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ONE CYPASS® MICRO-STENT IS ALL IT TAKES TO CONNECT
TO SAFE, CONSISTENT, LONG-TERM IOP CONTROL

and done
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FOR AN EXPERIENCE LIKE NO OTHER, CONNECT WITH AN ALCON REPRESENTATIVE TODAY.

IN THE COMPASS STUDY AT TWO YEARS1,2:
• 72.5% of patients achieved a ≥20% reduction in IOP (n=374)
• 93% of responders were medication free*
•  Safety profi le similar to cataract surgery alone

References: 1. CyPass® Micro-Stent Instructions for Use. 2. Vold S, Ahmed IIK, Craven ER, et al. Two-year COMPASS trial results: supraciliary microstenting with 
phacoemulsifi cation in patients with open-angle glaucoma and cataracts. Ophthalmology. 2016;123(10):2103-2112.

FOR THE REDUCTION OF IOP IN MILD TO MODERATE PRIMARY
OPEN-ANGLE GLAUCOMA AT THE TIME OF CATARACT SURGERY

*Those patients who attained an unmedicated mean diurnal IOP reduction of 20% or more as compared to baseline in the absence of IOP-aff ecting surgery during the study.
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CyPass® ULTRA Micro-Stent
IMPORTANT PRODUCT INFORMATION

CAUTION: FEDERAL (USA) LAW RESTRICTS THIS DEVICE  
TO SALE BY OR ON THE ORDER OF A PHYSICIAN. 
INDICATION:  The CyPass® ULTRA Micro-Stent is indicated 
for use in conjunction with cataract surgery for the reduction of 
intraocular pressure (IOP) in adult patients with mild to moderate 
primary open-angle glaucoma (POAG).  

CONTRAINDICATIONS:  Use of the CyPass® ULTRA Micro-
Stent is contraindicated in the following circumstances or conditions: 
(1) in eyes with angle closure glaucoma; and (2) in eyes with 
traumatic, malignant, uveitic or neovascular glaucoma or discernible 
congenital anomalies of the anterior chamber angle.  

MRI INFORMATION:  The CyPass® ULTRA Micro-Stent 
is magnetic resonance (MR) Safe: the implant is constructed of 
polyimide material, a non-conducting, non-metallic, non-magnetic 
polymer that poses no known hazards in all magnetic resonance 
imaging environments.

WARNINGS:  Gonioscopy should be performed prior to surgery 
to exclude peripheral anterior synechiae (PAS), rubeosis, and other 
angle abnormalities or conditions that would prohibit adequate 
visualization of the angle that could lead to improper placement of 
the stent and pose a hazard. 

PRECAUTIONS:  The surgeon should monitor the patient 
postoperatively for proper maintenance of intraocular pressure. The 
safety and effectiveness of the CyPass® ULTRA Micro-Stent has 
not been established as an alternative to the primary treatment of 
glaucoma with medications, in patients 21 years or younger, in eyes 
with significant prior trauma, chronic inflammation, eyes with an 
abnormal anterior segment, eyes with chronic inflammation, eyes with 
glaucoma associated with vascular disorders, pseudophakic eyes with 
glaucoma, eyes with uveitic glaucoma, eyes with pseudoexfoliative 
or pigmentary glaucoma, eyes with other secondary open angle 
glaucomas, eyes that have undergone prior incisional glaucoma 
surgery or cilioablative procedures, eyes with laser trabeculoplasty 
performed ≤ 3 months prior to the surgical screening visit, eyes with 
unmedicated IOP less than 21 mmHg or greater than 33 mmHg, 
eyes with medicated IOP greater than 25 mmHg, in the setting of 
complicated cataract surgery with iatrogenic injury to the anterior or 
posterior segment, and when implantation is without concomitant 
cataract surgery with IOL implantation for visually significant 
cataract.  The safety and effectiveness of use of more than a single 
CyPass® ULTRA Micro-Stent has not been established.

ADVERSE EVENTS:  In a randomized, multicenter clinical trial 
comparing cataract surgery with CyPass® ULTRA Micro-Stent to 
cataract surgery alone, the most common post-operative adverse 
events included: BCVA loss of 10 or more letters at 3 months after 
surgery (8.8% for CyPass® vs. 15.3% for cataract surgery only); 
anterior chamber cell and flare requiring steroid treatment 30 or more 
days after surgery (8.6% vs. 3.8%); worsening of visual field mean 
deviation by 2.5 or more decibels (6.7% vs. 9.9%); IOP increase of 
10 or more mmHg 30 or more days after surgery (4.3% vs. 2.3%); 
and corneal edema 30 or more days after surgery, or severe in nature 
(3.5% vs. 1.5%).  

ATTENTION:  PLEASE REFER TO THE PRODUCT 
INSTRUCTIONS FOR A COMPLETE LIST OF 
CONTRAINDICATIONS, WARNINGS, PRECAUTIONS AND 
ADVERSE EVENTS.  
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A recently released study comparing the 
rotational stability of the two most 
widely used toric intraocular lenses—
the AcrySof (Alcon) and the Tecnis 
(Johnson & Johnson Vision)—found 
that the AcrySof lens had signifi cantly 
better rotational stability than the 
Tecnis.1 The retrospective study re-
viewed 1,273 eyes treated by two 
surgeons from the same practice, using 
the same techniques and equipment; 
626 eyes received an AcrySof, while 
647 received a Tecnis.

Findings of the study included:
• The AcrySof group showed signifi -

cantly better rotational stability. The 
mean absolute value of rotation was 
2.72 degrees (95% CI, 2.35 to 3.08 
degrees) for AcrySof and 3.79 degrees 
(95% CI, 3.36 to 4.22 degrees) for Tec-
nis (p<0.05) at the fi rst postoperative 
check. At the conclusion of surgery 
91.9 percent of AcrySof eyes were 
aligned within 5 degrees of the axis, 
compared with 81.8 percent of Tecnis 
eyes (p<0.0001).

• The AcrySof group had signifi -
cantly more lenses rotate ≤10 degrees 
and 15 degrees from the target axis 
(97.8 vs. 93.2 percent, p=0.0002, and 
98.6 vs. 96.4 percent, p=0.02, respec-
tively). 

• The Tecnis tended to rotate in a 
counterclockwise direction (mean: 
2.15 degrees). The AcrySof didn’t 
show the same tendency (mean: 0.38 
degrees CCW, 95% CI, 0.04 degrees 
CW to 0.80 degrees CCW, p<0.05).

• Despite these differences, the 
refractive outcomes were statisti-
cally equivalent between groups. The 

mean postop cylinder was 0.30 D for 
the AcrySof and 0.31 D for the Tecnis 
(p=0.85). Other postop cylinder and 
acuity measurements were also similar.

• Further analysis showed that 
only lower IOL spherical equivalent 
power was associated with IOL rota-
tion greater than 5 degrees (p=0.011). 
Both greater axial length (p=0.023) 
and toric axis (p=0.005 for with-the-
rule target axis) were associated with 
IOL rotation greater than 10 degrees.

• Use of a capsular tension ring 
didn’t show any statistical benefi t in 
preventing rotation greater than 10 
degrees for either lens.

Bryan S. Lee, MD, JD, in private 
practice at Altos Eye Physicians in Los 
Altos, California, and an adjunct clini-
cal assistant professor of ophthalmol-
ogy at Stanford University, is lead au-
thor of the study. (He has no fi nancial 
interest in the devices.)

Dr. Lee says several factors make the 
study valuable. “First of all, we stud-
ied almost 1,300 eyes,” he says. “They 
were consecutive patients from one 
practice, treated by two surgeons using 
the same technology and technique. 
Previous studies of rotation have had 
much smaller numbers of subjects, 
and variability in the techniques and 
technologies that were used.”

Another signifi cant difference be-
tween this study and previous analyses 
was the way rotation was measured. 
“The initial time point used to gauge 
the stability of the IOLs in the FDA 
studies was not at the end of surgery, 
which is clinically the most important 
time,” he explains. “Instead, they used 

measurements taken later, such as at 
the slit lamp a day after surgery, and 
then compared that to the six-to-12-
month endpoint. That’s a potential 
problem, because we now know that 
almost all toric IOL rotation happens 
in the fi rst hour after surgery. This 
was documented in a study by Yasushi
Inoue, MD.2 We designed our study 
to look at the stability of the IOL from 
the conclusion of surgery.” 

As noted, the overall visual out-
comes were similar in both groups de-
spite the rotational stability difference. 
Dr. Lee doesn’t think that takes away 
from the signifi cance of the study, for 
several reasons. “Number one, in our 
study about half the patients in both 
groups had the lowest-power toricity,” 
he points out. “When a very low-toric-
ity IOL rotates off-axis, the rotation 
may not be as symptomatic in terms 
of the refractive outcome and cylin-
der. Second, when we’re looking at 
improving our outcomes, as surgeons 
we have to focus on the things we can 
control. One of those is picking the 
technology we use, and these degrees 
of rotation eventually add up. Finally, 
these patients are paying extra for a 
premium IOL, and a greater degree 
of error may ultimately lead to more 
unhappy patients.”

Asked about possible explanations 
for the difference in rotational stability, 
Dr. Lee says it’s a diffi cult question to 
answer. “The lenses are quite different 
from each other,” he points out. “The 
AcrySof lens acrylic is much softer and 
the haptic has a bulb at the end of it. 
It’s also possible that the angle of the 

Study: Differences in Stability 
Between Tecnis and Acrysof
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haptic is relevant. Unfortunately, we 
can only speculate. Ultimately, John-
son & Johnson will hopefully be able to 
fi gure that out.”

Asked to comment on the study’s 
results, Jonathan Talamo, MD, chief 
medical offi cer at J & J Vision, said 
the company couldn’t speculate on 
causes of rotation. “We do know that 
the Tecnis and AcrySof IOL platforms 
have several key differences in the way 
they’re designed and how they best 
function,” he says. “What’s worth not-
ing is that the study found that a small 
amount of difference in toric IOL rota-
tion alone was not a good predictor of 
refractive outcomes. In fact, both the 
Tecnis and AcrySof toric IOL treat-
ment groups had 85 percent of pa-
tients within 0.5 D of [target] cylinder 
after surgery.”

There’s also speculation about other 
lenses that use these toric platforms. 
“Our study didn’t compare the toric 
Symfony and the toric ReSTOR,” Dr. 
Lee notes. “I’d say that in our prac-
tice—anecdotally—the toric Symfony 
has a tendency to rotate just like the 
Tecnis toric monofocal does. That’s 
what you would expect, because it’s 
the same platform, the same material 
and the same lens design. Our study 
doesn’t prove that the toric Symfony is 
going to rotate more than the toric Re-
STOR, but I think that would be a rea-
sonable thing to be concerned about.”

Dr. Lee hopes the results of the 
study will result in improvements in 
the Tecnis. “Overall, I still think it’s a 
great platform,” he says. “I think this 
discovery will ultimately be a good 
thing, not just for toric IOLs, but for 
future presbyopia-correcting lenses 
that may have an orientation require-
ment in order for them to work their 
best. I hope this will ultimately help 
get the best outcomes for patients and 
be benefi cial for the profession.”

1. Lee BS, Chang DF. Comparison of the rotational stability of two 
toric intraocular lenses in 1273 consecutive eyes. Ophthalmology 
2018 Mar 12. [Epub ahead of print]
2. Inoue Y, Takehara H, Oshika T. Axis misalignment of toric 
intraocular lens: Placement error and postoperative rotation. 
Ophthalmology 2017;124:1424-1425.

Omega-3s 
Questionable 
For Dry Eye
In early May, researchers from the Dry 
Eye Assessment and Management 
Study Research Group published 
a study that showed no signifi cant 
differences between omega-3 fatty 
acids and placebo in relieving dry-eye 
symptoms.1 

In this multicenter, double-blind 
trial, researchers randomly assigned 
patients with moderate-to-severe dry 
eye to receive either a daily dose of
3,000 mg of omega-3 supplements 
(n=349) or an olive oil placebo 
(n=186). 

The primary outcome of the study 
was the mean change from baseline in 
the score on the Ocular Surface Dis-
ease Index, based on the mean scores 
obtained at six and 12 months.  

The mean change in the OSDI 
score wasn’t signifi cantly different 
between the supplement and the pla-
cebo groups (-13.9 points and -12.5 
points, respectively). There were also 
no signifi cant differences in the con-
juctival and corneal staining scores, 
tear breakup time or Schirmer’s re-
sults. In addition, the rates of adverse 
events were similar. The researchers 
concluded that there were no signifi -
cantly better outcomes between the 
groups.  

Richard Davidson, MD, from the 
University of Colorado School of Med-
icine, weighs in on the results: “It’s a 
little bit confusing. If you really look 
at the study in detail, both the placebo 
and the omega group did show im-
provement, but there was no statistical 
difference between the two. So one 
could make the argument that in some 
patients, the omega supplement does 
help. According to the study and my 
experience, the omega supplement 

helps more with the symptoms of dry 
eye rather than the dry eye itself.

“However, I’m not surprised by the 
study,” Dr. Davidson continues. “I’ve 
never really been a huge omega-3 ad-
vocate because I didn’t really see that 
much of a difference in my practice. 
However, I have patients I’ve been 
seeing for 15 years who swear by 
them. In their opinion, they feel like 
it helps them—when they miss a few 
days, they feel worse. Are they getting 
the placebo effect? It’s quite possible, 
but you don’t always want to take that 
away from them. If my patients want 
to stay on them that’s fi ne, but I’m not 
going to advocate them routinely.” 

Despite the somewhat unexpected 
results, Dr. Davidson is excited about 
them. “I love the study,” he says. “It 
was really well done, and I’m glad 
we have it because it justifi es my own 
clinical observations. But at the same 
time, if you look closely at it, you could 
argue that people showed improve-
ment even though there was no differ-
ence between placebo and omega-3s. 
The blood levels of the omega-3 group 
did go up, meaning it did get into the 
blood. However, in the placebo group 
there was no change in blood levels, 
which supports even more that there 
was no difference between the groups. 
We don’t yet have an explanation as to 
why the placebo group had improved 
symptoms so, hopefully, we’ll see some 
further studies exploring this.”

Dr. Davidson says the study may 
affect some practices. “For me, in 
my practice, this won’t really change 
anything,” he says. “It may change 
something for people who are heavy 
prescribers of omega-3 supplements, 
though. They’ll have to switch to 
something that has shown effi cacy. 
At the same time they might argue, 
however, ‘Yes, I see what the study 
says, but I have patients who say that it 
helps them, so I’m going to stick with 
it,’ which I totally understand.”  
 
1.https://www.nejm.org/doi/full/10.1056/NEJMoa1709691 
Accessed 07 May 2018.
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Microincisional Glaucoma Treatment

Long Term Clinical  

“Combined Phaco-ECP effectively lowers or  
maintains IOP and results in ocular hypertensive 
medication reduction up to 72 months.”* 

*Khandan, Sarah; Siegel, Les., et.al. Long-term Follow-up of Combined Phaco  
and ECP in the Treatment of Mild to Moderate Glaucoma. AGS 2017

“ECP is an ideal way to address  
moderately controlled glaucoma  
and cataract in one procedure.”

  — Mr. Philip Bloom,  
      MBChB, FRCS(Ed), FRCOphth 

  

“Combining ECP with a variety of  
other MIGS procedures allows  
me to offer a balanced therapy  
that is tailored to each patient.”

   — Nathan Radcliffe, MD 
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INDICATION

VYZULTA™ (latanoprostene bunod ophthalmic 
solution), 0.024% is indicated for the reduction of 
intraocular pressure (IOP) in patients with open-angle 
glaucoma or ocular hypertension. 

IMPORTANT SAFETY INFORMATION

•  Increased pigmentation of the iris and periorbital 
tissue (eyelid) can occur. Iris pigmentation is likely 
to be permanent

•  Gradual changes to eyelashes, including increased 
length, increased thickness, and number of eyelashes, 
may occur. These changes are usually reversible 
upon treatment discontinuation

•  Use with caution in patients with a history of 
intraocular infl ammation (iritis/uveitis). VYZULTA 
should generally not be used in patients with active 
intraocular infl ammation

•  Macular edema, including cystoid macular 
edema, has been reported during treatment with 
prostaglandin analogs. Use with caution in aphakic 
patients, in pseudophakic patients with a torn 
posterior lens capsule, or in patients with known 
risk factors for macular edema

IMPORTANT SAFETY INFORMATION (CONTINUED)

•  There have been reports of bacterial keratitis 
associated with the use of multiple-dose 
containers of topical ophthalmic products that 
were inadvertently contaminated by patients

•  Contact lenses should be removed prior to the 
administration of VYZULTA and may be reinserted 
15 minutes after administration 

•  Most common ocular adverse reactions with 
incidence 2% are conjunctival hyperemia (6%), 
eye irritation (4%), eye pain (3%), and instillation 
site pain (2%)

For more information, please see Brief Summary 
of Prescribing Information on next page.

VYZULTA and the V design are trademarks of Bausch & Lomb Incorporated or its affi liates. 
©2018 Bausch & Lomb Incorporated. All rights reserved. VYZ.0118.USA.18
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ONE MOLECULE. TWO OUTFLOW PATHWAYS.
PROVEN IOP REDUCTION1-3*

* In studies up to 12 months’ duration, the IOP-lowering 
effect was up to 7.5 to 9.1 mmHg, in patients with an 
average baseline IOP of 26.7 mmHg

For more information about VYZULTA and 
how it works, visit vyzultanow.com

VYZULTA DELIVERS A DUAL MECHANISM OF ACTION

FOR THE REDUCTION OF IOP IN GLAUCOMA PATIENTS1
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BRIEF SUMMARY OF PRESCRIBING INFORMATION

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

VYZULTA™
 (latanoprostene bunod ophthalmic solution), 0.024%, for topical 

ophthalmic use.  
Initial U.S. Approval: 2017

1 INDICATIONS AND USAGE

VYZULTA™ (latanoprostene bunod ophthalmic solution) 0.024% is indicated for the reduction 
of intraocular pressure (IOP) in patients with open-angle glaucoma or ocular hypertension.

4 CONTRAINDICATIONS 

None

5 WARNINGS AND PRECAUTIONS

5.1 Pigmentation 

VYZULTA™ (latanoprostene bunod ophthalmic solution), 0.024% may cause changes to 
pigmented tissues. The most frequently reported changes with prostaglandin analogs 
have been increased pigmentation of the iris and periorbital tissue (eyelid). 

Pigmentation is expected to increase as long as latanoprostene bunod ophthalmic 
solution is administered. The pigmentation change is due to increased melanin content 
in the melanocytes rather than to an increase in the number of melanocytes. After 
discontinuation of VYZULTA, pigmentation of the iris is likely to be permanent, while 
pigmentation of the periorbital tissue and eyelash changes are likely to be reversible in 
most patients. Patients who receive prostaglandin analogs, including VYZULTA, should be 
informed of the possibility of increased pigmentation, including permanent changes. The 
long-term effects of increased pigmentation are not known. 

Iris color change may not be noticeable for several months to years. Typically, the 
brown pigmentation around the pupil spreads concentrically towards the periphery of 
the iris and the entire iris or parts of the iris become more brownish. Neither nevi nor 
freckles of the iris appear to be affected by treatment. While treatment with VYZULTA™ 
(latanoprostene bunod ophthalmic solution), 0.024% can be continued in patients who 
develop noticeably increased iris pigmentation, these patients should be examined 
regularly [see Patient Counseling Information (17) in full Prescribing Information].
5.2 Eyelash Changes 

VYZULTA may gradually change eyelashes and vellus hair in the treated eye. These 
changes include increased length, thickness, and the number of lashes or hairs. Eyelash 
changes are usually reversible upon discontinuation of treatment.

5.3 Intraocular Inflammation 

VYZULTA should be used with caution in patients with a history of intraocular 
inflammation (iritis/uveitis) and should generally not be used in patients with active 
intraocular inflammation as it may exacerbate this condition.

5.4 Macular Edema 

Macular edema, including cystoid macular edema, has been reported during treatment 
with prostaglandin analogs. VYZULTA should be used with caution in aphakic patients, in 
pseudophakic patients with a torn posterior lens capsule, or in patients with known risk 
factors for macular edema.

5.5 Bacterial Keratitis 

There have been reports of bacterial keratitis associated with the use of multiple-dose 
containers of topical ophthalmic products. These containers had been inadvertently 
contaminated by patients who, in most cases, had a concurrent corneal disease or a 
disruption of the ocular epithelial surface.

5.6 Use with Contact Lens 

Contact lenses should be removed prior to the administration of VYZULTA because this 
product contains benzalkonium chloride. Lenses may be reinserted 15 minutes after 
administration.

6 ADVERSE REACTIONS

The following adverse reactions are described in the Warnings and Precautions section: 
pigmentation (5.1), eyelash changes (5.2), intraocular inflammation (5.3), macular 
edema (5.4), bacterial keratitis (5.5), use with contact lens (5.6).

6.1 Clinical Trials Experience 

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

VYZULTA was evaluated in 811 patients in 2 controlled clinical trials of up to 12 months 
duration. The most common ocular adverse reactions observed in patients treated 
with latanoprostene bunod were: conjunctival hyperemia (6%), eye irritation (4%), eye 
pain (3%), and instillation site pain (2%). Approximately 0.6% of patients discontinued 
therapy due to ocular adverse reactions including ocular hyperemia, conjunctival 
irritation, eye irritation, eye pain, conjunctival edema, vision blurred, punctate keratitis 
and foreign body sensation.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy 

Risk Summary 

There are no available human data for the use of VYZULTA during pregnancy to inform 
any drug associated risks. 

Latanoprostene bunod has caused miscarriages, abortion, and fetal harm in rabbits. 
Latanoprostene bunod was shown to be abortifacient and teratogenic when administered 
intravenously (IV) to pregnant rabbits at exposures ≥ 0.28 times the clinical dose.  

Doses ≥ 20 μg/kg/day (23 times the clinical dose) produced 100% embryofetal lethality. 
Structural abnormalities observed in rabbit fetuses included anomalies of the great 
vessels and aortic arch vessels, domed head, sternebral and vertebral skeletal anomalies, 
limb hyperextension and malrotation, abdominal distension and edema. Latanoprostene 
bunod was not teratogenic in the rat when administered IV at 150 mcg/kg/day (87 times 
the clinical dose) [see Data]. 
The background risk of major birth defects and miscarriage for the indicated population 
is unknown. However, the background risk in the U.S. general population of major birth 
defects is 2 to 4%, and of miscarriage is 15 to 20%, of clinically recognized pregnancies. 

Data

Animal Data
Embryofetal studies were conducted in pregnant rabbits administered latanoprostene 
bunod daily by intravenous injection on gestation days 7 through 19, to target the period 
of organogenesis. The doses administered ranged from 0.24 to 80 mcg/kg/day. Abortion 
occurred at doses ≥ 0.24 mcg/kg/day latanoprostene bunod (0.28 times the clinical 
dose, on a body surface area basis, assuming 100% absorption). Embryofetal lethality 
(resorption) was increased in latanoprostene bunod treatment groups, as evidenced  
by increases in early resorptions at doses ≥ 0.24 mcg/kg/day and late resorptions at 
doses ≥ 6 mcg/kg/day (approximately 7 times the clinical dose). No fetuses survived  
in any rabbit pregnancy at doses of 20 mcg/kg/day (23 times the clinical dose) or greater.  
Latanoprostene bunod produced structural abnormalities at doses ≥ 0.24 mcg/kg/day 
(0.28 times the clinical dose). Malformations included anomalies of sternum, coarctation  
of the aorta with pulmonary trunk dilation, retroesophageal subclavian artery with 
absent brachiocephalic artery, domed head, forepaw hyperextension and hindlimb 
malrotation, abdominal distention/edema, and missing/fused caudal vertebrae. 

An embryofetal study was conducted in pregnant rats administered latanoprostene 
bunod daily by intravenous injection on gestation days 7 through 17, to target the  
period of organogenesis. The doses administered ranged from 150 to 1500 mcg/kg/day. 
Maternal toxicity was produced at 1500 mcg/kg/day (870 times the clinical dose, on 
a body surface area basis, assuming 100% absorption), as evidenced by reduced 
maternal weight gain. Embryofetal lethality (resorption and fetal death) and structural 
anomalies were produced at doses ≥ 300 mcg/kg/day (174 times the clinical dose). 
Malformations included anomalies of the sternum, domed head, forepaw hyperextension 
and hindlimb malrotation, vertebral anomalies and delayed ossification of distal limb 
bones. A no observed adverse effect level (NOAEL) was established at 150 mcg/kg/day  
(87 times the clinical dose) in this study. 

8.2 Lactation 

Risk Summary 

There are no data on the presence of VYZULTA in human milk, the effects on the 
breastfed infant, or the effects on milk production. The developmental and health 
benefits of breastfeeding should be considered, along with the mother’s clinical need  
for VYZULTA, and any potential adverse effects on the breastfed infant from VYZULTA. 

8.4 Pediatric Use 

Use in pediatric patients aged 16 years and younger is not recommended because of potential 
safety concerns related to increased pigmentation following long-term chronic use.

8.5 Geriatric Use 

No overall clinical differences in safety or effectiveness have been observed between 
elderly and other adult patients.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Latanoprostene bunod was not mutagenic in bacteria and did not induce micronuclei 
formation in the in vivo rat bone marrow micronucleus assay. Chromosomal aberrations 
were observed in vitro with human lymphocytes in the absence of metabolic activation. 

Latanoprostene bunod has not been tested for carcinogenic activity in long-term animal 
studies. Latanoprost acid is a main metabolite of latanoprostene bunod. Exposure of  
rats and mice to latanoprost acid, resulting from oral dosing with latanoprost in lifetime 
rodent bioassays, was not carcinogenic.

Fertility studies have not been conducted with latanoprostene bunod. The potential to 
impact fertility can be partially characterized by exposure to latanoprost acid, a common 
metabolite of both latanoprostene bunod and latanoprost. Latanoprost acid has not been 
found to have any effect on male or female fertility in animal studies. 

13.2 Animal Toxicology and/or Pharmacology

A 9-month toxicology study administered topical ocular doses of latanoprostene bunod 
to one eye of cynomolgus monkeys: control (vehicle only), one drop of 0.024% bid, one 
drop of 0.04% bid and two drops of 0.04% per dose, bid. The systemic exposures are 
equivalent to 4.2-fold, 7.9-fold, and 13.5-fold the clinical dose, respectively, on a body 
surface area basis (assuming 100% absorption). Microscopic evaluation of the lungs 
after 9 months observed pleural/subpleural chronic fibrosis/inflammation in the 0.04% 
dose male groups, with increasing incidence and severity compared to controls. Lung 
toxicity was not observed at the 0.024% dose.

Distributed by:

Bausch + Lomb, a division of

Valeant Pharmaceuticals North America LLC

Bridgewater, NJ 08807 USA

U.S. Patent Numbers: 6,211,233; 7,273,946; 7,629,345; 7,910,767; 8,058,467.

VYZULTA is a trademark of Bausch & Lomb Incorporated or its affiliates.

© Bausch & Lomb Incorporated
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Some surgeons consider the femtosec-
ond laser to be the most disruptive 

technological contribution to cataract 
surgery in recent years.1 Many surgeons 
rely on it during the formation of LASIK 
flaps and for capsulotomy 
creation. At the 2018 Amer-
ican Society of Cataract and 
Refractive Surgery meeting 
in Washington, D.C., three 
manufacturers announced 
new 510(k) clearances from 
the U.S. Food and Drug 
Administration that enable 
their femto systems to sup-
port presbyopia-correcting 
procedures, facilitate kera-
toconus treatments and 
address astigmatism. The 
manufacturers say that 
they’re responding to a 
growing patient demand 
for treatments beyond refractive and 
cataract procedures that will aid specta-
cle independence, such as corneal inlays 
and intracorneal ring segments. Here’s a 
rundown of what’s new.

LenSx

   The LenSx femtosecond laser 

platform (Alcon; Fort Worth, Texas), 
fi rst made commercially available in 
2011, was the fi rst in the category to 
receive FDA approval. In late March, 
the laser gained two new indications: 

the creation of tunnels for the place-
ment of corneal rings; and the creation 
of corneal pockets for the placement 
of presbyopia-correcting inlays. The 
company also says that new features 
include an enhanced graphical inter-
face and updated software. The LenSx 
system will also be available with gold 
or white exterior skin colors to help 

color-coordinate the surgical suite. 
Michael Lawless, MBBS, FRANZCO, 

of Vision Eye Institute, Chatswood, New 
South Wales, and a clinical associate 
professor at Sydney Medical School in 

Australia, notes that al-
though he doesn’t com-
monly implant corneal 
rings in his practice,“it’s 
helpful to have this capa-
bility. It will be available 
with the release of the 
new software.”

Elizabeth Yeu, MD, 
partner at Virginia Eye 
Consultants and an assis-
tant professor at Eastern 
Virginia Medical School 
in Norfolk, welcomes 
the changes coming to 
the LenSx, “including 
created greater auto-

mation of the steps and improved ef-
fi ciencies. This newest change provides 
expanded capabilities to the system, in-
cluding corneal fl aps and tunnels; and 
the imaging upgrade allows for more 
precise placement of our cataract surgi-
cal wounds,” she says. “While corneal re-
fractive surgery can be performed in ei-
ther an offi ce-based laser suite or in the 

Kristine Brennan, Senior Associate Editor

Manufacturers unveiled new 510(K) clearances from the Food 
and Drug Administration at the 2018 ASCRS meeting. 

Three Femtosecond Lasers 
Have New Indications

Updates to the LenSx include corneal pocket- and tunnel-cutting 

capabilities. 
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INDICATIONS AND USAGE 

OMIDRIA® (phenylephrine and ketorolac intraocular solution) 1% / 0.3% is added to ophthalmic irrigating 
solution used during cataract surgery or intraocular lens replacement and is indicated for maintaining 
pupil size by preventing intraoperative miosis and reducing postoperative ocular pain.

IMPORTANT SAFETY INFORMATION

OMIDRIA must be added to irrigating solution prior to intraocular use. 

OMIDRIA is contraindicated in patients with a known hypersensitivity to any of its ingredients.

Systemic exposure of phenylephrine may cause elevations in blood pressure.

Use OMIDRIA with caution in individuals who have previously exhibited sensitivities to acetylsalicylic 
acid, phenylacetic acid derivatives, and other nonsteroidal anti-inflammatory drugs (NSAIDs), or have 
a past medical history of asthma.

The most commonly reported adverse reactions at ≥2% are eye irritation, posterior capsule 
opacification, increased intraocular pressure, and anterior chamber inflammation. 

Please see the Full Prescribing Information for OMIDRIA at www.omidria.com/prescribinginformation.

You are encouraged to report Suspected Adverse Reactions to the FDA. 
Visit www.fda.gov/medwatch, or call 1-800-FDA-1088.
Reference: 1. OMIDRIA [package insert]. Seattle, WA: Omeros Corporation; 2017.

Visit www.omidria.com

OMEROS®, the OMEROS logo®, OMIDRIA®, the OMIDRIA logo®, and 
OMIDRIAssure® are registered trademarks of Omeros Corporation.
© Omeros Corporation 2018, all rights reserved. 2018-013

THE POWER OF 
PREEMPTION

OMIDRIA® is the first and only 
FDA-approved drug that provides 
continuous intracameral delivery 

of NSAID and mydriatic/anti-miotic 
therapy during cataract surgery1 

• Beginning October 1, 2018, 
OMIDRIA use in cataract and lens 
replacement surgery for patients 
with Medicare Part B coverage 
will be separately reimbursed 
for an additional 2 years

Coming October 1, 2018—Reinstatement of separate payment under 
Medicare Part B extends the benefit of OMIDRIA to more patients.

• Centers for Medicare & 
Medicaid Services (CMS) 
reimbursement will be 
managed under the same 
procedures that were in 
effect through 2017

• Omeros continues to 
support access to 
OMIDRIA through the 
OMIDRIAssure® Patient 
Assistance Program

Omeros does not guarantee reimbursement by any third-party payer. To be eligible for the 

“Equal Access” Patient Assistance Program, patients must be enrolled in OMIDRIAssure prior to 

surgery. For any patient for whom your facility received a free vial through the “Equal Access” 

Patient Assistance Program, the patient’s insurance carrier(s) should not be billed for OMIDRIA. 

OMIDRIAssure program services are subject to change without notice.
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OR, this update provides an alternative 
option so surgeons  can perform LASIK, 
corneal inlays and ring segments in the 
OR setting.” 

 
VisuMax

In September 2016 the VisuMax 
femtosecond laser system (Carl Zeiss 
Meditec; Jena, Germany) got FDA ap-
proval for small-incision lenticule ex-
traction, which enables surgeons to cor-
rect myopia without stromal ablation or 
fl ap-cutting. In time for ASCRS 2018, 
Zeiss announced that the VisuMax has 
received 510(k) clearance for its new 
corneal tunnel-cutting options, allowing 
surgeons to control many aspects of cor-
neal ring placement for the treatment of 
keratoconus or astigmatism. 

The company says that the VisuMax 
has the most fl exible software for the 
creation of intracorneal ring tunnels, 
allowing surgeon adjustment of numer-
ous parameters that can shape the clini-
cal effect of ICRs. “The user chooses 
the tunnel width, diameter, depth and 
length in accordance with the intra-
corneal ring parameters and surgeon 
preference. These parameters are then 
saved as preferences for repeating pro-
cedures,” explains Steve Schallhorn, 
MD, Zeiss’ chief medical officer for 
global ophthalmic devices. “The ICR 
tunnels created by the VisuMax are very 
high precision, and are tailored to the 
surgeon’s preferences.”

Surgeons can select partial corneal-

tunnel incisions of 90 to 270 degrees, as 
well as full 360-degree arcs. The manu-
facturer claims that the VisuMax can be 
set to cut tunnels for any intracorneal 
ring dimension to control how tightly 
the ring or ring segment will fit. The 
user can also program the VisuMax to 
cut intracorneal ring tunnels at a tilt 
based on the outer ring diameter and 
the chosen depth of implantation. The 
ability to choose tunnel access cut width, 
shape and opening angle helps enhance 
patient comfort and prevent tissue tear-
ing during ring insertion, according to 
Zeiss. The surgeon can choose to make 
zero, one or two access cuts; and the 
VisuMax supports surgeon preference 
for manual ring implantation. 

Lensar

The Lensar femtosecond laser system 
with Streamline IV (Lensar; Orlando, 
Florida) also gained new FDA-cleared 
indications for corneal-pocket cuts and 
incisions. Lensar says the accompanying 
system upgrades expand the Lensar’s 
FDA-approved capabilities to support 
surgical presbyopia correction. The Win-
dows operating system has also been up-
dated from Windows 7 to Windows 10. 
A new Patient Interface Device (PID) 
Kit for use during pocket and fl ap cutting 
consists of a curved contact lens attached 
to the suction ring for enhanced stability. 
As an alternative to sterilization of the 
PID Kit using gamma radiation, Lensar 
has added the option 
of ethylene-oxide 
sterilization.

The company’s 
Streamline IV plat-
form for pocket 
cuts includes 
a drop-down 
menu that allows 
the surgeon to choose 
pocket, fl ap or fl ocket 
settings. The surgeon 
can then enter a value 
for pocket depth, de-
pending on the inlay 

device being used, to create a stromal 
pocket of the FDA-recommended depth 
for that device. 

The Lensar already provides precision 
control over the size of the capsular open-
ing, the type and parameters of laser frag-
mentation treatment within the lens, and 
the size, architecture and location of full- 
and partial-thickness corneal incisions. 
The newly approved indication adds con-
trol of the size, architecture and depth of 
corneal pocket and fl ap cuts. 

“Adapting the Lensar platform for stro-
mal pockets and corneal flaps delivers 
on the company’s promise to expand the 
platform capabilities to facilitate pres-
byopia inlay procedures,” says Gregory 
Parkhurst, MD, FACS, of Parkhurst 
NuVision in San Antonio. “With more 
and more patients considering surgical 
alternatives to glasses and contacts to cor-
rect their near-vision issues, being able to 
leverage the features of the Lensar femto-
second platform for corneal inlays is a real 
benefi t to surgeons.”

Lensar has also applied for CE approv-
al of the new pocket-cutting features in 
the EU, and the FDA-cleared features 
will be made available to U.S. surgeons 
this year.  

Dr. Lawless and Dr. Yeu are consultants 
for Alcon. Dr. Parkhurst is a consultant for 
Lensar, Alcon and Carl Zeiss Meditec.

1. Roberts TV, Lawless M, Sutton G, Hodge C. Update and clinical utility of 
the LenSx femtosecond laser in cataract surgery. Clin Ophthalmol 2016; 
10: 2021–2029.

In addition to flap- 

and pocket-cutting 

indications, the 

Lensar’s Windows 

operating system 

has been updated.

Zeiss says VisuMax can cut tunnels to fi t any 

ring dimensions, in arcs between 90 and 270 

degrees or a full 360-degree arc.
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Q I’ve heard that I should 
consider not hiring a 

provider who has been excluded 
from Medicare. Is that true?

A Yes, if the exclusion remains in 
effect. If that person tells you that 

the exclusion is no longer applicable, 
you should check with the organiza-
tion or program that excluded him and 
document the fi ndings in your fi les.

Q Why would someone get 
excluded?

A OIG notes that people can be ex-
cluded for a number of reasons.1  

Most exclusions fall under the Social 
Security Act. For example, someone 
excluded from Medicare is excluded 
from all Federal and State health pro-
grams as well.2 Section 1128 of the 
Social Security Act notes that there 
are both “mandatory” and “permissive” 
exclusions.3 Mandatory reasons for ex-
clusion include:

•  conviction for a program-related 
crime;

•  conviction related to patient 
abuse; and

•  felony conviction related to health-
care fraud or a controlled substance.

Permissive exclusions are those for 
which the Secretary of Health and 
Human Services may choose to ex-

clude someone. The list is long, but 
includes in part:

•  misdemeanor conviction related 
to fraud, theft, embezzlement, breach 
of fi duciary responsibility, or other fi -
nancial misconduct; 

•  other nonhealth care program 
criminal offenses;

•  conviction related to obstruction 
of justice of an investigation or audit;

•  misdemeanor conviction related 
to a controlled substance;

•  license revocation or suspension;
•  claims for excessive charges or un-

necessary services, and even “failure to 
furnish” medically necessary services;

•  failure to supply information 
needed to determine proper payments 
or otherwise making false statements.

These are serious offenses and only 
apply after proper adjudication. 

Q Does this consideration 
apply to other employees 

who work for me?

A Yes. Exclusions can include your 
doctors but can also extend to peo-

ple in nearly all other jobs within your 
organization—even those not in direct 
or indirect patient care.

Q Where can I fi nd who is 
excluded?

A The Offi ce of the Inspector Gen-
eral of the Department of Health 

and Human Services publishes a List of 
Excluded Individuals and Entities that 
is updated frequently. There’s a look-up 
tool on its website (exclusions.oig.hhs.
gov) as well as a downloadable fi le (oig.
hhs.gov/exclusions/exclusions_list.asp). 

Q What does it mean if I 
discover (or hire) someone 

who is excluded?

A It’s potentially quite serious if 
true—a large part or even all of 

your claims to the government could be 
invalid—and if already paid, you could 
have to give all of the affected funds 
back. OIG notes, “The effect of an OIG 
exclusion is that no Federal health care 
program payment may be made for any 
items or services furnished (1) by an 
excluded person or (2) at the medical 
direction or on the prescription of an 
excluded person … [and the] payment 
prohibition applies to all methods of 
Federal health care program payment 
… and applies even if the payment is 
made to a state agency or a person that 
is not excluded.”

Q When should I check the 
OIG’s LEIE list?

Why providers are excluded from Medicare and how to fi nd out 
if a potential new hire has been excluded.

Compliance Update: 
“Excluded” Employees
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A OIG says to “check it frequently.” Generally, you 
would do this before you make a decision to hire some-

one or even consider asking an entity to work alongside you. 
You would then do it at least annually. Other organizations 
might require you to do this more frequently (even as often 
as monthly), so be sure to check what each one requires and 
do what is needed. States might also have a separate list to 
search and have their own rules.

Q How do I prove I did these searches?

A Keep a record of the dates and results (even nega-
tive ones) of the exclusion searches that you do as 

evidence of performance. 

QWhat does this mean for me and my 
organization?

A It means that the excluded provider can’t submit in-
dividually or even be employed by another entity or 

individual that submits claims or services to a federal health 
care program (such as Medicare – Parts A/B/C/D, Medicare 
Advantage or Medicaid, as well as the Veterans’ Administra-
tion and TRICARE). The HHS’ OIG offi ce wrote a special 
bulletin on this as well.4 There can be fi nes and penalties of 
up to $10,000 per item or service, and these can be trebled.

Q I know all my employed doctors are OK.  
Should I do more?

A Yes. You are required to check all your employees. OIG 
notes the “prohibition applies even if the administrative 

and management services are not separately billable … an 
excluded individual may not provide other types of adminis-
trative and management services, such as health information 
technology services and support, strategic planning, billing 
and accounting, staff training, and human resources, unless 
wholly unrelated to federal health care programs.”  

Mr. Larson is a senior consultant at the Corcoran 
Consulting Group. Contact him at plarson@corcoranccg.
com.

1. US Department of Health and Human Services. Offi ce of the Inspector General.  Exclusion Authori-
ties. Accessed 05/13/18.
2. Social Security Administration. Compilation Of The Social Security Laws. Exclusion of Certain 
Individuals and Entities from Participation in Medicare and State Health Care Programs. Section 1128.  
[42 U.S.C 1320a-7]. Accessed 05/13/18.
3. US Department of Health and Human Services. Offi ce of the Inspector General. Exclusions FAQ.   
Accessed 05/13/18.
4. US Department of Health and Human Services. Offi ce of the Inspector General. Special advisory 
Bulletin on the Effect of Exclusion from Participation in Federal Health Care Programs. May 8, 2013. 
Accessed 05/13/18.  
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MIGS

Choosing MIGS (for 
You and Your Patient)
Christopher Kent, Senior Editor

The number of glaucoma sur-
geries that could be consid-
ered MIGS expands every 

year. In theory, at least, that makes 
the choice of a MIGS procedure more 
challenging simply because the num-
ber of options keeps growing. Given 
this broadening array, two questions 
come to mind: First, which MIGS 
procedures—and how many—should 
you learn? And second, if you have 
more than one MIGS option to offer 
your patients, how do you choose the 
best one for a given patient?

To answer either of these ques-
tions, we need to clarify two things: 
First, what qualifi es a procedure to be 
considered a MIGS procedure? And 
second, how can we subdivide MIGS 
into more manageable categories to 
simplify the choice?

MIGS: An Overview

 “One of the defi ning characteristics 
of MIGS procedures is that they use 
an ab interno approach,” says Ronald 
L. Fellman, MD, attending surgeon 
and clinician at Glaucoma Associates 
of Texas, adjunct clinical professor of 
ophthalmology at North Texas Eye 
Research Institute and clinical associ-
ate professor emeritus at the Univer-
sity of Texas Southwestern Medical 
Center in Dallas. “This is obviously 

very different from our past glaucoma 
surgeries, which were all ab externo. 
Also, all MIGS must have a very high 
safety profi le. In days past we only had 
one or two glaucoma procedures, and 
we were more likely to talk about the 
risk of surgery, which was consider-
able. That’s why we didn’t resort to 
surgery until we were convinced the 
patient would go blind without it. It’s a 
very different mindset today.”

Like many glaucoma surgeons, Dr. 
Fellman subdivides the MIGS pro-
cedures into categories based on the 
spaces that they target—although sur-
geons may disagree about whether 
every category qualifies as MIGS. 
“First is the trabecular space, includ-
ing Schlemm’s canal, which is the con-
ventional outfl ow path,” Dr. Fellman 
says. “Today, the device most com-
monly used in the trabecular mesh-
work is the iStent, but others in that 
space include the Trabectome, the 
Kahook Dual Blade and circumfer-
ential trabeculotomy, with or without 
viscodilation. The Hydrus should also 
be available pretty soon, as well as 
new iStent models. Second is the su-
praciliary space, for which only the 
CyPass is currently approved. Third 
is the subconjunctival space. The only 
device currently approved for that is 
the XEN, with the InnFocus on the 
horizon.”

With more options 

rapidly appearing, 

picking the right 

procedure can 

be challenging. 

Here’s help.
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MIGS

Dr. Fellman notes that there’s some 
disagreement among surgeons re-
garding whether it’s legitimate to cat-
egorize subconjunctival procedures 
such as the XEN as MIGS surgeries. 
“Some people call these procedures 
‘MIGS-plus,’ but I think it’s reason-
able to consider the XEN a MIGS 
procedure because it’s very different 
from a standard trabeculectomy,” he 
says. “We’re hoping that the XEN, 
which has a set internal lumen size of 
45 µm, will produce a more manage-
able, standardized bleb. However, it’s 
not that simple. A third of the peo-
ple implanted with a XEN have to 
be needled, usually in the offi ce. The 
reality is, most general ophthalmolo-
gists don’t want to mess with a bleb, so 
they tend to stay away from the sub-
conjunctival space, and if you’re not 
comfortable dealing with a bleb you 
shouldn’t be doing the XEN. Further-
more, in the MIGS arena, any subcon-
junctival procedure is going to be less 
predictable than some of the other 
MIGS procedures. Nevertheless, I 
believe it is legitimate to consider the 
XEN a MIGS procedure.

“Finally, I believe endoscopic cyclo-
photocoagulation should be included in 
the MIGS group in a fourth category, 
as a means to decrease aqueous humor 
production,” he concludes. “So there 
are four broad spaces that you can ap-
proach ab interno: three outfl ow, one 
infl ow.” (Some surgeons might include 
micropulse transscleral cyclophoto-
coagulation in the fourth category, al-
though it has been associated with some 
complications that lead many to view it 
as not belonging under the MIGS mild, 
“less-invasive” umbrella.1)

Which MIGS Should You Learn?

Because so many MIGS procedures 
are available—with more waiting in 
the wings—should you learn to do 
more than one?  And if so, how many? 

Most experts agree that every oph-
thalmologist should be able to per-

form at least two—preferably three—
MIGS procedures. They offer the 
following advice:

• Learn MIGS procedures that 
reduce pressure in different ways. 
This makes sense for at least two rea-
sons: One, a given approach may not 
work with a particular patient. Two, 
if your fi rst choice works but doesn’t 
produce suffi cient pressure reduction, 
you’ll have a second option to add. 

“Even if you’re a general ophthal-
mologist, if you have a favorite MIGS 
procedure that you’re comfortable 
with, you should be able to do some-
thing different in case that procedure 
doesn’t work or the anatomy doesn’t 
favor it,” says Brian Francis, MD, MS, 
a professor of ophthalmology in the 
glaucoma service and the Rupert and 
Gertrude Stieger Endowed Chair at 
the Doheny Eye Institute, part of the 
David Geffen School of Medicine at 
the University of California, Los An-
geles. “If you’re a glaucoma special-
ist, you should be able to choose an 
option from three, or even all four 
MIGS categories. The point is that 
you don’t want to use one procedure 
for every situation. You want to have 

some ability to tailor the procedure to 
your patient.”

Dr. Fellman notes the benefits of 
being able to add together the ef-
ficacy of multiple MIGS. “Let’s say 
you do a phaco-CyPass, tapping into 
the uveoscleral outfl ow system, and it 
doesn’t lower the pressure enough,” 
says Dr. Fellman. “You could go back 
later and perform various trabecular 
outfl ow procedures, because many are 
approved as standalone procedures. 
Now you’ve tapped into both natu-
ral outflow systems. This approach 
might actually be the most effective 
strategy, but no one has done a study 
to prove that—so far. The XEN is an-
other follow-up option in this situa-
tion, because it’s also a standalone that 
doesn’t have to be paired with phaco. 
But don’t get into the XEN unless 
you’re willing to be a blebologist and 
needle blebs.”

• Learn more than one trabecu-
lar meshwork procedure. Dr. Fell-
man believes it’s worthwhile to be able 
to perform more than one canal-based 
procedure. “It’s good to know not only 
how to bypass the meshwork with an 
iStent, but how to either remove it 
with something like the Dual Blade, or 
cleave it open with the GATT proce-
dure,” he says. “They work differently, 
and one might be a little more aggres-
sive than the other.”

Brian E. Flowers, MD, managing 
partner/glaucoma specialist at Oph-
thalmology Associates of Fort Worth 
in Texas, agrees that ophthalmolo-
gists could benefi t from being able to 
perform two Schlemm’s canal-based 
procedures such as the iStent and 
Kahook Dual Blade—as well as one 
supraciliary procedure. “The iStent 
and Kahook Dual Blade are fairly 
straightforward,” he notes. “A glau-
coma specialist will probably be more 
comfortable working in the angle, so 
he or she might want to master a few 
of the more challenging MIGS proce-
dures as well.”

• Be able to perform a MIGS 

MIGS by Category *

Trabecular outfl ow:

iStent
Trabectome
Kahook Dual Blade
Hydrus
ab interno canaloplasty
circumferential trabeculotomy (GATT, 
     Trab360)

Ciliary outfl ow:

CyPass Micro-stent
iStent Supra

Subconjunctival outfl ow:

XEN-45
InnFocus

Aqueous humor reduction:

Endoscopic cyclophotocoagulation

* There’s still considerable debate regarding whether 
some procedures should be considered MIGS; this list 
is not exhaustive.
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procedure that you can do with-
out cataract surgery. “Most MIGS 
procedures—though not all—are ap-
proved only in conjunction with cata-
ract surgery,” Dr. Francis notes. “You 
should be able to perform at least one 
that’s approved for use when the pa-
tient doesn’t need cataract surgery.”

• If you’re willing to work with 
a bleb, learn one of the subcon-
junctival MIGS procedures. “These 
appear to have a reduced risk profi le 
compared to a tube shunt or trabecu-
lectomy,” Dr. Francis points out. “I 
think it’s worthwhile to master at least 
one of those.”

In the fi nal analysis, of course, each 
surgeon will probably fi nd that certain 
MIGS procedures are more comfort-
able and produce better results in his 
or her hands. “The most important 
thing,” says Dr. Fellman, “is to use the 
MIGS procedures that you’re most 
comfortable with, the ones that work 
the best for you.”

Mastering MIGS   

Once you’ve decided which MIGS 
you’d like to add to your armamen-
tarium, these strategies can help to 
smooth your path:

• At the outset, stick with one 
procedure that you want to learn. 
“If you’re not just concentrating on 
one procedure, you’re not giving your-
self the best opportunity to learn it 
well,” says Dr. Fellman. “It’s a bad idea 
to say, ‘Let me try this, let me try that.’ 
Commit to learning one procedure, 
get it down, and then move on.”

• Practice the positioning and 
maneuvers before attempting the 
surgery. “Performing MIGS requires 
a very different proprioceptive feed-
back loop on the part of the surgeon,” 
notes Dr. Fellman. “When performing 
something like phaco, you’re looking 
through the microscope at the tips of 
the two instruments in your hands. 
Your brain becomes accustomed to 
knowing where your hands are, based 

on that view. But that proprioceptive 
loop is gone when you work in the 
angle. You have to establish a new 
mental feedback loop, and that takes 
a while.

“To work in the angle, you have to 
turn the patient’s head, and you have 
to turn the microscope,” he continues. 
“Nobody’s initially used to working 
in that position. Then, you have to 
learn how to put the gonio lens on 
the eye so that you balance it without 
excessive pressure. Over the years I’ve 
worked with many surgeons learning 
to do angle procedures, and the most 
common initial problem is a poor view 
because of excessive pressure on the 
cornea with the nondominant hand.”

Dr. Fellman says the way to iron out 
these issues before attempting sur-
gery is to practice these movements 
on patients who don’t need a MIGS 
procedure. “You can practice these 
maneuvers with some of your glau-
coma patients when you’re perform-
ing phaco,” he says. “At the end of the 
procedure—or at the beginning if that 
makes you more comfortable—you 
can turn the patient’s head away from 
you and turn the microscope towards 
you and use the Swann-Jacob gonio 
lens (which is a lens, not a prism) and 

see what you can see. This will give 
you a chance to experience what it’s 
like to balance a gonio lens on the eye 
with your nondominant hand and do 
it well enough to maintain a pristine, 
excellent view of the chamber angle. 

“Then, with your dominant hand, 
make a few simple motions,” he con-
tinues. “You can even put an instru-
ment in your hand just to feel what it 
would be like if you were working in 
the angle. But the important part is to 
practice that until you get a really good 
view. That will give you a leg up when 
you do your fi rst MIGS case.”

• Take advantage of educational 
resources. “Look at lots of videos,” 
advises Dr. Fellman. “Most device 
makers have a course you can take and 
some lab models you might be able to 
use. If you’re lucky enough to be in an 
area where someone is already doing 
the procedure, you may want to go 
and watch.”

Dr. Flowers notes that the compa-
nies tied to MIGS procedures provide 
a lot of resources to help surgeons 
master them. “They offer wet labs and 
will even send someone into the OR 
with you as a mentor,” he points out. 
“In addition, they offer access to expe-
rienced MIGS surgeons on a consulta-
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MIGS

Left: An iStent is well positioned in Schlemm’s canal, bypassing the diseased trabecular 

meshwork. Right: A CyPass, well positioned in the nasal angle (white arrow). The collar is 

fl ush with the anterior edge of the trabecular meshwork (black arrow) but inserted below 

the scleral spur (yellow arrow).
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tive basis for questions and issues with 
individual patients. Probably the most 
important thing is to brush up your 
gonioscopy skills and make sure you’re 
comfortable with what you’re seeing. 
Practice gonioscopy on a regular basis. 
That can’t be overstated.”

 “All those things come together 
in the end to make you a little more 
confi dent when you go into the OR,” 
Dr. Fellman says. “As you know, con-
fi dence is always important to a sur-
geon. You don’t want to go into the 
OR feeling unsure about whether you 
can do this. Your frame of mind is just 
as important as the frame of the angle! 
So pick out one MIGS procedure to 
start, practice the type of positioning 
and movements you’ll need in surgery, 
and take advantage of every educa-
tional resource you can. You’ll be off 
to a great start.”

Which MIGS for Which Patient?

Once you’ve learned to perform two 
or more MIGS, you’ll have to decide 
which MIGS makes the most sense for 
the patient you’re currently managing. 
The choice you make will depend on 
a number of factors, ranging from the 
patient’s angle anatomy to your com-
fort with the surgical requirements of 
a given option. When making a choice, 
the following 12 strategies will help:

1. Know your anatomy. “The area 
of concern with MIGS procedures 
is the iridocorneal angle, which goes 
from the iris to the cornea,” Dr. Fell-
man points out. “The picture above 
shows the different parts of the angle 
anatomy clearly. The area marked 1 
is close to the pupil. To do an ECP, 
you go in behind the iris with your 
ECP probe and locate the ciliary body 
processes. Number 2 marks the cili-
ary body band, which attaches to the 
scleral spur. Number 3 is the scleral 
spur, a vital landmark that divides up 
the iridocorneal angle and determines 
where you’re going to place your 
MIGS. Uveoscleral outflow occurs 
below, or posterior to, the scleral spur, 
going out through the ciliary body, 
while trabecular outfl ow occurs above 
the spur (the trabecular meshwork, 
labeled 4). So the scleral spur differen-
tiates where the iStent and CyPass go.

“In this picture the meshwork has 
pigment, about 3+,” he continues. 
“This is where an iStent would be 
placed, and the location for the Dual 
Blade, Trabectome, trabeculectomy-
viscodilation and GATT. Number 5 
is Schwalbe’s line; that’s where the 
cornea starts. Right above Schwalbe’s 
line—the area labeled 6—is where 
you typically want to place your XEN.”

2. Keep your gonioscopy skills in 

top shape. “To perform MIGS, you 
have to be comfortable working in the 
angle,” notes Dr. Francis. “You have 
to be comfortable with operative and 
preoperative gonioscopy. Knowing the 
anatomy in that space is key to iden-
tifying which procedure to do, and to 
targeting the correct tissue during the 
procedure.”

Dr. Fellman agrees. “Being able to 
identify and visualize the structure 
that your procedure targets is obvi-
ously crucial to a successful surgery,” 
he says. “Because the angle anatomy 
is so important, in order to success-
fully perform MIGS a surgeon has to 
be more than just good at gonioscopy; 
you have to be a superb gonioscopist. 

“I find that many comprehensive 
ophthalmologists—and even glauco-
ma specialists—who are really inter-
ested in MIGS haven’t done enough 
gonioscopy,” he adds. “That’s not en-
tirely surprising, because when you 
do a trabeculectomy or a tube shunt, 
gonioscopy is not as important as it is 
with MIGS. As a result, gonioscopy is 
underutilized. In contrast, gonioscopy 
is critical to the success of all of the 
MIGS outfl ow procedures.”

3. Focus on the most important 
factors. If you’re not yet certain about 
which things you should pay attention 
to when choosing a MIGS procedure 
for your patient, Dr. Fellman suggests 
using the acronym “ABCDE” to re-
member fi ve key factors. 

“You can say that ‘A’ stands for the 
angle,” he explains. “The key land-
mark in the angle is the scleral spur, 
which separates the trabecular out-
fl ow area from the uveoscleral outfl ow 
area. That’s important to be able to see 
and identify, because different MIGS 
procedures require access to one 
space or the other. Identifying these 
locations and determining how well 
you can see them will help you decide 
what you can do safely in a given eye. 

“ ‘B’ stands for the blood-aqueous 
barrier,” he continues. “The condition 

Cover
Story R

E
V

IE
W

MIGS

A good understanding of angle anatomy is crucial to performing MIGS. 1) Area close to 

pupil. 2) Ciliary body band. 3) Scleral spur. 4) Trabecular meshwork. 5) Schwalbe’s line. 

6) The area above Schwalbe’s line, where a XEN would typically be placed.

R
o
n

a
ld

 L
. 
F
e
llm

a
n

, M
D

020_rp0618_f1.indd   26020_rp0618_f1.indd   26 5/25/18   1:28 PM5/25/18   1:28 PM



Be open.

Kahook Dual Blade®

Perform without limits.

Minimally invasive procedures shouldn’t be limited to being performed with other procedures. 

The Kahook Dual Blade’s intuitive design enables safe and precise excision of trabecular 

meshwork to access multiple collector channels, any time it is needed.

Visit KDBcert.com to learn how the Kahook Dual Blade
lets you perform without limits.

© 2018 New World Medical, Inc. All rights reserved. New World Medical, Kahook, 
and Kahook Dual Blade are registered trademarks of New World Medical, Inc.

RP0618_New World Medical.indd   1 5/24/18   10:42 AM



28 | Review of Ophthalmology | June 2018

of the blood-aqueous barrier helps 
reveal the integrity of the environ-
ment inside the anterior chamber. For 
example, if you have a lot of fl are and 
cell, that’s not a good sign for wound 
healing. You wouldn’t want to do any 
kind of filtering surgery—including 
the XEN—in an eye like that. You 
need a pristine blood-aqueous barrier 
to have a good shot at successfully im-
planting a XEN.

“ ‘C’ stands for the conjunctiva,” he 
says. “If the conjunctiva is damaged 
or scarred, that also should lead you 
away from a fi ltering procedure and 
towards a trabecular or uveoscleral 
approach. 

“ ‘D’ represents the disc,” he con-
tinues. “Many of the MIGS proce-
dures are only approved for mild to 
moderate glaucoma damage, so if the 
patient’s nerve is badly damaged you’ll 
want to use a procedure that will give 
you a lower pressure in a more pre-
dictable fashion. This is especially im-
portant if you’re just learning one of 
the MIGS procedures; that surgery is 
not going to be as predictable as a pro-
cedure you’ve been doing for years, 
such as a standard trabeculectomy or 
tube shunt.

“ ‘E’ stands for your level of exper-

tise,” he concludes. “Of course, there’s 
a learning curve to everything, but 
you can reduce the learning curve by 
getting certified, by watching other 
surgeons in the OR who’ve done the 
procedure a lot, and by watching on-
line videos.”

4. Be alert for scarring. “If you 
have conjunctival scarring from a scler-
al buckle or other cause, then you’re 
going to want to steer away from the 
subconjunctival fi ltration procedures, 
such as XEN or InnFocus,” notes Dr. 
Francis. “If you have scarring in the 
angle from, say, chronic angle closure, 
then you may want to stay away from 
the trabecular outflow procedures. 
Instead, you might go with something 
that decreases aqueous production, or 
go with subconjunctival fi ltration. You 
have to take into consideration what 
the anatomy is giving you.

“In most patients, knowing the con-
dition of the collector channels be-
fore surgery is diffi cult or impossible, 
at least with today’s technology,” he 
continues. “However, you might en-
counter a patient with severe scarring 
that you know will affect the collec-
tor channels, whether as a result of 
chemical trauma or a disease such as 

ocular cicatricial pemphigoid. In that 
situation, you’d want to steer away 
from trabecular-outflow-enhancing 
procedures.

“This gets to the concept of target-
ing,” he says. “Let’s say you have a 
device that only accesses a certain por-
tion of the angle, such as an iStent or 
Hydrus. In that situation you’d want to 
try to identify target collector channels 
by determining where the outflow 
already exists and can be recruited. 
On the other hand, with a supracili-
ary stent like the CyPass, you’re not 
as worried about collector channels 
because you’re not using them. The 
same should be true for decreasing 
aqueous humor production and sub-
conjunctival fi ltration.

“It’s worth noting that the MIGS 
procedures that unroof Schlemm’s 
canal are a little different from the 
stents, because you’re accessing more 
of the angle,” he adds. “For instance, 
the Trabectome, the Goniotome and 
the Kahook Dual Blade all treat about 
180 degrees of the angle, and the Trab 
360 and GATT procedures both treat 
360 degrees of the angle. With those 
procedures, there’s less need to wor-
ry about targeting specific collector 
channels and outfl ow pathways.”
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These strategies can make MIGS procedures go more smoothly:
• In the operating room, if you can’t fi nd the trabecular 

meshwork, try lowering the pressure. “Everybody thinks the 
trabecular meshwork is pigmented, but sometimes it has no 
pigment, or a minimal amount,” notes Ronald L. Fellman, MD, 
attending surgeon and clinician at Glaucoma Associates of Texas. 
“In those cases, it becomes almost invisible. If you’re planning a 
trabecular meshwork procedure and you’re in the OR and looking 
at the angle but can’t see the trabecular meshwork, try lowering 
the pressure with a paracentesis. Once you lower the pressure in 
the eye below the episcleral venous pressure, blood will often fl ow 
into the canal. It will look like a red streak.”

• If you’re combining an implant with ECP, use the endo-

scope to check the implant. “The endoscope, which is part of 
the ECP unit, has a camera and light built into it,” notes Dr. Fell-

man. “So, if you’re doing an ECP after implanting a MIGS device, 
you can use the camera to look at the implant up close and make 
sure it’s seated properly in the right location.”

• If your MIGS patient has been on drops for a long time, 

make sure to explain that the MIGS procedure may not elimi-

nate the need for drops. “Some patients assume that because 
they’re having glaucoma surgery, they won’t need to use drops 
anymore,” Dr. Fellman points out. “However, if the patient has 
been on drops for a long time, there may still be a need to use 
some drops after MIGS—though probably fewer. The extent to 
which this is true is probably an issue of how long the patient has 
been using drops, as well as how many they’ve been using. By 
making sure the patient has reasonable expectations, you’ll avoid 
ending up with an unhappy patient.”

—CK

A Few MIGS Pearls
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5. For an eye with a narrow an-
gle or plateau iris, consider using 
ECP. “Narrow angles are not a big 
deal when performing most MIGS 
procedures that are approved with 
cataract surgery,” notes Dr. Flowers. 
“Once you take the cataract out, the 
angle is no longer narrow, allowing 
you to perform any of the MIGS pro-
cedures. Of course, doing so would be 
off-label, because these procedures 
are not specifi cally approved for nar-
row-angle cases, but they would cer-
tainly work in that scenario.”

Dr. Fellman notes that many sur-
geons do phaco-ECP in a narrow-an-
gle eye. “Narrow-angle eyes are more 
prone to postop complications such as 
aqueous misdirection that can occur 
when the pressure gets too low,” he 
points out. “Phaco-ECP is a very safe 
way to handle a narrow-angle eye be-
cause by deepening the chamber with 
phaco you’re going to increase the out-
fl ow and lower the pressure, while the 
ECP will decrease the infl ow. This is 
also very effective in eyes with plateau 
iris, because you can do the ECP a 
little bit more anteriorly to shrink the 
peripheral iris and open up the angle 
a bit more. 

“You can do even more for a narrow-
angle patient by performing gonio-
synechialysis,” he continues. “If you 
encounter four or fi ve clock hours of 
peripheral anterior synechiae, which 

is not uncommon in these eyes, you 
can push the iris posteriorly and break 
those adhesions during the surgery. 
That’s going to open up the angle as 
well. Now you have three mechanisms 
that are lowering the pressure: the 
phaco, by deepening the chamber; 
the goniosynechialysis, by opening up 
the meshwork to the fl ow of aqueous; 
and fi nally the ECP, which is reducing 
aqueous infl ow.”

However, Dr. Flowers notes that 
PAS are not always breakable. “PAS 
are only easy to break if they’ve been 
in the angle for six months or less,” he 
says. “After that, they can be diffi cult 
or impossible to break, and that will 
definitely make most MIGS proce-
dures impossible to perform. Certain-
ly a XEN procedure would be impos-
sible under these conditions.”

6. Consider how much pressure 
reduction the patient needs. “In 
most cases, the more severe the dis-
ease, the lower your target pressure 
will be,” says Dr. Francis. “If you’re 
trying to reach a target pressure in 
the low teens, for example, you don’t 
want to be limited by episcleral venous 
pressure or other physiologic con-
straints. You’re probably going to want 
to consider a subconjunctival fi ltration 
procedure. If you’re not going to do 
one of those, then you might want to 
combine multiple other MIGS pro-

cedures. You could combine a supra-
choroidal shunt and a procedure that 
reduces aqueous humor production; 
or combine a trabecular meshwork 
procedure with aqueous humor re-
duction.”

“In glaucoma,” notes Dr. Flowers, 
“one of the axioms is, ‘The more you 
do, the more you get.’ For example, 
if you’re working in the trabecular 
meshwork, you might be debating 
whether to implant an iStent or a Hy-
drus. [The Hydrus has completed its 
clinical trials, but it hasn’t been ap-
proved as of this writing.] The iStent 
is a small device that opens up a very 
localized segment of the trabecular 
meshwork, while the Hydrus opens up 
an entire quadrant of Schlemm’s ca-
nal. Our group participated in the Hy-
drus clinical trial, and the data was just 
published; its IOP-lowering effect ap-
pears to be greater than that achieved 
with one iStent. Of course, the caveat 
is that the trial designs weren’t exactly 
the same. Nevertheless, based on our 
best interpretation of the data, the 
Hydrus has a better long-term IOP 
effect that a single iStent does. That 
goes along with the idea that the more 
you do, the more pressure reduction 
you get.

“Generally, the same could be said 
for the Kahook Dual Blade vs. the 
GATT procedure,” he continues. “The 
Dual Blade opens up a limited portion 

Left: A Trabectome positioned adjacent to the trabecular meshwork (black arrows). The white arrow points to the scleral spur. Right: The 

Trabectome has removed part of the trabecular meshwork and inner wall of Schlemm’s canal. The white stripe (black arrows) is the back 

wall of the canal; the white arrow denotes the scleral spur. The Trabectome is then aimed in the other direction to ablate the remaining TM.
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of Schlemm’s canal, whereas a GATT-
type procedure opens up the entire 
canal and can potentially give you 
a better pressure effect. Of course, 
that’s a supposition, because there’s 
no head-to-head study comparing the 
two. However, I think most surgeons 
would expect to achieve a greater ef-
fect by opening up the entire trabecu-
lar meshwork than just part of it.”

In terms of comparing options that 
affect different outfl ow pathways, Dr. 
Flowers notes that the clinical studies 
done to test the CyPass and Hydrus 
implants had almost identical designs. 
“Because the designs were so close, 
I think you can draw some compari-
sons there,” he says. “They showed 
pretty similar IOP-lowering effects. Of 
course, it’s not a perfect comparison, 
because they weren’t in the same trial 
together.”

Regarding balancing safety and 
efficacy, Dr. Flowers says that each 
comparison of MIGS procedures is 
different. “It might be true that the 
GATT procedure carries a little more 
risk than the Kahook Dual Blade,” he 
says. “The more angle you disrupt, 
the greater your risk of bleeding in 
the short and long term. On the other 
hand, I’d say that’s probably not true 
for the Hydrus vs. the iStent, because 
the risk of those two procedures ap-
pears to be about the same.”

Dr. Flowers points out a seldom-
discussed consideration relating to 
your choice of MIGS when a more 
significant drop in pressure would 
be ideal. “One important distinction 
between a supraciliary procedure 
and the trabecular-meshwork-based 
MIGS is that some patients will have 
a dramatic drop in pressure with a 
ciliary body procedure—the kind of 
drop you’ll never see with the trabecu-
lar meshwork options. This is easy to 
miss if you only look at the mean IOP-
lowering data. In the CyPass IDE tri-
al, for example, the average pressure 
lowering was 2 mmHg greater than 
was achieved with cataract surgery 

alone—but some patients had much 
more significant drops in pressure.2 
That means that this type of procedure 
at least has the potential to have that 
kind of impact. 

“At the moment we don’t know why 
some patients have that more dra-
matic response, although one would 
think that it has to do with the healing 
response,” he continues. “When you 
do a supraciliary implant like a CyPass, 
you’re creating a dialysis—ideally a 
limited dialysis—and then a healing 
process takes place. As with many sur-
geries, if it heals over too aggressively, 
the function decreases or is eliminat-
ed. So, patients who keep their limited 
dialysis open for an extended period of 
time will have a more dramatic, sus-
tained drop in their pressure.”

Dr. Flowers says he keeps this possi-
bility in mind when choosing a MIGS 
procedure. “If I’m trying to achieve a 
signifi cant drop in pressure, I know a 
supraciliary procedure at least has the 
potential to achieve that, for a mini-
mal—possibly even theoretical—in-
crease in risk,” he says. “That’s defi -
nitely a factor in my decision process.”

Of course, it’s also possible to do 
more than one MIGS procedure at 
the same time in order to achieve a 
larger pressure reduction. Dr. Flowers 
says that with only a few exceptions, 
however, he prefers not to perform 
multiple MIGS simultaneously. “So 
far, I’ve only done that in one circum-
stance,” he says. “I had a patient with 
chronic inflammation and multiple 
failed fi ltration surgeries. We went in 
and did a GATT plus ECP, and that 
controlled his pressure. So there are 
situations in which doing ECP plus 
some kind of angle procedure can be 
benefi cial in certain populations.”

7. Aim for the safest option. “Ul-
timately, the reason MIGS exists is 
for safety,” Dr. Flowers notes. “Every 
glaucoma procedure has an efficacy 
side and a safety side, and there’s a 
continuum of surgeries that range 
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from being highly effective pressure-
reducers that carry many more safety 
risks, to those that are incredibly safe 
but produce nominal pressure benefi t. 
I’d argue that the relationship is not 
linear, however—meaning there are 
surgeries that can achieve slightly bet-
ter pressure benefi t without changing 
the safety factor very much.

“For me, the deciding factor when 
I’m choosing a MIGS procedure is the 
safety side fi rst, although both factors 
matter,” he concludes. “I consider how 
much I believe this particular patient 
can tolerate in terms of risk, and then 
balance that against the amount of 
pressure reduction I need to get. I 
pick the MIGS procedure that I be-
lieve yields the best balance—but I do 
lean towards safety fi rst.”

8. Consider the patient’s age. 
Dr. Francis notes that the age of the 
patient can influence the surgeon’s 
choice of MIGS procedures for a cou-
ple of reasons. “If the patient is very 
elderly, you might choose to be less 
aggressive about lowering their pres-
sure,” he says. “You may want to stay 
away from the transconjunctival pro-
cedures and go with a more traditional 
MIGS. On the other hand, age also 
decreases the amount of scarring you 
encounter. A younger patient would 
be more likely to produce a lot of scar-
ring with a transconjunctival proce-
dure such as XEN, so that might not 
be as appropriate in a young patient.”

Dr. Flowers says the age of the 
patient doesn’t influence his choice 
of MIGS procedure, except in one 
respect. “In glaucoma it’s always im-
portant to be planning for the next 
procedure, because every procedure 
has a lifespan that follows the Kaplan-
Meier curve,” he says. “If you do 100 
procedures, 90 percent of them will 
be working a year later. At two years, 
80 percent of them will be working, 
and so on. So, you always want to be 
thinking about not foreclosing future 
opportunities by creating conditions 

that will make it impossible to do the 
next procedure the patient may need. 
That’s one of the main reasons I’m not 
a big primary tube shunt guy. Once 
you stick a tube in the eye, you’re start-
ing to foreclose future opportunities 
for other surgeries.”

Although MIGS seem relatively 
harmless in terms of reducing future 
options, Dr. Flowers points out that 
the GATT procedure, which disrupts 
the entire trabecular meshwork, would 
eliminate any future possibility of put-
ting a device into Schlemm’s canal. 
“For example, if the Hydrus or future-
generation iStents become available 
and you’ve already done a GATT, you 
won’t be able to use them,” he says. 
“That defi nitely makes me hesitate to 
choose a MIGS procedure that’s going 
to destroy the trabecular meshwork.”

Dr. Fellman notes that the age of 
the patient is a double-edged sword. 
“The longer you’ve had glaucoma—es-
pecially being on drops for decades—
the less likely it is that your collector 
channels will be salvageable,” he says. 
“You may think you’re not going to get 
much fl ow through the patient’s natu-
ral drainage system because they’ve 
had the disease for so long. On the 
other hand, it’s a pretty simple thing to 
add on a trabecular MIGS procedure, 
and there’s very little downside to it; 
the safety issues are minimal, and ev-
ery point of IOP reduction you can ob-
tain may be meaningful. Also, if you’re 
thinking about a XEN, older patients 
may actually do better because they’re 
less likely to scar. It’s still unpredict-
able, but young patients defi nitely scar 

more.” (Dr. Fellman adds that the epi-
scleral venous fl uid wave, seen in the 
operating room as a clue to outflow 
capacity, is a very helpful hint regard-
ing the postoperative IOP outcome.)

9. Don’t abandon MIGS because 
a previous one didn’t work. “If one 
MIGS procedure has failed to pro-
duce the desired pressure reduction, 
I’d try a MIGS in a different catego-
ry,” says Dr. Francis. “For example, 
if you’ve done an iStent and it didn’t 
work, I wouldn’t abandon MIGS. You 
could take out the iStent and do a 
Trabectome or KDB, or use ECP to 
decrease aqueous production. Or, if 
you’ve done a KDB or Trabectome or 
Goniotome, you could add a CyPass 
or perform ECP. You just want to try 
something that works in a different 
way from what you’ve already tried.”

10. Don’t worry about which 
medications the patient has been 
on. “I don’t think it makes a differ-
ence which medications the patient 
has been on,” says Dr. Francis. “The 
effi cacy of drops and surgery can be 
very different. For example, surgery 
to reduce aqueous humor production 
might be far more effective than drops 
that have that effect.”

Dr. Flowers agrees that the impact 
of a drop on a given outfl ow pathway 
is going to be tiny compared to the 
impact of a MIGS procedure. “It’s not 
even in the same ballpark,” he says. “A 
drop might give you a tiny bit of en-
hanced fl ow, but even a tiny opening 
in the ciliary space, for example, will 
allow a deluge of fl uid to pass through 
compared to what the drop accom-
plishes. The ultimate issue is how long 
the outfl ow pathway stays open.”

11. Avoid using procedures off-
label. “There’s more and more data 
coming out that these procedures are 
very effi cacious as standalone proce-
dures, but from an insurance and sur-
gery-center-logistics perspective, go-

A MIGS procedure can 
be effective even after a 
failed trabeculectomy 

or tube shunt.
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ing off-label is a nightmare,” says Dr. 
Fellman. “Most patients can’t afford 
to pay for these procedures. You’re 
talking about a surgery center bill, an 
anesthesiologist bill, a surgeon bill and 
a device bill. That’s going to add up to 
thousands of dollars.”

Dr. Francis agrees. “Whether or 
not the patient has visually signifi cant 
cataracts is very important from a lo-
gistics standpoint,” he says. “Some de-
vices, such as the iStent, Hydrus and 
CyPass, are only FDA-approved for 
implantation at the time of cataract 
surgery. There’s no reason these de-
vices wouldn’t work in a pseudophakic 
patient, but it wouldn’t be on-label 
because those are only FDA-approved 
for use with cataract surgery. It’s more 
of a logistical issue; if you do a pro-
cedure off-label, you won’t get paid. 
That’s not a small consideration for 
most surgeons. Your insurance claim 
will be denied and you’ll have to 
charge the patient cash.”

“Fortunately, a few MIGS proce-
dures are approved for use apart from 
cataract surgery,” Dr. Fellman adds. 
“The Dual Blade and Trabectome, 
for example, are approved for use as 
standalone procedures, so they can 
handle those cases that don’t have to 
be done in combination with phaco.”

12. Remember that a MIGS pro-
cedure can be effective even after 
a failed trabeculectomy or tube. 
“Following a trabeculectomy, you’ve 
abandoned the patient’s natural drain-
age system,” Dr. Fellman points out. 
“Let’s say you did a trabeculectomy 
or tube on a phakic patient. Then the 
patient eventually develops a cataract 
and the trabeculectomy slowly fails. 
You could easily do a phaco-iStent, or 
phaco-Trabectome, or Dual Blade or 
CyPass. There’s a decent chance that 
this eye will then end up with a pres-
sure low enough that the patient does 
OK. In fact, our group has shown that 
the GATT procedure, which opens 
up 360 degrees of the trabecular 

meshwork and the inner wall of Sch-
lemm’s canal, is very effective in eyes 
that already had a trabeculectomy or 
tube.3 In other words, you don’t have 
to abandon the patient’s natural drain-
age system because of a prior fi ltering 
procedure. You might be able to in-
crease the fl ow capacity of the patient’s 
natural drain with MIGS surgery even 
after a failed tube or trabeculectomy.” 
(Dr. Francis notes that previous laser 
trabeculoplasty doesn’t seem to im-
pact the effi cacy of MIGS, either.)

Dr. Fellman adds that even a XEN, 
which shares some characteristics with 
a trabeculectomy or tube, can work 
when a trabeculectomy or tube has 
failed. “We’ve had many patients in 
that category who now have a success-
ful XEN,” he says. “In this situation 
you have to make sure the conjunctiva 
is in adequate shape, meaning that 
it’s mobile over the area where you’re 
going to put the XEN. But there’s less 
trauma to the tissues associated with 
a XEN than with a trabeculectomy—
even using mitomycin-C—and the 
fl ow is more standardized through the 
XEN. Of course,” he adds, “you still 
have to be a blebologist, and you still 
have to be able and willing to needle 
the eye if scarring is more excessive 
than you anticipated.”  

Dr. Francis is a surgical trainer for 
NeoMedix and consultant for Glaukos 
and BVI Endo Optiks; he has received 
research support from Allergan, Inn-
Focus, Iridex and Ivantis. Dr. Flowers 
has participated in most of the MIGS 
clinical trials; he has consulting rela-
tionships with Alcon, Glaukos, Ivantis, 
Sight Sciences and InnFocus. Dr. Fell-
man is a consultant for Endo Optiks.
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Feature Sustained Release

Can Sustained Release 
Deliver the Goods?
Michelle Stephenson, Contributing Editor

Drops continue to be the main-
stay of glaucoma treatment, 
even though they are less 

than ideal. One of the main obstacles 
to successful glaucoma treatment is 
lack of patient compliance with drop 
regimens. Additionally, constant drop 
instillation takes a toll on the ocu-
lar surface. In this article, experts in 
sustained-release medications, which 
might help avoid some of drops’ prob-
lems, discuss the pros and cons of the 
burgeoning technology.

Several companies are exploring 
sustained-release delivery of drugs, 
though none of the devices are cur-
rently FDA-approved. “Enhancing 
adherence to therapy is one signifi-
cant advantage of sustained-release 
depots,” says Malik Kahook, MD, pro-
fessor and the Slater Family Chair 
in Ophthalmology, The University of 
Colorado School of Medicine in Auro-
ra. “It’s widely known that patients fail 
to take many of the medications pre-
scribed to them, and glaucoma drops 
are no exception. Having access to a 
therapy that could deliver drug over 
a long period of time without reliance 
on patient dosing would be one way 
to overcome this issue. Long-term 
depots may also lessen side effects 
associated with topical application 
of drops, which result in significant 
patient morbidity. Another potential 

benefi t, which remains unproven, is 
the possibility of decreasing IOP fl uc-
tuations that result from pulsed dos-
ing of drugs, via continuous delivery 
of drug to targeted tissues. However, 
it should be noted that some of our 
best therapeutics, such as prostaglan-
din analogs, may function better as a 
pulsed dose rather than a continuous 
delivery. This may be one reason the 
various sustained-delivery platforms 
studied to date have failed to achieve 
prostaglandin-like effi cacy.” 

One side effect of topical drops is 
ocular surface disease, including mei-
bomian gland dysfunction. A recent 
study found that mild to moderate 
meibomian gland dysfunction is fre-
quently encountered in patients with 
medically treated glaucoma.1 This was 
a cross-sectional analysis that included 
70 patients with glaucoma who were 
on long-term (more than one year) 
topical hypotensive medications. Mei-
bomian gland dysfunction was defi ned 
as the presence of signs consistent 
with meibomian gland terminal duct 
obstruction. Dysfunction was catego-
rized between grades 1 and 4 accord-
ing to clinical severity. The Ocular 
Surface Disease Index questionnaire 
was completed at enrollment. Ocular 
surface tests consisted of tear breakup 
time, ocular surface staining with lis-
samine green and Schirmer test with 

The hope is that 

sustained-release 

glaucoma drugs 

will overcome 

compliance 

challenges.
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anesthesia. Additionally, 45 healthy control subjects with 
no evidence of intraocular or ocular surface disease were 
included.

Meibomian gland dysfunction was observed in 56 (80 
percent) of study participants with glaucoma. Forty-seven 
patients (67.1 percent) had the obstructive type and nine 
(12.9 percent) had the atrophic type of meibomian gland 
dysfunction. Of these 56 cases, 47 (83.9 percent) had signs 
consistent with mild to moderate meibomian gland dysfunc-
tion. The ocular surface test results of patients with glau-
coma with meibomian gland dysfunction and those without 
meibomian gland dysfunction were signifi cantly worse for all 
parameters, compared with healthy controls. However, there 
were no signifi cant differences between Ocular Surface Dis-
ease Index scores, tear breakup time, lissamine green scores 
or Schirmer results between patients with glaucoma who did 
and did not have meibomian gland dysfunction. 

Another recent study examined the relationship between 
ocular surface disease and topical antiglaucoma therapy.2 It 
found that ocular surface disease is more prevalent in pa-
tients who use topical glaucoma medications than in patients 
who don’t use them. The main factors impacting ocular sur-
face disease were drops with preservatives, longer treatment 
duration and older age.

The study included 211 eyes of 211 patients with open-
angle glaucoma or ocular hypertension on topical medica-
tion. The control group included 51 eyes of 51 healthy 
age- and gender-matched volunteers. Investigators recorded 
the IOP-lowering eyedrops used, the number of medications 
used and daily and cumulative preservative concentrations 
for each patient. Main outcome measures were fl uorescein 
corneal staining score (Oxford scale), lower tear meniscus 
height (as measured by spectral-domain optical coherence 
tomography), noninvasive tear-fi lm breakup time (measured 
by Oculus Keratograph 5M) and the OSDI questionnaire.

The medication group had significantly higher OSDI 
scores (median: 10.24 vs. 2.5 in the control group) and cor-
neal staining scores (≥1: 64.93 percent in the medication 
group vs. 32.61 percent in the control group). Noninvasive 
tear-fi lm breakup time and lower tear meniscus height were 
similar between the groups. A higher daily preservative con-
centration was associated with a lower tear meniscus height. 

Sustained-release Options

There are fi ve sustained-release delivery systems targeting 
glaucoma that are currently under investigation: bimatoprost 
SR and the bimatoprost ocular insert from Allergan (Dublin, 
Ireland); iDose from Glaukos Corporation (San Clemente, 
California); and the OTX-TP and -TIP implants from Ocular 
Therapeutix (Bedford, Massachusetts).

• Bimatoprost SR. Bimatoprost SR is a depot implant 
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injected into the anterior chamber. In 
a Phase I/II clinical trial, bimatoprost 
SR demonstrated favorable efficacy 
and safety through six months.3 The 
study included 75 open-angle glau-
coma patients who were administered 
bimatoprost SR (6 µg, 10 µg, 15 µg 
and 20 µg) intracamerally in the study 
eye. The fellow eye received topical 
bimatoprost 0.03% once daily. The 
primary endpoint was IOP change 
from baseline.

The investigators found that bima-
toprost SR provided rapid, sustained 
IOP lowering. The overall mean IOP 
reduction from baseline through week 
16 was 7.2, 7.4, 8.1, and 9.5 mmHg 
with the 6 µg, 10 µg, 15 µg and 20 
µg dose strengths of implant, respec-
tively. Topical bimatoprost caused a 
mean IOP reduction of 8.4 mmHg. 
Rescue treatment/retreatment wasn’t 
required in 91 percent and 71 percent 
of study eyes up to week 16 and month 
6, respectively. Adverse events in the 
study eyes usually occurred within two 
days after the injection procedure and 
were transient. Conjunctival hyper-
emia was more common with topical 
bimatoprost than bimatoprost SR on-
set later than two days after the injec-
tion procedure (17.3 percent vs. 6.7 
percent of eyes).

According to E. Randy Craven, 
MD, FACS, an associate professor at 
Johns Hopkins’ Wilmer Eye Institute, 
patients’ mean pressure at enrollment 
in the study was just over 23 mmHg, 
and it dropped to between 16 and 17 
mmHg after treatment. “It stayed that 
way for many months after implanta-

tion for many of the patients,” he says. 
“Safety-wise, patients’ main complaint 
was that their eye was a little irritated 
on the day of implantation. Despite 
that irritation, patients tolerated the 
implant better than they did drops. 
With bimatoprost SR, there is a lower 
rate of hyperemia and a lower rate of 
eyelash growth and irritation on the 
surface of the eye. So, we have seen 
pretty encouraging results.”

• Bimatoprost Ocular Ring 
Insert. This is a fl exible, ring-shaped 
device that’s placed under the upper 
eyelid into the fornix and then under 
the lower lid. It’s left in place to release 
clinically effective concentrations of 
the agent over six months. Phase II 
results have shown the ring achieves 
clinically signifi cant reductions in in-
traocular pressure over a six-month 
period with what the investigators 
deemed an acceptable level of safety 
and tolerability.4

Of more than 300 patients who par-
ticipated in Phase I and II trials, 90 
percent or more have said the ring is 
comfortable, while it achieves an aver-
age IOP lowering of 4 to 6 mmHg over 
six months. Additionally, 88.5 percent 
of patients retained the rings without 
assistance for six months, and adverse 
events were in line with bimatoprost 
or timolol exposure.

• iDose Travoprost. Glaukos’ 
iDose Travoprost implant is fi lled with 
a special formulation of travoprost 
and is designed to continuously elute 
therapeutic levels of the medication 
within the eye for extended periods of 
time. When depleted, the iDose Tra-

voprost can be removed and replaced 
in a similar subsequent procedure.

A Phase II trial (12-month interim 
cohort) found that iDose Travoprost 
achieves a sustained IOP reduction 
and has a favorable safety profi le.5 This 
154-patient, multicenter, randomized, 
double-blind trial was designed to 
evaluate two models of the iDose de-
livery system with two different travo-
prost-elution rates, compared to topi-
cal timolol ophthalmic solution 0.5%, 
and with a primary effi cacy endpoint 
of non-inferiority to topical timolol.

This interim cohort includes 74 pa-
tients: 49 were implanted with one of 
the iDose travoprost implant models 
and 25 patients were in the timolol 
comparator group. Average IOP re-
ductions observed in this cohort of 
implant patients during the first 12 
months showed that iDose Travoprost 
achieved an approximate 30-percent 
reduction in mean IOP compared 
with baseline IOP. Additionally, the 
mean number of glaucoma medica-
tions ranged from 0.54 to 0.56 at 12 
months in the fast and slow iDose Tra-
voprost elution implant groups, re-
spectively, compared to a mean of 0.72 
medications in the timolol group. The 
most recent Phase II data also con-
tinued to confirm a favorable safety 
profi le for iDose Travoprost, with no 
hyperemia reported to date in either 
elution group. 

• OTX-TP. Ocular Therapeutix’s 
OTX-TP is administered as an intra-
canalicular depot through the punc-
tum and is designed to deliver travo-
prost to the ocular surface for up to 
90 days. A phase IIb study including 
73 patients at 11 clinical sites in the 
United States was conducted to assess 
its effi cacy and safety as compared to 
timolol.6

At day 60, which was the primary 
effi cacy measure, the OTX-TP group’s 
mean IOP was lowered by 4.8 mmHg, 
compared with 6.4 mmHg for the 
timolol arm. At day 90, the OTX-TP 
group’s IOP had decreased by 5.2 

A diagram of the device used to inject Allergan’s bimatoprost SR sustained-release 

implant. The implant has released the drug for up to six months in trials.
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mmHg, compared with an IOP lowering effect of 7.3 mmHg 
in the timolol arm.

Depots were found to be retained in 91 percent of patients 
at day 60 and in 88 percent of patients at day 75 when evalu-
ating all patients completing the study through its 90-day 
duration. Retention was 48 percent at day 90, refl ecting the 
corresponding absorption and clearance of the depots with 
the duration of drug release.

• OTX-TIP. Recently, Ocular Therapeutix announced the 
treatment of the fi rst patient in a Phase I, open-label, proof-
of-concept clinical trial being conducted in the United States 
for OTX-TIC, a bioresorbable travoprost implant delivered 
via an intracameral injection for the reduction of intraocular 
pressure in patients with glaucoma and ocular hypertension. 
According to the company, the multicenter, prospective trial 
will evaluate the safety, effi cacy, durability and tolerability of 
OTX-TIC. The implant is designed to release the drug over 
a period of four to six months.

Final Thoughts

According to Dr. Kahook, there are several downsides 
to these delivery systems. “A major disadvantage to some 
sustained-delivery platforms is increased invasiveness com-
pared to topical therapy,” he says. “Injectables might achieve 
enhanced adherence for some patients but, at the same time, 
they can expose them to complications such as infections 
that aren’t associated with topical therapeutics. The cost/
benefi t analysis of transitioning patients from topical therapy 
to more invasive drug depots also requires further contem-
plation and may present a signifi cant barrier to widespread 
adoption by both patients and physicians.” Surgeons say this 
cost barrier could be more signifi cant initially, since the im-
plants might not be covered by insurance immediately after 
they’re approved.  

Dr. Kahook has received patent royalties from Alcon, 
J&J Vision, New World Medical and IanTech Medical. He 
receives ownership royalties from Equinox and Ivantis, and 
he is a consultant for Allergan, Alcon, New World Medical, 
and Equinox.
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Constant IOP MeasurementFeature 

Kristine Brennan, Senior Associate Editor

IOP Around the Clock: 
How Close Are We?

The burdens glaucoma impos-
es on patients, families and 
ophthalmologists continue to 

increase: The global incidence of 
open-angle glaucoma is anticipated 
to reach 65.5 million cases by 2020.1 

Speaking at the recent 2018 Ameri-
can Society of Cataract and Refrac-
tive Surgery summit in Washington, 
D.C., Stanford University’s Kuldev 
Singh, MD, noted that despite varia-
tions in the natural history of the 
disease from patient to patient, in-
dividuals are living longer with glau-
coma, uniformly increasing the risk 
of progression to blindness. Lower-
ing a patient’s mean IOP is currently 
the fi rst defense against progression, 
but a user-friendly, round-the-clock 
IOP-monitoring system remains just 
out of reach. Here, experts discuss 
the state of 24-hour IOP monitoring 
devices meant for use outside the 
clinic.

“Considerations include portabil-
ity, costs, ease of use and accuracy,” 
said Dr. Singh at the ASCRS sum-
mit. Two devices with relatively re-
cent FDA approval facilitate home 
IOP monitoring, each with its own 
capabilities and limitations. Another 
internal IOP monitor, CE marked in 
Europe, may prove to advance the 
quest for user-friendly monitoring 
further still. Cost may remain a bar-

rier to out-of-clinic IOP monitoring 
in medically underserved popula-
tions, however, and so a computer  
scientist has devised a prototype in 
the hopes of making basic IOP moni-
toring accessible globally.

The Icare Home

 The Icare Home (Icare USA; Ra-
leigh, North Carolina), which gained 
FDA approval in March of 2017, is 
a rebound tonometer that doesn’t 
require the user to instill a topical 
anesthetic. The patient depresses a 
button, and a small probe with a soft, 
disposable cover quickly touches the 
ocular surface before retracting back 
into the tonometer. Automatic OS/
OD recognition and red and green 
lights guide proper alignment of the 
device over the eye, and patients can 
select the device’s sequencing to take 
one reading at a time or a cluster of 
six in rapid succession. The Icare 
Home stores data, which health care 
providers can retrieve using propri-
etary software. 

A 2017 study2 compared Icare 
Home measurements done by 130 
glaucoma patients and suspects to 
measurements done by an oph-
thalmologist using the device and 
Goldmann Applanation Tonometry 
(GAT) measurements done by an 

Intraocular 
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fl uctuates every 

day and night. 
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hour monitoring 

inform treatment 

decisions?
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ophthalmolo-
gist.  Ninety-
eight percent 
(128/130) of 
patients were 
able to use the 
Icare properly. 
M e a n  I O P 
ranges were 7 
to 20 mmHg 
with GAT; 6 to 
24 mmHg with 
Icare measure-
ments done by 
the pat ient , 
and 6 to 25 
m m H g  w i t h 
Icare measurements 
done by the ophthalmolo-
gist. The mean difference between 
HOMEp (patient) and HOMEo 
(ophthalmologist) was 0.21 mmHg 
(p=0.068; paired t-test). The mean 
difference between the HOMEp 
and GAT measurements was 0.70 
mmHg (p<0.001; paired t-test), and 
between the HOMEo and GAT 
measurements it was 1.00 mmHg 
(p<0.001; paired t-test).2 The investi-
gators found that the Icare Home to-
nometer demonstrated a tendency to 
capture higher IOP values than GAT 
overall, but deemed it feasible for 
self-monitoring IOP. Another study 
suggested that patients could use the 
Icare Home comparably to a special-
ist and that they found it acceptable 
to use.3

“That [latter] study assessed pa-
tient acceptability of using self-to-
nometry,” says Kaweh Mansouri, 
MD, MPH, who practices at the 
Glaucoma Centre, Montchoisi 
Clinic, Lausanne, Switzerland, and 
serves as an adjunct associate profes-
sor at University Colorado-Denver. 
“They found that most patients were 
happy to use this device themselves, 
and that the measurements they ob-
tained were similar to what the phy-
sician would measure using the same 
device.”

Dr.  Mansour i  ac-
knowledges that the 

Icare is limited by the 
patient’s activities and 

wakefulness. “The Icare 
measures IOP in snapshots. 
It’s not continuous, and it 
doesn’t measure IOP while 

the patient is asleep, or 
during different activi-
ties,” he notes. 

Steven L. Mansberger, 
MD, MPH, vice chair and 

director of the glaucoma 
service at Legacy Devers 
Eye Institute in Port-
land, Oregon, doesn’t 

think evidence of the Icare 
Home’s therapeutic value 

is compelling enough for him to rec-
ommend it to patients at this time. 
“The Icare device is validated in 
some ways, but in other ways, we 
don’t really understand how it cor-
responds with glaucoma,” he says. 
“It doesn’t really fully assess the risk 
factor of intraocular pressure, mean-
ing that it doesn’t check it at night. 
It doesn’t check it when the patient 
is lying supine. It doesn’t allow pres-
sure measurements during normal 
activities like showering or exercise 
or things like that. So it’s unclear how 
the device itself really represents this 
risk factor that we call ‘elevated in-
traocular pressure.’ If patients check 
their pressure three or four times a 
day, how much value does that add? 
That’s what we really haven’t been 
able to fi gure out,” he notes.

The Icare Home that’s commer-
cially available in the United States 
stores data internally, so patients 
aren’t able to see their IOP readings.  
At ASCRS this spring, Dr. Singh 
opined that this is an important con-
sideration if you’re going to integrate 
round-the clock IOP monitoring into 
your practice. “Make sure you have 
control of the data, or the patient 
may become overly fi xated on data,” 
he said. “Patients fi xate on IOP and 

not vision; and they over-fixate on 
IOP.”

“People can get neurotic about 
their pressures,” Dr. Mansberger 
concurs. “To paraphrase a noted 
glaucoma specialist, ‘Ask not what 
your pressure is, but ask how your 
optic nerve or your visual fi eld looks.’ 
It could be that variability in pres-
sure is a normal physiologic phe-
nomenon that has nothing to do 
with glaucoma’s progression,” he ob-
serves, although he adds that home 
monitoring of IOP could encourage 
people to make lifestyle changes that 
may help control their glaucoma, 
just as home glucose monitoring can 
encourage patients with diabetes to 
take better care of their health. 

Triggerfi sh CLS

The Triggerfi sh contact lens sensor 
(Sensimed AG; Lausanne, Switzer-
land) consists of a soft, single-use 
contact lens available in three base 
curves (8.4, 8.7, and 9 mm), measur-
ing 14.1 mm in diameter and 585 
um thick in the central zone. The 
lens incorporates two strain gauges, a 
microprocessor, and single-use adhe-
sive that fi ts around the patient’s orbit 
and holds a receiver antenna. There’s 
also a disposable recorder sleeve for 
the microprocessor. Intended to be 
worn for up to 24 hours at a time, the 
Triggerfi sh lens has a telemetric sen-
sor that takes 30 seconds of readings 
at fi ve-minute intervals over each 24-
hour period of wear. 

Unlike the Icare Home, the Trig-
gerfi sh passively records data while 
the patient performs waking activi-
ties or sleeps. Importantly, it’s not an 
IOP monitor in the strict sense of the 
term: The FDA approved the Trig-
gerfi sh as a diurnal pattern recorder 
in 2017. It captures IOP fl uctuations 
in millivolts, rather than measuring 
absolute IOP in millimeters of mer-
cury. 

“The Icare measures IOP in abso-

Icare USA
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lute values, while the Trig-
gerfish measures differ-
ent parameters, of which 
IOP is one,” explains Dr. 
Mansouri. “The Trigger-
fish measures strain dif-
ferences. You could also 
call it ‘strain tonometry.’ 
Strain differences, which 
the Triggerfish measures, 
refl ect changes in IOP, but 
also changes in intraocular 
volume; and they reflect 
ocular elasticity and the 
rigidity of the globe. All 
three of these are included 
in the Triggerfish signal. 
And rather than millime-
ters of mercury, they are 
relative values. So you can-
not compare them one to 
one with conventional tonometry. 
This may be both a disadvantage and 
an advantage. The disadvantage is, 
of course, that you can’t obtain the 
standard units of tonometry. The ad-
vantage is that these other factors 
that the Triggerfi sh measures—these 
strain-related factors—may be a 
more accurate refl ection of any given 
eye’s susceptibility to glaucomatous 
damage,” he says. 

Dr. Mansouri cites a study4 that 
showed how the IOP-related mea-
surements that the Triggerfi sh col-
lected correlated with glaucoma’s 
progression in a group of patients 
with treated disease—a correlation 
that could help ophthalmologists 
identify patients in need of ongoing 
enhanced monitoring. “This study 
showed that the Triggerfish signal 
was related to patient progression, 
meaning that one session of Trig-
gerfish monitoring could help pre-
dict which patients might be at risk 
for having fast glaucoma progression 
in the future,” he says. “The study 
points to the fact that it probably 
measures more than just IOP, and 
that these measurements may be a 
more accurate refl ection of the sus-

ceptibility of an eye to suffer from 
glaucomatous progression in the fu-
ture.” 

Because patients don’t have to 
stop their activities to take a reading 
while wearing the Triggerfish, the 
data it collects may reveal associa-
tions between IOP spikes and certain 
activities and postures. Dr. Mans-
berger cites the work of J. Crawford 
Downs, PhD, and colleagues on the 
continuous telemetric IOP moni-
toring of rhesus macquaques5,6 as 
evidence that blinking and circadian 
rhythms cause IOP fl uctuation, and 
that postural changes may have sig-
nifi cant and persistent effects on IOP 
in humans. “They show that with a 
blink refl ex, the pressure goes high; 
with sleep, the pressure becomes 
really stable. Activity creates lots of 
variability in the pressures. From 
his data, it suggests that it’s common 
for eye pressure to fluctuate quite 
widely,” he says.

Dr. Mansouri, who uses the Trig-
gerfish for short-term round-the-
clock monitoring of patients, relates 
how the contact lens sensor’s track-
ing of IOP fl uctuations in the course 
of different activities can infl uence 

patient behavior. “One 
patient would practice 
yoga, including head-
stand posit ions,” he 
recalls, “and we’d mea-
sure the IOP around the 
clock with the Trigger-
fi sh. You could see how 
the values just skyrock-
eted when that patient 
assumed specific yoga 
positions. Based on that, 
it was easier to say, ‘May-
be you should refrain 
from those specific po-
sitions where you know 
your IOP will become 
elevated,’ ” he says. 

Another  s tudy  o f 
head-down yoga poses 
and continuous IOP 

monitoring also suggests that these 
postures induce IOP spikes, so oph-
thalmologists might consider recom-
mending against their performance 
in certain patients.7 Dr. Mansouri 
says that the Triggerfish and the 
Icare might both help infl uence be-
havior in patients who’ve been pro-
gressing despite normal in-clinic val-
ues. “Glaucoma is very abstract,” he 
says. “Patients don’t see anything. 
They don’t see their visual fi elds or 
atrophy getting worse. Aside from 
measuring IOP itself and knowing 
how IOP behaves, it’s very abstract. 
These tools can help the patient to 
remain adherent. The less abstract 
we can make the disease, the better 
for adherence. One way of doing so 
is to empower patients by allowing 
them to obtain IOP measurements, 
or by allowing them to have a look at 
their IOP measurements.” 

Dr. Mansberger notes that the 
Triggerfi sh is not very user-friendly. 
“The Triggerfi sh is tough,” he says. 
“It’s not too comfortable. The patient 
has to wear something almost like 
a probe with electrodes coming out 
of it above their eye. It’s not very 
comfortable; it’s not very attractive. 

Constant IOP MeasurementFeature 
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The Triggerfi sh contact lens sensor, shown here without the receiver 

taped around the orbit, has tiny strain gauges and telemetry circuits 

embedded inside.
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You can’t use it for very long because of irritation from 
the contact lens,” he says. Reported adverse events 
associated with wearing the Triggerfish contact lens 
sensor include corneal epithelial defects, conjunctival 
erythema and pain, although these resolved soon after 
discontinuation of use.8

The Eyemate

The Eyemate (Implandata; Hannover, Germany), CE-
certifi ed in 2017 for commercial use in the European 
Union, is an implantable device intended for continuous, 
long-term IOP monitoring. A fl exible, ring-shaped sensor 
12 mm in diameter is designed for sulcus implantation 
at the time of cataract surgery through the surgical inci-
sion. Seated in front of the intraocular lens and behind 
the iris, the device doesn’t impede vision and remains 
inconspicuous, according to the manufacturer. The other 
component of the Eyemate is a small handeld mesograph 
that telemetrically reads IOP when the patient holds it 
close to the implanted eye. The mesograph displays IOP 
measurements and stores them. When fi tted with a GSM 
module, the Eyemate can also transfer measurements to 
an Internet database to share round-the-clock records 
with the ophthalmologist. 

Dr. Mansouri currently uses the Eyemate for research 
purposes. He says that the underlying concept is simple. 
“The company took sensors used in the automobile in-
dustry in Germany to measure tire pressure. They min-
iaturized those for implantation in front of an IOL in the 
sulcus,” he explains. 

“Two big studies have been conducted showing that the 
device was safe during surgery and over the long term,” 
he continues. “The company has about fi ve years of data 
showing that the device stays in the eye, is well tolerated, 
and is safe over the long term. The other question was 
whether it would measure IOP in a comparable manner 
to tonometry, and those studies essentially showed that 
the measurements were accurate. Sometimes there were 
discrepancies, for which they don’t always have an expla-
nation, between the device and Goldmann applanation.” 

The Eyemate is CE-marked and cleared for commer-
cialization in the EU; and Dr. Mansouri, who consults for 
the company, hopes it will become available on the mar-
ket soon. “It is being used in clinical trials with several se-
lect research centers primarily in Europe, and hopefully 
in the future, in other parts of the world as well,” he says.  

A Low-Cost Concept

At Florida International University, S.S Iyengar, 
PhD, Ryder Professor of Computer Science and direc-

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
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tor of computer and information sci-
ence, is seeking investors to test and 
refi ne a color-changing IOP monitor-
ing chip that sits between the cor-
nea and the inferior iris, implanted 
through a minor incision. The as-
yet unnamed device consists of two 
pieces: the implant, which is 1 mm 
tall, 2 mm long, and 1 mm deep; and 
a handheld binocular viewing device 
weighing 10 oz. The chip, made of 
elastomers and an inner hydrogel 
layer, is visible up close in the eye and 
appears to change color in response 
to intraocular pressure changes. 

“Presently there are many methods 
of measuring intraocular pressure, 
but this is an implantable device with 
pressure sensors based on electri-
cal resistance,” says Dr. Iyengar. He 
believes that his user-friendly device 
could be produced very cheaply. “The 
pattern in one diffraction grating will 
change due to the interference effect 
of light,” he explains. “The pattern is 
a hologram that changes to contrast 
with the background pattern and the 
rigid base, which remains constant. 
A perceived color change serves to 
indicate changes in the IOP level.” 
The viewer and chip need no outside 
energy source. The viewer consists of 
magnifi ers and mirrors, and a color 
key that lets patients grade their IOP 
level. When the chip appears blue, 
the patient’s IOP is acceptable; ma-
genta means caution; red means that 
pressure is unacceptably high and the 
patient should seek ophthalmic care. 

Like the Triggerfi sh lens, this intra-
ocular sensor doesn’t measure abso-
lute IOP. Blue color represents zero; 
color changes indicate gradations of 
IOP, theoretically allowing patients at 
risk of glaucoma to know at a glance 
when to seek medical attention. Dr. 
Iyengar says that established glau-
coma patients could determine how 
well their current treatment regimen 
is working to stabilize their IOP. He 
wants to further refi ne his invention, 
however. “We have very broad levels 
of distinction of IOP now, indicating 
the best, the baseline and the worst 
IOPs. In order to become more pre-
cise, what we really want to do is 
make 150 to 200 of these devices to 
test in rabbits, eventually leading to 
very precise readings as to what level 
we can consider the threshold that 
reaches glaucoma,” he says. Dr. Iy-
engar would also like to develop the 
device as a contact lens. 

 “I’m not interested in making 
money,” he adds. “I’m originally from 
India. I saw a lot of people get glau-
coma and by the time they reached 
about 45 or 50 years old, they lost 
their eyesight. That was a really 
strong motivator to come up with 
something. I came up with this idea 
with a few friends and tested it. I’ve 
spent around $10,000 to $15,000 of 
my own money so far to get the U.S. 
patent. Now I’m looking for some in-
vestors. My goal is to help fi nancially 
disadvantaged people everywhere in 
the world by donating the technolo-

gy. I’m very passionate about this be-
cause I want to give back to economi-
cally disadvantaged people who lose 
their productive lives to glaucoma.”

How to Use IOP Data?

An ideal round-the-clock IOP 
monitoring system would be accu-
rate, convenient, easy to use, easily 
standardized, and low- to no-mainte-
nance. While our current technolo-
gies hold great promise, experts say 
that nothing commercially available 
checks all of the boxes yet. “The Holy 
Grail is an implantable monitoring 
system, and we’re close,” said Dr. 
Singh at the ASCRS meeting, add-
ing that an implantable transducer-
based system could detect “under-
the-radar action” of IOP fl uctuations 
frequently missed during sleep or at 
night. Researchers have been look-
ing for this since their fi ndings have 
suggested that even glaucomatous 
eyes with normal in-offi ce IOP mea-
surements are subject to fl uctuations 
in IOP, and that these appear to be 
independent risk factors in disease 
progression.9

“There are companies that are 
working on implantable devices to 
measure IOP continuously,” Dr. 
Mansberger says. “I still think the ju-
ry’s out about how much it adds. But 
from an epidemiology perspective, it 
would seem that having a more com-
prehensive assessment of intraocular 
pressure would be important and 
valuable,” he says.

“In glaucoma, it is wholly insuf-
ficient to have one daytime IOP 
reading every three or six months,” 
says Dr. Mansouri. “But unfortu-
nately, there is no longitudinal study 
that looks at the impact of round-
the-clock or day and nighttime IOP 
measurements and their impact on 
lowering rates of progression and 
controlling glaucoma. This is some-
thing insurance companies will ask 
for before they provide adequate re-

Constant IOP MeasurementFeature 

Cross section of Dr. Iyengar’s intraocular IOP-monitoring device, which is made of elastomer 

and gel layers on a rigid base. The elastic layers expand across a fi xed background to produce 

color change as IOP increases. 
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imbursement: They’re going to ask for socioeconomic data 
on the usefulness of these values; and that’s really up to us 
in the medical community and manufacturers to provide.”

Dr. Mansouri already uses the Icare Home and the Trig-
gerfi sh with his patients, and says that both devices have 
helped him with clinical decision-making. “Using both 
methods has helped some patients to identify whether 
peak IOPs occurred in the daytime or nighttime. Some-
times, having a more accurate view of the patient’s circa-
dian IOP rhythm can help us make a better choice about 
drugs or about the timing of drop application. In some 
patients, it has given us more data to decide to go into sur-
gery, rather than continuing to change the IOP-lowering 
drop regimen,” he says. “More importantly, we empower 
patients by giving them either the possibility of obtaining 
the measurements themselves, or of viewing the data with 
us to get a visual look at the IOP, helping to make glaucoma 
a less-abstract disease. This can improve adherence to 
topical medications.”

Dr. Mansberger, who currently doesn’t use round-the-
clock IOP monitoring outside the clinic with his patients, 
points out that while many ophthalmologists believe these 
technologies are important, they don’t yet definitively 
know how to use the data they obtain. “The question is, 
how much does self-monitoring IOP improve care, pre-
vent blindness or prevent glaucoma’s progression?” he 
asks. “We don’t have any verdict on that. There are just so 
many unknown factors in glaucoma.”  

Dr. Mansouri is a consultant for Implandata and Sensimed 
AG. Dr. Mansberger reports no fi nancial interests relevant to 
this article. Dr. Iyengar holds the patent for his device, and 
can be contacted at iyengar@cis.fi u.edu.
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CME Accredited Surgical Training Videos Now 
Available Online: www.MackoolOnlineCME.com

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

MackoolOnlineCME.com MONTHLY Video Series

Episode 30:
“Dense Nucleus with 

Pseudoexfoliation”
Surgical Video by:

Richard J. Mackool, MD

MonthlyMonthly

MACKOOL ONLINE CME
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Richard Mackool, MD, a world renowned anterior segment ophthalmic 
microsurgeon, has assembled a web-based video collection of surgical
cases that encompass both routine and challenging cases, demonstrating both 
familiar and potentially unfamiliar surgical techniques using a variety
of instrumentation and settings.

This educational activity aims to present a series of Dr. Mackool’s surgical 
videos, carefully selected to address the specifi c learning objectives of this 
activity, with the goal of making surgical training available as needed online for 
surgeons motivated to improve or expand their surgical repertoire.

Learning Objective:
After completion of this educational activity, participants should be able to:

• Demonstrate techniques used to remove a dense nucleus in an eye with 
pseudoexfoliation 

• Recognize signs of Infusion Misdirection Syndrome and methods to protect 
the posterior capsule when this problem exists

Video Overview:
In this case I demonstrate 

techniques used to remove 
a dense nucleus in an eye 

with pseudoexfoliation. Signs 
of Infusion Misdirection 

Syndrome and methods to 
protect the posterior capsule 
when this problem exists are 

also presented.

Satisfactory Completion - Learners must pass a post-test and complete an evaluation form to receive a certifi cate of completion. Your chosen sessions must 
be attended in their entirety. Partial credit of individual sessions is not available. If you are seeking continuing education credit for a specialty not listed 
below, it is your responsibility to contact your licensing/certifi cation board to determine course eligibility for your licensing/certifi cation requirement.

Physicians - In support of improving patient care, this activity has been planned and implemented by Amedco LLC and 
Postgraduate Healthcare Education. Amedco LLC is jointly accredited by the Accreditation Council for Continuing Medical 
Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center 
(ANCC), to provide continuing education for the healthcare team

Credit Designation Statement - Amedco designates this live activity for a maximum of .25 AMA PRA Category 1 CreditsTM. 
Physicians should claim only the credit commensurate with the extent of their participation in the activity.
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Epithelial ingrowth may prove be-
nign or become a real threat to 

good vision. Decisions about when 
and how to spring into therapeutic 
action are multifactorial, and there 
are several potential modalities 
from which to choose. Here, sur-
geons share their insights on when 
to intervene, and their preferred 
methods of banishing—and keeping 
out—epithelial ingrowth. 

Jeffery J. Machat, MD, FRCSC, 
DABO, medical director of Nvision 
Eye Centers in Toronto and San 
Francisco, notes that surgeons saw 
much more epithelial ingrowth in 
the days of mechanical flaps than 
they do now. “Today, with femto-
second laser-created flaps, the in-
cidence is about one-tenth what it 
used to be, or around 0.2 percent,” 
he says. “Most mechanical fl aps are 
created with a blade with an angle 
of 26 degrees, as opposed to a more 
perpendicular side cut created with 
a femtosecond laser, usually about 
75 to 110 degrees. This difference 
in architecture makes it far more 
diffi cult for epithelial cells to enter 
the interface of a femtosecond laser 
fl ap.”

Another reason that epithelial 
cells infiltrate femto-created flaps 
less often, according to Dr. Machat, 
is their fi rmer adhesion over time, 
although late enhancements still in-
crease the risk. “If one performs 
an enhancement at 18 months or 
longer, then the risk of epithelial 
ingrowth will increase once again,” 
he explains. “For this reason, many 
surgeons have turned to PRK on the 
surface of the fl ap, to creating a side 
cut and then lifting the fl ap, or to 
cutting an entirely new fl ap.” 

Bennie H. Jeng, MD, professor 
and chair of the Department of 
Ophthalmology and Visual Sciences 
at the University of Maryland School 
of Medicine, adds that LASIK fl aps 
relifted and dislodged by trauma are 
another cause of ingrowth. “There 
are two main circumstances were 
we see epithelial ingrowth: One is 
after re-treatment; the other is after 
some traumatic event to the flap, 
where the patient is poked in the 
eye or something like that as late 
as 10 years or longer post LASIK. 
However it happens, if you relift 
the fl ap and put it back down, you’ll 
have a higher incidence of epithelial 

ingrowth,” he says. 

When to Treat

“The fi rst thing to understand is 
that epithelial ingrowth will typically 
be noted at the slit lamp between 
one week and one month,” says Dr. 
Machat. One way to stage epithelial 
ingrowth is with Dr. Machat’s own 
grading scale, which ranks it from 
Grades 1 to 3.1 “If it is what I term 
Grade 1 ingrowth, you’ll simply see 
cells within 1 to 2 mm of the flap 
edge. As long as there’s a demar-
cation line, an area of scarring at 
the anterior edge of the epithelium, 
then we know that the epithelium 
will not grow any further. Grade 
1 is usually just a very fl at layer of 
epithelial cells that are noted inci-
dentally near the flap edge. They 
just don’t progress, and no treat-
ment is indicated,” he says. Grade 3 
describes gray, necrotic geographic 
ingrowth and fl ap changes that in-
clude melting.

“You don’t go after it just because 
it’s there,” says Dr. Jeng. Let’s say 
somebody had LASIK redone about 
two years ago; they come in for 

Kristine Brennan, Senior Associate Editor

Surgeons share when to watch and wait, and when to do 
something about ingrowth under the fl ap.

Shutting the Door on 
Epithelial Ingrowth
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 A rolled LASIK fl ap edge can result from untreated epithelial cell 

ingrowth that advances in a line. Even after the ingrowth is treated, the 

change in fl ap architecture leaves a path for cells to re-enter. 

follow-up and they have epithelial 
ingrowth. I might see them about 
three months later to make sure it 
hasn’t moved. I’ll also take a picture 
of it. But if it’s not causing any visual 
symptoms, then I don’t do anything. 
If it is extensive, or if it enters into 
the visual axis, then obviously it’s 
become a problem. If it’s progress-
ing, or if it’s causing some overlying 
fl ap melting, then you have to lift it,” 
he says. 

“Indications for treatment are: a 
symptomatic patient; a raised flap 
edge that is causing a 
foreign-body sensation; 
distortion of visual acu-
ity; encroachment on the 
visual axis; induction of 
astigmatism, and asym-
metrical glare,” says Dr. 
Machat. He warns that 
there are clear signs that 
demand immediate treat-
ment. Grade 2 ingrowth 
“is where there is no de-
marcation line, and it 
looks like there’s a little 
peninsula of cells that 
comes in from the flap-
edge margin. Often, the 
cells are vacuolated. They 
start to have a geographic appear-
ance, almost like map dot dystro-
phy. These dead epithelial cells are 
the reason surgeons worry about 
epithelial ingrowth: They contain 
collagenase, which can then melt 
the corneal fl ap. So progressive in-
growth with no demarcation line, 
elevation of the fl ap edge, induced 
cylinder, changes on topography, 
dry spots, symptomatic glare, or ne-
crotic cells should be treated on an 
urgent basis.”

Lift, Scrape, Seal

Once you’ve decided to treat, Dr. 
Machat and Dr. Jeng emphasize the 
importance of getting rid of all the 
cells and then approximating and 

securely re-sealing the flap to pre-
vent their return. If you spot it early 
enough, says Dr. Machat, treatment 
can be very simple. “Sometimes, if 
it’s very minimal at the fl ap edge and 
you see necrotic cells, you can take a 
Sinskey-type spatula right at the slit 
lamp and just get those cells out from 
underneath the edge, and then use 
a dry spear and approximate the fl ap 
without taking the patient back to the 
laser suite. “It’s a nice technique be-
cause you can directly visualize what 
you’re doing through the slit lamp. 

However, you have to have a coopera-
tive and steady patient.”

More often, however, “Treatment 
involves lifting the fl ap and scraping 
both the bed and the under-surface 
of the fl ap,” Dr. Machat continues. “I 
use a 64 Beaver blade (Beaver-Visitec; 
Waltham, Massachusetts), followed 
by dry surgical spears with copious ir-
rigation,” says Dr. Machat. “Some sur-
geons will use PTK. In a dark room, 
epithelial cells will light up, and they 
should just do 5 µm [of PTK depth]. 
The key is to recognize whether the 
edges of the fl ap realign tightly,” he 
stresses. “If there is a rolled edge or 
a scalloped edge from corneal melt, 
a recurrence of epithelial ingrowth is 
far more likely. In these cases, tissue 
glue can be used; so can interrupted 

sutures.”
In addition to carefully debriding 

both the stromal bed and underside 
of the fl ap to get rid of all the cells, 
Dr. Jeng emphasizes that it’s critical 
to fi nd their source. “You really want 
to see where these cells are coming 
in; generally they’re coming in from 
just one area under the fl ap. You have 
to look for that very carefully at the 
slit lamp. The key after doing this is 
that you have to suture the fl ap down: 
You have to—for sure—put a suture 
where the epithelium was coming 

in. I generally also do 
a few more around the 
fl ap,” he says. “If you do 
it right, the cells won’t 
come back. I really think 
that suturing it down is 
the main thing you have 
to consider; all the rest is 
sort of an adjunct.”

Although fibrin glue 
has also produced good 
results preventing sig-
nificant recurrence of 
epithelial ingrowth in 
post-LASIK eyes after 
debridement,2 Dr. Jeng 
doesn’t use it to seal out 
the cells. “I think sutur-

ing is better,” he says. “I think a lot 
of people like the adhesive because 
it’s easy to use. But the tradeoff for 
easy is that it’s also easy for it to 
dislodge. If it doesn’t hold for long 
enough, you can still get ingrowth 
underneath. Adhesive is also very 
expensive.” 

As an alternative to fl ap relift and 
debridement, some surgeons use a 
neodymium:YAG laser to eliminate 
symptomatic epithelial ingrowth 
after LASIK. YAG (0.6 to 0.8 mJ) 
photodisruption has been shown 
to signifi cantly improve UCVA and 
astigmatism symptoms and topog-
raphy in phakic, post-LASIK re-
treatment eyes with Grade 2 to 3 
ingrowth affecting visual acuity.3

 “Some surgeons, if they see an ep-
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ithelial nest that was actually intro-
duced by the surgeon during treat-
ment and not contiguous with the 
edge of the fl ap, use a YAG laser to 
kill the cells so they don’t grow,” says 
Dr. Machat, who adds, “I’ve never 
used that technique—I worry too 
much.” 

“I fi nd it very unsettling to YAG 
the cornea,” agrees Dr. Jeng. For 
epithelial ingrowth that’s infiltrat-
ing the eye through an opening 
other than a LASIK fl ap, such as a 
wound, however, he will consider 
changing up his strategy of debride-
ment. “I might focally cryo the area,” 
he states. “If the ingrowth was se-
vere enough, that’s something that 
I would consider, but then you’d kill 
off an area of the stem cells so that it 
can’t grow the epithelium.” 

Repeat as Necessary

“I’m going to say this, and then I’m 
knocking on wood, but I’ve never had 
epithelial ingrowth recur after I’ve 
stitched the fl ap down,” says Dr. Jeng. 
“That said, just because it recurs, that 

doesn’t mean you have to intervene. 
But if it does recur, and if it does con-
tinue to progress, you have to relift it. 
Presumably, this would be at a point 
after you’ve already taken out your 
original set of sutures if you’re fol-
lowing the patient. I think that if you 
lift the fl ap again and go through the 
same steps, you can use any of the 
adjunctive methods you want. I’m not 
a huge fan of mitomycin-C, since I’m 
not really sure that it works. Isopropyl 
alcohol is more of a local thing that 
goes away once it’s done its job, so the 
epithelium will kind of grow back over 
it,” he says.   

“We’re only about 80-percent effec-
tive in eliminating epithelial ingrowth 
once it’s occurred,” Dr. Machat esti-
mates. “If you have to re-treat, then 
it’s about 80-percent odds again. Only 
if the ingrowth is very minimal, your 
fi rst treatment can be around 98-per-
cent effective; but if you let ingrowth 
progress to, say, Grade 3, then it’s only 
80-percent effective.”

Epithelial cells that sneak under 
the LASIK fl ap, like unwanted guests 
you’ve politely shooed away, have 

some propensity to come back even 
after you make it clear they’re not wel-
come. “The biggest thing is that if you 
don’t treat rapidly advancing epithe-
lial ingrowth that has no demarcation 
lines, or necrotic epithelial cells, the 
wall of cells that moves in can literally 
pull the fl ap edge underneath it, so it’s 
rolled,” says Dr. Machat. “I describe 
it to patients as similar to a worn-in 
walking path in a park or forest: That 
path has been created, and cells will 
grow back all over again.” With care-
ful observation, clinical judgment and 
persistence, your patient’s LASIK fl ap 
needn’t be a gateway to rogue epithe-
lial cells.  

 
Neither Dr. Machat nor Dr. Jeng 

reports any financial interests rel-
evant to this article. 

1. Machat JJ, Slade SG, Probst LE. The art of LASIK. 2nd ed. 
Thorofare, NJ: Slack; 1999.
2. Hardten DR, Fahmy MM, Vora GK, Berdahl JP, Kim T. Fibrin 
adhesive in conjunction with epithelial ingrowth removal after 
laser in situ keratomileusis: Long-term result. J Cataract Refract 
Surg 2015;41:1400-05.
3. Fuentes-Paez G, Soler Jr, T, Ddo, BS. Epithelial ingrowth: 
Visual acuity and astigmatism results one year after YAG laser 
treatment. J Clin Exp Ophthalmol 2015;6:5. http://dx.doi.
org/10.4172/2155-9570.1000471. Accessed 25 April 2018.

A neodymium-yttrium (YAG) laser can be effective for killing epithelial cells that have encroached on the visual axis. An eye 

immediately post YAG treatment is shown here, with bubbles over the targeted ingrowth. 

C
h

risto
p

h
e
r J. R

a
p

u
a
n

o
, M

D

047_rp0618_rcr.indd.indd   50047_rp0618_rcr.indd.indd   50 5/25/18   1:32 PM5/25/18   1:32 PM



Left your Review of Ophthalmology 

magazine at the offi ce? No problem!

Read Review on the go 

from any mobile device!

Simply go to www.reviewofophthalmology.com and click on 
the digimag link to get your current issue.

2015 Digimag hous ad_RP.indd   12015 Digimag hous ad_RP.indd   1 9/22/16   2:19 PM9/22/16   2:19 PM



Retinal Insider 
Edited by Carl Regillo, MD, and Emmett T. Cunningham Jr., MD, PhD, MPHR

E
V

IE
W

52 | Review of Ophthalmology | June 2018 This article has no commercial sponsorship.

Stem cells, currently under in-
vestigation for the treatment of 

age-related macular degeneration 
and other retinal disorders, are char-
acterized by the ability to differenti-
ate into multiple cell lineages, and 
an unlimited self-renewal capacity. 
These traits make them excellent can-
didates as potential treatments for 
various diseases. To date, however, 
no stem cell-based therapy for reti-
nal disease has been approved by the 
U.S. Food and Drug Administration, 
though there are several candidates 
in development. In this article, we’ll 
focus on human studies of stem cell-
based ocular therapy.

Stem Cell Primer

Pluripotent stem cells (PSCs), by 
definition, are able to differentiate 
into all endodermal, mesodermal and 
ectodermal lineages. Human embry-
onic stem cells (hESCs) were first 
cultured in 1998 and have the po-
tential to differentiate into all cell 
types (Figure 1). They are a promising 
source for stem cell-based therapy 
but, like fetal progenitor cells, raise 
potential ethical considerations. In-

duced pluripotent stem cells (iPSCs) 
are a subtype of pluripotent stem cells 
that originate from a differentiated 
cell source, such as skin fibroblasts 
or blood cells (Figure 2); they may be 
considered less controversial, and may 
negate some immunological issues as-
sociated with hESC-based therapies. 
Somatic stem cells, such as bone mar-
row, adipose, central nervous system 
and umbilical stem cells, are different 
than ESC- or iPSC-based therapies 
because they’re not pluripotent, but 
can generate some of the cell types of 
their host organ. While they normally 
assume a regenerative role in their 
host organ (i.e., corneal limbus epi-
thelial stem cells), somatic stem cells 

typically assume a trophic role in stem 
cell therapy (Figure 3). 

It turns out that the eye is a good 
candidate for stem cell clinical re-
search, given the unmet therapeutic 
need, the relatively immune-privi-
leged site and the clear ocular media 
that facilitates direct visualization of 
transplanted cells. Furthermore, the 
size of the eye requires smaller quan-
tities of therapeutic tissue in compari-
son to other organs. 

In the eye, stem cells can poten-
tially serve two different therapeutic 
roles: regenerative or trophic. For ex-
ample, stem cells have the potential to 
replace or regenerate tissue, such as 
retinal ganglion cells in glaucoma, or 

Peter Bracha, MD, and Thomas A. Ciulla, MD, MBA, Indianapolis

A look at how stem cells are generated, and the most promising 
approaches to employing them in the eye.

Stem Cell Therapy in 
Retinal Disease

Figure 1. Embryonic stem cell-based therapy. The inner cell mass is isolated from the 

blastocyst and cultured. The pluripotent embryonic stem cells are then differentiated into 

retinal pigment epithelium, photoreceptor precursors or other cell types using various 

methods. 
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retinal pigment epithelium in retini-
tis pigmentosa or AMD-related geo-
graphic atrophy (GA). They can alter-
natively or simultaneously assume a 
trophic role, producing growth factors 
and cytokines, such as brain-derived 
neurotrophic factor, that have a sup-
portive paracrine effect on local struc-
tures within the macula. (It’s worth 
noting that most current approaches 
using somatic stem cells to treat reti-
nal disease use an intravitreal deliv-

ery method, in contrast to subretinal 
transplantation.1)

RPE Transplantation

Transplant of retinal pigment epi-
thelium cells is a popular application 
of stem cell therapy in ophthalmol-
ogy, with researchers taking different 
approaches:

• Embryonic stem cells in RPE 
transplantation. The first human 

studies of stem cell-based RPE trans-
plants in AMD and Stargardt Disease 
were published in 2012.1 Steven D. 
Schwartz, MD, of the Stein Eye In-
stitute in Los Angeles, and his col-
leagues performed two prospective 
clinical trials of subretinal transplan-
tation of hESC-derived RPE cells in 
nine patients with Stargardt macu-
lar dystrophy and nine with atrophic 
AMD.2 Following surgery combined 
with immunosuppression, 72 percent 

Table 1. Ongoing or Recently Completed Stem Cell-based Therapies in Retinal Disease

Type of Stem Cell Therapy Transplantation Method Ocular Pathology Clinicaltrials.gov Number Sponsor Study Phase
Autologous bone marrow-
derived stem cells

Intravitreal nAMD, atrophic 
AMD, Stargardt

NCT01518127 University of Sao Paulo Phase I and II

Autologous bone marrow-
derived stem cells

Intravitreal retinal 
degenerations,
glaucoma

NCT02330978 University of Sao Paulo Phase I and II

Autologous bone marrow-
derived stem cells

Intravitreal atrophic AMD NCT02016508 Al-Azhar University Phase I and II

Autologous bone marrow-
derived stem cells

Retrobulbar, sub-
Tenon’s, intravenous, 
intravitreal, subretinal

various, including 
AMD

NCT01920867 Retina Associates of 
South Florida

Not documented 

Autologous bone marrow-
derived stem cells

Intravitreal atrophic AMD, 
including other 
retinal pathologies

NCT01736059 University of California, 
Davis

Phase I 

Autologous induced
pluripotent stem cell-
derived RPE cells

Subretinal atrophic AMD NCT02464956 Moorfi elds Eye Hospital 
NHS Foundation Trust

Phase I 

Allogenic HLA-matched 
iPSC-derived RPE cells

Subretinal nAMD -- RIKEN Phase I

Human central nervous 
system stem cells

Subretinal atrophic AMD NCT01632527 StemCells Phase I and III

Human embryonic stem 
cell-derived RPE

Subretinal nAMD NCT03102138 Pfi zer Phase I

hESC-derived RPE Subretinal AMD, Stargardt NCT02749734 Southwest Hospital, 
China

Phase I 

hESC-derived RPE Subretinal atrophic AMD NCT03046407 Chinese Academy of 
Sciences

Phase I

hESC-derived RPE Subretinal atrophic AMD NCT02755428 Chinese Academy of 
Sciences

Phase I

hESC-derived RPE Subretinal atrophic AMD NCT01674829 CHA Biotech Phase I and II
OpRegen: hESC-derived 
RPE

Subretinal atrophic AMD NCT02286089 Cell Cure
Neurosciences

Phase I and II 

hESC-derived RPE Subretinal atrophic AMD NCT01344993 Astellas Institute of 
Regenerative Medicine

Phase I and II 

hESC-derived RPE on a 
parylene membrane

Subretinal atrophic AMD NCT02590692 Regenerative Patch 
Technologies

Phase I and II 

hESC-derived RPE 
suspension (Arm 1) and 
hESC-derived RPE seeded 
on a substrate (Arm 2)

Subretinal nAMD, atrophic 
AMD, Stargardt

NCT02903576 Federal University of 
Sao Paulo

Phase I and II 

Human retinal progenitor 
cells (source not 
specifi ed)

Intravitreal retinitis 
pigmentosa

NCT0373733 jCyte Phase II

hRPC (source not 
specifi ed)

Subretinal retinitis 
pigmentosa

NCT02464436 ReNeuron Phase I and II
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of patients had increased subretinal 
pigmentation at the location of the 
transplant, suggesting the presence of 
the injected cells.2 No serious adverse 
outcomes were observed in visual 
acuity, visual field, static perimetry, 
electroretinography or reading speed, 
and there were no signs of acute re-
jection. Even after four years, none of 
the eyes developed abnormal growth 
suggestive of a teratoma, a tumor 
composed of two or more germ layers 
which could originate from stem cells, 
and no eyes developed proliferative 
vitreoretinopathy or a retinal detach-
ment.2,3 

In 2015, Won Kyung Song, MD, 
of Korea’s Bundang Medical center, 
and co-workers published preliminary 
results of subretinal hESC-derived 
RPE transplantation in two patients 

with advanced atrophic AMD and two 
patients with Stargardt disease.4 Simi-
lar to Dr. Schwartz’s study, no patients 
developed teratomas, graft rejection, 
PVR or a significant visual decline. 
However, this study did note some 
challenges expected with surgery sur-
rounding retinotomy sites, as well as 
intolerance of immunosuppression in 
one patient.4 

A recent Phase I trial of hESC 
transplants on a coated, synthetic 
basement membrane in two patients 
with advanced exudative AMD was 
suggestive of survival of the graft 
through 12 months. The study high-
lighted the feasibility of transplan-
tation of RPE cells on the synthetic 
membrane, but also identifi ed peri-
operative challenges, including a 
retinal detachment due to PVR, dislo-

cation of a fl uocinolone implant used 
for immunosuppression and worsen-
ing of diabetes from the use of oral 
steroids.5 

• Induced pluripotent stem cells 
in RPE transplantation. The use 
of iPSC-derived RPE transplants in 
human trials has lagged behind the 
use of ESCs. The first human trial 
using iPSC-derived RPE subretinal 
transplants was initiated by RIKEN, 
a research institute in Kobe, Japan, in 
September 2014.6 A 70-year-old Japa-
nese woman became the fi rst person 
to receive an iPSC-derived therapy 
for any indication.7 She didn’t receive 
immunosuppression, in contrast to 
ESC-derived RPE transplantation 
studies.2,4 The subject demonstrated 
no adverse ocular effects at one year, 
the transplanted sheets remained in-
tact and her vision decline had sta-
bilized.8 This study was suspended 
after mutations were observed in a 
second subject’s iPSCs, which weren’t 
detectable in the patient’s original fi -
broblasts.6 

In 2016, RIKEN planned to resume 
the study, with a signifi cant modifi ca-
tion: Instead of autologous cells, its 
researchers are investigating human 
leukocyte antigen-matched allogenic 
iPSC-derived RPE cells.6 

The use of autologous cells is costly 
and may require up to three months 
to develop from harvesting to intra-
ocular implantation.7 In contrast, the 
use of allogenic cells facilitates verifi -
cation of genomic stability and expe-
dites the time from patient selection 
to implantation.6 

A potential downside of using allo-
genic cells, however, is the increased 
risk of rejection due to the presenta-
tion of non-self antigens and the pos-
sible need for immunosuppression.

Trophic Roles for Stem Cells

Human intravitreal, autologous 
bone marrow-derived mononuclear 
transplantation was fi rst published in 

Figure 3. Somatic stem cell therapy. First, tissue is harvested from the patient and the 

desired cell is isolated and purifi ed. The cells can then variably be modifi ed and are 

typically injected intravitreally where they have a paracrine effect. Alternatively, the tissue 

can be injected subretinally and some investigators are investigating periocular injections. 

Figure 2. The process of inducing pluripotency followed by differentiation of cells into 

the desired cell type. First, a tissue is harvested from the adult patient. The tissue is then 

processed and the desired cell type isolated and cultured. The cells are then induced into 

pluripotency through the introduction of particular factors and growth conditions. Once 

pluripotency is established, the cells can be differentiated into the desired cell type, such 

as retinal pigment epithelium or photoreceptor precursor cells. 
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2008, and demonstrated no signifi cant 
safety issues in an eye with advanced 
diabetic retinopathy with optic nerve 
atrophy and retinal detachment.9 The 
same group expanded the study to 
include two additional patients, in-
cluding a patient with advanced atro-
phic AMD. Two of the three patients 
underwent pars plana vitrectomy fol-
lowed by intravitreal transplantation 
of suspended cells, and the third pa-
tient had the transplant injected into 
silicone oil. In all patients, the cells 
disappeared within four weeks, and 
other than a mild increase in intraocu-
lar pressure (absolute readings of 15 
to 30 mmHg), no adverse events were 
published.10 

A separate group investigated the 
intravitreal injection of autologous 
CD34+ bone marrow stem cells in 
various retinal pathologies. In con-
trast to the studies mentioned above, 
this group didn’t perform PPV prior to 
intravitreal injection. The transplant 
was tolerated well with no intraocu-
lar infl ammation or tumor formation. 
At six months postoperatively, fi ve of 
the six study eyes demonstrated VA 
stabilization, but one eye developed 
progression of AMD-related GA with 
a visual decline.11 Overall, these stud-
ies suggest the basic tolerability of the 
procedure, with further studies need-
ed to clarify safety and effi cacy. Other 
human studies have investigated the 
use of autologous bone marrow-de-
rived mononuclear cells in patients 
with retinitis pigmentosa, retinal vein 
occlusion and cone-rod dystrophy.12-14  

Postoperatively, patients injected 
with mesenchymal or hematopoietic 
stem cell-based therapies may be at 
increased risk of proliferation of cells 
within the vitreous. For example, fol-
lowing intravitreal injection of CD34-
positive stem cells, a 71-year-old 
female patient developed a visually 
signifi cant epiretinal membrane with-
in four months.15 Another patient, a 
60-year-old man with Stargardt dis-
ease, developed a retinal detachment 

two months following subretinal in-
jection of autologous mesenchymal 
stem cells.16 Most recently, Ajay E. 
Kuriyan, MD, at the University of 
Rochester Medical Center in Roches-
ter, New York, published an account 
of a tragic case series of three patients 
who experienced vitreous prolifera-
tion, retinal detachment and profound 
loss of vision following adipose tissue-
derived mesenchymal stem cell in-
travitreal transplants at one center in 
Florida.17 One of the patients saw the 
treatment on www.clinicaltrials.gov, 
and erroneously interpreted the list-
ing as a clinical trial with government 
approval and oversight, even though 
the center billed patients directly for 
the therapy (which is very unusual in 
a true clinical trial). It’s imperative for 
physicians to appropriately educate 
patients about the possible downsides 
of unproven stem cell therapies being 
conducted outside of a true controlled 
clinical trial setting. 

In conclusion, stem cell-based 
therapies have intriguing potential, 
but this fi eld is still in its infancy. In 
the last several years, ESC-, iPSC-, 
and somatic stem cell-based therapies 
have advanced from in vitro and ani-
mal models to human trials with limit-
ed effi cacy data. The major limitation 
of applying stem cell-based therapies 
to patients with AMD and similar pa-
thologies is the chronic and complex 
disease process. For example, years of 
oxidative stress, an impaired infl am-
matory state with complement activa-
tion, and aging with choriocapillaris 
atrophy and ischemia create a micro-
environment in AMD that challenges 
successful tissue replacement, en-
graftment and survival. Furthermore, 
given the polarity of RPE cells, trans-
planting sheets of cells with a scaffold, 
instead of suspensions, may be more 
physiologic, and some groups are 
consequently developing this concept 
further. Furthermore, surgical tech-
nique and immunosuppression will 
require additional clarifi cation.  

Peter Bracha, MD, is chief resident 
and Thomas A. Ciulla, MD, MBA, 
is a volunteer clinical professor of 
ophthalmology at Indiana Univer-
sity School of Medicine. Dr. Ciulla 
also serves on the board of directors 
of Midwest Eye Institute and has an 
employment relationship with Spark 
Therapeutics. Neither Dr. Bracha nor 
Dr. Ciulla have fi nancial interests in 
the subject matter. 
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For those of us treating glaucoma, 
these are exciting times. The last 

new class of glaucoma medications—
the prostaglandin analogues—be-
came available back in 1996. Now, 
more than 20 years later, we find 
ourselves able to prescribe two new 
drugs that represent entirely new 
classes of glaucoma medication. 
Vyzulta (latanoprostene bunod oph-
thalmic solution 0.024%, from Bausch 
+ Lomb) and Rhopressa (netarsudil 
ophthalmic solution 0.02%, from 
Aerie Pharmaceuticals) each have 
mechanisms of action different from 
those of the drugs that were previously 
available. Both of these are promising 
and should serve as important primary 
or adjunctive glaucoma therapies.

Today, most ophthalmologists’ glau-
coma treatment paradigm starts with 
prescribing a prostaglandin analogue 
as first-line therapy. That’s true for 
three main reasons: Prostaglandins 
are currently the most effective class 
of IOP-lowering drug; they’re safe 
in terms of their side-effect profi le; 
and they’re used once daily, which 
minimizes the impact on patients’ 
quality of life and maximizes ad-
herence. Both of the new drugs do 

well in the same three categories: 
Both are effective (though not equally 
effective) IOP-reducers; both have 
favorable systemic side-effect profi les; 
and both are once-a-day medications.

Here, I’d like to discuss the benefi ts, 
limitations and potential drawbacks 
of each medication and offer some 
thoughts on how they might fi t into 
our treatment paradigm.

Latanoprost Redux

Latanoprostene bunod (Vyzulta) is 
a molecule that is metabolized into 
latanoprost, which we’ve had many 
years of experience with, and a moiety 
that donates nitric oxide once the 
medication is in the eye. Latanoprost 
works primarily by increasing uveo-
scleral outfl ow, while nitric oxide in-
creases trabecular outfl ow, which is a 
novel mechanism of action. Because 
of these complementary mechanisms, 
combining the two molecules offers 
favorable IOP reduction. 

The data from the clinical trials 
shows robust effi cacy for latanopros-
tene bunod. The reduction in mean 
diurnal pressure at about a month was 
almost 9 mmHg.1 For a single agent 

used once a day to deliver 9 mmHg 
IOP reduction at peak effectiveness 
is impressive. Also, at that time point, 
latanoprostene bunod was superior to 
latanoprost alone, and the difference 
was statistically signifi cant.

In terms of the side-effect profi le, 
studies have found that Vyzulta is safe 
systemically. That’s very favorable 
for glaucoma patients, who are often 
on other systemic medications to 
treat cardiovascular or pulmonary 
diseases. The most common ocular 
side effect with Vyzulta was hypere-
mia, which is not unexpected since 
this is a prostaglandin. There were 
other adverse effects related to 
topical instillation, such as irritation 
and dry eye, which are not unique 
to latanoprostene bunod and are 
encountered with other glaucoma 
topical therapies. Overall, discon-
tinuation due to adverse effects has 
been rare with latanoprostene bunod 
in published studies.2

Of course, one advantage of 
latano-prostene bunod is that we 
have many years of experience with 
latanoprost, a key component of the 
new drug. As a result, we’re well 
acquainted with its adverse effects. 

Latanoprostene bunod and netarsudil offer surgeons new options 
in the battle to effectively lower IOP.

Two Unique Glaucoma 
Drugs Debut

Albert S. Khouri, MD, Newark, N.J.
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That gives us a leg up in terms of 

knowing what we’re dealing with.

The Dawn of ROCK-inhibitors 

What’s most exciting about netar-
sudil (Rhopressa) is that it’s the fi rst 
in a new class of glaucoma medi-
cations. Unlike the other classes of 
medications available to us, rho ki-
nase inhibitors have a different 
mechanism of action: They work by 
enhancing trabecular meshwork out-
fl ow. In contrast, prostaglandins in-
crease uveoscleral outflow, while 
other medications, such as alpha 
agonists, topical carbonic anhydrase 
inhibitors and beta blockers mainly 
decrease aqueous production. Com-
bining some of the current medica-
tions with similar mechanisms of 
action simply maximizes that effect, 
and the IOP reductions may not 
be additive. Because rho kinase in-
hibitors affect trabecular meshwork 
outflow, netarsudil may combine 
well synergistically with some of the 
other currently available medications. 
As adjunctive therapy, that’s very 
favorable.

In terms of efficacy, netarsudil 

didn’t initially meet noninferiority 

criteria vs. timolol in the ROCKET-1 
study, in which baseline washout 
IOP was between 20 and 27 mmHg. 
However, a post-hoc analysis revealed 
that netarsudil was non-inferior 
to timolol for patients with a post-
washout IOP lower than 25 mmHg. 
The most recent data is from the 
ROCKET-4 trial, with a six-month 
extension study. This was presented 
at the 2018 meeting of the American 
Glaucoma Society. In that trial, 
once-daily netarsudil was compared 
to timolol b.i.d. in patients with 
primary open-angle glaucoma and 
ocular hypertension. Basically, the 
study showed that netarsudil was not 
inferior to timolol at all time points 
from week two to month six. 

Overall, in the ROCKET series 
of trials, including ROCKET-4, 
netarsudil q.d. was noninferior to 
timolol (dosed twice daily) at a range 
of baseline IOPs. To restate that from 
a clinician’s standpoint, reductions 
in IOP were similar to timolol. We 
know that timolol generally delivers a 
20- to 25-percent pressure reduction, 
depending on how high the baseline 
pressure is and how responsive the 

patient is to beta blockers. We expect 
netarsudil to fall within that range.

In terms of adverse effects, like 
latanoprostene bunod, netarsudil is 
a patient-friendly medication that’s 
used once a day and has no cardiac or 
pulmonary impact; the most common 
adverse effect is conjunctival hyper-
emia. In the ROCKET trials, about 
half the patients using once-a-day 
netarsudil reported hyperemia. This 
is a higher rate than we’ve seen 
with beta blockers. However, the 
hyperemia was not present at every 
visit; it was intermittent and for the 
most part was mild and transient and 
reported by the investigator rather 
than the patient.3

Rho kinase inhibitors do have 
two unique adverse effects that 
we’ve learned of from the clinical 
trials that are not typical of other 
currently used glaucoma medications. 
One is conjunctival hemorrhages. 
Interestingly, these were very small—
typically described as “pinpoint 
hemorrhages.” In fact, they were 
so small that they were usually only 
observed by the investigators; most 
patients didn’t notice them. They 
were considered mild in the vast 
majority of cases, and as you might 
expect, they resolved on their own. 
They were not seen as a justifi cation 
for discontinuation of the medication.

The other unique adverse effect 
that’s been observed with netarsudil—
and rho kinase inhibitors in general—
is corneal verticillata (5 to 9 percent in 
ROCKET-1 and -2). This is a benign 
condition in which lipid deposits 
form in the corneal epithelium. This 
phenomenon was graded as mild in 
most patients. In fact, the verticillata 
were not symptomatic; because they 
occur in the superfi cial layers of the 
corneal epithelium, they tend to not 
be visually signifi cant. Patients didn’t 
notice any changes in their vision, 
so this phenomenon was only noted 
by the investigators. Furthermore, 
the verticillata resolved once the 

Effi cacy: Latanoprostene Bunod vs. Latanoprost

Reduction in mean diurnal IOP (mmHg)
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*P=0.005 vs. latanoprost
†P=0.009 vs. latanoprost

In the VOYAGER trial, latanoprostene bunod 0.024% produced a reduction in mean diurnal 

IOP of 9.0 mmHg. LBN was also signifi cantly superior to latanoprost alone at peak effect.1
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medication was discontinued. 
(Of note, other FDA-approved 
medications can cause verticillata; 
amiodarone is the classic example. 
However, this may be the first ex-
ample of verticillata being caused by 
a topical glaucoma medication.)

It’s important to keep in mind that all 
of this data regarding latanoprostene 
bunod and netarsudil comes from 
clinical trials, not from clinical use 
in the fi eld. Until both medications 
are widely used after their launch, 
we won’t be able to say defi nitively 
how signifi cant or insignifi cant these 
fi ndings may be.

First-line or Adjunct?

The way in which these two novel 
medications will end up being used 
is difficult to predict at this point, 
but their relative efficacy may be 
a significant factor. For example, 
latanoprostene bunod is one of 
the most effective medications we 
currently have, in addition to being 
used once a day. This will position it 
well as a fi rst-line medication when 
you’re trying to achieve signifi cant (on 
the order of 30 percent or greater) 
reduction in pressure to get to a target 
at which you can stabilize the disease. 
It also makes sense for patients in 
terms of avoiding having to dose 
medications multiple times a day, and 
for patients who have cardiovascular 
disease, where you’re trying to avoid 
medications that can interact with 
systemic illnesses and medications. 
Most patients are on prostaglandins as 
fi rst-line therapy, and latanoprostene 
bunod is in line with that. 

The challenge with latanoprostene 
bunod, as with many medications that 
are newly released, is commercial 
insurance coverage. When a medi-
cation is first released, it’s often 
not covered by a lot of plans. Until 
that situation changes, it may limit 
the access many patients have to 
latanoprostene bunod and netarsudil. 

Of course, post-release, the situation 

with coverage is dynamic and is likely 
to improve or change over time.

Netarsudil, which causes IOP re-
ductions closer to timolol, would 
make total sense as an adjunctive 
therapy. I’d say about half of our 
glaucoma patients require adjunctive 
therapy to get to their target or goal 
pressures. Currently we have a choice 
of several medications as adjunctive 
treatments, but all of them have to be 
used two or three times daily. (Beta 
blockers can be used once a day, but 
they have systemic side effects.) So 
netarsudil is well-positioned to be a 
choice adjunctive agent. 

There will definitely be some 
patients for whom prostaglandin 
analogues are not ideal choices for 
fi rst-line treatment for a number of 
possible reasons. For example, this 
would be the case for patients with 
active uveitis and patients who are 
concerned about iris color changes. 
I have a few patients in my own 
practice who have mixed iris colors, 
and they don’t want to risk changing 
this, so they refuse the medication. 
Also, prostaglandins can cause 
periorbital fat atrophy. Some patients 
see the appearance of their upper 
eyelids change over time, and you 
end up having to take them off of the 

drug. (Subtle changes may be noticed 

more in patients who are only being 
treated in one eye.) In our practice, 
we currently offer these patients laser 
trabeculoplasty or one of the other 
adjunctive therapies, all of which 
have to be used twice a day or more. 
Netarsudil is a possible choice for 
those patients because it’s once a day, 
which is a big advantage.

One obvious question is whether 
the two new medications might be 
complementary. Both medications 
have an effect on outflow through 
the trabecular meshwork, but 
we currently have no data on how 
they’ll interact. We do know that 
their mechanisms of action are not 
the same, just as many drugs that 
reduce aqueous humor production 
use different mechanisms of action. 
It’s possible that either of them alone 
might optimize trabecular meshwork 
outfl ow, but it’s also possible that their 
interaction could be synergistic. It will 
probably require post-launch studies 
and clinical experience over time to 
answer that question.

What Lies Ahead?

Given that these medications just 
became available, I think it’s too soon 
to guess how clinicians and patients 

Netarsudil 0.02% used once a day in the ROCKET-2 trial was not inferior to timolol 0.5% 

dosed twice a day up to three months.3

Effi cacy: Netarsudil 0.02% vs. Timolol 0.5%
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will interact with them. I can defi nitely 
vouch for the level of excitement 
about these new medications, as many 
glaucoma patients in my practice have 
inquired about them. Currently, we 
have data from the clinical trials, 
which was certainly favorable for both 
of these drugs. But what I’ve learned 
from my own experience is that until 
we get our hands on them and use 
them clinically, their full potential will 
remain unknown, and many questions 
about their side effects will remain 
unanswered. 

The reality is that clinical trial data 
doesn’t always match what we find 
in clinical practice. For example, 
historically there were three very 
large clinical trials of latanoprost in 
the United States and abroad. We 
learned a lot about the side effects and 
the effi cacy profi le of the drug from 

those trials, but we completely missed 
the side effect of eyelash growth. That 
was only picked up later on after the 
medication was widely used.

The point to make is that it can be 
hard to translate clinical trial data into 
real-world data. We’ll need to observe 
the drugs’ real-world effi cacy, how our 
patients react to them, what kind of 
side-effect profi les we see in day-to-
day use and how each drug combines 
with other medications, which is a key 
aspect of treating glaucoma. Clinical 
trials give us baseline information 
and clean data on the effi cacy of the 
medications and their safety, but it 
remains to be seen how the drugs 
will perform once widely launched 
and used. Our experience could very 
well mirror what was discovered 
during the clinical trials, or it could 
be different. That’s something we will 

learn in the months to come once we 
start using these two drugs.  

Dr. Khouri is an associate professor 
of ophthalmology, as well as director 
of the glaucoma division and the 
residency program, at Rutgers New 
Jersey Medical School. He has received 
grant support from Allergan, Bausch 
+ Lomb and Aerie Pharmaceuticals, 
is a consultant for Aerie, and is on the 
speaker bureau for Bausch + Lomb, 
Allergan and Novartis.
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First AI Diagnostic 
System Approved

Researchers conducted six clini-
cal studies in more than 600 pa-
tients to evaluate the safety and 
efficacy of Lumify, including stud-
ies with both pediatric and geriat-
ric subjects. Bausch + Lomb says 
that the strong efficacy and safety 
profile of Lumify includes not only 
significant redness reduction for 
up to eight hours, but a low risk 
of allergic reactions among all pa-
tient groups.  

For more information on Lu-
mify, visit Bausch.com. 

Alcon’s Systane Complete

Alcon recently announced the 
addition of Systane Complete, 

a new formula designed to provide 
relief for dry eye, to its Systane 
family of dry-eye drops. Alcon says 
that Systane Complete is an ideal 
first-line treatment option for peo-
ple who suffer from evaporative, 
aqueous-tear-deficient or mixed 
dry eye. 

Alcon says Systane Complete 
uses intelligent moisture and lipid 
delivery to enhance transmission 
of the active ingredient across the 
surface of the eye to stabilize the 
tear film. It also comes equipped 
with nano-droplet technology that 
allows for fast-acting hydration, 
tear evaporation protection and 
long-lasting relief for a patient’s 
eyes, the company says. Systane 

Complete drops include the ac-
tive demulcent propylene glycol, 
which spreads across the surface 
of the eye, Alcon adds. 

For more information on this 
new addition to the Systane family, 
visit alcon.com.

New Lucentis Approval 

In late  March, Genentech an-
nounced that the FDA approved 

the Lucentis (ranibizumab injec-
tion) 0.3-mg prefilled syringe as 
a method of administering the 
medicine used in treating all forms 
of diabetic retinopathy, in people 
with or without diabetic macular 
edema. The Lucentis 0.3-mg PFS 
is now the first syringe prefilled 
with an antivascular endothelial 
growth factor agent FDA-approved 
to treat both diabetic retinopathy 
and DME. 

The syringe is packaged in a sin-
gle-use sterile sealed tray, allow-
ing physicians to eliminate several 
steps in the preparation and ad-
ministration process. Genentech 
says that with the Lucentis PFS, 
physicians snap off the syringe cap, 
attach the injection needle to the 
syringe and adjust the dose prior 
to administration. It’s expected to 
be available in the second quarter 
of 2018, the company says. 

For more on Lucentis ,  v is i t 
gene.com.

IDx has announced that the U.S. 
Food and Drug Administration 

has granted the company’s de novo 
request to market IDx-DR, an AI-
based diagnostic system for the 
autonomous detection of diabetic 
retinopathy. This is the first au-
tonomous, AI-based diagnostic 
system authorized for commercial-
ization by the FDA. 

IDx says that the IDx-DR can be 
used to provide immediate, reli-
able screening for diabetic reti-
nopathy, including macular ede-
ma, during a routine office visit in 
a primary care setting. The exam 
is performed in minutes and pro-
duces a diagnostic interpretation 
and associated report, including 
care instructions that are aligned 
with the American Academy of 
Ophthalmology’s preferred practice 
pattern for diabetic retinopathy.

For more information on IDx-
DR and its availability, visit eyedi-
agnosis.net. 

Bausch + Lomb’s Lumify Now 
Available

In early May, Bausch + Lomb an-
nounced the launch of Lumify (bri-

monidine tartrate ophthalmic solution 
0.025%) in the United States. Lumify 
is the fi rst over-the-counter eye drop 
developed with low-dose brimonidine 
tartrate for the treatment of eye red-
ness. 
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Presentation

A 22-year-old man presented to the Wills Eye Hospital Emergency Room with worsening pain and swelling of his left 
upper eyelid that began three days prior to evaluation. The patient reported sinus congestion with yellow-green drainage for 
at least one month. He also noted poor appetite and fevers, and was unable to open his eye on the day of presentation. The 
patient initially presented to an outside emergency room where he was given intravenous antibiotics. A lateral canthotomy 
was attempted, and the patient was then transferred to the Wills Eye Hospital Emergency Room.

Medical History

The patient had a past medical history of chronic sinus infections. He otherwise denied any signifi cant medical, surgical 
or ocular history. There was no pertinent family history, allergies or social history, and the patient was not taking any medi-
cations.

Examination

On initial examination, the patient was found to have a fever of 38.3 degrees Celsius (100.9 F), heart rate of 77 beats per 
minute, blood pressure of 158/74 mmHg, and a normal oxygen saturation on room air. Ocular examination revealed uncor-
rected visual acuity of 20/20 in the right eye and hand motion without improvement with pinhole in the left. Visualization 
of the left eye was severely limited by upper-lid edema, but pupils appeared round and reactive without obvious relative 
afferent pupillary defect and extraocular motility was grossly full. Intraocular pressure was 18 mmHg in the right eye, and 
greater than 70 mmHg in the left eye by Tono-Pen. 

Anterior examination of the left eye showed tense upper-lid edema with tenderness and erythema, mild lower-lid edema 
and a cut lateral canthus (Figure 1). The globe appeared grossly formed with diffuse conjunctival injection and hemorrhagic 
chemosis greatest laterally and inferiorly. Desmarres retractors were used to evaluate the eye and further examination was 
otherwise normal. Anterior and posterior examination of the right eye was within normal limits. 

Douglas Matsunaga, MD, Matthew Zhang, MD, and Robert Penne, MD

A 22-year-old man with eyelid swelling and sinus congestion
is evaluated in the Wills Eye Hospital Emergency Room.

Figure 1. External photography of the patient 

on initial presentation showing severe upper-lid 

edema and erythema.

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

The differential diagnosis for a severely 
swollen eyelid with associated conjunctival in-
jection includes a range of etiologies, including 
preseptal or orbital cellulitis, orbital abscess, 
necrotizing fasciitis, neoplastic processes, or-
bital pseudotumor, trauma, carotid-cavernous 
fi stula and thyroid ophthalmopathy. In combi-
nation with high intraocular pressure, trauma 
complicated by an orbital compartment syn-
drome arises as an urgent consideration; how-
ever, inflammatory and infectious etiologies 
may also present in this fashion. Given the 
patient’s history of sinus disease and fever, and 
the absence of trauma, infectious etiologies 
such as orbital cellulitis and/or abscess were 
deemed most likely. 

Immediate attention was drawn to the high 
IOP and the lateral canthotomy was urgently 
completed with the addition of an inferior can-
tholysis. After the canthotomy the appearance 
of the eye remained unchanged and the intra-
ocular pressure was measured at 38 mmHg 
with a visual acuity of 20/400. Medical therapy 
was instituted with three rounds of timolol-
dorzolamide and brimonidine drops every 15 
minutes, and an intravenous infusion of 100 g 
of mannitol. One hour after the medications 
were finished the intraocular pressure was 
found to be 30 mmHg. 

Ancillary imaging was obtained with a CT 
scan of the orbits with contrast that showed a 
large multi-loculated abscess of the left upper 
lid tracking posteriorly into the orbit, disrupt-
ing normal anatomy and deforming the supe-
rior aspect of the globe (Figure 2A). Extensive 
opacification of bilateral maxillary, ethmoid 
and frontal sinuses was also seen (Figure 2B). 
The frontal sinus openly communicated with 
one of the lobules of the superior orbital ab-
scess (Figure 2C). The patient was taken urgently to 
the operating room where a left superior orbitotomy 
with irrigation and drainage was performed. Twenty 
milliliters of pus was drained from the area, and a Pen-
rose drain was placed. The Otolaryngology Service then 
performed functional endoscopic sinus surgery with 
drainage of the bilateral ethmoid, maxillary, sphenoid 
and frontal sinuses. 

Postoperatively, the patient was treated with in-
travenous cefepime, metronidazole and vancomycin. 
Examination of the affected eye after surgery showed 

visual acuity of 20/200 and an intraocular pressure of 
26 mmHg. By postoperative day two the patient had a 
visual acuity of 20/40, IOP of 23 mmHg and improved 
lid swelling. On day three, cultures grew Streptococcus 
anginosis, and the patient was switched from cefepime 
and vancomycin to intravenous ceftriaxone. On postop-
erative day fi ve the patient continued to show signifi -
cant improvement in swelling, and his visual acuity was 
20/20 with an IOP of 16 mmHg. The patient was subse-
quently discharged on oral amoxicillin/clavulanate with 
close outpatient follow-up.

Workup, Diagnosis and Treatment

Figure 2. (A) Sagittal CT image on initial presentation showing a large 

multi-loculated abscess with direct compression of the orbit. (B) Coronal 

CT image showing diffuse sinusitis of the maxillary, ethmoidal and frontal 

sinuses. (C) Sagittal CT image showing the frontal sinus openly 

 communicating with one of the lobules of the orbital abscess. 
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Orbital cellulitis is an infectious 
process involving orbital tissue pos-
terior to the orbital septum. It’s more 
common in the pediatric population, 
with an estimated incidence of 1.6 
per 100,000 children versus 0.1 per 
100,000 adults.1 The most common 
risk factor for orbital cellulitis is pa-
ranasal sinusitis, with the ethmoid 
sinus most frequently involved.2 

Direct extension of the infection is 
likely facilitated by a number of or-
bital anatomical factors, including 
the thin medial orbital wall, lack of 
lymphatics, valveless veins and mul-
tiple foramina.3 Other predisposing 
associations include upper respira-
tory infection, trauma, surgery and 
orbital foreign body.2 

In our particular case, orbital cel-
lulitis presented as an uncommon 
manifestation of Pott’s puffy tumor—
a rare complication of frontal sinus-
itis where frontal bone osteomyelitis 
occurs with associated subperiosteal 
abscess. First described by Sir Per-
civall Pott in 1768 as a result of trau-
ma,4 PPT is now more typically asso-
ciated with infectious etiologies and 
can extend through bone to involve 
the skin, brain or orbit. Classically, 
PPT presents with localized tender 
forehead swelling, but may also in-
clude headache, orbital symptoms, 
fever, vomiting and purulent rhi-
norrhea depending on the involved 
anatomy.5,6 Orbital involvement has 
been described in 33 to 45 percent of 
PPT cases.6,7

Close attention to potential com-
plications of orbital infection is es-
sential, as these can be severe, with 
vision- and life-threatening conse-
quences. Extension of an orbital in-
fection can lead to optic neuropa-
thy, endophthalmitis, meningitis and 
central nervous system involvement. 
PPT is especially worrisome, as in-
tracranial involvement is a relatively 
common and dangerous complica-

tion.5,8,9 Thrombophlebitis of orbital 
veins or mechanical compression 
of the central retinal artery can also 
cause severe ocular ischemic dam-
age. As in our patient, abscesses can 
occur in orbital infections, and stud-
ies have shown abscesses to be more 
common in adults than children.2,10 

The infection may also cause ex-
ternal pressure on the eye, and our 
case demonstrates the importance of 
recognizing the underlying mechan-
ics of this pressure. While a classical 
orbital compartment syndrome in-
volves a buildup of pressure behind 
the eye that may be relieved by ante-
rior release with a lateral canthotomy 
and cantholysis, pressure from an 
anterior etiology pushing back on 
the globe, as in our case, may not re-
spond to this approach. In such cases, 
it’s most benefi cial to directly address 
the etiology of anterior pressure with 
urgent surgical intervention. 

Diagnostic imaging may be critical 
in orbital cellulitis and CT is consid-
ered the modality of choice, given its 
superior bony imaging, speed and 
availability. Imaging is indicated in 
all cases of periorbital infl ammation 
where proptosis, ophthalmoplegia, 
decreased visual acuity, concern for 
foreign body, neurological signs or 
lack of improvement over 24 hours 
with treatment are present.2,11 In ad-
dition to identifying or ruling out 
other etiologies of orbital inflam-
mation, imaging may provide infor-
mation regarding the degree of ex-
tension of the infection, including 
intracranial or cavernous sinus in-
volvement; identify subperiosteal or 
orbital abscesses; assess for concur-
rent sinusitis and/or identify foreign 
bodies in the orbit. In our patient, 
CT imaging was critical in identifying 
PPT with fi ndings of infectious ero-
sion through bone from the frontal 
sinus into the orbit (Figure 2C). 

In a majority of microbiologi-

cal studies, Staphylococcus aureus 
and Streptococcus species are the 
most common causative organisms 
of orbital cellulitis.2,11-13 An increas-
ing incidence of methicillin-resistant 
Staphylococcus aureus has been not-
ed and should be factored into anti-
biotic management.2,13 Age is also a 
signifi cant consideration, as patients 
younger than 9 years with subperios-
teal abscesses are more likely to have 
single aerobes isolated, while older 
patients trend towards polymicro-
bial infection with anaerobes.14 Hae-
mophilus influenzae was once one 
of the most commonly isolated bac-
teria in children with orbital celluli-
tis; however, since the advent of the 
HiB vaccine in 1990, incidence has 
sharply declined.15,16 H. infl uenzae is 
considered relatively aggressive, with 
a higher association with bacteremia 
and neurological complications. It’s 
been hypothesized that its decline 
may partially explain the decrease 
in incidence of neurological com-
plications from orbital cellulitis, as 
less-virulent bacteria now predomi-
nate.2,13,17 In immunocompromised 
or diabetic patients, fungal infections 
should be considered. Cultures from 
abscesses and infected sinuses typi-
cally provided the highest yield (90 
percent) with blood cultures produc-
ing low to minimal positive results (0 
to 8 percent).10,12 

In our patient, Streptococcus angi-
nosis was the predominant organism. 
S. anginosis falls into a subgroup of 
S. viridans and is considered normal 
flora of the human oral cavity and 
gastrointestinal tract. Despite this, 
S. anginosus is known for its patho-
genicity and propensity for abscess 
formation with aggressive pyogenic 
invasion of tissue including the CNS, 
head, neck and thorax.18 In one ge-
netic analysis of S. anginosus isolates, 
numerous virulence factors shared 
with S. pyogenes were identifi ed in-

Discussion
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cluding genes for antibiotic resis-
tance, superantigens and DNase.19 
In one study of 104 patients with 
complications from sinusitis ranging 
from orbital cellulitis to cavernous 
sinus thrombosis and intracerebral 
abscesses, S. anginosus was the most 
commonly isolated organism.20 Inter-
estingly, several case series of orbital 
cellulitis have identifi ed S. angino-
sus as the most commonly isolated 
pathogen.21,22 However, in one review 
of 32 cases with PPT, only two cases 
isolated S. anginosus and neither 
case involved the orbit.8 Clinically, S. 
anginosus infection responds well to 
cephalosporins, but the potential for 
resistance exists, and timely surgical 
drainage is often required.18 

Rapid institution of IV antibiotics 
with appropriate surgical drainage is 
the mainstay of treatment for orbital 
cellulitis and Pott’s puffy tumor. Anti-
biotic therapy may be guided by local 
sensitivities, but typically a broad-
spectrum antibiotic such as a third-
generation cephalosporin with con-
sideration for anaerobic and MRSA 
coverage is an appropriate initial 
therapy.2 Surgical drainage of orbital 
and subperiosteal abscesses in orbital 
cellulitis is often necessary, especially 
when more severe signs are present, 
such as decreased vision, pupillary 
changes, increased IOP or failure 
to respond to treatment, or in the 
presence of an orbital foreign body. 
PPT almost always requires surgical 
intervention.5 A multidisciplinary ap-
proach with functional endoscopic si-
nus surgery is also typically indicated 
in cases of PPT or orbital cellulitis 
with signifi cant concurrent bacterial 
sinusitis.  
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