks. Central foveal thick-
ness, maximum foveal thickness, intra-
retinal fl uid, subretinal fl uid and retinal 
pigment detachment height decreased 
signifi cantly one month after initiating 
the 4-mg Eylea, and the researchers 
reported the morphologic therapeutic 
effect was sustained until the last visit. 
Forty-five percent of eyes gained at 
least a line of vision. New geographic 
atrophy developed in 9 percent of eyes 
during follow-up, but there were no 
ocular or systemic adverse events.10

Rather than switching to high-dose 
Eylea, one group instead treated recal-
citrant cases with a higher dose (2 mg) 
of Lucentis in a prospective fashion. 
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The researchers split 88 patients into 
two groups: One group received the 
increased dose as-needed every four 
weeks (A), and another received it as-
needed every six weeks (B). Seventy-
nine patients completed the 12-month 
endpoint; they were given a mean of 
11.6 (cohort A) and 8.6 (cohort B) 
treatments. Mean visual acuity gain 
over baseline was +2.5 letters at day 
seven (n=82), +3.7 letters at month 
one (n=87), +3.9 letters at month two 
(n=87) and +3.3 letters at month three 
(20/36 Snellen; p=0.001; n=86). The 
average BCVA gains of 4.1 letters fol-
lowing three monthly doses were sus-
tained for a year in both cohorts. Ana-
tomic improvements were sustained 
for 12 months for cohort A, but not 
for B, which demonstrated a gradual 
increase in mean central retinal thick-
ness (p=0.03).11,12

Interestingly, the HARBOR study 
found that outcomes with Lucentis 2 
mg were similar to those with Lucentis 
0.5 mg at two years in treatment-naïve 
patients.13

• Modifying the dosing sched-
ule. If someone fails all three medica-
tions, I’ll sometimes adjust the dosing 
schedule and treat him or her every 
two weeks instead of every four, in an 
attempt to achieve a better response. 
Due to insurance constraints, I’ll 
typically alternate injections between 
Avastin and one of the other on-label 
drugs. 

A retrospective study of 18 eyes with 
refractory wet AMD after a mean of 
22 intravitreal anti-VEGF injections 
found improvement in visual acuity 
after four bi-weekly alternating Lucen-
tis/Avastin intravitreal injections (20/95 
to 20/65 [p<0.001]). The mean central 
foveal thickness also improved (455 
µm to 387 µm [p=0.029]).14

• Photodynamic therapy. PDT 
can occasionally be a helpful adjunc-
tive treatment modality to anti-VEGF 
injections for recalcitrant cases, or pos-
sibly in particular sub-classes of AMD. 
In our practice, if patients are still los-

ing vision and demonstrating persis-
tent exudation despite very aggressive 
anti-VEGF treatment, we’ll consider 
adding PDT.

In one paper, the Lucentis and PDT 
on polypoidal choroidal vasculopathy 
(LAPTOP) study, researchers random-
ized 93 patients with treatment-naïve 
polypoidal choroidal vasculopathy to 
receive either PDT or Lucentis mono-
therapy (0.5 mg) (three monthly in-
jections) in a 1:1 ratio.15 Although the 
visual outcomes were better with Lu-
centis compared with PDT (p=0.004; 
month 24), PDT was able to induce 
regression of the PCV lesions.16 

In another study, EVEREST, a 
Phase IV randomized, controlled trial 
that was the fi rst to be primarily guided 
by indocyanine green angiography, re-
searchers randomized 61 Asian pa-
tients to verteporfi n PDT, Lucentis 0.5 
mg or a combination of the two. Pa-
tients were administered verteporfi n 
PDT/placebo and initiated with three 
consecutive monthly Lucentis/sham 
injections starting on day one, and 
were then re-treated (months three 
through fi ve) based on predefi ned cri-
teria. In the study, treatment with PDT 
plus Lucentis was superior to Lucentis 
alone for achieving regression of pol-
yps at month six.17 

• Laser photocoagulation. An-
ti-VEGF therapy is the standard of 
care for wet macular degeneration, 
but thermal laser occasionally plays 
a role for extramacular or peripapil-
lary choroidal neovascularization. I will 
almost always start these patients on 
anti-VEGF therapy, to which they usu-
ally respond well. For cases that contin-
ue to progress, however, laser can be a 
useful adjunct. Of course, it’s critical to 
avoid the fovea and perifoveal area to 
prevent a symptomatic scotoma (and 
also possible future choroidal neovas-
cularization). When photocoagulation 
is an option—and when it works—it 
can help decrease the injection burden 
for patients, and potentially decrease 
the frequency of visits.

• In the pipeline: brolucizumab 
and Cosopt. Brolucizumab is a new 
anti-VEGF drug targeting VEGF A 
that’s currently in trials. Its maker, No-
vartis, hopes that the drug may be able 
to demonstrate efficacy comparable 
to q8w Eylea but with q12w dosing. 
In the studies HAWK and HARRI-
ER, just over half the brolucizumab 
patients were able to use that dosing 
regimen and still experience good ef-
fi cacy.18 (For a complete discussion of 
brolucizumab and other agents in the 
pipeline, see this month’s article, “The 
nAMD Pipeline: Full but Not Fast,” on 
p. 38).

For wet-AMD eyes that have per-
sistent exudation despite fi xed-interval 
anti-VEGF injections, a pilot study 
from Wills Eye Hospital suggested 
that a combination of topical dorzol-
amide-timolol (Cosopt, Merck) and 
anti-VEGF injections might yield a 
benefi cial effect. In the study, 10 eyes 
of 10 patients received a regimen of 
Cosopt b.i.d. and the same intravitreal 
injection of anti-VEGF, on the same 
schedule, that they were receiving 
before the study. Eight eyes received 
Eylea and two received Lucentis. The 
mean CST decreased from 419.7 µm 
at enrollment to 334.1 µm at the fi nal 
visit (p=0.01). The mean maximum 
subretinal fl uid height decreased from 
126.6 µm at baseline to 49.5 µm at the 
fi nal visit (p=0.02), and the mean maxi-
mum pigment epithelial detachment 
height decreased from 277.4 µm at 
enrollment to 239.9 µm (p=0.12). The 
mean logMAR visual acuity was 0.54 (a 
little worse than 20/63) at enrollment 
and 0.48 (slightly better than 20/63) at 
the fi nal visit (p=0.60).19

Because of the success of this pilot 
study, several other researchers and 
I are conducting a larger-scale study 
using the same drug. In the study, sub-
jects are randomly assigned to receive 
Cosopt or placebo along with their 
normally scheduled anti-VEGF injec-
tions at regular intervals as was done 
prior to enrollment. We’re currently 
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enrolling patients in the study.
Though the mechanism behind Cosopt’s possible positive 

effect is unknown, it may have to do with how intravitreal 
anti-VEGF drugs are cleared from the eye. Some studies 
have suggested that outfl ow through the anterior chamber 
may play a role. The hypothesis is that, by decreasing aque-
ous production with Cosopt, outfl ow may also be reduced, 
possibly slowing the rate at which the anti-VEGF is cleared. 
This may allow the latter drug a longer working time.20

In conclusion, though anti-VEGF drugs have revolution-
ized the treatment of wet AMD, like driving on a straight 
road, we must often make adjustments along the way.  There 
is minimal level-one evidence to guide us when treating sub-
optimal responders to anti-VEGF monotherapy. I hope this 
review of current strategies helps you face these challenging 
cases with greater confi dence.  

Dr. Shah practices at Ophthalmic Consultants of Boston. 
He is an assistant professor of ophthalmology at Tufts Uni-
versity School of Medicine in Boston, a lecturer at Harvard 
Medical School, and the co-director of the Tufts/OCB Vitreo-
retinal Surgery Fellowship Program. 

Dr. Shah is a sub-investigator in clinical trials sponsored 
by Regeneron and Genentech, and consults for Regeneron.
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Cover Story OCT & Cataract Surgery

OCT Before Cataract 
Surgery: Not Optional
Steve Charles, MD, FACS, FIC, Memphis, Tenn.  

There’s no question that opti-
cal coherence tomography 
has had a profound impact on 

the fi eld of ophthalmology. However, 
many surgeons still hesitate to use it 
unless it seems necessary. 

One situation in which OCT is used 
infrequently is prior to cataract sur-
gery on seemingly healthy patients. 
That may be a tactical error. It’s com-
mon to hear doctors talk about “refrac-
tive surprises” when discussing ways 
to improve cataract surgery outcomes. 
However, sometimes a poor outcome 
isn’t attributable to a refractive er-
ror; that’s why I’ve coined the phrase 
“visual surprises.” Visual surprises 
caused by macular problems that you 
failed to detect are just as upsetting 
to the patient as refractive surprises. 

And while you can do a postoperative 
IOL exchange, you can’t do a macular 
exchange. 

Performing an OCT scan of the 
retina is quick, safe and easy on the 
patient and staff, and there are many 
ways in which surgeons and patients 
stand to benefi t from making the ef-
fort. Here are a few key reasons to 
use OCT to check the retina on every 
patient prior to cataract surgery.

• Many retinal pathologies can 
only be detected with spectral-
domain OCT. Many types of retinal 
pathology are simply invisible through 
a microscope. Examples include: cen-
tral serous retinopathy; vitreomacu-
lar traction syndrome; vitreomacular 
schisis; transparent epiretinal mem-
branes; and some wet macular de-

generation that hasn’t bled 
and doesn’t have any obvi-
ous choroidal neovascular-
ization. These are invisible 
without an OCT scan. (In 
addition, the presence of 
the cataract may increase 
the difficulty of visualiz-
ing the condition of the 
macula.)

• If you missed a 
problem, everyone will 
assume your surgery 
caused it. If you fi nd pa-
thology in the macula or 

This technology 

can reveal retinal 

problems that 

will otherwise be 

attributed to your 

surgery, argues 

this surgeon.

Spectral-domain OCT can reveal macular 

problems that are otherwise invisible—problems 

that will be blamed on the cataract surgery if not 

caught beforehand. Here, a pre-existing 

epimacular membrane is revealed by OCT.
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the peripheral retina before cataract 
surgery—particularly in the macula—
it’s called a pre-existing condition. 
That’s how everyone, including the pa-
tient, will think of it. But regardless of 
the cause of that pathology, if it’s found 
after cataract surgery, it will be consid-
ered a complication—by the patient, 
by the referring optometrist and ev-
eryone else. That will be the case even 
if your cataract surgery didn’t cause it.

• In most cases, cataract surgery 
isn’t being performed by a retinal 
specialist. If you’re not a retina spe-
cialist, you’re less likely to be check-
ing carefully for retinal problems that 
aren’t obvious. You’ll also have less 
training and knowledge of macular dis-
ease.

 • Most preoperative exams are 
done in a hurry, with the focus on 
getting the refractive error correc-
tion right. The problem is: What if 
you make every possible measurement 
and the refractive outcome is perfect, 
but the patient can’t see well? That 
patient is not going to be happy. This 
is almost certain to happen to at least a 

few of your cataract surgery patients if 
you don’t use OCT before surgery.

• Patient expectations are at an 
all-time high. Small-incision refrac-
tive cataract surgery, femto, wavefront 
technology, intraoperative aberrom-
etry, new technology IOLs, LASIK and 
marketing have raised patient’s postop 
visual expectations. If your patient has 
visual diffi culty after your cataract sur-
gery in this environment, he or she will 
be very unhappy indeed.

Making the Most of OCT

To get the most benefi t from OCT in 
this situation, I recommend using the 
following strategies:

• Use OCT before cataract sur-
gery for EVERY patient—not just 
premium IOL patients. When I fi rst 
began suggesting the use of OCT to 
examine patients before cataract sur-
gery, surgeons would come up to me 
at meetings and say, “Oh, you mean for 
premium IOL patients.” I’d say, “No, 
I mean for all patients.” This is about 
creating satisfi ed patients who can see 

well. Is that only an issue if the patient 
is paying extra? Surgeons would also 
ask who’s going to pay for it, and I’d 
point out that there’s no unit cost when 
using OCT. Then they’d ask, “How will 
we bill for this?” The truth is, I don’t 
know the answer to that question and 
I honestly don’t care. If you want to 
serve the patient and you want good 
outcomes, you need to examine the 
macula with OCT.

• Don’t do this using time-domain 
OCT. Time-domain OCT is obsolete. 
Spectral-domain or swept-source OCT 
is essential if you want to detect these 
vision-undermining pathologies.

• Don’t withhold OCT until some-
thing looks wrong at the slit lamp. 
Many surgeons don’t do an OCT un-
less the slit-lamp exam suggests that 
something is amiss. Since the patholo-
gies we’re discussing can’t be detected 
during a slit-lamp exam, that’s a very 
bad premise. Even if you’re only deal-
ing with a 1+ cataract, and you’re the 
world’s best retina expert looking with 
a 90-D lens at the slit lamp, a number 
of retinal pathologies will be invisible 

Above, left: Pigment epithelial detachment. Right: A full-thickness macular hole.
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to you without OCT.
• Beware of fragmentation be-

tween the operating surgeon and 
the preoperative examiner. If you 
don’t do the preop exam yourself, be 
sure that the doctor doing it scans the 
macula with OCT.

• Never use pseudo-color algo-
rithms (i.e., color encoding), thick-
ness maps or 3-D maps. This is not 
corneal topography. The aforemen-
tioned maps are generated using auto-
segmentation algorithms, and the error
rate is astronomical. The process of 
rendering them can cause crucial signs 
of pathology to be hidden.

• Look at every black-and-white 
slice yourself. I often hear surgeons 
say, “My EMR system allows the tech-
nician to import an image”—i.e., one 
image. If you’re doing this for diagnos-
tics—as opposed to just for billing—
you need to look at every slice of that 
scan yourself. Think of it this way: If 
you’re having a terrible headache and 
you go to the ER, do you want the X-
ray technician to pick one fi lm image 
and send it to the neuroradiologist to 

determine whether you have an an-
eurysm? Or do you want to have him 
look at all of the slices by scrolling up 
with his thumbwheel on the mouse? 

If you want to be sure there’s no 
pathology present, look at every image 
yourself, using white images on a black 
background. 

The Retina Factor

Here are a few other useful points 
to keep in mind when examining a 
patient before cataract surgery, and 
when working to avoid retina issues 
intraoperatively:

• If at all possible, measure axial 
length with optical low-coherence 
interferometry rather than ultra-
sound. If you have any macular pa-
thology that causes elevation of the 
macula, such as fl uid under the retinal 
membrane, macular edema, schisis or 
vitreomacular traction syndrome, the 
axial length measured by ultrasound 
will be inaccurate because the macula 
will appear to be forward of where 
it really is, causing an underestima-

tion of the true axial length. If pos-
sible, measure the axial length with 
the Haag-Streit Lenstar or the Zeiss 
IOLMaster, which use optical low-
coherence interferometry. They mea-
sure from the pigment epithelium, not 
the surface of the retina. 

• Use the best tools when you’re 
examining at the slit lamp. To maxi-
mize your ability to catch a problem at 
the slit lamp:

— Use a 78- to 90-D lens. 
— The optimal view will be achieved 

if you use a plano fundus contact lens 
with anti-refl ective coating. 

— Blue-light autofluorescence is 
optimal for visualizing geographic at-
rophy in macular degeneration and 
cases of pre-existing central serous 
retinopathy.

Tools that are less helpful for macu-
lar evaluation before cataract surgery 
include angiography and ultra-wide-
fi eld imaging, which has inadequate 
resolution for this purpose.

Be sure to dilate the eye and per-
form a careful examination of the 
peripheral retina using indirect oph-

Two examples of macular telangiectasia (Mac Tel) with macular schisis.
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thalmoscopy. Refer the patient to a 
retinal specialist if you fi nd anything 
suspicious.

• Don’t interrupt the patient’s 
anti-VEGF injection schedule be-
cause of cataract surgery. There’s 
no longer any reason to try to “sta-
bilize” diabetic macular edema, wet 
AMD or retinal vein occlusion before 
cataract surgery. The surgery and the 
anti-VEGF protocol should proceed 
in parallel.

• Schedule cataract surgery 
midway between anti-VEGF in-
jections. For example, if the patient 
is receiving injections on the fi rst of 
the month, schedule the cataract sur-
gery for the 15th of the month. Why? 
Because if you have an infl ammatory 
response—or worse yet, endophthal-
mitis or hemorrhagic occlusive retinal 
vasculitis (HORV)—and you did the 
injection on Monday and the cataract 
surgery on Tuesday, from an epide-
miology perspective, you won’t know 
which caused the infl ammation or en-
dophthalmitis. It’s far better to sepa-

rate them by doing the cataract sur-
gery midway between the injections. 
If any problem occurs, it will be clear 
where to look for the explanation.

• If you find any macular dis-
ease, avoid implanting a multifocal 
IOL. Multifocal IOLs decrease con-
trast sensitivity and should be avoided 
in most patients with any macular dis-
ease. This includes patients with sig-
nifi cant drusen (intermediate drusen 
or placoid drusen), hyperpigmenta-
tion and/or wet macular degeneration. 
The risk of geographic atrophy and 
neovascular macular degeneration in-
creases with each decade of aging. For 
that reason, placing a multifocal IOL 
in a healthy 55-year-old with interme-
diate drusen is not a good idea.

• Don’t confuse the presence of 
drusen with macular degenera-
tion. Because of the way billing and 
coding works, there’s a tendency for 
doctors to tell patients that they have 
macular degeneration when in fact 
they just have drusen. That’s like tell-
ing every fair-skinned Swede that he 

has a melanoma. Yes, the presence of 
drusen does have consequences, but 
those consequences don’t necessarily 
include macular degeneration. Dru-
sen don’t cause macular degeneration; 
they are simply associated with it. It’s 
far better to tell such a patient that 
he’s at risk for AMD, not that he has 
AMD. (For what it’s worth, a fi nding 
of many large, placoid, confl uent dru-
sen indicates a greater risk than fi nd-
ing a few fi ne drusen. Also, drusen in 
the macula are of much more concern 
than extramacular drusen.)

Of course, if your patient is 50 years 
old and has a lot of drusen, you defi -
nitely should not implant a multifocal 
IOL that’s going to decrease contrast 
sensitivity in that eye. But don’t make 
the mistake of telling the patient that 
he has age-related macular degenera-
tion just because you fi nd drusen on 
the retina.

• Don’t worry about cataract sur-
gery making macular degeneration 
or diabetic macular edema worse. 
There is no relationship between post-

Left: Early nonproliferative diabetic retinopathy. Right: Central serous chorioretinopathy. Macular serous detachment is more pronounced 

when visualized on OCT.
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cataract-surgery CME 
and AMD, DME or epi-
macular membranes. You 
shouldn’t modify your 
strategy for preventing 
CME because you find 
drusen, or because the 
patient has macular de-
generation or an epimac-
ular membrane. The only 
patients who need to be 
treated as being at high 
risk of CME are patients 
with infl ammatory condi-
tions such as pars planitis 
or sarcoid uveitis.

There was a  t ime 
when many surgeons be-
lieved that cataract sur-
gery caused macular degeneration 
to progress. But the Age-related Eye 
Disease Study showed that in more 
than 4,000 patients, cataract surgery 
did not make macular degeneration 
worse.1 In addition, numerous peo-
ple still believe that cataract surgery 
makes DME worse, but the evidence 
doesn’t support that; cataract surgery 
just sometimes causes infl ammatory 
cystoid macular edema that’s inter-
preted as DME in a diabetic context. 
(Similarly, epimacular membranes do 
not cause more CME; the increase 
in thickness they can cause on OCT 
is sometimes misinterpreted as being 
CME. Also, vitreomacular traction 
syndrome does not make macular de-
generation worse. They are unrelated 
conditions.) 

• If the eye has an epimacular 
membrane, the order in which the 
surgeries are performed should 
depend on the grade of cataract.
If the patient has a signifi cant poste-
rior subcapsular cataract of 3+ nuclear 
sclerosis, proceed with phaco and IOL 
implantation using the axial length—
measured from the RPE—before 
performing macular surgery. If the 
eye has 1 to 2+ nuclear sclerosis, the 
macular surgery should be performed 
before the cataract surgery.

Better Safe than Sorry

“Refractive surprises” aren’t the 
only reason you can end up with an 
unhappy patient after cataract surgery. 
Performing an OCT on every single 
patient preoperatively—not just pre-
mium IOL patients—will prevent “vi-
sual surprises.” Doing this is good for 
your patients and patient satisfaction, 
and there’s no cost other than minor 
labor costs. Plus, it only takes a couple 
of minutes to accomplish. There’s re-
ally no downside to it. 

Then, if you fi nd macular patholo-
gy—pathology you wouldn’t otherwise 
have discovered—you can send the 
patient off for a proper retinal evalu-
ation and treatment before you per-
form your cataract surgery. Preventing 
visual surprises will lead to a greater 
number of happy patients and better 
outcomes. So make a retinal OCT a 
standard part of your pre-cataract-
surgery protocol.  

Dr. Charles is founder of the Charles 
Retina Institute in Memphis, and one 
of the world’s leading vitreoretinal 
surgeons.

1. Forooghian F, Agrón E, et al; Age-Related Eye Disease Study 
Research Group. Visual acuity outcomes after cataract surgery 
in patients with age-related macular degeneration: Age-related 
eye disease study report no. 27. Ophthalmology 2009;116:11:
2093-100.
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The nAMD Pipeline: 
Full but Not Fast
By Kristine Brennan, Senior Associate Editor

Not  long ago, patients diagnosed 
with neovascular age-related 
macular degeneration were 

limited to vitamin and mineral supple-
ments, photodynamic therapy or la-
ser photocoagulation. The advent of 
anti-vascular endothelial growth factor  
treatments has given many patients 
new hope. This hope comes at a cost, 
however: an often-lifelong treatment 
burden. Here, experts discuss what’s 
in the pipeline with regard to anti-
VEGFs, as well as some novel poten-
tial nAMD therapies.

Repackaging Anti-VEGF A

Michael W. Stewart, MD, profes-
sor and chair of ophthalmology at the 
Mayo Clinic Florida in Jacksonville, 
thinks it’s important for surgeons to 
prioritize durability for the foresee-
able future. “Since anti-VEGFs are 
the only thing we have right now, the 
duration of action is a big deal,” he 
says. “Usually at the beginning, I tell 
my patients that this is a treatment, 
not a cure, and we’re going to start off 
monthly and then we can determine 
the frequency, depending on how well 
they react to the drug. I try to set them 
up to expect that this is a long-term 
proposition, and we’re going to see 
each other at some interval essentially 
forever.”

Pravin U. Dugel, MD, managing 
partner at Retinal Consultants of 
Arizona and clinical professor at the 
Roski Eye Institute at the University 
of Southern California’s Keck School 
of Medicine, says that the current 
treat-and-extend paradigm would be 
greatly aided by therapies that would 
reliably do any or all of the follow-
ing: improve vision immediately; cre-
ate lasting visual improvement over 
the long term; or have longer dura-
tion of action. “These are extremely 
variable diseases and some patients 
require very intense treatment. I have 
a few patients—thank goodness, only 
a few—who need treatment every two 
weeks. There are other patients who 
can be extended to every four months. 
The bottom line is that the labeling is 
not going to determine how we use 
a drug. But if we find a better anti-
VEGF, I think there’s defi nitely room 
for that, and we will defi nitely adopt 
it,” he says.

“We basically have three drugs,” he 
continues. “There’s Avastin, which is 
compounded and not FDA-approved. 
We’ve got Lucentis, which is the one 
that we have the most experience with, 
and we have Eylea. All three have their 
plusses and minuses.”

Two of the current anti-VEGF A’s, 
Lucentis (Genetech; San Francisco) 
and Eylea (Regeneron; Tarrytown, 

Anti-VEGF 

therapies 

revolutionized 

treatment. Easing 

the burden and 

new targets are 

becoming fresh 

priorities. 
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New York), are striving for enhanced 
therapeutic value through a new deliv-
ery system and relabeling, respectively. 

Genentech says that its Ranibizum-
ab Port Delivery System (RPDS) may 
ease the burden to patients, caregivers 
and health-care systems imposed by 
the current monthly intravitreal injec-
tion schedule for Lucentis. The RPDS 
is a refi llable nanoparticle reservoir ap-
proximately the size of a grain of rice. 
The company says that implantation 
of the RPDS beneath the conjunc-
tiva away from the visual axis takes less 
than 30 minutes. To refi ll the reservoir, 
a proprietary refi ll needle refreshes the 
Lucentis by putting in a new supply of 
drug while also draining any residual 
drug from the last fi ll. 

Genentech says the RPDS is cur-
rently in Phase II studies (ClinicalTri-
als.gov Identifier: NCT02510794) to 
determine how long patients can go 
between refi lls. Results are tentatively 
expected before the end of the year. 
(At press time, initial results were to be 
presented at the ASRS meeting.)

First approved by the Food and 
Drug Administration in 2011 at a rec-
ommended dose of 2 mg intravitreally 
every eight weeks after three monthly 
loading doses, Eylea (afl ibercept) was 
studied in the Phase III VIEW 1 and 
VIEW 2 trials,1 in which patients were 
randomized into the following doses: 
0.5 mg/month; 2 mg/month; 2 mg/two 
months of afl ibercept (after monthly 
loading doses), or 0.5 mg/month of 
ranibizumab. All of the aflibercept 
groups were found to be noninferior 
(as measured by the proportion of pa-
tients losing 15 or fewer ETDRS let-
ters at week 52) and clinically equiva-
lent to the ranibizumab control. Based 
on re-evaluation of this data and sub-
sequent research demonstrating the 
effi cacy of treat-and-extend with Ey-
lea in the ALTAIR study,2  Regeneron 
submitted a supplemental biologics 
license application to the FDA for 12-
week Eylea dosing. The decision date 
is August 11, 2018.  

Peter Kaiser, MD, a retina specialist 
in the Department of Ophthalmol-
ogy at the Cleveland Clinic’s Cole Eye 
Institute, says, “Even though a fi xed 
12-week dosing arm was not included 
in either study, both the VIEW and 
ALTAIR studies offer strong and con-
sistent clinical evidence that many 
patients with wet age-related macu-
lar degeneration treated with Eylea 
can maintain their vision gains with a 
12-week dosing interval. If FDA-ap-
proved, the ability to administer Eylea 
every 12 weeks for wet AMD treat-
ment would be welcome news for both 
ophthalmologists and patients.”

Next-Gen Anti-VEGF A

New anti-VEGF A drugs may be 
coming down the pipeline that could 
have longer duration of action and/or 
better binding capabilities.

• Brolucizumab. Novartis (Ba-
sel, Switzerland) is preparing to bring 
brolucizumab (previously known as 
RTH258 and ESBA 1008), a human-
ized single-chain antibody fragment 
that inhibits VEGF A, to market. 
“Among the new anti-VEGF A drugs, 
brolucizumab is furthest along,” says 
Dr. Dugel, who presented the re-
sults of Novartis’ Phase III HAWK 
and HARRIER studies at the 2017 
American Academy of Ophthalmology 
meeting. 

HAWK and HARRIER were head-
to-head, multicenter studies compar-
ing 2 mg of afl ibercept with 3 mg or 
6 mg of intravitreal brolucizumab. All 
patients had three monthly loading 
doses, and were then assessed for dis-
ease activity at various pre-specified 
timepoints starting at week 16. If pa-
tients receiving brolucizumab were 
assessed by a masked investigator as 
having no disease activity, they were 
extended to q12-week dosing. The 
aflibercept group was dosed at q8-
weeks after the three loading doses 
per label. 

Based on this disease-activity assess-
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ment, 57 percent of HAWK patients 
and 52 percent of HARRIER patients 
on brolucizumab 6 mg were extended 
to q12-week dosing up to week 48.3 

All brolucizumab groups in both 
HAWK and HARRIER achieved the 
primary endpoint of non-inferiority 
in mean change in BCVA at week 48 
compared to afl ibercept.

Dr. Dugel says the week 16 data is 
particularly important because it rep-
resents the end of a matched phase 
in which both drugs were given in 
an identical regimen. This timepoint 
represents the purest comparison be-
tween these two drugs, he says. In both 
HAWK and HARRIER, the 6-mg and 
3-mg brolucizumab arms had less in-
traretinal and/or subretinal fl uid, less 
sub-RPE fl uid and greater reductions 
in central subfi eld thickness than the 
afl ibercept groups at week 16.4 Also, 
there was less disease activity in both 
doses of brolucizumab compared to 
afl ibercept. The superior OCT results 
and superior disease activity assess-
ment results were statistically signifi -
cant in favor of 6-mg brolucizumab. 
Aflibercept and brolucizumab had 
comparable safety profi les.

A secondary analysis of the data, 
presented at ARVO, showed that the 
brolucizumab patients who were ex-
tended in the fi rst 12-week cycle after 
the loading doses had an 87-percent 
(HAWK) and 82-percent (HARRIER) 
predictability of maintaining that treat-
ment cycle through week 48.5

“The advantage of brolucizumab is 
that the majority of patients will be 
able to be sustained on q12-week dos-
ing after the initial loading dose. But in 
my mind the bigger advantage is that 
if you look at the head-to-head com-
parison at week 16 in both HAWK and 
HARRIER, brolucizumab was supe-
rior to afl ibercept in all the anatomical 
parameters,” says Dr. Dugel. 

Dr. Stewart, however, emphasizes 
that q12w dosing of brolucizumab 
may not pan out for many neovascular 
AMD patients. “Although the drug did 

well in Phase III, it was disappointing 
that it didn’t last predictably for three 
months,” he says. “That was comparing 
it with afl ibercept q8-weeks as the con-
trol. What the developers have elected 
to do is go to the FDA and ask for 
q8-week approval, but not q12-week, 
which is no surprise.”   

• Abicipar pegol. Abicipar (Aller-
gan; Dublin, Ireland) is a novel anti-
VEGF A known as a DARPin (de-
signed ankyrin repeat protein). It’s 
genetically modified to specifically 
target the proteins that induce angio-
genesis. The manufacturer aims to cre-
ate a drug with equivalent or superior 
effi cacy to the anti-VEGFs currently 
available, so patients can undergo less-
frequent intravitreal injections. 

“Abicipar is a VEGF A inhibitor very 
much like all the other drugs we have. 
It works by binding in an almost ir-
reversible manner to soluble VEGF 
A,” Dr. Stewart explains. “DARPins 
are a platform of drugs from which—
with the right biochemical altera-
tions—you could create a drug that 

will bind almost anything. DARPins 
are also being looked at for oncology, 
but they’re not as far advanced as they 
are for ophthalmology. The DARPin is 
a small molecule bound to a pegolated 
moiety that is supposed to increase 
its duration of action. The developers 
are hoping that it will stay in the eye 
long enough to meaningfully extend 
the duration of action of anti-VEGF 
therapy. Some of that’s based on a very 
small cohort in a Phase I diabetes trial, 
where they found an average half-life 
in the eye of about 13.4 days—which, 
if true, would really speak well for the 
extended duration of action. But it was 
only four patients, so it’s pretty hard to 
know how accurate that was.” 

A pair of Phase III studies, CEDAR 
and SEQUOIA, comparing two dosing 
schedules of abicipar (q12 weeks and 
q8 weeks) for safety and effi cacy com-
pared to a control group of patients 
receiving monthly ranibizumab injec-
tions, has been completed, and both 
dosing schedules met the primary end-
point of noninferiority to ranibizumab. 

• Conbercept.  Conbercept 
(Chengdu Kanghong Biotechnologies; 
Chengdu, Sichuan, China) is a novel 
anti-VEGF A that may be headed for 
the U.S. market.  “Conbercept is a 
fusion protein like Eylea, except for 
the presence of domain 4 of VEGF 
receptor 2, which may give it greater 
binding ability and a lower isoelectric 
point. The hope is that it might be a 
better next-generation anti-VEGF A. 
It’s already been approved in China, 
where it’s currently being used for neo-
vascular macular degeneration, as well 
as pathologic myopia,” says Dr. Dugel.  

“Conbercept has many of the same 
features as aflibercept,” concurs Dr. 
Stewart. “It’s approved for AMD in 
China, and they’re just looking to start 
Phase III trials in the United States 
right now. We’ll see what happens in 
the trials, but my guess is that it will 
prove very comparable to afl ibercept.”

A small study of 100 patients treated 
1:1 with either 0.5 mg of ranibizumab 

Top: Baseline SD-OCT image showing 

subretinal fl uid and drusen due to choroidal 

neovascularization. Bottom: Four weeks 

after a single intravitreal bevacizumab 

injection, the subretinal fl uid has completely 

resolved. Successful cases such as this set 

the bar high for future therapies.
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or 0.5 mg of conbercept intravitreal 
injections per a treat-and-extend pro-
tocol found that both drugs produced 
equivalent visual gains and anatomic 
improvements at one year, but that the 
conbercept group had longer treat-
ment intervals.6 

Combination Therapies

nAMD combination therapies may 
be dual-action or co-formulations. 
“Angiogenesis is an extremely compli-
cated biological process. If you look at 
the treatment of angiogenesis in oncol-
ogy, just one drug against one target 
is simply not the strategy,” notes Dr. 
Dugel. “It’s a very complex process 
where many drugs are used against 
many targets. There are a lot of paral-
lels to oncology and, therefore, a lot of 
interest in combination therapy.”

• RG7716. Genentech’s RG7716 
(RO687461) is a novel, bispecific 
monoclonal antibody that binds to 
both VEGF A and angiopoietin-2. 
The AVENUE study (ClinicalTri-
als.gov Identifier: NCT02484690) 
is a multicenter, randomized, active 
comparator-controlled 52-week trial 
to compare change in baseline BCVA 
at week 40 in 76 patients, randomized 
into short-interval RG7716 intravitreal 
injections, long-interval intravitreal 
RG7716 injections and intravitreal ra-
nibizumab. 

“Of the combination agents, I would 
say the one that is most advanced in 
development, in the subcategory of an-
giopoietin inhibitors, is RG7716. This 
is a bispecific product: One fab arm 
is anti-ANG-2 and the other is anti-
VEGF A,” says Dr. Dugel, who pre-
sented studies on RG7716 for diabetic 
macular edema earlier and will present 
data from the AVENUE and STAIR-
WAY studies for nAMD treatment at 
the 2018 Retina Society meeting in 
September. 

• GB-102. Graybug Vision (Red-
wood City, California) has developed 
a dual VEGF/PDGF inhibitor called 

GB-102 (sunitinib malate) for intravit-
real injection. Sunitinib, a tyrosine ki-
nase inhibitor, is also used in oncology. 
Its formulation uses microparticles to 
minimize systemic effects and help it 
consolidate to form a biodegradable 
depot inside the eye. The company 
says that GB-102 displays neuropro-
tective properties with regard to retinal 
ganglion cells as it binds to multiple 
VEGFRs. 

The ADAGIO trial (ClinicalTrials.
gov Identifier: NCT03249740) is an 
ongoing Phase IIb, multicenter, dou-
ble-masked study comparing two dose 
levels of GB-102 to afl ibercept therapy 
for nAMD. In it, patients with wet 
AMD who were already receiving anti-
VEGF A injections will be randomized 
into low-dose or high-dose GB-102 
arms every six months or a control arm 
receiving 2 mg of afl ibercept every two 
months. Mean change in BCVA is the 
primary endpoint.

“This is interesting because it’s a 
single injection that may last up to six 
months. It’s in Phase I/II studies, and 
they haven’t been released yet. We’re 
awaiting their release,” says Dr. Dugel.

• X-82. Tyrogenex (Rockville, Mary-
land) recently terminated the Phase II 
APEX study (ClinicalTrials.gov Identi-
fier: NCT02348359) of X-82 (voro-
lanib), a dual VEGFR/PDGFR inhibi-
tor, because it had achieved its primary 
endpoint of visual acuity change at 52 
weeks from randomization in nAMD. 
It’s also being investigated as a can-

cer treatment. X-82 is unique among 
nAMD therapies because it’s adminis-
tered orally.  

The APEX study was a randomized, 
double-masked, placebo-controlled, 
dose-fi nding study. Wet AMD patients 
were treated for a total of 52 weeks 
with one of three doses of X-82 plus as-
needed intravitreal anti-VEGF or in-
travitreal anti-VEGF plus oral placebo.

Dr. Stewart says that tyrosine kinase 
inhibitors like X-82 appear promising, 
but have formidable drawbacks. “The 
trouble with them is that they have 
signifi cant side effects,” he notes. 

Ashish Sharma, MD, a consultant in 
retina at Lotus Eye Hospital and Insti-
tute in Coimbatore, Tiruppur, India, 
believes that X-82, if approved, could 
have value when used with intravit-
real anti-VEGF therapy. “It has poten-
tial to replace the antioxidants, as per 
AREDS recommendations,” he says. 
“It might allow more relaxation of a 
monthly injection approach.” But like 
Dr. Stewart, Dr. Sharma notes that sys-
temic side effects may be a challenge. 
“One-sixth of patients had some ad-
verse events such as diarrhea, nausea 
and fatigue in Phase I,” he says. 

Other Targets 

The search for wet AMD therapies 
with new mechanisms of action agnos-
tic of VEGF A will require patience, 
according to Dr. Stewart. “I think 
we’re going to fi nd something that will 
work, but I’m not sure that we’ll hit 
on anything very soon,” he says. “For 
that reason, I think that we’re locked 
into anti-VEGF therapy, probably as 
monotherapy, for quite a long time.”

Many experimental treatments in 
this category are designed to comple-
ment intravitreal anti-VEGF A’s. “I 
think agents that are targeting other 
molecules are looked at as combina-
tion therapies. I don’t think that any 
of them are truly looked upon as a 
substitute for VEGF inhibition,” Dr. 
Stewart says. 

Intravitreal injection performed without an 

eyelid speculum. Increased duration of 

action is the goal of many emerging 

therapies.
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• DE-122. Santen (Emeryville, Cal-
ifornia) is studying DE-122 (carotux-
imab), a novel intravitreal ophthalmic 
formulation that is an endoglin anti-
body. Endoglin is a protein that’s vital 
to angiogenesis. 

DE-122 is being investigated as 
a therapy that will complement an-
ti-VEGF treatment. It has shown 
bioactivity in trials, and is currently 
undergoing a randomized Phase IIa 
study (ClinicalTrials.gov Identifier: 
NCT03211234) comparing two differ-
ent dosing levels of DE-122 combined 
with Lucentis injections versus Lucen-
tis injections plus sham injections. The 
primary endpoint is mean change in 
BCVA at week 24.  

• OPT-302. OPT-302 (Opthea; 
South Yarra, Victoria, Australia) is 
an anti-VEGF agent, but it inhibits 
VEGF C and D, rather than VEGF A. 
“This would be used in combination 
with anti-VEGF A. The idea is that if 
you suppress VEGF A there redun-
dant pathways and you may actually 
increase VEGF C and D, and there 
are studies in oncology showing that 
VEGF C in particular, but also D, may 
be important in resistance or persis-
tence of disease in VEGF A suppres-
sion,” Dr. Dugel explains. 

A Phase IIb study (ClinicalTrials.gov 
Identifi er: NCT03345082) is currently 
underway, to see if adding OPT-302 
to Lucentis monotherapy improves 
visual acuity or anatomy compared to 
Lucentis alone. 

“The Phase IIa study was really 
interesting because in that study, ap-
proximately 50 percent of patients had 
no detectable choroidal neovascular 
membrane as read by a reading center, 
which was quite impressive,” says Dr. 
Dugel. 

• ICON-1. Iconic Therapeutics 
(San Francisco) is in Phase II studies 
of ICON-1, a tissue-factor inhibitor. 
Tissue factor is a protein involved in co-
agulation; when it’s overexpressed, it’s 
thought to lead to pathologic angiogen-
esis, cancerous tumors and neovascular 

eye disease. 
The Phase IIb DECO study (Clini-

calTrials.gov Identifi er: NCT03452527) 
will compare CNV size at nine months 
to baseline in newly diagnosed, treat-
ment-naïve eyes that have received in-
travitreal Icon-1 either in combination 
with or after intravitreal afl ibercept.  

Gene Therapy

Gene therapies for nAMD have 
focused on gene production, as op-
posed to gene replacement. So far, the 
results “have been fairly disappoint-
ing,” according to Dr. Dugel. He cites 
the Phase IIb investigation of AVA-
101 (Avalanche Biotechnologies [now 
Adverum]; Menlo Park, California), a 
recombinant adeno-associated virus 
vector carrying an anti-VEGF protein 
that was injected into the study eyes 
of 32 patients to spur expression of the 
protein in the epithelium. After a year, 
patients gained an average of just 2.2 
letters, experienced increased CRT 
and required a high number of anti-
VEGF rescue injections. 

“That was an attempt to insert genes 
into the photoreceptors of the RPE 
and into the outer retina in order to try 
to get them to overproduce a soluble 
VEGF receptor,” Dr. Stewart explains. 
“Unfortunately, they failed to get really 
good results.”

‘’Why that wasn’t successful is still 
not really known: It may be because 
of where it was injected. It may be be-
cause of the amount of protein produc-
tion. But I think that gene therapy will 
definitely have a role in the future,” 
says Dr. Dugel.

Genzyme (Framingham, Mas-
sachusetts) is investigating stopping 
the progression of AMD with a ge-
netically modified adeno-associated 
virus vector. (ClinicalTrials.gov Identi-
fi er: NCT01024998), as is Regenxbio  
(Rockville, Maryland) (ClinicalTrials.
gov Identifi er: NCT03066258). 

Dr. Dugel and Dr. Stewart say that 
ophthalmologists have been “spoiled” 

by the success of currently available 
anti-VEGF treatments. But Dr. Dugel 
says there’s still ample room for im-
provement. “In almost all studies that 
go on past five years, unfortunately, 
even with treatment, vision tends to 
gradually decline to less than baseline. 
That’s due to macular atrophy and fi -
brosis,” he says, adding that most newly 
diagnosed patients can anticipate 15 or 
20 years of life after the diagnosis of 
neovascular AMD. 

“I’m disappointed,” admits Dr. Stew-
art. “Of course, I’ve been elated by the 
fact that we have anti-VEGF therapy. 
That has been a game changer for pa-
tients and physicians. We had three 
great successes in a row with Avastin, 
Lucentis and Eylea. And then all of 
a sudden, we hit a brick wall. So un-
less we see a dramatic improvement in 
duration of action or patient comfort, I 
think most of us will probably just stay 
with injections,” he concludes.  

 
Dr. Dugel has interests in Genen-

tech, Regeneron, Novartis, Allergan, 
Chengdu Kanghong Biotechnologies, 
Graybug Vision, Santen, Opthea, Al-
con and Avalanche. Dr. Stewart re-
ports no relevant interests. Dr. Kaiser 
has interests in Regeneron, Allergan, 
Alcon, Bayer HealthCare, Chengdu 
Kanghong Biotechnologies, Novartis 
and  Genentech. Dr. Sharma reports 
consultancy to and speaker’s fees from 
Novartis India, Allergan India and 
Bayer India.
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When faced with a patient who 
has ocular hypertension but 

no glaucomatous damage, deciding 
whether to treat or simply monitor the 
patient is always a judgment call. We 
have to consider the risks and benefi ts 
of each option. How likely is it that 
this patient will develop glaucoma and 
progress? Is that risk great enough to 
offset the inconvenience and cost of 
treatment? 

These questions become a bit 
trickier when the patient is elderly. 
How many more 
years is the patient 
likely to live? Can 
the patient manage 
drops? Will the 
patient be able to 
return for follow-
up visits? Does the 
patient have other 
health issues? 

For example, 
consider an 86-
year-old male pa-
tient who has ocu-
lar hypertension; 
h i s  p r e s s u r e 
over the past two 
years has ranged 

between 27 and 31 mmHg OD, and 
27 and 33 mmHg OS. His corneas are 
a bit thin—523 µm OD, 520 µm OS. 
He has a small cup-to-disc ratio of 
0.2 bilaterally and his visual fi elds are 
normal. OCT reveals that his retinal 
nerve fiber layer has been thinning 
over time—a case of so-called “green 
disease”—but it’s still within the 
normal range. He’s pseudophakic 
with mild macular degeneration, but 
he’s generally in good health and 
doesn’t have vasculopathic risk factors 

such as high blood pressure, diabetes, 
hyperlipidemia, cardiovascular 
disease or history of stroke, all of 
which can predispose someone to a 
vein occlusion or anterior ischemic 
optic neuropathy.

Does this 86-year-old patient 
actually have early glaucoma? Is 
treatment really necessary? Here, I’d 
like to discuss some of the considera-
tions that arise when deciding whe-
ther or not to treat a patient like this.

The Case for 

Not Treating

 There are sev-
eral reasonable 
arguments  for 
monitoring this 
patient without 
treatment:

• The risk of 
developing early 
glaucoma in at 
least one eye 
over fi ve years is 
low. Depending 
on how you cal-
culate the risk, it’s 
between 10 and 

A number of factors have to be considered when deciding 
whether to put this type of patient on drops.

Elderly and OHT: 
Should You Treat?

Ruth D. Williams, MD, Chicago

Although it’s tempting to assume that elderly patients won’t live too many more years, 

many of these patients are vibrant, healthy and active.
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15 percent. Those odds are very much 
in favor of no damage occurring over 
the patient’s expected lifespan.

As noted in a 2007 study of a model 
designed to predict the development 
of primary open-angle glaucoma in 
individuals with ocular hypertension, 
a predictive model should never 
replace clinical judgment.1 Other 
factors, such as a patient’s health, life 
expectancy and preferences must 
be considered. In our sample case, 
the patient is healthy and has no 
signifi cant vasculopathic risk factors, 
so that would be an argument for not 
treating this patient and just watching. 

• A small amount of progression 
is unlikely to affect quality of 
life. The possibility that an 86-year-
old patient might progress isn’t 
necessarily a reason to treat. Even if 
this patient does progress a little bit in 
the years ahead, it’s unlikely to affect 
his quality of life. 

When treating glaucoma patients, I 
think we tend to get caught up in the 
idea that we don’t want anybody to 
progress. But preventing progression 
isn’t ultimately our goal; what we’re 
really trying to do is maintain quality 
of life. In that context, if a 96-year-old 
patient has a tiny bit of glaucoma, 
does it matter? If your patient has 
a little nasal step at age 86, should 
you be concerned? Of course, if that 
patient is a fast progressor and likely 
to develop an arcuate scotoma, yes, 
that matters. But a little nasal step 
probably won’t affect that person’s 
quality of life—and that’s what this 
is all about.

• It’s very easy, practical, af-
fordable and effective to follow 
our patients with OCT. This is 
especially valuable when managing 
an older patient who may or may 
not be very good at doing visual fi eld 
tests. So, you could leave this patient’s 
elevated IOPs untreated, check the 
IOPs at reasonable intervals and do 
an OCT once a year. If the OCT 
continues to change, then you can 

implement treatment. 
Glaucoma specialist Cynthia 

Mattox, MD, has noted her own move 
in this direction. She has said that 
earlier in her career she treated for 
IOP levels, but today, with OCT to 
help with monitoring and the data 
from OHTS, she’s more comfortable 
following patients who have a low 
fi ve-year risk of progression. 

• Some patients in this age group 
might have difficulty taking a 
drop. If that’s the case, a prescription 
would probably be ineffective and a 
waste of the patient’s money.

• Some patients could fi nd the 
cost to be a burden. In that situation, 
the patient is unlikely to use the drops 
even if you prescribe them.

The Case for Treating

Arguments in favor of treating this 
patient include:

• He has several risk factors for 
progression. One tool we’ve used 
to help guide our treatment is the 
data from the European Glaucoma 
Prevention Study and the Ocular Hy-
pertension Treatment Study (OHTS), 
both of which looked at the risk of 
progression. This particular patient 
has several risk factors, including 

his age, his fairly high IOP and his 
thin cornea, so his five-year risk of 
progression in one eye is about 10 to 
15 percent. (Of course, he also has a 
small cup-to-disc ratio, and normal 
Humphrey visual fi elds and pattern 
standard deviation—which is why 
there’s some debate about proceed-
ing with treatment.)

• This patient is very healthy and 
could live many more years. It’s 
entirely possible that this 86-year-old 
patient could live to be 100. Although 
his five-year risk of progression is 
low—around 15 percent—the longer 
he lives, the greater the risk.

Despite the lingering stereotype 
of elderly people as somewhat 
feeble individuals, many of the el-
derly patients I see are vigorous and 
in good health. Especially today, 
a person in his or her 80s and 90s 
can have a signifi cant additional life 
expectancy. (In fact, I’ve observed 
that you don’t live to be 95 unless 
you’re a pretty healthy person.) 
With a younger patient it’s safe to 
assume the individual will be around 
for many more years, but it’s a lot 
more challenging to guess the life 
expectancy of an elderly patient.

One approach to estimating 
your patient’s likely lifespan, and 

This 86-year-old patient’s retinal nerve fi ber layer has been thinning over time but is still 

within the normal range. His pressures are elevated and his corneas are about 520 µm 

bilaterally, but cup-to-disc ratio is low and visual fi elds are normal. Would you treat?
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therefore the likelihood of developing 
glaucomatous damage, is to examine 
actuarial tables. These report the 
average length of time individuals in a 
given age group will live. (See sample 
table, above.) Based on this table, the 
average life expectancy for this patient 
is a bit more than fi ve additional years. 
However, this is an average, and 
averages can’t predict an individual 
case. And of course, the longer he 
lives, the greater the likelihood he’ll 
experience progression and damage.

• Treatment with a PGA once 
a day is relatively low-cost and 
low-risk. Putting the patient on a 
PGA once a day is a very simple and 
reasonable treatment—assuming that 
the patient is able to put in a drop 
every day.

• We don’t know for sure that 
the patient will keep his follow-up 
appointment. I practice in a suburb 
at the very edge of Chicagoland, and 
a lot of my patients come in from 
the western farmlands of Illinois. It 
may take them an hour and a half 
to get to my offi ce. In addition, the 
patient’s family situation could make 
it hard for the patient to come in 
regularly. If he doesn’t return for 
follow-up appointments, our ability 
to catch any developing problem 
will be compromised. Those kinds 
of issues would make me feel more 
inclined to treat.

• We’re concerned that the 
elevated IOP might increase the 
risk of an AION, CRVO or branch 
vein occlusion. Although there’s an 
association between these vascular 
events and elevated IOP, we don’t 

know for sure that lowering IOP 
decreases the risk of these types of 
vascular events. In the OHTS study, 
for example, the data indicated no 
statistical difference in the incidence 
of retinal vein occlusion in subjects 
who were treated in order to lower 
IOP compared to subjects who were 
not treated.2 Nevertheless, given the 
association between high IOP and 
these vascular issues, we tend to err 
on the side of wanting to lower the 
IOP, just to “play it safe.”

Even if lowering IOP hasn’t been 
shown to reduce the risk of a vascular 
event, clinicians may have reason to 
be cautious.  If you let the IOP remain 
high and the patient does have a 
vascular event like an AION or branch 
vein occlusion later on—despite the 
lack of risk factors present when you 
examined the patient—you’ll have 
a tough time defending your choice 
to monitor rather than treat. For 
this reason, some would argue that 
treating a patient like this is a good 
idea simply because of the medico-
legal risks posed by the association 
between high IOP and vasculopathic 
events.

• We’re afraid of missing some-
body who might be a fast pro-
gressor. Treating the patient, in other 
words, is a way to hedge our bets that 
this patient might develop glaucoma 
more quickly than we expected.

Louis Cantor, MD, made the 
observation that we tend to overtreat 
glaucoma suspects and undertreat real 
glaucoma. I think that’s true. It’s easy 
to put people on drops, and we tend 
to do that whenever we’re not sure 

about whether to treat. Ironically, part 
of the motivation would seem to be to 
make ourselves feel better.

The Word on the Street

All of these arguments have some 
validity, but I was curious to see what 
ophthalmologists practicing in the 
real world would do in a situation like 
this.

To begin, I conducted an informal 
poll of several university employed 
and private practice glaucoma 
specialists to see whether or not 
they would choose to treat this 
elderly ocular hypertensive individu-
al. There was no clear preference. 
Five colleagues said they’d monitor 
without treatment because the fi ve-
year risk of progression is fairly small. 
Seven of my colleagues said they 
would defi nitely treat with a PGA. 

Three others said they might 
treat the patient with selective 
laser trabeculoplasty, especially 
if the patient had poor memory or 
dexterity or some other reason for 
having diffi culty using drops. SLT is 
a great option if you have adherence 
concerns with an elderly patient, and 
it’s less expensive than a drop because 
it’s a one-time cost. However, SLT 
doesn’t always work, and some might 
argue that it’s a questionable idea 
because you’re doing a procedure in 
a “normal” eye that doesn’t have any 
damage yet.

I also polled the audience at one 
of my meeting presentations, and got 
a somewhat different response: The 
audience was overwhelmingly in fa-

Age 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

Life expectancy 
(male)

11.08 10.48 9.89 9.33 8.77 8.24 7.72 7.23 6.75 6.30 5.87 5.45 5.06 4.69 4.35 4.03 3.73 3.46 3.21 2.99 2.80

Life expectancy 
(female)

12.85 12.17 11.51 10.86 10.24 9.63 9.04 8.48 7.93 7.41 6.91 6.43 5.98 5.54 5.14 4.76 4.41 4.09 3.80 3.54 3.30

Table 1: Life Expectancy by Age (as of 2015)*

* From Social Security Actuarial Life Table, https://www.ssa.gov/oact/STATS/table4c6.html. Accessed July 9, 2018.

044_rp0818_gm.indd   46044_rp0818_gm.indd   46 7/23/18   10:35 AM7/23/18   10:35 AM



vor of treating the patient with a PGA 
because of the high IOPs. I suspect 
the difference in responses may 
refl ect a sampling error. The casual 
sampling of a group of colleagues 
at two academic meetings is likely 
to include glaucoma specialists who 
are highly data-driven, doctors who 
apply the OHTS and EGPS data to 
decision-making. In this instance, 
many of them recognized that the risk 
of progression was low and concluded 
that they wouldn’t recommend 
treating. However, I think many 
clinicians out in the fi eld are pretty 
uncomfortable letting a patient’s 
pressure stay at 30 mmHg, regardless 
of other factors. 

Getting the Patient On Board

What would I do? When faced with 
this situation, I’d let the patient help 

me decide whether or not to treat. In 
my experience, patients are usually 
smart and fairly sophisticated, and 
they usually have an opinion. I’d 
present the data from OHTS and 
explain it to the patient. I’d tell her 
that it wouldn’t be unreasonable 
to hold off on treating and simply 
monitor her condition, but I’d also 
tell her that high pressure is easy to 
treat. 

In most cases, given the option, 
patients choose to go ahead with 
treatment—but not always. That’s 
important, because if the patient 
declines treatment he’s probably 
telling you that he won’t use the 
drops, even if you prescribe them. On 
the other hand, if the patient helps 
make the decision to treat, that helps 
to motivate the patient to use the 
drops consistently. 

Ultimately, some would say that the 

best test of a decision is to ask whether 
you’d make the same decision if the 
patient were your own parent or child. 
My parents are 87 and 88 years old, 
and quite robust and healthy. Would 
I treat one of them if they had an 
intraocular pressure of 30, despite 
everything else appearing healthy? I 
probably would.  

Dr. Williams is a glaucoma con-
sultant at Wheaton Eye Clinic in 
Wheaton, Ill., and past president 
of the American Academy of Oph-
thalmology. She is a consultant for 
Allergan and Aerie.
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Placement of secondary intra-
ocular lenses is one of the more 

common procedures we perform as 
retina surgeons, so it’s important for 
us to be comfortable with the vari-
ous techniques and to understand our 
options. Implantation of an anterior-
chamber IOL, refi xation of a dislocat-
ed IOL and scleral fi xation of an IOL 
can each be an appropriate choice, 
depending on clinical factors such as 
patient age, ocular comorbidities and 
the mechanism of lens dislocation.1  

In cases that require scleral fi xation 
with sutures, nonabsorbable polytet-
rafluoroethylene (PTFE) monofila-
ment suture (Gore-Tex; W.L. Gore) 
has largely replaced polypropylene 
(Prolene) due to its long-term sta-
bility. Although there are numerous 
methods for scleral fi xation, the most 
common technique performed at our 
institution makes use of a Gore-Tex 
suture with either an Akreos AO60 
IOL (Bausch + Lomb) or an enVista 
MX60 IOL (Bausch + Lomb). Each 
of these models provides stable four-
point fi xation. In this article, we re-
view our technique for suturing these 
and discuss the pros and cons of each 
lens in this situation.

Sutured-lens Technique 

Before performing vitrectomy and 
lens or IOL removal, create limited 
conjunctival peritomies nasally and 
temporally and use a toric lens mark-
ing set to mark the horizontal axis, in 
order to ensure proper sclerotomy 
placement and lens centration. Using 
calipers, mark the sclerotomy sites 4 
to 5 mm apart, 3 mm posterior to the 
limbus, and centered around the hori-
zontal axis. This positioning simulates 
in-the-bag placement, so standard 
IOL power calculation formulas can 
be used. 

Place trocars (23-, 25-, or 27- 
gauge)2,3 superonasally and supero-
temporally, and use the empty tro-
car needle to create inferonasal and 
inferotemporal sclerotomies parallel 
to the limbus. Inserting the trocars 
perpendicularly without tunneling fa-
cilitates the rotation of the knot in the 
PTFE sutures at the end of the case. 
The acrylic lenses are easily folded 
and can fi t through a 3-mm clear cor-
neal incision or scleral tunnel. 

Next, remove the needles of the 
7-0 CV-8 Gore-Tex suture, and bi-
sect and loop the suture through the 

eyelets of the IOL before inserting it 
into the eye. It’s critical to keep the 
suture strands organized. Grasp one 
end of the first suture with Ahmed 
Micro-Graspers forceps (MicroSur-
gical Technology), inserted through 
the corneal incision, and pass it using 
the handshake technique to MaxGrip 
forceps (Alcon) that have been in-
serted through one of the scleroto-
mies. Then, externalize the suture, 
and repeat the same procedure with 
the other end, securing one side of 
the IOL. 

Some surgeons also externalize one 
or both ends of the suture on the oth-
er side of the IOL before folding and 
inserting the lens. This leaves the fi nal 
suture to be externalized after the 
lens has been inserted. The PTFE su-
tures can then be trimmed and loosely 
secured by tying the fi rst portion of 
a 3-1-1 knot or a slip knot, and the 
tension can be adjusted to perfectly 
center the lens before securing the 
suture and rotating the knot into the 
superonasal and superotemporal scle-
rotomies. 

Leaky wounds can be sutured, but 
be wary of severing the PTFE sutures, 
in order to spare yourself a frustrating 

Christopher Aderman, MD, and Carl D. Regillo, MD, Philadelphia

Two surgeons describe their go-to technique for working with 
IOLs that require scleral fi xation.

Succeeding with Scleral-
Sutured Lenses
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lens retrieval within the vitreous cav-
ity. Alternatively, a transconjunctival 
approach can be used, eliminating the 
need for peritomies at the start of the 
case. (A video of a sutured AO60 lens 
using a trans-conjunctival approach 
not requiring a peritomy accompanies 
the online version of this article at 
reviewofophthalmology.com.)

Lens Options

Your choice of intraocular lens will 
impact various aspects of the proce-
dure, and each lens comes with pros 
and cons.

• Akreos AO60. This acrylic lens 
lens is a popular IOL choice for scler-
al fi xation. It has four eyelets through 
which sutures can be looped, provid-
ing true, stable, four-point fixation. 
The benefi t of this lens is its ease of 
use. Looping the sutures through the 
eyelets outside the eye (Figure 1) and 
externalizing the sutures before IOL 
insertion reduces the risk of criss-
crossing sutures or fl ipping the lens. 

Four-point fi xation minimizes the 
risk of lens tilt, and the lens can be 
centered in the eye easily by adjusting 
the tension on the two sutures. (The 
lens can, however, bend or warp if 
sutured too tightly.) The major draw-
back of this lens is that it is composed 
of a hydrophilic acrylic material, and 
opacifi cation can result from air or gas 
exposure. This opacifi cation is rare, 
but if it occurs it may require a lens 

exchange. Take this into consideration 
in patients who have a high risk of ret-
inal detachment. Such patients should 
be counseled regarding this risk.

• enVista MX60. The enVista 
MX60 is made with a hydrophobic 
acrylic material, so it’s not susceptible 
to opacifi cation in the presence of air 
or gas. Although this lens has only two 
triangular eyelets at the haptic-optic 
junctions, these allow pseudo four-
point fi xation. If the suture is looped 
over the haptic, under the eyelet, and 

then back over the haptic (Figure 2), 
the intraocular lens will remain stable 
without tilt when the sutures are ex-
ternalized. 

The setup for this lens is similar to 
the setup that’s done for the AO60, 
with the sclerotomies being placed 
3 mm posterior to the limbus and 4 or 
5 mm apart. 

Lens insertion is trickier with this 
IOL, as the suture can easily slip 
around the haptic and cause the lens 
to tilt. Make sure to keep tension on 
the externalized ends of the suture at 
all times to prevent the suture from 
looping back under the haptic. Fold-
ing the haptic inside the lens like a 
taco during insertion is one effective 
technique you can use to ensure that 
the suture stays properly positioned 
anterior to the haptic. 

This lens is useful for patients with 

retinal detachment or those at high 
risk of needing air or gas tamponade. 

Other Considerations

No matter which secondary su-
ture techniques or IOLs you become 
comfortable with, it’s important to 
remember the basics of residency 
training and to carefully review lens 
power calculations on a case-by-case 
basis. Perform quality control checks 
to confirm reliable, up-to-date bi-
ometry measurements. Ensure that 
there are no discrepancies between 
axial lengths in the patient’s eyes, and 
check that the technician correctly 
adjusted the software for the status of 
the eye (e.g., is there silicone oil in the 
eye now, or will there be at the end of 
the case?). 

We use the Barrett II Universal 
IOL calculation method, because bi-
ometry measurements taken by refer-
ring physicians typically don’t include 
calculations for our preferred IOLs. 
This approach has resulted in reliable 
refractive outcomes.  

In conclusion, throughout our train-
ing and daily practice, we’re exposed 
to numerous techniques. The key to 
consistently good results, however, is 
to know a few techniques very well. 

The more standardized the phy-
sician’s approach for each case, the 
more comfortable and confi dent he or 
she will be—and comfort and confi -
dence are critical factors for maximiz-
ing visual outcomes.  

Dr. Aderman is currently complet-
ing a retina fellowship at Wills Eye 
Hospital in Philadelphia. Dr. Regillo is 
chief of the retina service at Wills Eye.
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Figure 1. The four eyelets of the Akreos 

AO60 (Bausch + Lomb) allow true four-

point fi xation.

Figure 2. Looping the suture around the 

optic-haptic junction of the enVista MX60 

(Bausch + Lomb) creates a pseudo four-

point fi xation.

048_rp0818_RetInsider.indd   49048_rp0818_RetInsider.indd   49 7/23/18   10:23 AM7/23/18   10:23 AM



This article has no commercial sponsorship.

R
E

V
IE

W Cornea/Anterior Segment
Edited by Thomas John, MD

50 | Review of Ophthalmology | August 2018

The treatment of corneal ectasias 
such as keratoconus, pellucid mar-

ginal degeneration and post-refractive 
ectasia has undergone a significant 
shift in recent years. New treatment 
options offer not only stabilization of 
the progressive nature of these condi-
tions, but also corneal fl attening and 
improved visual outcomes, enabling 
surgeons to intervene earlier in the 
disease course and avoid penetrating 
keratoplasty. 

Two technologies that have gained 
recent attention, both independently 
and used in conjunction with one an-
other, are intracorneal ring segments 
and corneal collagen cross-linking. In 
this column, I’ll describe my surgical 
approach of combining intracorneal 
ring segments with cross-linking for 
the management of ectatic corneal 
disorders, and discuss situations in 
which one approach might be prefer-
able to the other.

Intacs

Intacs corneal ring segments (Ad-
dition Technology; Fremont, Califor-
nia) are the only ICRS available in the 
United States; they were originally 

designed for the correction of low de-
grees of myopia. The intracorneal im-
plants, when placed in the peripheral 
cornea outside of the optical zone, 
cause a fl attening of the central cor-
nea, thus reducing myopia and mild 
astigmatism. However, given the ad-
vancements and excellent outcomes 
of excimer laser ablation techniques, 
intracorneal ring segments like
Intacs were largely relegated to treat-
ment of irregular corneas. Intacs were 
subsequently FDA approved for the 
correction of myopia and astigma-
tism associated with keratoconus, in 
2004. Candidates for Intacs are pa-
tients whose steepest K values are less 
than 58 D, who have clear visual axes 
and corneal thicknesses of at least 450 
um at the 7 mm optical zone.1 Place-
ment can be performed using either 
mechanical or femtosecond-created 
channels. Outside of the United 
States, Ferrara rings and Kerarings 
(Mediphacos; Belo Horizonte, Bra-
zil) are the other two commonly used 
ICRS models.

One of the unique properties of 
ring segments, which are made of 
polymethylmethacrylate and come 
in a range of sizes, is the ability to 

normalize a highly ectatic cornea by 
centralizing the cone and reducing 
maximum corneal curvature. Doing 
so can often decrease the amount of 
irregular astigmatism and higher-or-
der aberrations seen in these patients, 
improve best spectacle-corrected vi-
sual acuity, and improve contact lens 
tolerance.2 There are mixed results in 
the literature regarding regression of 
the fl attening effect seen after Intacs 
implantation. Though not indicated 
for the stabilization of progression 
in keratoconus, some have reported 
stabilization associated with ring seg-
ment placement: A fi ve-year study in 
patients treated with Intacs for pro-
gressive keratoconus noted that 92.9 
percent of eyes showed no signifi cant 
progression in steepest K value during 
the course of follow-up,3 while a sepa-
rate study of patients with previously 
documented progressive keratoco-
nus and Intacs or Keraring placement 
demonstrated regression in the mean 
K value by 3.36 D postoperatively at 
fi ve years.4 

Cross-linking

Corneal collagen cross-linking was 

ICRS and Cross-linking 
For Corneal Ectasia 
A cornea surgeon explains the pros and cons of the two 
approaches, when used alone and in combination.
Brandon Baartman, MD, Omaha, Neb.
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approved by the FDA in July 2016 for 
the treatment of progressive kerato-
conus and post-refractive ectasia. The 
procedure, involving the saturation 
of the cornea stroma with ribofl avin 
(vitamin B2) and subsequent UVA 
irradiation, increases the biomechani-
cal stability of the tissue by forming 
chemical bonds between collagen fi -
brils.5 While only recently approved 
in the United States, there’s a vast 
amount of data on the stability and 
visual acuity results of cross-linking 
for keratoconus in the literature due 
to its popularity abroad. Originally 
described in 2003, cross-linking has 
been shown to halt progression of the 
disease with improvement of visual 

acuity and a variable amount of reduc-
tion in steepest K values.5,6 In addition 
to keratoconus, collagen cross-linking 
has been used with similar success in 
other forms of cornea ectasia, includ-
ing pellucid marginal degeneration7 
and post-refractive-surgery ectasia.8

Where Do the Technologies Fit?

In current practice, cornea spe-
cialists have both tools at their dis-
posal, and both can play an important 
role in corneal ectasia management. 
But in which scenarios does cross-
linking make sense? When does one 
consider ICRS? And does it ever 
make sense to use both in conjunc-

tion with one another?
• The case for cross-linking. In 

our practice, patients who have clas-
sic topographic changes on the an-
terior and posterior cornea, a clear 
central cornea and documented pro-
gression of myopia or astigmatism 
are generally offered cross-linking. 
Nearly all candidates will have a 
clear central optical axis and a mini-
mum corneal thickness greater than 
400 µm. In general, we fi nd patients 
meeting these criteria to be in the ear-
lier stages of disease progression. Age 
is a consideration, since the natural 
history of keratoconus is thought to be 
one of slowed progression with time. 
However, there is evidence in the lit-

Figure 1. The left eye of a 51-year-old patient with unilateral topographic changes consistent with pellucid marginal degeneration. Anterior 

curvatures measured by the Pentacam are shown. A) Signifi cant PMD-like ectasia pattern at presentation. B) Improved curvature pattern 

three months after single Intacs ring segment placement with same-day epithelium-off CXL. C) Slit lamp photograph showing the position 

of the single ring segment. The patient’s topographic indices decreased after the procedure (steep K value decreased by 2.3 D, anterior 

corneal cylinder by 2.7 D).

Figure 2. The right eye of a 45-year-old patient with bilateral progressive post-LASIK ectasia. Anterior curvatures measured by the 

Pentacam are shown. A) Severe steepening with eccentric cone with max K value of 58 D. B) Improved centralization of cone and 

decreased max K value of 55.2 D after paired Intacs ring segment placement with same-day epithelium-off CXL. C) Slit lamp photograph 

showing paired ring segments.
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erature that keratoconus can continue 
to progress beyond age 30, suggesting 
that the benefi t of cross-linking may 
not be limited to the young patient.9 
Thus, progression in keratometric in-
dices over sequential exams at any 
age should trigger consideration of 
corneal cross-linking.

Other types of patients who may 
benefi t from cross-linking at an older 
age are those with suspected topo-
graphic progression and concomitant 
cataract, as the stabilization and fl at-
tening may improve the accuracy of 
the preoperative biometry and re-
duce the risk of progressive postop-
erative myopic shift.10 Literature on 
the subject is sparse, but stabilizing 
keratometric indices prior to intra-
ocular lens power calculation in a case 
of progressive ectasia should be con-
sidered essential for the patient with 
corneal ectasia and cataract. 

• The case for Intacs. While there 
has been documentation of slowing 
keratoconus progression after place-
ment of Intacs, the largest benefi t of 
ring segments seems to be the reduc-
tion in the amount of corneal cylin-
der and centralization of the cone. 
In our practice, the patients we con-
sider the best candidates for Intacs 
are those with moderate to severe 
keratoconus and a clear central opti-
cal zone who have developed contact 
lens intolerance. As in the published 
literature, we have noted the greatest 
visual improvement gains in patients 
with more advanced disease.11 A 2012 
study found that in moderate to se-
vere cases of corneal ectasia, Intacs 
were able to fl atten the steepest K by 
an average 6.7 D, and allowed con-
tact lens tolerance in all cases.12 Ring 
segments may be placed in single or 
paired fashion with both methods 

demonstrating significant effect on 
refractive parameters and visual acu-
ity.13 (See Figures 1 and 2 for case 
examples.) In those patients for whom 
the Intacs don’t completely eliminate 
intolerance to rigid gas permeable 
lenses, we have found success with 
fi tting scleral contact lenses over the 
ring segments, which is supported by 
the literature.14

• The case for the combination. 
Given the unique strengths of both 
individual treatment types—the stabi-
lizing effect of corneal collagen cross-
linking and the flattening power of 
ICRS—one can imagine a potential 
synergistic effect of using both tech-
nologies. While there are mixed re-
sults in the literature regarding their 
additive effect on outcomes, many 
surgeons believe the mechanical fl at-
tening of ICRS can further potenti-
ate the fl attening effect of the cross-
linking.2 

Choosing to perform both proce-
dures, versus one or the other, may 
depend on a number of factors, not 
the least of which is insurance cover-
age and the patient’s ability to afford 
potentially uncovered services. From 
a patient-benefi t standpoint, any case 
of progressive keratoconus should be 
considered a candidate for cross-link-
ing, and ICRS can be considered in 
moderate to severe cones or patients 
presenting with contact lens intoler-
ance. These more advanced cases, 
often with worse presenting BCVA 
and SE, may stand to gain the most 
from the combination of both thera-

Figure 3. Combining Intacs with same-day corneal cross-linking: A) Femtosecond creation of ring-segment channels; B) placement and 

securing of Intacs; C) epithelial debridement; and D) standard corneal cross-linking following the Dresden protocol.

Keratoconus is a vision-compromising, often progressive degenerative disorder with 
the hallmark corneal signs of ectasia, thinning and epithelial iron lines (Fleischer ring), 
among other clinical features. Other disease processes that are grouped among ectatic 
corneal disorders include pellucid marginal degeneration, Terrien’s marginal degenera-
tion, keratoglobus and post-refractive-surgery (LASIK, PRK) ectasia. Such ectatic corneal 
changes have a direct impact on vision quality and often induce mixed, irregular, myopic 
corneal astigmatism, along with induced visual aberrations that may impact the quality of 
life of the patient and may limit or prevent contact lens use. In very advanced, end-stage 
disease, where the extreme corneal thinning often eliminates other treatment options, 
surgeons may settle on penetrating keratoplasty or deep anterior lamellar keratoplasty as 
the fi nal limited surgical options. However, the large number of patients with lesser corneal 
involvement may be amenable to other therapeutic modalities that aim to both stabilize 
and dampen or prevent progression, as in keratoconus. 

— Thomas John, MD

Perspectives on Keratoconus
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pies.15 In our practice, we follow some 
general guidelines for patient selec-
tion, as described in the accompany-
ing description of the patient in the 
case discussed in Figure 1. 

When using both cross-linking and 
ICRS, simultaneous or sequential 
therapy can be considered. However, 
there is debate about which treatment 
paradigm is more effective. Simul-
taneous therapy represents the least 
recovery time, which can be impor-
tant in these patients, who are often 
younger, working-age individuals with 
progressive keratoconus. When di-
rectly compared, combining ICRS 
with same-day CXL has demon-
strated greater reduction in cylinder 
and keratometric indices than ICRS 
alone.16 While individual protocols of 
ribofl avin administration vary, some 
studies indicate transepithelial17 and 
intra-channel18 ribofl avin may provide 
adequate saturation of corneal stroma 
without epithelial debridement, fur-
ther decreasing recovery time. 

Sequential ICRS and CXL has 
also been studied in the literature, 
with many authors theorizing that the 
fl attening effect of CXL may be po-
tentiated by the existing mechanical 
flattening of the cornea by the ring 
segments.19 This has been demon-
strated in post-LASIK ectasia cases 
as well.20

My Combined Procedure

We currently perform same-day 
combined Intacs with CXL when 
both are indicated. After prepping the 
eye in a way similar to that of other 
corneal refractive procedures, we use 
a femtosecond laser to create the in-
tracorneal ring channels at two-thirds 
corneal depth. The rings are inserted 
under the laser microscope and a 10-0 
nylon suture is placed at the channel 
entrance. Next, the epithelium is de-
brided from the optical zone and pe-
ripherally over the implanted ICRS. 
Ribofl avin is then administered as de-

scribed in the Dresden protocol, and 
standard CXL is completed (Figure 
3). The Dresden protocol consists of 
applying 0.1% ribofl avin-5-phosphate 
and 20% dextran T-500 to the corneal 
surface 30 minutes before irradiation 
and at five-minute intervals during 
the course of a 30-minute exposure 
to 370-nm UVA with an irradiance of 
3 mWcm2.

Regardless of the treatment pattern 
chosen, ICRS and CXL represent two 
major advances in the treatment of 
progressive corneal ectasia that to-
gether have dramatically reduced the 
need for penetrating keratoplasty. 
Whether used independently, in se-
quence or in combined fashion, there 
is an ever-increasing body of litera-
ture demonstrating good outcomes 
and safety profi les, giving corneal sur-
geons effective options for manage-
ment of corneal ectasia.  

Brandon J. Baartman, MD, is in 
private practice at Vance Thompson 
Vision in Omaha, Nebraska. He can 
be reached at brandon.baartman@
vancethompsonvision.com. Dr. John 
can be reached at 708-429-2223 or by 

email at tjcornea@gmail.com.
Dr. Baartman has no fi nancial in-

terest in any of the products men-
tioned in the article.
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the mechanical 
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further potentiate the 
fl attening effect of the 
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For many people , their world 
seems to be getting smaller: The 

prevalence of myopia, commonly due 
to an increase in axial length of the 
eye causing a distant image to be pro-
jected anterior to the retinal plane,1 is 
increasing. The prevalence of myopia 
in the United States increased from 
25 percent to 41.6 percent between 
the years 1971 and 2004.2 Worldwide 
it is estimated that a total of 277 mil-
lion people (4 percent of the global 
population) are myopic.3 This is pro-
jected to increase to 938 million (9.8 
percent of the global population) by 
2050.3 Myopia is also occurring ear-
lier in children. In 2000, the highest 
prevalence of myopia was in people 
ages 25 to 29. 

This increasing prevalence of myo-
pia and its subsequent consequences 
pose a major public health concern. 
Although spectacle correction can im-
prove vision, uncorrected refractive 
error is the most common cause of 
distance vision impairment and the 
second most common cause of blind-
ness globally.4 It’s associated with an 
increased risk of cataract, glaucoma, 
retinal detachment and myopic macu-
lar degeneration, all of which increase 

the risk of uncorrectable vision loss.5 

These risks increase with high myopia 
(greater than -6 D).6 Also, it’s estimat-
ed that the global economic burden 
associated with uncorrected distance 
refractive error is $202 to 268 billion 
per year.7,8 For these reasons, delaying 
the onset of myopia and/or slowing 
myopia progression has been the fo-
cus of signifi cant study. In this article, 
we’ll look at potential causes of this 
trend and the pros and cons of our 
current myopia treatments.

Etiology

Understanding the underlying 
cause of myopia could help identify 
potential targets for therapeutic in-
tervention and slow or prevent pro-
gression and myopic complications. 
Evidence points to both a genetic and 
environmental basis for myopia. One 
study found 21 gene candidates for it.9 
These genes are involved in several 
different pathways, including manno-
sylation, glycosylation, lens develop-
ment, gliogenesis and Schwann cell 
differentiation.9 In addition, intrinsic 
circadian clock genes such as mel-
atonin receptor and photopigment 

melanopsin genes were found to be 
upregulated in an experimental mod-
el, suggesting that circadian rhythm 
might play a role in myopia develop-
ment.42 

Myopia has also been linked to 
chronic inflammation. Researchers 
observed an increased prevalence of 
myopia in children with infl ammatory 
disease such as type 1 diabetes mel-
litus, uveitis and systemic lupus ery-
thematosus. Additionally, in hamsters 
with myopia they found an increased 
expression of proteins involved in in-
flammation such as c-Fos, (NFkB), 
interleukin 6 (IL-6) and tumor ne-
crosis factor alpha (TNFα).38 There 
was an increase in expression of these 
proteins seen in eyes treated with li-
popolysaccharide and peptidoglycan,  
and a corresponding increase in myo-
pia progression in hamsters. Similarly, 
there was a decrease in infl ammatory 
protein expression and a correspond-
ing decrease in myopia progression in 
hamsters treated with cyclosporine, 
an anti-infl ammatory medication.38 

Environmentally, myopia could 
be driven by numerous changes in 
lifestyle that have occurred in recent 
generations. Children and adults 

Myopia: Causes and 
Treatments 
Due to the increasing prevalence of myopia across the globe, 
researchers and clinicians are searching for better therapies.
Gabrielle James, BS, and Jonathan H. Salvin, MD, Philadelphia
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spending less time outdoors has been 
implicated as a causative factor.10 One 
study found that changes in lumi-
nance contrast were associated with 
hyperopic shifts whereas changes in 
color contrast were associated with 
myopic shifts.11 Other lifestyle chang-
es that have been suggested as play-
ing a role in causing or exacerbating 
myopia include increased time per-
forming near-work activities, periph-
eral hyperopia in the myopic eye and 
diet.1,10,12,13 

Treatments

In an effort to combat this increas-
ingly prevalent condition, researchers 
and clinicians have developed many 
therapies, from the mundane to the 
exotic.

• Contact lenses. Soft contact 
lenses and rigid gas-permeable con-
tact lenses have both been studied to 
see their effects on the progression 
of myopia. Research has shown that 
SCL wear by children is safe and not 
associated with an increase in myopia 
progression. SCLs don’t increase axial 
length, corneal curvature or myopia 
when compared to spectacle lens 
wear in children, nor do they decrease 
myopic progression.14 RGPs were 
found to decrease myopia progres-
sion in comparison to SCL wearers. 
However, this delay in progression 
was linked to a steepened corneal cur-
vature, as opposed to a signifi cant dif-
ference in axial growth, and therefore 
doesn’t indicate viability for myopia 
control.15 

• Orthokeratology. Orthokeratol-
ogy is the use of overnight rigid con-
tact lenses to reshape the cornea. It 
works by fl attening the central cornea, 
thinning the central corneal epithe-
lium, thickening the mid-peripheral 
cornea, and producing a myopic shift 
in the peripheral vision. This tempo-
rarily reduces or eliminates refrac-
tive error and decreases the need to 
wear contact lenses or spectacles in 

the daytime. Researchers found that 
orthokeratology is as effective as atro-
pine in delaying myopic progression.

Although orthokeratology poten-
tially eliminates the side effects of 
atropine, it has the potential for sig-
nifi cant side effects of its own, includ-
ing corneal infections, an increase 
in higher-order corneal aberrations 
and a decrease in contrast sensitiv-
ity.32 Orthokeratology also induces 
a temporary shift in corneal curva-
ture that returns to baseline after the 
treatment is stopped. There is limited 
evidence of slowed long-term axial 
length changes.

• Refractive undercorrection. 
Studies in infant monkeys have sup-
ported the idea that undercorrection 
could alter the eye’s growth and there-
fore change its refractive ability.16 
Therapeutic undercorrection may 
also reduce the near-vision accommo-
dative response which may be a fac-
tor in myopic progression. However, 
when studied, there was no signifi cant 
difference in myopic progression in 
children prescribed with undercor-
rected lenses in comparison to chil-
dren with fully corrected lenses.17 

• Part-time spectacle wear. It’s 
thought that optical defocus plays an 

important role in the development 
of myopia. One study explored the 
effects of different patterns of lens 
wear on myopia progression. There 
was no significant difference in the 
three-year progression between the 
full-time lens wearers, those who 
switched from distance-only to full-
time wear, distance-only wearers and 
non-wearers.18 This suggests that 
part-time lens wear is ineffective in 
the treatment of myopia progression. 

• Bifocal and multifocal spec-
tacle correction. It’s been hypothe-
sized that bifocal or multifocal glasses 
correction could reduce retinal de-
focus and thus slow myopia progres-
sion. However, several clinical trials 
have shown no signifi cant difference 
in myopia progression.19,20 One study, 
though, reported that bifocal-only 
spectacles and bifocal spectacles with 
base-in prism slowed myopia progres-
sion by 39 percent and 50 percent, 
respectively, in Chinese-Canadian 
children.21-23 

• Progressive-addition spectacle 
lenses. Progressive-addition lenses, 
in comparison to single-vision lenses, 
were associated with a decrease in 
myopia progression, but this differ-
ence failed to reach clinical signifi-
cance.24 The authors concluded that 
although there was a small decrease 
in myopia progression, this didn’t war-
rant a change in clinical guidelines.24 

• Peripheral retinal defocus. 
Studies have suggested that the pe-
ripheral retina and peripheral vision 
have roles in the pathogenesis of myo-
pia. In primates, it was found that fo-
veal ablation didn’t have an effect on 
the emmetropization process.25 The 
absence of central vision didn’t affect 
the development of myopia, suggest-
ing that peripheral vision has a more 
important role. However, in humans 
it was found that relative peripheral 
hyperopia had little association with 
the risk of myopia onset, myopia pro-
gression or axial growth.26-29 A study 
comparing children who wore spec-

One study found a synergistic effect of 

acupoint treatment (a model of the various 

acupoints is shown here) and low-dose 

atropine in decreasing the progression of 

myopia.
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tacle lenses that decreased relative 
peripheral hyperopia to children who 
wore single-vision spectacle lenses 
found no significant difference be-
tween the two groups. However, 
in children of myopic parents with 
higher rates of myopia progression, it 
was found that correction of relative 
peripheral hyperopia reduced myopia 
progression.30 

• Pirenzepine. Pirenzepine is a 
selective M1 muscarinic receptor an-
tagonist. It’s more selective than atro-
pine (discussed below), and therefore 
results in less cycloplegia and mydria-
sis.31 It was shown that 12-month use 
of 2% topical pirenzepine ophthalmic 
gel twice a day is associated with a 
40-percent reduction in axial length.25 
Unfortunately, pirenzepine gel isn’t 
commercially available for use.32 Fur-
ther studies on pirenzepine’s long-
term safety and effi cacy are still war-
ranted. 

• Atropine. There has been exten-
sive research on the use of atropine in 
the prevention of myopia progression. 
Atropine is a nonselective muscarinic 
antagonist thought to work on the 
fi ve muscarinic receptor subtypes in 
the human eye, M1 through M5, and 
inhibit glycosaminoglycan synthesis 
in scleral fi broblasts.11,25 Additionally, 
it’s been proposed that, like light, at-
ropine activates the parasympathetic 
nervous system through the fi ve mus-
carinic receptor subtypes found on 
the human iris sphincter, ciliary body, 
and throughout the retina, sclera and 
lens.11 Not only is atropine thought to 
work directly on the muscarinic re-
ceptors in the eye, but it’s also thought 
to increase or decrease the amount of 
these receptors.11 

Multiple studies in the literature 
have reported that atropine use has 
signifi cantly delayed the progression 
of myopia and axial elongation.6,33-35 
Atropine also downregulates infl am-
matory markers in the eye thought 
to be involved in myopia progression. 
Myopic hamsters treated with atro-

pine in the eyes had a decrease in ex-
pression of proteins such as c-Fos, 
NFkB, Il-6 and TNFα, indicating an 
infl ammatory pathway related to myo-
pia.38

Myopic rebound is a concern af-
ter discontinuing use of high-dose 
atropine treatment. However, myopic 
rebound is seen to a lesser extent with 
low-dose atropine (0.01%).33 Addi-
tionally, slowly tapering the frequency 
of atropine instead of abruptly stop-
ping treatment might retain the ben-
efi cial effect on myopia progression. 
Immediately stopping high-dose at-
ropine releases its inhibitory effect, 
causing a growth spurt that contrib-
utes to myopia progression.11

Initially, differences in iris color 
were another source of concern with 
atropine use. Having a lighter-color 
iris was considered a contraindication 
to atropine use due to an increase 
in reports of adverse events such as 
photophobia, allergy and poor near 
vision in such patients.35 However, it 
was found that similar rates of these 
adverse events were reported in Asian 
children with dark-colored irises and 
Caucasian children with light-colored 
irises.35 Therefore, light-colored irises 
should no longer be considered a con-
traindication to atropine use.

One diffi culty with atropine is pre-
dicting which children will benefit 
the most from it. Some evidence has 
pointed to greater effects of atropine 
treatment in Asian children in com-
parison to Caucasians.39 However, 
atropine has been shown to be effec-
tive in many different populations, 
including Caucasians, Asians and In-
dians.11,40 More research is needed to 
better understand the variability in 
responses to atropine treatment.

It’s also been shown that atropine 
0.5%, 0.1% and 0.01% are safe and 
effective, and there’s no decrease in 
efficacy with decreasing dosage.35,36 
This is important because a lower 
dosage of atropine is associated with 
fewer side effects such as poor near 
vision, loss of accommodation due 
to cycloplegia and glare, and is also 
associated with a decreased risk of 
needing an add power in glasses.36 Ad-
ditionally, atropine treatment doesn’t 
have any adverse effects on intraocu-
lar pressure, optic nerve parameters 
or retinal nerve fi ber layer thickness.42 
Delay in myopic progression and cor-
responding axial length change by at-
ropine use is thought to be sustained 
over the long term due to the natural 
slowing of eye growth.37 

One group of researchers postu-
lated that low-dose atropine produces 
a sustained response in comparison to 
high-dose atropine by working more 
anteriorly in the eye and affecting var-
ious muscarinic receptors at different 
levels.11 

There’s been some evidence that 
combining atropine treatment with 
another myopia treatment could have 
an additive effect in decreasing myo-
pia progression. To test this idea, one 
group of researchers investigated the 
effects of low-dose atropine treatment 
with and without auricular acupoint 
stimulation in myopes.43 They found 
that patients treated with this combi-
nation had less myopic progression, 
less axial length elongation, more an-
terior chamber deepening, and great-

There’s been some 
evidence that 

combining atropine 
treatment with another 

myopia treatment 
could have an additive 

effect on decreasing 
myopia progression.
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er reductions in intraocular pressure 
in comparison to patients treated with 
just atropine.43

Researchers are also studying how 
to improve atropine delivery to the 
eye. Two studies have shown that 
drug-eluting silicone hydrogel soft 
contact lenses can potentially deliver 
atropine.44,45 This could eliminate the 
need for regular drop instillation and 
improve compliance.

Ongoing studies are looking to an-
swer questions such as which chil-
dren would benefi t most from atro-
pine treatment, the optimal age to 
begin the treatment, the ideal length 
of treatment and whether treatments 
could be combined for better effi cacy.

In conclusion, myopia and its asso-
ciated complications are an increasing 
public health concern. While glasses 
and contact lens correction are valu-
able in treating the symptomatic vi-
sion changes associated with myopia, 
they don’t change the anatomic pro-
gression of the myopic eye. Low-dose 
atropine use (0.01%) remains the 
most encouraging treatment choice 
available at this time, though we need 
more studies to identify its optimal 
use. Additional environmental studies 
will also help determine if there are 
lifestyle changes that could slow myo-
pia’s progression. In the meantime, 
vision screening and early detection 
remain essential for diagnosis and cor-
rection to avoid the loss of correct-
able, functional vision.  

Ms. James is a medical student at 
the Sidney Kimmel College of Medi-
cine, Thomas Jefferson University in 
Philadelphia, where Dr. Salvin serves 
as a clinical associate professor of pe-
diatrics and ophthalmology. Dr. Sal-
vin is also affi liated with the Division 
of Ophthalmology at the Nemours/
A.I. duPont Hospital for Children in 
Wilmington, Delaware, and Wills Eye 
Hospital.
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Phaco vs. Femto Laser 
Cataract Surgery
Researchers from the Bascom 

Palmer Eye Institute in Miami 
conducted a retrospective case 
series to compare the outcomes 
in eyes with Fuchs’ endothelial 
corneal dystrophy after standard 
phacoemulsification with those 
undergoing femtosecond laser-as-
sisted cataract surgery.

The researchers reviewed charts 
f rom pat ients  diagnosed with 
Fuchs’ dystrophy who had phaco-
emulsification at Bascom Palm-
er between January 1, 2014, and 
January 1, 2017. The Institutional 
Review Board at the University 
of Miami Human Subjects Re-
search Office approved the study 
protocol. Complicated surgeries 
and cases with concurrent kera-
toplasty, previous keratoplasty or 
glaucoma surgery, or a follow-up 
shorter than three months were 
excluded. The corrected distance 
visual acuity, central corneal thick-
ness, and corneal edema at each 
visit were analyzed. Clinically sig-
nificant corneal decompensation 
was defined as corneal edema with 
CDVA worse than 20/50 lasting 
more than three months, any case 
resulting in keratoplasty or both.

The study comprised 207 eyes 
of 207 patients (64 femtosecond 
laser-assisted cataract surgery, 143 
conventional  phacoemulsif ica-

tion). Demographics and follow-
up time (mean 30 months) were 
similar between groups (p>0.05). 
The proportion of cases progress-
ing to clinically significant decom-
pensation (13 percent) was similar 
between the groups (p>0.05). Uni-
variate Cox survival analysis also 
found no difference (hazard ratio, 
1.0; 95 percent confidence inter-
val, 0.4 to 2.7; p=0.96).

From these results, the research-
ers concluded that compared with 
conventional phacoemulsification, 
femtosecond laser-assisted cata-
ract surgery did not lower the rate 
of corneal decompensation in eyes 
with mild to moderate Fuchs’ en-
dothelial corneal dystrophy.

J  C a t a r a c t  R e f r a c t  S u r g 
2018;44:534-540.
Zhu DC, Shah P, Feuer WJ, Shi W, Koo EH

Appointments: Medicaid vs. 
Private Insurance

In this prospective, cohort study 
conducted from January 1, 2017, 

to July 1, 2017, researchers made 
phone calls to a randomly selected 
sample of vision-care professionals 
in Michigan and Maryland strati-
fied by neighborhood (urban vs. 
rural) and professional type (oph-
thalmologist vs. optometrist) to 
request the first available appoint-
ment. Appointments were sought 

for an adult needing a diabetic 
eye examination and a child re-
questing a routine eye examina-
tion for a failed vision screening. 
Researchers called each practice 
twice, once requesting an appoint-
ment for a patient with Medicaid 
and the other time for a patient 
with Blue Cross Blue Shield insur-
ance, and asked whether the insur-
ance was accepted and, if so, when 
the earliest available appointment 
could be scheduled.

A total of 603 telephone calls 
were made to 330 eye-care profes-
sionals (414 calls [68.7 percent] to 
male and 189 calls [31.3 percent] 
to female doctors). The sample 
consisted of ophthalmologists (303 
[50.2 percent]) and optometrists 
(300 [49.8 percent]) located in 
Maryland (322 [53.4 percent]) and 
Michigan (281 [46.6 percent]). 
The rates of successfully obtaining 
appointments among callers were 
61.5 percent (95% CI, 56.0 to 67 
percent) for adults with Medicaid 
and 79.3 percent (95% CI, 74.7 to 
83.9 percent) for adults with BCBS 
(p<0.001) and 45.4 percent (95% 
CI, 39.8 to 51.0 percent) for chil-
dren with Medicaid and 62.5 per-
cent (95% CI, 57.1 to 68 percent) 
for children with BCBS (p<0.001). 
Mean wait time didn’t vary sig-
nificantly between the BCBS and 
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Medicaid groups for either adults 
or children. 

Adults with Medicaid had sig-
nificantly decreased odds of re-
ceiving an appointment compared 
with those with BCBS (odds ra-
tio [OR], 0.41; 95% CI, 0.28 to 
0.59; p<0.001) but had increased 
odds of obtaining an appointment 
if they were located in Michigan 
vs. Maryland (OR, 2.40; 95% CI, 
1.49 to 3.87; p<0.001) or with an 
optometrist vs. an ophthalmologist 
(OR, 1.91; 95% CI, 1.31 to 2.79; 
p<0.001). Children with Medic-
aid had significantly decreased 
odds of receiving an appointment 
compared with those with BCBS 
(OR, 0.41; 95% CI, 0.28 to 0.60; 
p<0.001), and also had better odds 
of getting an appointment if they 
were in Michigan vs. Maryland 
(OR, 1.68; 95% CI, 1.04 to 2.73; 
p=0.03), or with an optometrist 
vs. an ophthalmologist (OR, 8.00; 
95% CI, 5.37 to 11.90; p<0.001).

The researchers say that these 
results suggest a disparity in ac-
cess to eye care based on insur-
ance status, although confounding 
factors may have contributed to 
this finding. Improving access to 
eye-care professionals for those 
with Medicaid may improve health 
outcomes and decrease health-
care spending in the long term, 
the investigators add.

JAMA Ophthalmol 2018;136:622-
629.
Lee Y, Chen A, Varadaraj V, et al

Choroidal Thickness with 
Drusenoid PED

In a consecutive observational case 
series, researchers from New York 

City analyzed the changes in visual 
acuity and subfoveal choroidal thick-
ness in patients with non-neovascular 
age-related macular degeneration and 
drusenoid pigment epithelium de-
tachments.

The researchers conducted a 

retrospective review of eyes di-
agnosed with drusenoid PED in 
a single clinical setting. Demo-
graphic and clinical data included 
age, sex, laterality, best-corrected 
visual acuity and subfoveal cho-
roidal thickness measured at base-
line, before and after the collapse 
of the PED, and at the last avail-
able follow-up. The presence of 
geographic atrophy was also as-
sessed.

Thirty-seven eyes of 25 patients 
(18 female)  were included in 
the analysis. Mean age at base-
line was 71 ±8.4 years. During 
a mean follow-up period of 4.9 
±1.9 years, PED collapse was ob-
served in 25 eyes (68 percent). 
Mean BCVA,  mean maximum 
PED height, and mean subfoveal 
choroidal thickness significantly 
decreased from baseline to the 
last available follow-up (p<0.001) 
in patients showing PED collapse. 
Choroidal thinning was faster dur-
ing the PED collapse (speed rate 
of 35.9 µm/year). From those, 23 
eyes (92 percent) developed GA. 
A significant correlation between 
the area of GA and the decrease 
in choroidal thickness was found 
(p=0.010).

Based on these results,  cho-
roidal thickness significantly de-
creased in eyes showing drusenoid 
PED collapse, but not in eyes in 
which the PED persisted. Re-
searchers found a significant cor-
relation with resultant GA area 
following PED collapse and the 
magnitude of choroidal thinning. 
They note that further studies are 
warranted to better understand 
the mechanisms involved in the 
occurrence of choroidal changes 
during the life cycle of drusenoid 
PEDs.

Am J Ophthalmol 2018;191:23-
33.
Dolz-Marco R, Balaratnasingam C, Gattoussi S, et al. 
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(Continued from page 24)

extended, which isn’t common. All 
Category III codes end in the letter 
“T” to denote their temporary nature.

Q What is the payment within 
Medicare?

A New Category III codes gener-
ally do not have coverage at all. 

Individual Medicare Administrative 
Contractors (MACs) get to decide 
whether to cover them—and at what 
reimbursement; since that may take 
some time with a new code, a fi nancial 
waiver of some sort (ABN for Part B, 
for example) is a good idea since these 
will likely both be patient-pay at fi rst. 

Q Can I use another code 
that already has coverage 

instead of these so my patients 
don’t have to pay out-of-
pocket?

A No. New code 0507T already 
makes the case in the parenthet-

ical note that 92285 (the most likely 
other code) is improper. Additionally, 
CPT has long noted that if there is a 
code of any sort that fi ts and is active, 
it must be used. Even an unlisted code 
such as 92499 (unlisted ophthalmologi-
cal service or procedure) is not correct. 
CPT notes the following in the Over-
view to the Category III section of the 
book: “The following section contains 
a set of temporary codes for emerging 
technology, services, procedures and 
service paradigms. Category III codes 
allow data collection for these services/
procedures.” CPT also states: “Use of 
unlisted codes does not offer the op-
portunity for the collection of specifi c 
data. If a Category III code is available, 
this code must be reported instead of a 
Category I unlisted code.” 

Mr. Larson is a senior consultant 
at the Corcoran Consulting Group. 
Contact him at plarson@corcoranccg.
com.
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FDA Approval of
iStent Inject

gle corneal entry point, Glaukos 
says. Each iStent Inject stent is 
0.23 x 0.36 mm. 

For more information on Glau-
kos’ iStent Inject, visit glaukos.
com.

FDA Approval for Nexy 
Robotic Retinal Imaging 

In mid-June, the FDA approved 
the new Nexy retinal camera for 

sale in the United States. Nexy is 
being used in Europe for diabetic 
eye-screening and other health-
care initiatives to provide access 
to care in minimally served loca-
tions, through an optional service 
in which an expert can read se-
curely distributed images. 

This form of telemedicine may 

also be used to integrate with ar-
tificial intelligence to extract ad-
ditional information from the cap-
tured images. 

Nexy is developed and manu-
factured by Next Sight (Prode-
none, Italy), and is distributed 
in the United States exclusively 
by Konan Medical. Nexy offers 
hands-off operation as well as fea-
tures designed to integrate tele-
medicine and AI applications. 

For more information on Nexy, 
visit nextsight.info.

Onefit Scleral Lens Cleared 
For Dry Eye

Blanchard Contact Lenses re-
cently announced that its One-

fit family of scleral lenses now has 
clearance from the FDA for thera-
peutic applications, including the 
treatment of dry eye, contingent 
on the use of the Optimum Ex-
tra, Optimum Extreme or Hexa 
100 materials from lens-material 
maker Contamac.

Blanchard says that the FDA 
clearance marks an advancement 
in the treatment of patients suf-
fering from ocular surface condi-
tions such as dry eye, Sjögren’s 
syndrome, graft-versus-host dis-
ease, keratitis and more. 

For more information regard-
ing Onefit’s scleral lenses, visit 
blanchardlab.com. 

In late June, Glaukos announced 
that its iStent Inject Trabecu-

lar Micro-Bypass System received 
FDA approval. Glaukos says that 
the iStent Inject is indicated for 
the reduction of intraocular pres-
sure in adult mild-to-moderate 
primary open-angle glaucoma pa-
tients who are undergoing con-
comitant cataract surgery. 

The iStent Inject creates two 
patent bypasses through the tra-
becular meshwork, resulting in 
a multi-directional flow through 
Schlemm’s canal. It includes two 
heparin-coated titanium stents 
preloaded into an auto-injection 
system that allows surgeons to 
precisely implant stents into two 
meshwork locations through a sin-

The iStent allows for the injection of two stents through a single corneal entry point.
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Presentation

An 88-year-old Caucasian male with a history of basal cell carcinoma of the right cheek and right medial canthus was 
referred to the Wills Eye Oculoplastics Service for evaluation of a lesion near the right lower punctum and right medial 
canthus.

Medical History

Past medical history included BCC of the right cheek, status-post excision and reconstruction 27 years prior to presenta-
tion, with recurrence 19 years ago. The patient also underwent Mohs surgery for BCC of the right medial canthus (RMC) 
three years prior to presentation and subsequently had a dacryocystorhinostomy with a bicanalicular stent. He developed 
recurrence at the RMC a year prior to this exam and had excision and reconstruction with a mid-forehead fl ap and a tarso-
conjunctival transposition (Hughes) fl ap.

Additional past medical history revealed prostate cancer, status-post radiation; papillary thyroid cancer with metastasis to 
cervical lymph nodes treated with total thyroidectomy; left parotid gland cancer, status-post parotidectomy; hypertension 
and gastroesophageal refl ux disease. Past ocular history included bilateral lower eyelid ectropion repair, cataract surgery in 
the left eye and advanced glaucoma in the right eye. Social history was signifi cant for being a former smoker with a 10 pack-
year history. Family history was non-contributory.

Current medications were artifi cial tears in both eyes, tobramycin ointment in the right eye, levothyroxine, amlodipine, 
omeprazole, aspirin and a multivitamin.

Examination

External examination revealed a small ulcerated lesion with a pearly 
base at the right medial canthus (Figure 1). A 40 x 25-mm skin graft in-
ferior to the right lower lid and a right-sided 20 x 25-mm forehead fl ap 
were present. Ptosis of the right upper lid was noted, with a margin refl ex 
distance 1 of -2 mm and levator function of 12 mm; MRD1 and LF of 
the left upper lid were 5 mm and 18 mm, respectively. Visual acuity was 
count fi ngers OD and 20/20 OS. A right relative afferent pupillary defect 
was observed. Motility exam of the right eye demonstrated 100-percent 
abduction, 5-percent supraduction, 0-percent adduction, and 50-percent 
infraduction. Motility of the left eye was full. Confrontation visual fi elds 
revealed a superior fi eld defect in the right eye and were full in the left 
eye. Intraocular pressures were normal in both eyes. Slit lamp examina-
tion was notable for trace injection and 2+ nuclear sclerosis in the right 
eye and a posterior chamber intraocular lens in the left eye. Dilated fun-
dus examination revealed a glaucomatous optic nerve but was otherwise normal. Fundus examination of the left eye was 
normal.

Joshua Uhr, MD, and Edward H. Bedrossian, MD

An 88-year old man with a right medial canthal lesion is 
evaluated at the Wills Eye Oculoplastics Service.

What is your diagnosis? What further workup would you pursue? The diagnosis appears on p. 64.

Figure 1. External eye photo showing a small, 

ulcerated lesion with a pearly base (arrow) at the 

right medial canthus and a skin graft (star) from a 

prior basal cell carcinoma.
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Prior to referral to the Wills Eye 
Hospital, a surveillance MRI of the 
orbits had demonstrated an enhanc-
ing amorphous increase in soft tissue 
inseparable from the right medial can-
thal tendon and anterior margin of the 
medial rectus (Figure 2A); the lesion 
demonstrated deep adnexal involve-
ment with extension inferiorly into 
the nasolacrimal duct (Figure 2B). An 
orbitotomy for biopsy of the orbital 
mass, ethmoid mucosa and lacrimal 
sac was performed, and histopathol-
ogy from all sites was consistent with 
BCC. After discussing the treatment 
options, the patient decided to pro-
ceed with exenteration of the right or-
bit and ethmoidectomy in a combined 
case with the otolaryngology service. 
Frozen sections were obtained during 
the case, and the resection margins 
were negative for tumor. Permanent 
sections of the right exenterated or-

bital tissue, including the medial rec-
tus, the inferior rectus and conjunc-

tiva, as well as the posterior ethmoid 
bone, were positive for tumor. Based 
on this fi nding, the patient opted for 
further surgery to resect the poste-
rior ethmoid bone. Of note, during 
this case, the oculocardiac refl ex was 
elicited when traction was placed near 
the optic nerve stump; the surgery 
was otherwise uneventful.

Approximately one year after exen-
teration, the patient underwent ad-
ditional skull base surgery for recur-
rence, with placement of a skin fl ap 
over the empty orbit (Figure 3). Two 
years after exenteration, surveillance 
PET-CT revealed increased uptake 
in the right posterior maxilla with a 
3-mm area of uptake in the left apical 
lung. Endoscopic biopsies revealed 
recurrent BCC of the orbit and bi-
lateral frontal sinuses, for which the 
patient underwent adjuvant radiation 
therapy.

Workup, Diagnosis and Treatment

Basal cell carcinoma is the most 
common malignancy in the world 
and is responsible for 90 percent of 
malignant eyelid tumors. More than 
20 percent of basal cell carcinomas 
of the head and neck are periocular, 
with the lower lid being the most 
common site, followed by the me-
dial canthus, upper lid and lateral 
canthus. BCC of the medial canthus 
is most likely to invade the orbit or 
present with aggressive histology, fol-
lowed by the lower eyelid, the up-
per eyelid and the lateral canthus. 
Nevertheless, orbital invasion is rare, 
with reported incidence rates rang-
ing from 1.6 to 2.5 percent.1

Our patient presented to us for 
evaluation of a right medial canthal 
lesion with a history of multiple re-
currences of basal cell carcinoma in 
that region. Imaging revealed inva-
sion of the orbit with extension into 

the nasolacrimal duct. Suspicion was 
high for recurrent BCC, which was 
confi rmed by biopsy. Treatment op-
tions for periocular BCC consist of 
surgical excision (Mohs micrograph-
ic surgery or wide surgical excision 
with frozen sections), exenteration, 
radiotherapy, vismodegib (hedge-
hog pathway inhibitor), or imiqui-
mod (topical immunotherapy), al-
though vismodegib and imiquimod 
are newer therapies and were not 
yet available at the time of this pa-
tient’s presentation. Topical, medical 
or radiation therapy may be used 
as adjuvant therapy or in patients 
who are poor surgical candidates, but 
surgical excision remains the treat-
ment of choice in patients suitable 
for surgery. However, when there 
is bulbar extension or extensive or-
bital invasion, exenteration should 
be considered.1,2 In fact, intraorbital 

spread of eyelid, globe or conjuncti-
val malignancies is the most frequent 
indication for orbital exenteration.2

In an ambispective cohort study of 
31 consecutive patients who under-
went orbital exenteration for a ma-
lignant neoplasm invading the orbit, 
investigators found that the median 
(50 percent) survival period for all 
patients studied was 78.4 months. 
Median length of survival in patients 
with BCC was 60 months, although 
there was no significant difference 
in time to death when stratifi ed by 
tumor histologic subtype (basal cell 
carcinoma, squamous cell carci-
noma and other). The decision to 
perform orbital exenteration can be 
diffi cult since the operation results 
in substantial disfi gurement and dys-
function for patients. However, the 
authors conclude that exenteration 
provides sufficiently good survival 

Discussion

Figure 2. MRI of the orbits showing an 

enhancing increase in soft tissue in the 

right medial orbit (A, arrow) with extension 

inferiorly into the nasolacrimal duct (B, 

arrow).
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outcomes to justify its use.2 
Management options considered 

for our patient were radiation, surgi-
cal excision and orbital exenteration. 
Given the extent of this patient’s or-
bital disease and his history of mul-
tiple recurrences, we thought that 
surgical excision or radiation would 
be unlikely to control his disease and 
exenteration would therefore offer 
him a better prognosis. In addition, 
given his visual acuity of count fi n-
gers in the right eye secondary to 
advanced glaucoma, exenteration 
would minimally impact his visual 
function. For these reasons, it was 
felt that the benefi ts of exenteration 
far outweighed the risks, and in fact, 
we questioned whether or not he 
would have benefi ted from exentera-
tion earlier in his clinical course.

In addition to lending itself to a 
discussion of the management op-
tions of periorbital basal cell carci-
noma, this case is also noteworthy for 
elicitation of the oculocardiac refl ex 
from an empty orbit. This refl ex was 
fi rst reported in 1908 and has since 
become a well-documented clinical 
phenomenon.3 It has been reported 
to occur in a wide variety of ophthal-
mic procedures involving traction on 
the extraocular muscles,4-8 for which 
it is probably most familiar to oph-
thalmologists. In contrast, elicitation 
of the OCR from an empty orbit is 
rare, and only a handful of cases have 
been reported in the anesthesia lit-

erature.8-12

In conclusion, this is a case of an 
88-year-old male with a history of 
multiple primary malignances, in-
cluding recurrent BCC of the right 
cheek and right medial canthus, 
who presented with recurrent right 
medial canthal basal cell carcinoma 
with orbital invasion and extension 
into the nasolacrimal duct. Given 
the extent of his orbital disease, the 
decision was made to proceed with 
exenteration. Despite an aggressive 
surgical approach, he developed 
skull base, orbital and frontal sinus 
recurrences, requiring multiple addi-
tional surgeries and radiation. 

1. Shi Y, Jia R, Fan X. Ocular basal cell carcinoma: A brief litera-
ture review of clinical diagnosis and treatment. Onco Targets 
Ther 2017;10:2483-2489. 
2. Hoffman GR, Jefferson ND, Reid CB et al. Orbital exenteration 
to manage infi ltrative sinonasal, orbital adnexal, and cutaneous 
malignancies provides acceptable survival outcomes: An 
institutional review, literature review, and meta-Analysis. J Oral 
Maxillofac Surg 2016;74:3:631-43.
3. Blanc VF, Hardy JF, Milot J et al. The oculocardiac refl ex: A 
graphic and statistical analysis in infants and children. Can 
Anaesth Soc J 1983;30:4:360-9.
4. Apt L, Isenberg S, Gaffney WL. The oculocardiac refl ex in 
strabismus surgery. Am J Ophthalmol 1973;76:4:533-6. 
5. Anderson RL. The blepharocardiac refl ex. Arch Ophthalmol 
1978;96:8:1418-20.
6. Munden PM, Carter KD, Nerad JA. The oculocardiac refl ex 
during enucleation. Am J Ophthalmol 1991;111:3:378-9. 
7. Bailey JH. The oculocardiac refl ex. Am J Ophthalmol 
1935;18:1:22-25. 
8. Kerr WJ, Vance JP. Oculocardiac refl ex from the empty orbit. 
Anesthesia 1983;38:883-5.
9. Nicholson D, Kossler A, Topping K et al. Exaggerated oculocar-
diac refl ex elicited by local anesthetic injection of an empty orbit: 
A case report. A A Case Rep 2017;9:12:337–8. 
10. Tsai JC, Heitz JW. Oculocardiac refl ex elicited during de-
bridement of an empty orbit. J Clin Anesth 2012;24:5:426-7. 
11. Ward B, Bass S. The oculocardiac refl ex in a congenitally 
anophthalmic child. Paediatr Anaesth 2001;11:3:372-3.
12. Shanks AB, O’Carroll TM. Oculocardiac refl ex from the empty 
orbit. Anaesthesia 1984;39:3:291-2.

Figure 3. External photo 

showing the postoperative 

appearance after placement of 

a skin fl ap over the 

exenterated orbit.
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