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ADVERTORIAL

Eye care continues to evolve toward 
a greater emphasis on more active 
identification and treatment, as well as the 
use of novel, minimally invasive treatments. 
This approach is particularly important when 
it comes to conditions that are common in 
the population. Clinical experience tells 
us that ptosis is one of the most prevalent 
conditions of the upper eyelid. It is also 
clear that despite the effects of ptosis on 
appearance, vision, and quality of life,1-4 it is 
very likely underdiagnosed. This is at least in 
part because its presentation can be relatively 
mild or moderate, meaning that it might 
escape detection during a routine exam. 
Similarly, patients might not feel compelled 
to report ptosis, particularly if it is of the 
more slowly progressive, age-related variety. 
Additionally, until recently, the only effective 

treatment option available was surgery, which 
may not be suitable for all patients, especially 
those with mild or moderate ptosis. Thus, 
the prevailing approach, unless the patient 
is particularly motivated to undergo surgery, 
has often been simply ‘watch-and-wait.’

As part of a joint optometry and ophthal-
mology working group, we recently reviewed 
current evidence and clinical experience to 
propose an updated, practical algorithm for 
acquired ptosis identification, diagnosis, 
workup, and treatment.5 One of the prompts 
for this work was the introduction of the first 
pharmacologic agent approved for acquired 
ptosis — a topical solution of the selective 
alpha-adrenergic agonist oxymetazoline 
0.1% (Upneeq®, RVL Pharmaceuticals, Inc., 
Bridgewater, NJ, USA) — and the need to 

explore how this non-invasive therapeutic 
might help evolve clinical practice. Broadly, 
as a once-daily eye drop, oxymetazoline 0.1% 
presents the potential to treat more acquired 
ptosis patients and, at the same time, allow 
primary eye care providers to take on an 
expanded role in ptosis management.

Accurate and timely ptosis 
identification can be easy  
and efficient

In order to make informed treatment 
decisions, acquired ptosis needs to be 
accurately diagnosed, meaning that an 
active approach to identification is essential. 
The good news is that identifying ptosis is 
straightforward and can be easily incorporated 

Screen for and  
identify ptosis

Figure 1    |     Clinical recommendations for the diagnosis and treatment of acquired ptosis.  Adapted from Nichols et al.5

Definitions:  
CN, cranial nerve 
EOM, extraocular muscle 
MRD-1, marginal reflex distance 1

Characterize  
and treat

} Intake questionnaire
}  Patient history and digital 

image review
}  Eyelid measurements 

(MRD-1, palpebral 
aperture)

} Characterization
 - Acquired / congenital
 -  Muscular / Aponeurotic 

etiology
 - Pseudoptosis conditions

}  Acquired ptosis 
treatment review and 
implementation

 -  Pharmacologic 
treatment (once-daily 
oxymetazoline 0.1%)

 -  Surgical referral (with 
or without ‘bridge’ 
pharmacologic 
treatment)

Confirmed 
ptosis

} Bilateral / 
 unilateral

} Mild- 
 severe

No evidence 
of serious 
underlying 
cause

Rule out or identify serious 
neurologic etiology

}  Pupil measurements in 
bright and dim light

}  EOM motility / cover testing 
in all gazes

}  Globe evaluation / 
exophthalmometry

}  Timing of onset, pain, facial 
asymmetry assessment

If potential serious underlying 
neurologic or muscular cause 
(e.g., Horner’s syndrome, CN 
III palsy, myasthenia gravis, 
orbital pathology) suspected

Additional in-office testing 
and / or referral for workup, as 
needed for emergent workup 
(condition-specific imaging, 
neurologic evaluation)



into your current workflow, starting at patient 
check-in and the pre-exam workup (Figure 1).

Simple questions added to your intake 
questionnaires can help identify patients who 
have noticed drooping or other changes in 
their eyelids. During the work-up, technical 
staff can review patient history and collect 
digital images of the eyes, as well as perform 
simple eyelid position measurements to 
record the presence of ptosis, as well as its 
severity and laterality. Easy and reliable 
measures of the eyelids include the marginal 
reflex distance 1 (MRD-1; distance between 
the central pupillary light reflex and center of 
the upper eyelid margin) or palpebral aperture 
(distance between the central margins of the 

upper and lower eyelids). The important thing 
to remember is that practices already have the 
tools (penlight, mm ruler) and expertise to 
efficiently collect this information, and that 
observation of the eyelids can be woven into 
staff and doctor workflow relatively seamlessly. 
As identifying ptosis becomes a more routine 
part of your comprehensive exam, the easier 
it becomes to spot by visually assessing upper 
eyelid position, even when relatively mild. At 
that point, MRD-1 or other related measure-
ments may be less necessary for ptosis identi-
fication, though they can still support accurate 
tracking and assessment of interval change. 

Taking a few minutes for 
differential diagnosis and ptosis 
characterization supports good 
treatment decisions

Once eyelid ptosis is confirmed based 
on eyelid measurement and doctor review, 
it is important to examine for any signs of 
potentially serious underlying neurologic 

causes of the ptosis (Figure 1), following the 
same approach to differential diagnosis that 
you would for any patient under your care. 
In the case of acquired ptosis, this includes 
assessment for concerning features like 
sudden onset, fatigability, associated ocular 
or facial pain, asymmetric exophthalmometry 
measurements, presence of a mass or lesion 
weighing down the eyelid, pathologic 
anisocoria, or reduced functional ability of 
the extraocular muscles. Presence of any of 
these factors needs to prompt additional 
in-office testing and / or immediate referral 
to neuro-ophthalmology or the emergency 
department for initiation of neuro-imaging 
and other testing as necessary. Some potential 
underlying causes for ptosis are noted in 
Figure 1. For more detailed information 
regarding the workup for underlying causes of 
ptosis, see Nichols et al.5 

Once it is confirmed that no signs of serious 
underlying conditions are present, ptosis 
should be characterized using straightforward 
tests of upper eyelid retractor muscle and 
aponeurosis function. The patient should 
also be examined for potential mechanical 
factors and the presence of “pseudoptosis” 
conditions that may masquerade as ptosis. 
Dermatochalasis is one of the more common 
conditions that can give the appearance of 
ptosis, but it can also be present in parallel 
with ptosis. In either case, performing simple 
tests to define the relative contributions of 
ptosis and dermatochalasis is important in 
guiding treatment. Basic exophthalmometry 
to assess the axial position of the eyes can help 
identify forward protrusion, globe dystopias, 
or asymmetries that might also give the 
appearance of ptosis.6

An active approach to 
treatment will benefit more of 
your patients

Given its non-invasive nature and familiar 
route of administration, oxymetazoline 0.1% 
should be considered as a first option for the 
majority of patients with non-pathologic 
acquired ptosis. This includes cases of 
persistent and progressive acquired ptosis, as 

well as more transient forms due, for example,  
to periocular neurotoxin injection or following 
ocular surgery. Clinical oxymetazoline 0.1% 
application significantly raises the upper eyelid 
and improves superior visual field deficits. 
Particularly notably, oxymetazoline 0.1% has 
rapid effects on upper eyelid position, with 
significant improvements in position observed 
5 minutes after administration and significant 
effects lasting through at least 6 hours post-
dosing.7,8 Further, oxymetazoline 0.1% has a 
favorable safety profile, with reported adverse 
event rates and types comparable to those in 
patients using  placebo and minimal effects 
on pupil size, intraocular pressure, or visual 
acuity.9

Surgery provides a more permanent 
correction of ptosis and is effective, with a wide 
range of technical approaches available based 
on etiology and severity. Surgical referrals 
should be provided in cases of acquired ptosis 
that are particularly severe, unlikely to benefit 
from pharmacologic intervention based on 
underlying etiology, or when the patient 
desires permanent surgical correction.

Identifying and treating ptosis 
is a simple way to provide 
better comprehensive care

There is broad availability of clinical tools 
for accurate diagnosis, as well as expanding 
therapeutic options for ptosis. Therefore, 
eyelid evaluation should be a part of the 
comprehensive eye exam, particularly for 
patients with known identifiable risk factors 
for acquired ptosis, such as advanced age, 
long-term contact lens wear, or history of 
ocular surgery.10-16 Paying more attention 
to the eyelids in daily practice can identify 
not only candidates for pharmacologic 
treatment, but also more candidates who 
can benefit from surgical correction. The 
proposed stepwise approach to identifying, 
characterizing, and treating acquired ptosis 
can be easily and efficiently integrated into 
your clinical practice, and reflects the type of 
comprehensive care that we aim to provide to 
all of our patients. 

© 2022 RVL Pharmaceuticals, Inc. All Rights Reserved. 04/2022 Brought to you by
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Optometrists in Colorado 
received good news in June 
when Governor Jared Polis 
signed HB 22-1233 into law, 

permitting ODs there to take advan-
tage of several new rights. The opto-
metric scope of practice in Colorado 
is now expanded to include advanced 
procedures such as lesion removal, 
injections and corneal crosslinking, as 
well as three laser procedures: YAG 
capsulotomy, peripheral iridotomy and 
selective laser trabeculoplasty. The 
news comes just months after a suc-
cessful Virginia effort added many such 
procedures to ODs’ rights in that state.

Every 10 or 11 years, Colorado law 
requires that optometry go through a 
sunset process to reassess and amend 
the definition and regulations of the 
profession. The new sunset bill, ef-
fective until 2033, will allow ODs in 
Colorado to practice according to their 
training and qualifications, as set forth 
by the state’s Board of Optometry 
and national exams. Guidelines on 
the certification required to perform 
each new procedure will be deter-
mined in the coming months by the 
Board.

“Everyone is excited about the 
expanded scope of practice, espe-
cially newer ODs who have already 
been trained in many of these 
procedures, but prior to the passing 
of this bill, were not able to take ad-
vantage of their training or educa-
tion,” says Deanna Alexander, OD, 
Colorado Optometric Association 
(COA) legislative co-chair. “ODs 
are excited to see the profession 
moving forward.”

The scope expansion will also im-
prove access to care for state residents. 
For the majority of Colorado counties, 
optometrists are the primary eyecare 
providers, which is one reason why the 
COA fought so hard to have the bill 
passed—but not without a good fight 
by the opposition. 

Karen Moldovan, government rela-
tions director at the COA, offers a few 
words of advice for optometrists and 
advocates in other states trying to push 
for scope expansion laws.

“Throughout the legal process, 
legislators were interested in the safety 
precedents set nationally and by other 
states with expanded scope laws,” Mrs. 
Moldovan notes. “We were confidently 
able to present data from states like 
Oklahoma, Kentucky, Louisiana and 
others that have already passed these 
laws and showed that there were no 
patient safety concerns by any means. 
The more states that produce this com-

pelling data, the stronger the national 
precedent will be.”

Mrs. Moldovan also emphasizes the 
importance of educating legislators on 
the various procedures and how they 
are performed, and explaining that, un-
like many other forms of surgery, most 
patients can drive themselves home 
after an in-office ocular procedure. 
“We’ve had legislators hear from op-
tometrists in Colorado who are licensed 
in other states and have performed 
many of these procedures before,” 
she says. “These doctors were able to 
share their first-hand experiences and 
perspective on things like what the 
procedure looks like in the office.”

Additionally, Mrs. Moldovan noted 
that it was helpful to offer a live demo 
for legislators to walk them through 
a laser procedure and show them the 
technology. “What is really important is 
helping legislators understand what the 
procedures are and what they are not.”

Lastly, Dr. Alexander also credits 
the win to ongoing relationships be-
tween ODs and the state. “Get en-
gaged at the state level and connect 
with your legislative team,” she 
advises. “In Colorado, and through-
out the nation, it’s the relationships 
we build with the state that help us 
push these things forward and keep 
optometry strong.”

These strategies will surely be 
at play next month in California, 
where optometric leaders are purs-
ing similar legislation. On June 
29, the state Senate moved a bill 
proposing laser and other minor sur-
gical procedures out of committee. 
Another hearing is set for Aug. 1.

Colorado Becomes 10th State Allowing ODs to Use Lasers
“As-taught” law brings many new procedures into the fold, better reflecting the capabilities of ODs 
there, advocates say. In California, a similar bill cleared a legislative hurdle.

Colorado’s new law adds these services to its optometric 
scope: (clockwise from upper left) capsulotomy, SLT, 
peripheral iridotomy, intralesional injection, collagen 
crosslinking and lesion incision/excision. 



Outdoor Time, Tanning May Lower Cataract Surgery Risk

It’s long been known that pro-
longed outdoor time increases ul-
traviolet light exposure and thus 

the incidence of cataract develop-
ment. But an unusual new study links 
outdoor time with a lower incidence 
of cataract surgery in a large Austra-
lian cohort. The key difference seems 
to be the individual’s propensity for 
tanning and the role of melanin.

This population-based prospec-
tive cohort study included 137,133 
participants 45 to 65 years old without 
prior history of cataract surgery. Time 
spent outside and tanning from 
repeated sun exposure were assessed 
via questionnaire. Whether a patient 
proceeded to need and receive cata-
ract surgery was then determined.

During a mean follow-up of nine 
years, 10% of participants received 
cataract surgery. More time outdoors 
and tanning from repeated sun ex-

posure were significantly associated 
with a lower risk of cataract surgery. 
Participants who spent over 10 hours 
outside had a 9% decreased risk 
compared with those who spent fewer 
than two hours outside. Compared 
with participants who easily tanned 
from repeated sun exposure, those 
less likely to tan had a 5% to 7% 
increased risk.

“We found reduced risk of cataract 
surgery among participants who re-
ported more outdoor time,” the study 
authors noted in their paper. They 
added that, “subjects who tan easily 
had lower risk, suggesting a potential 
role between melanin and cataract.” 
A suntan is a sign that the skin is 
releasing melanin, a natural protector 
against the sun’s UV rays.

The team speculated that one 
explanation could be that “those 
who tan easily have higher melanin 

levels and better antioxidant capabil-
ity and thus a lower risk of cataract.” 
Meanwhile, older study participants 
who tanned less were found to have 
increased cataract risk, which could 
be due to reduced melanin levels due 
to older age.

Han X, Zhang J, Wang W, et al. Associations among outdoor 
time, skin tanning, and the risk of surgically treated cataract 
for Australians 45 to 65 years of age. Transl Vis Sci Technol. 
June 2, 2022. [Epub ahead of print].

Those who spent longer in the sun and tanned more easily may have better outcomes.

Individuals more prone to tanning from 
UV exposure may have greater protective 
mechanisms against cataract development.
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atheus Frade on Unsplash.

Researchers identified a new 
clinical entity in myopic eyes 
that they termed “extreme 
macular schisis simulating 

retinal detachment” (EMSSRD). They 
observed this finding on high-resolu-
tion OCT after evaluating patients who 
initially appeared to have macular hole 
retinal detachments.

“EMSSRDs resemble a macular hole 
retinal detachment, but they differ by 
having thin remnants of the retina on 
the retinal pigment epithelium,” the 
researchers explained in their paper for 
the journal Retina.

They analyzed data of 617 highly 
myopic eyes with myopic tractional 
maculopathy. They diagnosed EMS-
SRD on OCT based on high retinal 
elevation (>500µm), less obvious co-
lumnar structures and presence of thin 

remnants of outer retinal tissues above 
the retinal pigment epithelium.

Of the total eyes, 4% had EMSSRD. 
All of these eyes had macular atrophy 
caused by myopic macular neovascu-
larization. The team noted that less 
than 1% of eyes progressed to macular 
hole retinal detachment, and these de-
tachments all began away from rather 
than within the macular atrophy.

“This suggested that although the 
tissue adhesion was strong in the area 
of the macular neovascularization-
related macular atrophy, the retinal 
detachment can spread to the area of 
macular atrophy with a strong adhe-
sion because of continued tractional 
forces,” the researchers wrote. “When 
the tractional force exceeded adhesion, 
it resulted in a macular hole retinal 
detachment.”

Almost 2% of eyes in the study 
required vitreoretinal surgery, but the 
researchers found no significant differ-
ence between pre- and postoperative 
best-corrected visual acuity (BCVA) 
in eyes operated on due to worsening 
EMSSRD or progression to macular 
hole retinal detachment. They also 
explained that they found no differ-
ence in BCVA improvement between 
the two types.

“The differentiation between 
EMSSRD and macular hole retinal 
detachment is important because the 
treatment strategies including urgent 
vitrectomy for macular hole retinal 
detachment are different from that of 
EMSSRD,” they concluded.

Uramoto K, Azuma T, Watanabe T, et al. Extreme macular 
schisis simulating retinal detachment in eyes with patho-
logic myopia. Retina. May 27, 2022. [Epub ahead of print].

Distinguishing it from macular hole retinal detachment is key, due to differing treatment strategies.
New Retinal Finding Found in Severely Myopic Eyes
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A 
number of studies 
have explored the 
connection between 
nutrition and supple-

ments and the development 
or progression of age-related 
macular degeneration (AMD). To 
better understand where the cur-
rent literature stands, researchers 
recently conducted a systematic 
review that found that a high 
intake of specific nutrients as 
well as antioxidant supplementa-
tion and a Mediterranean diet 
decrease the risk of progression 
of early to late AMD.

The study authors included stud-
ies published between January 2015 
and May 2021 that were identified 
through a multi-database search. They 
assessed the certainty of evidence ac-
cording to the GRADE methodology. 
The main outcome measures included 
development, progression and side 
effects of AMD.

Seven systematic reviews, seven 
randomized controlled trials and 13 
nonrandomized studies were included. 
The researchers reported a high cer-
tainty of evidence for the association 
between high consumption of spe-
cific nutrients, such as beta-carotene, 
lutein, zeaxanthin, copper, folate, mag-
nesium, vitamin A, niacin, vitamin B6, 
vitamin C, docosahexaenoic acid and 

eicosapentaenoic acid, and a lower risk 
of progression of early to late AMD.

There was a moderate certainty of 
evidence that the use of antioxidant 
supplements and adherence to a Medi-
terranean diet was correlated with a 
decreased risk of progression of early 
to late AMD. Additionally, there was 
a moderate certainty of evidence that 
high alcohol consumption was linked 
to a higher risk of AMD development.

The study authors also found that 
supplementary vitamin C, vitamin 
E and β-carotene were not associ-
ated with the development of AMD. 
Supplementary omega-3 fatty acids 
were not associated with progression to 
late AMD. Both had a high certainty of 
evidence, according to the researchers.

Based on this systematic review, 
the study authors recommend low 
alcohol consumption to decrease 
the risk of AMD progression. Pa-
tients with early AMD who do not 
smoke should take the AREDS 1 
formula, which includes vitamin 
C, vitamin E, beta- carotene, zinc 
as zinc oxide and copper as cupric 
oxide.

“In addition, the preventive 
effect of lutein (10mg/day) and 
zeaxanthin (2mg/day) as supple-
ments is plausible, making them 
a good alternative for beta-caro-
tene,” they noted in their paper 

on the study. “Secondly, for persons 
with early AMD, we would recom-
mend a Mediterranean diet, character-
ized by a high intake of vegetables, 
fruit, legumes, grains and nuts, a 
moderate consumption of fish, poultry, 
dairy and red wine, the use of olive 
oil instead of butter and a limited 
consumption of red meat.”

Future research should focus on 
personalized therapeutic and preven-
tive approaches, according to the 
study authors, such as the connection 
between nutrition and immunological 
parameters.

Pameijer EM, Heus P, Damen JA, et al. What did we learn 
in 35 years of research on nutrition and supplements for 
age-related macular degeneration: a systematic review. 
Acta Ophthalmol. June 13, 2022. [Epub ahead of print].

Specific Nutrients May Lower AMD Progression Risk
Recent systematic review confirmed the benefits of carotenoids, antioxidants and a 
Mediterranean diet.

NEWS REVIEW | Get the latest at www.reviewofoptometry.com/news

IN BRIEF
g Reticular Pseudodrusen 
Identified as Risk Factor for AMD 
Progression. A post-hoc analysis 
of two clinical trial cohorts—
Age-Related Eye Disease Study 
(AREDS) and AREDS2—recently 
found that reticular pseudodrusen 
serves as a risk factor for progres-
sion to late-stage AMD.

This study included eyes with 
no late AMD at baseline in AREDS 
(n=6,959 eyes) and AREDS2 
(n=3,355 eyes). 

The researchers graded color 
fundus photographs from an-
nual study visits for soft drusen, 
pigmentary abnormalities and 
late AMD. In AREDS, the study 
authors reported a correlation 
between the presence of reticular 
pseudodrusen and a higher risk of 
progression to late-stage disease. 
However, they observed significant 
differences in the associated risk 
at simplified severity scale levels. 
The nine-step scale also showed 
a higher risk of progression when 
reticular pseudodrusen is present.

In both cohorts, the study au-
thors found that the presence of 
reticular pseudodrusen carried a 
higher risk for geographic atrophy 
than neovascular AMD.

“Reticular pseudodrusen repre-
sents an important anatomical risk 
factor for progression to late AMD, 
particularly geographic atrophy. 
However, the added risk associ-
ated with reticular pseudodrusen 
varies markedly by severity 
level,” the study authors noted in 
Ophthalmology. “It carries highly 
increased risk at lower/moderate 

levels and less increased risk at 
higher levels.”

For an accurate understanding 
of progression risk and subtype 
predictions, they concluded that 
reticular pseudodrusen status 
should be considered in combina-
tion with traditional features. 
Moving forward, it should also be 
included in updated AMD classifi-
cation systems and risk calcula-
tors as well as clinical trials.

Agrón E, Domalpally A, Cukras CA, et al. Reticular 
pseudodrusen: the third macular risk feature for 
progression to late AMD. Ophthalmol. May 31, 
2022. [Epub ahead of print].

Research suggests that a Mediterranean diet may be 
the most protective against AMD.

Photo: Nadine Prim
eau on Unsplash
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Smoking is known to worsen 
the outcomes and be a modifi-
able risk factor for numerous 
ocular diseases, including glau-

coma. A new study found that among 
glaucoma patients, heavy smokers 
especially were more likely to have 
visual field loss in affected eyes. They 
concluded that smoking levels may 
act as a significant predictor of disease 
progression.

The retrospective study involved 
511 eyes of 354 patients with primary 
open-angle glaucoma who had at least 
three years of follow-up and five visual 
field tests. The median baseline age 
was 64.8 years. Approximately 60% of 
patients reported a history of alcohol 
consumption, 42% reported a history of 
smoking and 11% were heavy smokers 
at baseline.

They found that higher smoking 
intensity was associated with faster 
visual field loss by -0.05µm/year per 10 
pack-years, while alcohol showed no 
association. Other factors associated 
with faster rates of visual field worsen-
ing over time were history of smoking, 
lower BMI and older age.

“A total of 38.5% of eyes progressed 
among patients with ≥20 pack-years 
smoking, while 26% of eyes pro-
gressed among never smokers,” the 
researchers noted in their study. In 
heavy smokers, median visual field 
mean deviation worsened to -14.5dB 
from -3.7dB at baseline, while in glau-
coma patients who never smoked, the 
final visual field mean deviation was 
-10dB from a baseline of -3.2dB.

The researchers pointed out that 
even heavy smokers who have since 

quit the habit may still run into lasting 
consequences from the high level 
of chemical inhalation and nicotine 
absorption. “The effect of smok-
ing intensity with ≥20 pack-years on 
vascular and neural tissue may be 
extended in smokers and attribute to 
faster glaucoma progression later in 
life,” they explained.

These findings highlight yet an-
other reason not to smoke: to slow the 
progression of glaucomatous disease 
and improve visual outcomes. The 
study also cautions that close moni-
toring is necessary for patients who 
smoke or used to smoke more than 20 
packs a year.

Mahmoudinezhad G, Nishida T, Weinreb RN, et al. Impact 
of smoking on visual field progression in a long-term 
clinical follow-up. Ophthalmology. June 16, 2022. [Epub 
ahead of print]. 

Smoking Intensity Tied to VF Loss Rate in Glaucoma
Patients who previously or currently smoked over 20 packs a year progressed the fastest.
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While several small random-
ized studies have suggested 
that marine omega-3 fatty 

acid supplementation may aid the 
treatment of dry eye disease (DED)—
and one prominent trial, the DREAM 
study, found no evidence—questions 
also remain regarding whether these 
supplements can prevent the condition. 
Looking to answer this, a recent study 
found no connection between omega-3 
fatty acid supplementation and the 
incidence of DED.

The researchers conducted an ancil-
lary analysis of data from the Vitamin 
D and Omega-3 Trial (VITAL), which 
aims to assess the effects of those two 
agents in preventing cancer and cardio-
vascular disease. This analysis (called 
VITAL Dry Eye) included 23,523 US 
adults—men age 50 and older and 
women 55 and older—who did not 
have a previous diagnosis of DED or 
any severe dry eye symptoms at the 
time of study entry. The median age 
was 67 years, and 24% were women.

During a median of 5.3 years of 
treatment and follow-up, the research-
ers reported that 2% of the participants 
were diagnosed with DED, which was 
confirmed with medical records. There 
was no difference in diagnosed DED 
between participants in the omega-3 
fatty acid or placebo groups. Addition-
ally, the researchers observed no dif-

ference between cohorts for diagnosed 
DED plus incidence of severe DED 
symptoms.1

These findings, which demonstrated 
that 1g per day of marine omega-3 fatty 
acid had no effect on the incidence of 
diagnosed DED or reported severe 
DED symptoms, appear consistent 
with conclusions from the DREAM 
study. The current study also found no 
benefit with supplementation in newly 
reported severe DED symptoms, a 
component of the secondary endpoint 
that, according to the study authors, is 
more closely related to the endpoints 
explored in DREAM.

“When considered together, neither 
DREAM, which examined the effect 

of omega-3 supplementation as an ad-
juvant in DED management, nor our 
study, which assessed the individual 
effect of omega-3 supplementation in 
DED prevention, provides support 
for long-term use of omega-3 supple-
ments in reducing risks of DED,” 
they concluded in their report.

In a commentary on the VITAL Dry 
Eye study, Penny Asbell, MD, the 
principal investigator of the DREAM 
study, noted, “Unfortunately, the 
hope that omega-3 fatty acid supple-
mentation would provide benefit for 
a wide array of diseases has eroded as 
the results of large-scale clinical trials 
have accumulated.”2 She pointed out 
that the medical benefits of omega-3 
supplementation are limited to “low-
ering triglycerides, secondary preven-
tion of coronary heart disease and a 
few others.” 

Given the longstanding habit within 
eye care of recommending omega 
fatty acids, however, Dr. Asbell did 
conclude, “Likely the debate on the 
role of omega-3 supplements for DED 
will continue.”

1. Christen WG, Cook NR, Manson JE, et al. Efficacy of 
marine omega-3 fatty acid supplementation vs placebo in 
reducing incidence of dry eye disease in healthy US adults: 
a randomized clinical trial. JAMA Ophthalmol. June 9, 
2022 [Epub ahead of print].

2. Asbell PA, Maguire MG. Another disappointment for 
omega-3 fatty acid and dry eye disease. JAMA Ophthal-
mol.June 9, 2022. [Epub ahead of print].

Omega-3 Supplementation Does Not Prevent Dry Eye
These findings add to the skepticism about such an intervention that followed the DREAM 
study's failure to find a treatment effect.

IN BRIEF

g Eyelid Rubbing, Squeezing Tem-
porarily Increases IOP. It’s known 
that IOP levels can vary throughout 
the day, but they can also change 
from one minute to the next. A recent 
study discovered that one factor that 
causes short-term IOP variation in 
glaucoma patients is eyelid move-
ment. In fact, the team found that 
eyelid squeezing and rubbing can 
temporarily increase IOP by over 
40mm Hg, voluntary blinks by 12mm 
Hg and eyelid closure by 4mm Hg.

A relatively new alternative to in-
office tonometry, the implantable IOP 
sensor is a clinical tool that makes it 
possible to observe these temporary 
changes in IOP. Using a small cohort 
of 11 primary open-angle glaucoma 
patients who had this sensor previ-
ously implanted, a research team 
investigated the extent of which spe-
cific eyelid muscle actions impact a 
patient’s IOP.

The team evaluated various eyelid 
movements and corresponding 
pressure level changes by instructing 
patients to do the following: six 

cycles of blinking with 10-second 
intervals in between and five cycles 
of eyelid closure, squeezing and 
rubbing with 15-second intervals in 
between. IOP levels were recorded 
from the sensor using an external 
antenna placed around the eye under 
examination.

The average peak in IOP increase 
following eyelid rubbing was 
59.1mm Hg from baseline. For eye-
lid squeezing, the peak IOP increase 
was 42.2mm Hg; for eyelid closure, 
3.8mm Hg; and for voluntary blink-
ing, 11.6mm Hg. 

The research team concluded 
that although their study observed 
brief, substantial increases during 
eyelid squeezing and rubbing, “It is 
currently unknown whether these 
IOP changes are clinically relevant.” 
More research is warranted to deter-
mine whether these brief IOP fluctua-
tions during eyelid muscle movement 
contribute to glaucomatous damage.

van den Bosch JJON, Pennisi V, Mansouri K, et al. 
Effect of eyelid muscle action and rubbing on tele-
metrically obtained intraocular pressure in patients 
with glaucoma with an IOP sensor implant. Br J 
Ophthalmol. June 14, 2022. [Epub ahead of print].

This study found no difference in dry eye 
severity between those who supplemented 
with OFA and those who didn't.

Photo: Pam
 Theriot, OD
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Earlier Puberty Onset in Girls Linked to Myopia
A significant proportion of the sex disparity in the condition may be explained by female patients 
reaching this stage of life earlier.

IN BRIEF
g Hyperreflective Lesions Found 
in Retinal Layers of COVID-19 
Patients. A recent study evaluat-
ing retinal and choroidal changes 
in the macular region of patients 
with COVID-19 demonstrated no 
significant change in retinal thick-
ness in the different retinal layers of 
these patients; however, qualitative 
changes, such as hyperreflective 
lesions in different retinal layers, 
were observed.

Study participants had recovered 
from a mild to moderate degree of 
COVID-19 infection. The researchers 
performed macular SD-OCT at least 
two weeks and up to one month 
after disease recovery. 

The study included both eyes of 
30 patients and 60 controls. The 
researchers reported that 28.3% of 
eyes in the patient group showed 
at least one abnormal finding 

indicated by macular SD-OCT. This 
included hyperreflective lesions 
in different retinal layers. Dilated 
choroidal vessels and retinal pig-
ment epitheliopathy were observed 
in 68.3% and 6.7% of eyes in the 
patient group, respectively.

The data revealed no significant 
differences in retinal layers or retinal 
volume between COVID-19-recov-
ered patients and healthy controls. 
Additionally, the researchers 
determined that subfoveal choroidal 
thickness was significantly thicker 
among patients vs. controls.

“The results of this study showed 
that patients with COVID-19 devel-
oped non-statistically significant 
thickening in retinal layers, which 
can demonstrate choroidal changes 
similar to those in patients with 
the pachychoroid spectrum,” the 
study authors concluded. “Also, in 
COVID-19 patients, hyperreflective 
lesions are present in all retinal 

layers, and the findings of the cur-
rent study indicate that the retina 
and choroid could be involved in 
COVID-19 patients, highlighting the 
necessity of examination.”

Abrishami M, Daneshvar R, Emamverdian Z, 
et al. Spectral-domain optical coherence to-
mography assessment of retinal and choroidal 
changes in patients with coronavirus disease 
2019: a case-control study. J Ophthal Inflamm 
Infect. June 18, 2022. [Epub ahead of print].

g New DR Risk Factor Identified 
in Patients with Diabetic Kidney 
Disease. Despite strict control of 
hyperglycemia, hypertension and 
hyperlipidemia, patients with type 
2 diabetes remain at high risk for 
diabetic kidney disease, suggesting 
that damage may have occurred 
before controlling these factors. 

This prospective study included 
83 patients with type 2 diabetes, 
categorized into groups with no DR, 
non-proliferative DR (NPDR) and 

proliferative DR (PDR). The research-
ers found that homocysteine was 
negatively correlated with high-
density lipoprotein-cholesterol 
and positively correlated with total 
cholesterol-high-density lipoprotein 
cholesterol, low-density lipoprotein 
cholesterol and urine microalbumin. 

The researchers also identified 
the following independent risk fac-
tors for diabetes mellitus and DR: 
traditional risk factors, homocys-
teine, arteriosclerosis-associated 
plasma indices and urine microal-
bumin.

“Some nontraditional risk factors 
such as homocysteine and lipopro-
tein (a) should also be considered 
in the prevention and treatment of 
DR,” the researchers concluded.

Chen X, Zhang X, Nie Y, et al. Circulating level of 
homocysteine contributes to diabetic retinopathy 
associated with dysregulated lipid profile and 
impaired kidney function in patients with type 2 
diabetes mellitus. Eye (Lond). June 23, 2022. [Epub 
ahead of print].

Adolescent myopia has 
been positively associated 
with the onset of puberty, 
and Chinese researchers 

believe this association may help 
explain the higher myopia prevalence 
in females. They noted that this could 
be explained by the differences in 
physiological and behavioral changes 
during puberty between genders.

In a nationwide cross-sectional 
study, data came from five national 
surveys in China, including 338,896 
boys aged 11 to 18 and 439,481 girls 
aged nine to 18. Myopia was defined 
according to unaided distance visual 
acuity and subjective refraction, and 
puberty status was defined dichoto-
mously as menarche or spermarche, 
the milestones of sexual maturity.

The researchers found that men-
arche was associated with a 7% higher 
risk of myopia among girls but that 
the association between spermarche 
and myopia in boys was smaller and 
nonsignificant. The sex disparity in 

myopia was consistent across seven- to 
18-year-olds in all five surveys. Post-
menarche girls and post-spermarche 
boys showed a 29% to 41% and 8% to 
19% higher risk of myopia than pre-
menarche girls and pre-spermarche 
boys, respectively.

Over 16% of the sex disparity in 
myopia could be explained by earlier 

onset of puberty in girls, compared 
with almost 11% explained by several 
other behavioral factors together.

The study authors noted that going 
through puberty at a younger age puts 
females at an increased risk of de-
veloping higher-grade myopia earlier 
and therefore increase their risk of 
developing secondary ocular pathol-
ogy. “For these reasons, early inter-
ventions for preventing myopia onset 
might be more important in girls,” 
they wrote. “Because our study did 
not analyze refraction and axial length 
data, it remains unclear whether 
earlier puberty could lead to a higher 
degree of myopia in girls.”

They believe that detailing the 
public health implications of this 
finding requires further longitudinal 
studies with more accurate measures 
of myopia and puberty status.

Xu R, Zhong P, Jan C, et al. Sex disparity in myopia ex-
plained by puberty among Chinese adolescents from 1995 
to 2014: a nationwide cross-sectional study. Front Public 
Health. May 30, 2022. [Epub ahead of print].

Early interventions to mitigate myopia might 
be more important in girls, researchers 
suggest.

Photo: nrd on Unsplash
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Temporary Prism Therapy Effective in AACE

Characterized by a sudden on-
set of concomitant esotropia 
with diplopia, the condition 
known as acute acquired 

concomitant esotropia is increasing in 
prevalence in children and adults due 
to excessive smartphone and screen 
use. Fresnel prism is a common and ef-
fective treatment for reducing prismatic 
strength in strabismus and various other 
visual disorders. A recent study found 
a technique for prismatic treatment 
that seemed to optimize and speed up 
outcomes for some patients: treating in 
a step-by-step manner.

The researchers included 36 patients 
with acute acquired concomitant eso-
tropia of 25 prism diopters or less. They 
all underwent one year of prismatic 
correction using a step-by-step ap-
proach to prescribe press-on base-out 
Fresnel prisms between two and 10 
prism diopters. At the conclusion of the 
study period, the cohort was divided 
into the following two groups: the 
treatment-success group, which consist-

ed of patients who had their esotropia 
eliminated and were weaned off the 
prisms within a year, and the treatment-
continuing group, which comprised pa-
tients who needed to continue wearing 
a Fresnel prism beyond one year.

Slightly less than 40% of the pa-
tients were weaned off the prism and 
regained orthophoria and binocular 
single vision within a year after treat-
ment began. Those patients had better 
cooperation, a smaller angle of esotro-
pia and a shorter duration from onset to 
treatment. Notably, 100% of patients in 
the treatment-success group had good 
cooperation throughout treatment, 
while this was only true for 36% of the 
treatment-continuing group.

In their paper, the researchers 
explained the methodology behind 
a step-by-step treatment plan: “This 
approach not only uses the optical prin-
ciple of the prism but also increases the 
abduction fusion force of patients to re-
duce and further eliminate esotropia,” 
they wrote. Additionally, they noted the 

following reason for choosing to treat 
patients with base-out Fresnel press-
on prisms instead of ground-in prisms: 
“Given gradual prismatic reduction and 
the higher cost of treatment, ground-in 
prisms were not recommended even 
for patients with esotropia less than 14 
prism diopters.”

It’s important to consider that only 
patients with acute acquired concomi-
tant esotropia of 25 prism diopters or 
less were included in this study. The 
data supports the conclusion that 
“prismatic correction in a step-by-step 
manner to reduce prismatic strength 
allows these patients to achieve suc-
cessful motor outcomes, avoiding 
surgical correction and botulinum toxin 
injection and preventing them from 
experiencing the trauma and compli-
cations caused by surgery and botuli-
num toxin injection,” the researchers 
concluded.

Wu Y, Feng X, Li J, et al. Prismatic treatment of acute 
acquired concomitant esotropia of 25 prism diopters or less. 
BMC Ophthalmol. June 24, 2022. [Epub ahead of print].

Stepwise power reduction over time eliminated the condition within a year in 40% of patients.

RNFL Thickness Helps Predict Adult Cognitive Decline

Retinal layer thickness is 
hypothesized to be related to 
cognitive function in patients 

with mild cognitive impairment and 
Alzheimer’s disease. However, longi-
tudinal cohort studies of older healthy 
populations are scarce. Looking to 
close this gap, researchers recently 
found that macular retinal nerve fiber 
layer (RNFL) thickness can be a prog-
nostic biomarker of long-term cognitive 
decline in adults 60 and older.

A total of 430 randomly sampled 
people participated in the baseline 
assessment, 215 of whom completed a 
mean of 5.4 years of follow-up. Using 

spectral-domain OCT, the team as-
sessed the thickness of six retinal layers 
in the macular region, peripapillary 
RNFL and the subfoveal choroid.

Baseline macular RNFL thickness 
was associated with baseline Con-
sortium to Establish a Registry for 
Alzheimer’s Disease score and Mini-
Mental State Examination score. A 
thinner baseline total macular RNFL 
thickness (lowest quartile <231μm) was 
associated with a larger decline in the 
two test scores during the follow-up 
period. Furthermore, participants with 
baseline total macular RNFL thickness 
below the lowest quartile cutoff value 

presented a greater decline in cogni-
tive scores and a higher prevalence of 
cognitive impairment and Alzheimer’s 
disease than those with RNFL thick-
ness above the lowest cutoff value.

“Overall, macular RNFL thickness 
may be considered a noninvasive ocular 
biomarker for assessing changes in cog-
nitive function in patients,” the study 
authors concluded in JAMA Ophthalmol-
ogy. “However, to confirm these results, 
further large-scale population-based 
studies should be performed.”

Kim HM, Han JW, Park YJ, et al. Association between retinal 
layer thickness and cognitive decline in older adults. JAMA 
Ophthalmol. May 26, 2022. [Epub ahead of print].

Thinner structures were more likely to lead to Alzheimer’s in this older population.
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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.
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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
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•  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%)
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OUTLOOK

I
t sure took long enough. The push 
for optometric prescribing rights in 
glaucoma spanned 45 years, from 
West Virginia’s ground-breaking 

1976 law to Massachusetts’s better-
late-than-never authorization in 2021. 
But that isn’t the only reason optom-
etry’s uptake of glaucoma responsibili-
ties has been so unevenly distributed 
throughout the profession compared 
to other prescribing rights. 

The cost of the necessary equip-
ment and difficulties in billing medi-
cal insurance plans are the top two 
setbacks to fully embracing glaucoma 
care, optometrists told us in a 2020 
reader survey. When you combine 
those logistical impediments with the 
time-consuming nature of glaucoma 
services and a generalized anxiety 
about making the wrong clinical call 
on a vision-threatening disease, it’s 
easy to see why a sizable number of 
optometrists decide to concentrate on 
other aspects of eye care.

Trouble is, optometry is already 
moving on to the next level of glau-
coma management: performing laser 
procedures like SLT and, to a lesser 
extent, LPI. The routine, day-to-day 
work of glaucoma care—performing 
tonometry, optic nerve evaluation, 
OCT and visual fields, then managing 
the patient medically—was once aspi-
rational for many optometrists. Now, 
those are the table stakes. 

The rising stature of SLT as a first-
line therapy in glaucoma management 
dovetails nicely with the legislative 
gains that are now making it available 
to optometrists. The profession has 
an opportunity to transform itself, and 
the care glaucoma patients receive, in 
one fell swoop.

All the experts who teach SLT to 
ODs stress that it’s well within your 
skill set. Laser trabeculoplasty can 
delay the need for filtering surgery 
or other advanced aspects of care. If 
optometry embraces this new tool, 
patients can remain in their care for 
longer before comanagement or refer-
ral to ophthalmology is needed.

And the opportunity is poised to 
explode. Colorado’s recent success in 
passing a laser law brings the number 
of states with such privileges to 10. 
These laws currently give more than 
5,000 US optometrists the right to 
perform laser procedures, or a bit over 
10% of the country’s OD workforce.

But it won’t stay that way for long. 
California alone has just about the 
same number of practicing optom-
etrists as the 10 current laser states 
combined—and it’s in play for a laser 
law too. In late June, a bill authoriz-
ing California ODs to perform laser 
and other minor surgical procedures 
cleared a key legislative hurdle.

If California gets a laser law this 
year, well, that’s the ballgame. Laser 
procedures would instantly vault into 
mainstream optometry and other states 
would have an even stronger case to 
make in their own scope expansion 
efforts. This would, of course, be wel-
come. But especially in glaucoma, not 
everyone’s ready to level up yet.

I encourage anyone who wishes they 
could do more to read this month’s 
cover story, “Taking the Lead on 
Glaucoma,” for advice from optomet-
ric experts in the disease. Whether you 
need to master the core components or 
are ready to make the jump to lasers, 
these pros can show you the path 
forward. Good luck! g

ODs everywhere can treat it medically. More should master the 
basics now as the profession readies a jump to the next plateau.

Leveling Up in Glaucoma
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W
hile the entertainment world 
has numerous virtual reality 
(VR) headsets for gaming and 
exploring, optometry has simi-

lar and exciting opportunities for use of 
this tech in visual field (VF), macular 
degeneration and objective testing.

COVID-19 has made us revisit many 
of our diagnostic technologies. Few 
patients today want to stick their heads 
in a dome that hasn’t been disinfected, 
which isn’t a simple task and could 
damage the device. Existing dome 
VF technologies require their own 
dark room, aren’t comfortable to sit for 
a significant amount of time and use 
monocular testing, which increases 
time and anxiety. These factors con-
tribute to patient fatigue and can lead 
to a decreased sensitivity and reliability, 
resulting in multiple tests.1,2

VR Headset Technology
Head-mounted devices make VF 
testing more user-friendly. Devices 
such as HTC (Vive), Oculus (Olleyes), 
Heru’s VR headset and the Smart 
System VR Headset (M&S Tech-
nologies) are placed over the eyes and 
secured behind the head. The patient 
simply looks at a central target and the 
requested VF (10-2, 24-2 or 30-2) is 
measured in about three minutes per 
eye. There is also a screening VF that 
takes about 45 seconds. Some systems 
test binocularly since the patient can’t 
truly tell which eye is being tested in a 
VR headset, and most can also import 
data directly into an EHR system.

Some attributes I’ve found help-
ful include binocular vision testing to 

increase efficiency and active tracking. 
It’s important to have systems that 
don’t simply have a fixation target, but 
rather active pausing of the test when 
fixation is lost. For example, the Smart 
System VR headset target goes from 
red to gray when the internal cameras 
sense the patient’s eyes are not looking 
at the target, and testing automatically 
stops. Once the patient resumes fixa-
tion, the target turns red again and the 
test resumes. Also look for systems that 
include verbal cues through the head-
set to assist with testing and fixation.

Patients don’t typically lose a single 
point of vision in glaucoma, but rather 
a cluster or area that eventually leads 
to a nasal step defect or arcuate pat-
tern. The Smart System VR headset 
provides an intriguing aspect called 
neighborhood cluster testing, which 
has been shown to increase efficiency 
and accuracy. The test detects larger 
clusters and each cluster is explored 
more closely, and the information from 
neighboring positions help define the 
shape and pattern of impairment.

Other Applications for VR
Many of these same systems not only 
perform VF testing but can measure 
visual acuity, color vision testing and 

contrast sensitivity. AdaptDx Pro (Mac-
ulogix), for example, can help diagnose 
AMD. Dark adaptation is a 5.5 minute 
test that, like VF testing, is typically re-
imbursed by insurance unless you use 
it as a screening device. Off-fovea light 
comes through the VR headset and the 
patient monitors light input to deter-
mine when adaptation occurs. Patients 
without AMD will typically adapt well 
before 5.5 minutes, which is a normal 
rod intercept. The system is sensitive 
enough to determine AMD three years 
before signs such as drusen are evident 
and can also be used to track disease 
progress. The manufacturer recently 
went out of business but the technol-
ogy will survive in some fashion.

ObjectiveField
This VF device is another fascinat-
ing advancement that involves a short 
simultaneous bilateral exam (about 
three and a half minutes per eye) with 
automatic asymmetric reporting. The 
technology, from Konan Medical, 
is based on neurological (pupillary) 
response to stimuli and provides ac-
curate results in faster time that reduce 
the need for retesting, and is simple to 
sanitize compared with bowl-shaped 
subjective VF devices.

24-2C, SITA Fast, SITA Faster and 
now VR technologies, as well as the 
new objective field testing, will change 
how we measure VFs. These systems 
already translate the data into clinically 
meaningful printouts we’re familiar 
with. There are variances among the 
technologies worth exploring, but 
VF—one of the tests least preferred by 
patients—is ripe for reinvention. ■

1. Hudson C, Wild JM, O’Neill EC. Fatigue effects during 
a single session of automated static threshold perimetry. 
Invest Ophthalmol Vis Sci. 1994;35:268-80.

2. Barkana Y, Gerber Y, Mora R, et al. Effect of eye testing 
order on automated perimetry results using the Swedish 
Interactive Threshold Algorithm Standard 24-2. Arch Oph-
thalmol. 2006;124(6):781–784.

The newest consumer technology stands ready to reinvent one 
of our oldest clinical tests.
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Through my eyes

24-2C, SITA Fast, SITA Faster and 
now VR technologies, as well as 
the new objective field testing, 
will change how we measure VFs.
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D
on’t hate me for what I’m about 
to say. You’ve been warned. 
I recently returned from 13 
days in Italy. I guess I’d say 

this spectacular trip was related to 
optometry since it’s the reason we 
could afford it. But there is also a 
deeper message that can be taken 
from this trip that is pertinent to 
all of our practices. Do you agree 
that one sign I have been practicing 
optometry too long is that everything 
reminds me of something optomet-
ric? Kinda pathetic, right?

 What I have learned about optom-
etry from Italy:

1. You should never say goodbye to 
old stuff. I loved the churches. Some 
were over a thousand years old! 
Sometimes a direct ophthalmoscope 
or a PD ruler is still a good idea. Oh, 
and it’s still okay if you spend some 
time just helping your patients see 
better like optometrists did in the 
good ole days.

2. Optometrists need a sense of 
humor. A little laugh will not make 
your patients think you’re not seri-
ous. Italian artists have a sense of 
humor. One famous painting at the 
Uffizi portrayed Mary and Baby 
Jesus with the grown-up Jesus in the 
crowd surrounding them! It was like 
“Where’s Waldo.”

3. Take a lunch break. Food is 
really important. Nowadays, in the 
United States, it can be really expen-
sive to eat fresh, healthy food, but in 
Italy it is very affordable. And we all 
know resveratrol is good for you, so 
go ahead and have that glass of wine. 
You’ll feel better and live longer. 

Okay, maybe just with dinner. Not 
for lunch.

4. You are certainly allowed to 
make your own decisions, and 
I would never advise anyone to 
take my advice on the future of 
healthcare, but Italians brag about 
socialized medicine. They say it’s 
awesome and covers everything at 
no charge, assuming you forget the 
70% of their income they pay in 
taxes. It reminds me of that old line: 
If you think healthcare is expensive 
now, just wait until it’s free from the 
government. But they are healthier 
because they have to walk every-
where since gas is twice as much as 
it is here. And it’s already through 
the roof here.

5. I’ve said this before, but 
look in the mirror, fellow 
doctors. Italians always 
look put together. In 
every little medieval city, 
even the city mainte-
nance workers look 
like Versace. 
Even the town 
cheesemaker 
in Oira dresses 
up like he’s 
meeting the Pope. 
Love it!

6. Two words: mid-
day siestas. In Italy, most 
shop owners shut down 
between 1:00 and 2:30 
in the afternoon. I have 
always believed that 
optometry offices should 
be open at noon for 
those dads who run over 

during lunch to pick up little Suzy’s 
contact lenses, but closing later on in 
the day seems okay to me. Gives us 
a chance to regroup, finish morning 
notes and, most importantly, binge 
Bridgerton.

7. Put art in your office. I saw 
where Andy Warhol’s picture of 
Marilyn Monroe sold for like $200 
million. It seems wrong to me that 
this is about 200 times more than 
the real Marilyn ever earned, but I 
still love art. If nothing else, stick 
a couple of polaroids of your kid 
patients behind the phoropter on a 
bulletin board. Ask mom and dad 
if that’s okay and have them sign a 
release in case Billy’s mug shot is 
worth $200 million one day.

8. Back to stylin’. Are you still 
wearing those funky glasses that you 
got for yourself 10 years ago? Shame 
on you! Italians choose their glasses 
as carefully as they choose their 
tomatoes. Your patients should never 
see you in the same glasses twice. 

Oh, and don’t forget to choose 
your tomatoes carefully, too.

9. Like the Italians, we need 
to learn to speak English. Don’t 

throw out big 
dumb words to 
try to impress 
your patients! 
This will never 

prove you are 
smarter than 
them, mainly 
because you are 

not and will never be.
I would advise all of you 

to try to visit Italy. It’s 
a beautiful place full of 

beautiful people doing beau-
tiful things and eating beautiful 
food. It’s almost as amazing as West 
Virginia. Your office should also be 
like that. Is it? g

Here’s what you can take away from my recent trip to Italy.

Post-Vacation High
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CLINICAL QUANDARIES

I have a 51-year-old African 
American male who presents with 

symmetrical bilateral macular lesions 
and 20/20 acuity. What could be caus-
ing them? 

“When we see bilateral macu-
lar lesions, our first thought is 

congenital dystrophy or age-related 
macular degeneration (AMD),” says 
Anney Joseph, OD, of Westchester 
Medical Group in Rye, NY. “How-
ever, we must also rule out infection 
and drug toxicity.”

Differentials
Pattern dystrophies are a group of 
dominantly inherited macular chang-
es at the retinal pigment epithelium 
(RPE) level characterized by differing 
patterns of pigment deposits. These 
dystrophies occur due to various mu-
tations in the human retinal degen-
eration slow/peripherin gene.1

Adult vitelliform macular dystrophy 
is an autosomal dominant 
disease that results in bilat-
eral “egg-like” lesions in the 
macula. These lesions are 
made up of lipofuscin de-
posits in the RPE layer and 
usually manifest between 30 
and 50 years of age. Visual 
potential is typically good 
and treatment is only war-
ranted if choroidal neovas-
cular membrane forms.2 Flu-
orescein angiography (FA) 
shows hypofluorescence in 
the area of the vitelliform 
lesion with a ring of hyper-
fluorescence that intensifies 

in the late phases. OCT reveals the 
hyperreflective accumulation below 
the sensory retina at the fovea and 
above the RPE as well as thinning of 
the overlying outer retinal layers.3 In 
late stage with progression (collapse 
of the vitelliform or the “scrambled 
egg” stage), disruption of the inner/
outer segment junction layer interface 
and external limiting membrane will 
lead to visual impairment. 

Butterfly-shaped pattern dystrophy 
is a rare, bilateral condition character-
ized by a buildup of yellow, orange or 
gray pigmented material in a butter-
fly-shaped pattern within the RPE of 
the macula. The butterfly shape may 
also be described as linear, stellate, 
branching or shaped like a letter. FA 
will help differentiate this condition 
from others, Dr. Joseph says. 

On FA, a large hypofluorescent, 
butterfly-shaped macular lesion 
will appear. OCT will show hyper-

reflective material at the RPE level. 
The yellow or pigmented material 
is usually present in the second or 
third decade of life and patients are 
typically asymptomatic. However, the 
disease can progress with age, causing 
decreased visual acuity in a patient’s 
fifties and beyond.4 

Multifocal pattern dystrophy simu-
lating Stargardt’s disease or fundus 
flavimaculatus is characterized by 
irregular yellow-white flecks scattered 
throughout the posterior pole. The 
flecks are usually seen around the 
retinal vascular arcades as well as the 
macular area. Onset of this dystrophy 
is typically in the fifth decade and 
visual acuity is relatively good and 
stable. On FA, the flecks are hyperflu-
orescent in the early and late phase. 
To distinguish this from Stargardt’s, 
one would note the absence of the 
dark choroid on FA. OCT will show 
highly reflective focal thickening of 
the hyper-reflective outer red line.5 

Fundus pulverulentus is the 
rarest of all the pattern dystrophies. 
It is characterized by coarse 
pigment mottling of the RPE layer 
in the macula. This dystrophy is 
commonly confused with AMD. 

When encountering bilateral macular lesions, think about 
retinal dystrophies, but keep other conditions in mind.
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Bilateral macular lesions can arise from myriad conditions that an OD must rule out.
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On FA, the pigment mottling 
shows as hypofluorescent areas. 
This condition’s typical onset is 
in the fourth to fifth decade of 
life and visual acuity is relatively 
good and stable unless choroidal 
neovascularization forms.6 

Consider Degeneration 
AMD typically occurs in older 
adults when drusen accumulate 
in the RPE layer. These deposits 
can be viewed on OCT in between 
the RPE and Bruch’s membrane. 
It can be unilateral or bilateral and 
typically vision loss occurs in later 
stages (intermediate and exudative/
wet). 

“Prophylactic treatment, includ-
ing vitamins, diet and UV pro-
tection, is indicated in early and 
intermediate stages,” Dr. Joseph 
says. “When choroidal neovascular 
membranes form, invasive treatment 
with intravitreal injection and/or 
laser is indicated.” OCT has become 
irreplaceable in early detection of 
choroidal neovascular membrane and 
subretinal fluid in exudative, or wet, 
AMD. OCT can also track patients’ 
response to treatment. 

In younger patients with pig-
mented macular lesions, Dr. Joseph 
suggests considering TORCH 
syndrome, which refers to infection 
of a developing fetus or newborn by 
any of a group of infectious agents: 
toxoplasmosis, other agents (syphilis, 
parvovirus, varicella-zoster), rubella, 
cytomegalovirus or herpes virus. 

“Given the patient’s HIV status, 
cytomegalovirus is a possibility, Dr. 
Joseph says. “However, CD4 count 
is not as low as we would see with 
cytomegalovirus retinitis.” 

Beware of Medications
Dr. Joseph also takes note of the 
drugs the patient is currently taking. 
Of the listed medications, ritonavir 
has been reported to cause retinal 
toxicity. Ritonavir, an antiretroviral 
protease inhibitor used in the therapy 
and prevention of HIV and AIDS, 
can cause lesions in the macula, 

including retinal pigment epitheli-
opathy, macular telangiectasis and 
intraretinal crystal deposits, which 
cause vision loss as well as visual field 
defects.7 OCT will reveal thickened 
and irregular RPE layer with over-
lying loss of inner/outer segment 
junction layer. Visual acuity, function 
and retinal layers will improve after 
discontinuation of the medication.8 

When thinking of medications that 
can cause bilateral retinal toxicity, Dr. 
Joseph believes one would be remiss 
not to mention hydroxychloroquine 
and the drugs known to contribute to 
talc retinopathy. Hydroxychloroquine 
toxicity’s early signs are macular 
edema and/or bilateral granular de-
pigmentation of the RPE layer in the 
macula. With continued use, progres-
sion to an atrophic bull’s-eye macu-
lopathy with concentric rings of hypo- 
and hyperpigmentation surrounding 
the fovea is observed clinically.

With further continued medication 
usage, widespread atrophy, as well 
as retinal arteriolar attenuation and 
optic disc pallor, may be noted. Risk 
of toxicity is dependent on the daily 
dose and duration of use. Screening 
recommendations include baseline 
fundus exam for pre-existing macu-
lopathy and annual screening (includ-

ing automated visual field and 
OCT) after five years for patients 
without major risk factors (high 
dose, long duration, concomitant 
renal disease or tamoxifen use).9 

Talc is an insoluble filler mate-
rial in oral medications such as 
methylphenidate but also seen in 
narcotics like heroin and cocaine. 
Talc retinopathy consists of refrac-
tile, irregularly shaped yellow de-
posits/crystals found inside small 
retinal vessels and within retinal 
layers. This retinopathy is seen 
in chronic intravenous drug users. 
OCT will show numerous highly 
reflective focal areas in the inner 
retina. Clinical findings can range 
from asymptomatic crystalline 
retinopathy to capillary nonperfu-
sion and neovascularization.10,11 

When you see a bilateral sym-
metrical macular pattern, be aware of 
all of these conditions. “Many can be 
simply watched, but when in doubt 
or if you suspect progression, get a 
friendly second opinion,” Dr. Joseph 
says. g
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Butterfly-shaped pattern dystrophy is characterized 
by a buildup of yellow, orange or gray pigmented 
material within the RPE of the macula.
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A once-commonly used topical 
ophthalmic medication, pilocar-
pine has recently re-emerged 
and gained popularity as a novel 

treatment for presbyopia.1,2 Although 
this drug has been around for several 
decades chiefly as a glaucoma therapy, 
it has not been routinely prescribed in 
recent years. With its newly approved 
use, it is time to re-explore this topi-
cal agent and its many (sometimes 
overlooked) ophthalmic uses as well 
as potential adverse side effects to be 
on the lookout for.

Mechanism of Action
Pilocarpine is a muscarinic 
acetylcholine agonist. It can be 
administered topically or orally. In 
order to understand its effects, it is 
important to first be aware of the 
muscarinic receptors in the body and 
their mechanisms of action. There 
are five different types of muscarinic 
acetylcholine receptors: M1 through 
M5. The expression and actions of 
each vary, and pilocarpine works 
primarily on the M1 through M3 
subtypes, eliciting parasympathetic 
effects. Specifically, its action on 
the M3 receptor is most pertinent 
to its ocular uses. This receptor is 
expressed in salivary glands and 
smooth muscle cells, in addition to 
other areas throughout the body. The 
parasympathetic effects it has on 
these areas stimulate salivary gland 
function, increasing salivation and 
smooth muscle contraction.1

Clinical Uses
Pilocarpine is not readily used in 
the clinical setting. Diagnostically, it 
can help with the diagnosis of Adie’s 
tonic pupil, which is characterized 
by the loss of the direct and indirect 
pupillary light response. Additionally, 
there are accommodative paresis and 
slit lamp findings such as segmental 
iris palsy. Because the underlying 
pathophysiologic mechanism is a 
result of damage to the postgangli-
onic parasympathetic nerve of the 
iris sphincter, which is made up of 
smooth muscle, pilocarpine testing 
can help elicit the diagnosis. 

Administration of either 0.125% or 
0.062% pilocarpine in the affected 

eye, in dim lighting, can help assess 
cholinergic supersensitivity.3 This 
action substantiates the amount of 
acetylcholine, resulting in constric-
tion of the pupil by stimulating the 
sphincter. It also affects accommoda-
tion due to its action on the ciliary 
muscle.4

Other Considerations
Although it is no longer first-line, 
pilocarpine has long been used in the 
management of elevated intraocular 
pressure (IOP) in glaucoma. Its action 
on the smooth muscle stimulates 
the iris sphincter and results in the 
iris pulling away from the trabecu-
lar meshwork and aqueous outflow, 
increasing the eye’s ability to lower 
IOP.5,6 As such, pilocarpine is a known 
treatment for glaucoma secondary to 
acute angle closure from mydriasis or 
pupil block. 

A necessary consequence of this 
mechanism of action is pupillary 
miosis.5 While pilocarpine treatment 
normally increases the width of the 
angle due to reduced iris thickness, 
it can cause acute angle closure in 
rare cases. For example, a patient 
with spherophakia who has a highly 
convex lens and weak zonules will 
have anterior displacement of the 
iris-lens diaphragm into the anterior 
chamber. Other risks include patients 
with pseudoexfoliation syndrome, 
phacomorphic glaucoma and malig-
nant glaucoma.5,6

Studies also indicate that oral 
administration of a pilocarpine 20mg 
daily dose can serve as treatment for 
Sjögren’s-related dry eye. Because 
of its parasympathetic activity, it can 
increase lacrimation and has been 
shown to improve both dry eye symp-
toms and tear film quality. One study 
showed improvement in Schirmer’s 
testing, ocular surface disease index 

The drug recently re-emerged as an option for presbyopia.

Pilocarpine: 
New and Improved?

By Bisant A. Labib, OD

THE ESSENTIALS

Contraction of the ciliary muscle enables 
Vuity’s improvement of near vision acuity in 
patients responsive to such action.
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and tear breakup time. It was also 
shown to be well-tolerated, with the 
most common side effects being 
sweating and increased salivation.7 
Due to pilocarpine’s effect on saliva-
tion, it is also approved orally for the 
treatment of xerostomia (dry mouth) 
resulting from radiation exposure.1

On the other hand, topical adminis-
tration of pilocarpine has been shown 
to affect the morphology and survival 
of meibomian gland epithelial cells. 
Meibomian glands are imperative in 
tear film stability and prevention of 
tear film evaporation. Topical pilo-
carpine has been speculated to act on 
the meibomian gland receptors and 
deter their function, exacerbating dry 
eye and having the opposite effect of 
what is seen with oral treatment.8

Emergent Treatment
Vuity (pilocarpine 1.25%, Allergan) 
was approved in late 2021 as a treat-
ment for adults with presbyopia. It is 
the first of its kind and gives patients 
an option for a non-surgical manage-
ment strategy for visual correction.9 
Treatment outcomes can be ex-
plained by pilocarpine’s parasympa-
thetic activity on the ciliary muscle. 
By causing contraction of this muscle, 
the lens increases in thickness and 
depth of focus, allowing for clear 
near vision in affected patients with 

presbyopia. Since the lens does not 
readily change its shape, one study 
suggested the addition of topical 
nonsteroidal anti-inflammatory drugs 
to decrease the intensity of the pupil 
and ciliary muscle contraction. This 
allows the lens to more easily change 
its shape and position, allowing for 
clear vision at distance as well.2

Side Effects
In addition to the aforementioned 
effects, pilocarpine also has a unique 
side effect when administered topi-
cally: it induces the presence of flare 
in the anterior chamber. Flare is char-
acterized by an increase in protein 
content and can affect vision due to 
light scattering. This phenomenon is 
commonly documented and termed 
“miotic iridocyclitis.” The precise 
mechanism is not fully understood 
but presumed to arise from a break-
down in the blood-aqueous barrier. 
Furthermore, studies have concluded 
that there is a reservoir of plasma-de-
rived proteins in the iris stroma that 
originate from the fenestrated blood 
vessels of the ciliary body. As such, it 
is speculated that thinning of the iris 
in miosis causes these proteins to per-
meate through the anterior chamber 
and appear as flare.10

Additional side effects, particularly 
with oral administration of pilocar-

pine, include those that pertain to an 
increase in parasympathetic activity. 
Since pilocarpine acts on muscarinic 
receptors, which are located through-
out the body, systemic side effects 
are not uncommon. These include 
vasodilation, sweating, diaphoresis, 
increased salivation, vomiting, brady-
cardia, bronchospasm and increased 
urination and diarrhea. As such, 
contraindications for treatment are 
chronic obstructive pulmonary dis-
ease, peptic ulcer disease, arrythmia, 
coronary vascular disease, hyperthy-
roidism and urinary obstruction, to 
name a few.1

Takeaways
Although pilocarpine has been 
around for a very long time, it 
previously had limited ocular uses. 
However, the drug’s recent re-emer-
gence has earned increasing atten-
tion for its treatment of adults with 
presbyopia. Given this new use, it is 
important to revisit and understand 
the mechanisms and many effects of 
the drug. g
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Table 1. Pilocarpine Mechanisms and Ocular Effects

Mechanism Action Uses/Adverse Effects

Increased parasympathetic 
or cholinergic activity

Constriction of the 
dilated eye

Adie’s tonic pupil diagnosis

Contraction of smooth iris 
muscle 

Miosis Intraocular surgery prep, acute angle-closure 
glaucoma treatment/anterior chamber flare

Contraction of smooth 
muscle of the ciliary body 

Increased 
accommodation

Presbyopia treatment

Anterior displacement of 
iris-lens diaphragm 

Decreased space in the 
anterior chamber

Angle-closure glaucoma in susceptible patients

Action on meibomian gland 
epithelial cells (topical)

Changes in morphology 
and survival of cells 

Meibomian gland dysfunction and dry eye disease 
treatment/exacerbation

Increased parasympathetic 
activity (systemic/oral)

Lacrimation and 
salivation

Xerostomia and Sjögren’s syndrome treatment
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vital dyes 
for dry eyes

We break down the several staining patterns associated with various ocular conditions 
and how to interpret each one.

C
orneal vital dyes have existed 
in eye care since the 1880s and 
their use has provided us with 
essential information on the 

health of the ocular surface to help 
aid diagnosis and treatment. Further-
more, new drug approvals from the 
FDA rely on changes in ocular surface 
noted by corneal staining to deter-
mine side effects and endpoints of 
clinical trials.1

Vital dyes penetrate living cells or 
tissues without damaging them, mak-
ing them diagnostically very useful. 
The three dyes typically used in eye 
care are sodium (NaFl) fluorescein, 
lissamine green and rose bengal, with 
fluorescein being the most common.2

Sodium fluorescein is an orange, 
water-soluble dye that penetrates 
damaged corneal epithelial cells. It 
was first used by Pfluger in 1882 when 
he detected positive staining on the 
cornea signifying breaks in the epi-

thelium.3,4 It was then used to monitor 
abrasions and give insight into how 
the cornea heals.5,6 Since then, the use 
of sodium fluorescein has expanded 
and is now implemented as a standard 
in ophthalmic practice. It is used to 
detect and diagnose ocular conditions 
associated with epithelial defects,  
Seidel sign, Jones Dye Test nasolac-
rimal duct obstruction and others. It’s 
also used when performing applana-

tion tonometry, evaluating tear menis-
cus height and fitting contact lenses 
fits. An intravenous form is adminis-
tered when performing fluorescein 
angiography. A Wratten filter should 
be used to highlight staining when us-
ing the cobalt blue excitation filters, as 
it eliminates the reflected blue light.

Lissamine green is a water-soluble 
dye and an ideal stain for the bulbar 
conjunctiva, since it provides better 
contrast than NaFI. It stains degen-
erative cells where there is a disrup-
tion or damage of mucin coating.1 
Since the dye diffuses into cells that 
are already dead and degenerative, 
it is not as toxic to the cornea as rose 
bengal and produces less irritation 
upon instillation. 

Rose bengal is used less in practice 
due to its stinging and toxic effect; 
like lissamine green, it stains dead 
and devitalized cells.7,8 It has been 
argued that rose bengal is not actually 
a vital dye as it also stains healthy cells 
and affects their viability.9 There-
fore, if herpes simplex virus (HSV) 
is suspected, make sure to culture 
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prior to staining with rose bengal, as it 
kills the virus.10 Both lissamine green 
and rose bengal are better choices for 
assessing conjunctival staining than 
NaFl because it provides better con-
trast against the palpebral and bulbar 
conjunctiva.11

There have been studies where a 
mixture of dyes was formulated to 
simultaneously evaluate the cornea 
and conjunctiva with one drop, but 
no formulations are pre-mixed for 
purchase in general practice. The op-
timal concentration and mixture was 
either 2% or 1% fluorescein and 1% 
lissamine, which provided sufficient 
staining with the least discomfort and 
irritation to patients.12,13

Any of the three dyes discussed can 
be used in practice to determine the 
integrity of the health of the eye, but 
to understand the pathophysiology of 
the staining patterns, it is important to 
review the anatomy of the cornea and 
conjunctiva.

Cornea and Conjunctiva
The corneal epithelium is made up of 
non-keratinized stratified squamous 
epithelium, which spans across a 
smooth surface of five to seven lay-
ers and is about 50µm thick.14  The 
epithelial layers are composed of 
three types of cells: superficial, wing 
and basal cells.15 These cells are held 

together by desmosomes, which form 
tight junctions, and hemidesmosomes, 
which anchor the basal cells to the 
basement membrane. The epithelium 
is covered by the tear film, which 
is comprised of lipid, aqueous and 
mucin.16 The mucin layer is respon-
sible for surface wetting, prevention of 
debris adhering to ocular surface and 
tear spreading.17 

A disturbance to any area of the epi-
thelial layers or tear layers will result 
in staining patterns to be evaluated 
and help aid in diagnosis.

The conjunctiva covers the “non-
cornea” portion of the external globe 
and is made up of non-keratinized 
stratified squamous and columnar 
cells, which are arranged in three-to-
five cell layers.18 Goblet cells inter-
spersed in between the cells produce 

mucin to form part of the tear film. 
The conjunctiva is divided into the 
palpebral and bulbar regions and the 
fornices; it provides protection by act-
ing as a physical barrier from foreign 
objects and microorganisms along 
with maintaining a stable tear film. 
Just like in the cornea, any uptake of 
vital staining is due to damage to the 
conjunctival epithelium. In healthy 
tissue, it is common to see the dyes 
accumulate in the conjunctival folds 
and this should be differentiated from 
punctate bulbar staining and mucin 
flecks.19 

Staining Patterns
These can be present in various forms. 
The most common type is superficial 
punctate staining, which manifests 
as patterns of small dots or flecks 
that stain brightly with fluorescein in 
either a diffuse pattern or segregated 
patches on certain areas.20 These 
flecks and small stains are termed 
punctate epithelial erosions when focal 
defects are noted, or superficial punctate 
keratitis when focal areas of inflamma-
tion are involved. The depth, loca-
tion and intensity of staining patterns 
are also noted to determine proper 
diagnosis.

There have been several studies 
and scales produced to grade density 
and severity of staining, as assessment 
can vary per clinician and differ based 
on amount of dye used and timing of 
observation.1 Diffuse patterns of punc-
tate staining are mostly associated 
with medicamentosa or viral conjunc-
tivitis, while specific areas such as the 

A patient with recurrent corneal erosion.

Table 1. Common Staining Patterns

Superior   Interpalpebral  Inferior  Diffuse

-  Superior limbal 
keratoconjunctivitis

-  Foreign body under upper lid
-  Atopic and vernal 

keratoconjunctivitis
-  Floppy eyelid
-  Conjunctival concretions
-  Superior entropion
-  Trichiasis

-  Exposure 
keratopathy

-  UV keratopathy
-  Aqueous-deficient 

dry eye
-  Medicamentosa 

(diffuse)

-  Blepharitis
-  MGD
-  Lagophthalmos
-  Ectropion
-  Inferior entropion
-  Mucus fishing syndrome
-  Conjunctivochalasis

-  Medicamentosa
-  Toxicity
-  Viral conjunctivitis
-  Bacterial
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classic “three and nine o’clock” pat-
tern are related to contact lens wear, 
causing desiccation of the peripheral 
cornea in areas where lids are not in 
direct contact with the epithelium 
because of the lens edge. 

Not only is the location of the stain-
ing important, but so is the type of 
staining pattern—pooling of dye or 
negative staining. Negative staining 
represents non-stained areas where 
the stain has run off elevated areas of 
cornea, which is prominent in cases of 
Salzmann’s nodular degeneration and 
epithelial basement dystrophy.

Positive staining occurs when 
fluorescein penetrates disruptions 
in the intercellular junctions of the 
corneal epithelial cells, causing areas 
of defined hyperfluoresced dots (punc-
tate staining) that may coalesce from 
micro-punctate to macro-punctate or 
patchy patterns.21 Positive stains on 
the cornea are also associated with 
dendritic lesions as the HSV virus 
begins to spread to epithelial cells, 
causing disruption and cell lysis. In 
active HSV infections, the bed of the 
ulcerative lesion stains with fluores-
cein while the edges of the ulcer stain 
with rose bengal, so a combination of 
drops is useful. Positive NaFl staining 
is also noted in areas with complete 
full-thickness epithelial defects, such 
as ulcers or abrasions, as evidenced by 
diffusion of the dye into the stroma.

Pooling of dye is seen secondary 
to areas of corneal thinning or inden-
tations on cornea. Some examples 
include pterygia, dellen and blebs. 
This “spillover” effect is different 
from actual staining and more like 
the effect of negative staining but 
over a larger area. Remember that 
sodium fluorescein does not penetrate 
where cells are intact and healthy, so 
the stain is filling the depressed area. 
Another example is called “dimple 
veiling,” which can be found in rigid 
gas permeable lens wearers with steep 
central clearance and a flatter pe-
ripheral curve profile, allowing small 
bubbles to enter and become trapped 
during lens wear, causing indentions 
and divots in the epithelium.

Cornea and Conjunctival Staining
Here are some instances of frequent 
patterns of corneal and conjuncti-
val staining encountered in routine 
practice. Superficial superior corneal 
staining can range from anything that 
is contact lens-related to superior 
limbic keratopathy.22 It is typically not 
associated with dry eye, as the upper 
lid protects the superior ocular surface.  

• Superior limbal keratoconjunctivi-
tis (SLK) presents with staining and 
localized conjunctivochalasis produced 
by mechanical friction from the upper 
palpebral conjunctiva and superior 
cornea. Its presence can be associated 
with thyroid eye disease or possibly 
caused by contact lens wear.22 

In thyroid eye disease, there is an 
association with lid retraction, known 
as Dalrymple’s sign, which in turn 
produces pressure from the upper 
lid, causing defective blinking and 
mechanical disruption to the bulbar 
conjunctiva. As mechanical disrup-
tion occurs, it causes tiny breaks in 
the cornea epithelium, resulting in 
small abrasions that uptake the stain.22  
Therefore, on clinical examination, 
you may find injection on the superior 
bulbar conjunctiva and fine punctate 
staining along the superior limbus 
with associated filaments and neovas-
cularization.

Corneal filaments are not only as-
sociated with SLK but also with other 
ocular conditions ranging from dry eye 
to neurotrophic keratopathy and can 
stain with any of the three vital dyes 
mentioned. They are composed of a 
mucin plaque covered with sloughed-
off degenerative epithelial cells, lipids 
and protein material coalescing to 
create an elevated plaque.23 These can 
vary in size and presentation depend-
ing on the etiology. Plaques can be 
thin and hair-like, as seen in filamen-
tary keratitis, or uniquely shaped 
as dendriform plaques, as found in 
herpes zoster. The base of the plaques 
can either be attached to the corneal 
epithelium or conjunctival fornix. 

• Floppy eyelid syndrome is another 
cause of superiorly located mechani-
cal trauma due to the laxity of the lid. 
The laxity is caused by loss of rigid-
ity of the tarsal plate due to depleted 
levels of elastin. It is more common 
on the side the patient sleeps on and 
can include trichiasis in severe cases. 
This presents superficial punctate 
staining along with conjunctival ir-
ritation as the chronic everted eyelid 
or misdirected lashes rub along the 
cornea.24 This is a common finding in 
patients with keratoconus, conjuncti-
vitis, blepharitis and obstructive sleep 
apnea.

S TA I N I N G PAT T E R N SFeature

Slit lamp photo depicting lissamine green staining on cornea.
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• A foreign body under the 
superior lid produces linear 
scratches or irritation on the 
cornea or conjunctiva indicating 
breakdown of any of the three 
layers of the corneal epithelium 
and produces repeated abra-
sions with each blink. When any 
positive staining is present in a 
linear or curvilinear pattern, the 
upper lid should be everted and 
evaluated for any foreign bodies 
or misdirected lashes.

• Limbal stem cell deficiency 
(LSCD) results from damage or 
dysfunction to the limbal stem 
cells, whose main function is to 
maintain the transparency and 
health of the cornea.25 When 
there is disruption to the limbal 
stem cells, the conjunctival epithelium 
encroaches on the cornea, resulting 
in conjunctivalization.26,27 Fluorescein 
staining presents a stippled, opaque, 
whorl-like pattern with some cases por-
traying a demarcation line between the 
conjunctival and corneal cells.26 In the 
initial stages, the limbus and periphery 
will stain more and then progress to a 
more diffuse, central pattern as the se-
verity of the disease progresses.28,29 As-
sociations with LSCD can range from 
genetic conditions causing limbal stem 
cell dysfunction to external factors 
such as chronic inflammation, trauma 
secondary to chemical burns or surger-
ies or poorly fitted contact lenses.30,31 

• Aqueous-deficient dry eye is most 
associated with interpalpebral staining 
and typically starts with conjunctival 
staining on the nasal and temporal 
areas, which is seen more prominently 
with lissamine green.31 In aqueous-
deficient dry eye, there is an increase 
in mucin production by the goblet 
cells, which combines with epithelial 
and other debris to form filamentary 
plaques that will stain with rose bengal 
or lissamine green.

• Exposure keratopathy can occur for 
a variety of reasons and presents with 
both interpalpebral punctate stain-
ing or inferior staining, depending on 
the cause. Interpalpebral staining is 
encountered with aqueous deficiency, 

exposure and neurotrophic keratopa-
thy, as there is less protection from the 
lids. Most interpalpebral presentations 
are associated with UV or chemical 
exposure from smoke, fumes or sun-
lamps from the lack of lid protection.32 

Exposure keratopathy secondary 
to lid abnormalities or incomplete lid 
closure can be associated with Bell’s 
palsy, thyroid eye disease—which 
includes both Stellwag’s sign (incom-
plete or infrequent blinking) and 
Dalrymple’s sign (widened palpebral 
fissure) —or floppy eyelid syndrome.33 
When the tear film is disrupted, the 
epithelial cells are more prone to 
damage and suffer erosions, which will 
stain with sodium fluorescein in the 
exposed areas.

• Neurotrophic keratopathy occurs 
because of damage to the trigeminal 
nerve, causing loss of corneal sen-
sitivity. The patient will not have 
complaints of irritation to match the 
degree of the corneal erosions noted. 

The most common etiologies associ-
ated with neurotrophic keratopathy 
are varicella-zoster virus or HSV but 
the condition can also follow ocular 
surgery or trauma, diabetic neuropathy, 
topical medication use (e.g., NSAIDs, 
anesthetic abuse), chronic contact 
lens use and extensive photocoagula-
tion. The cornea is highly innervated 
from the long posterior ciliary nerves 

and most fibers emerge from 
the ophthalmic branch of the 
trigeminal nerve. Nerves release 
neuromediators that protect 
the cornea by providing reflex 
blinking and nutrition. The 
denervation of the cornea causes 
dysfunction and damage in 
the epithelial layer because of 
decreased metabolism and pro-
liferation of epithelial cells.34

• Thygeson’s superficial punctate 
keratitis produces small, el-
evated clusters of superficial and 
intra-epithelial corneal lesions. 
Lesions are centrally located 
and have a duller, less organized 
appearance than staining associ-
ated with dry eye. Lesions have 

an ovoid, gray-white appearance 
and can produce areas of negative 
staining with minimal to no conjunc-
tival staining. The pathophysiology is 
still unknown but it is hypothesized to 
have a viral or immunologic mecha-
nism without inflammatory correla-
tions. Patients may be asymptomatic 
or have similar complaints to that of 
dry eye, including foreign body sensa-
tion, tearing or photophobia.

Inferior staining patterns are most 
associated with blepharitis, meibomian 
gland dysfunction, lid abnormali-
ties and mechanical causes.22 Inferior 
staining should prompt you to evalu-
ate the lid margin for blepharitis and 
meibomian gland dysfunction. A linear 
pattern of conjunctival and corneal 
staining is usually associated with 
blepharitis, as there is staphylococcal 
bacteria floating in the stagnant tear 
lake in the inferior conjunctival margin 
and irritating the cornea.

• Conjunctivochalasis is redundant 
conjunctival folds that are exposed and 
dry and irritated. The most common 
cause is age-related and hypothesized 
to be the degradation of elastic fibers 
and collagen from age, mechanical 
factors and inflammation.35,36 There 
will be positive rose bengal staining 
on the inferior lid margin and inferior 
conjunctival folds, as the upper eyelids 
are not completely closing due to the 
extra conjunctival tissue and inability 
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to evenly spread tear fi lm.37 The folds 
can also cause mechanical disruption 
and block the punctum, leading to 
stagnant tear fi lm with infl ammatory 
cytokines, which in turn can cause 
ocular surface infl ammation and linear 
staining on the mucosal area of the lid 
margin.38 This is seen mostly on the 
inferior temporal bulbar conjunctiva, 
with breaks in the tear meniscus with 
staining as the tear fi lm is destabilized 
by redundant folds.

Mechanical factors can also be as-
sociated with inferior staining patterns, 

particularly in cases of mucus fi shing 
syndrome. In such patients, there will 
be prominent lissamine green uptake 
in the inferior bulbar conjunctival and 
nasal fornices due to constant me-
chanical irritation from the eye. This 
usually stems from foreign body sensa-
tion associated with dry eye, causing 
eye rubbing and removal of mucus 
strands formed from epithelial injury. 
The activity typically continues in an 
ongoing cycle with more mucin being 
produced as the patient “fi shes out” 
the mucus strands.

• Lid wiper epitheliopathy presents 
with staining on the superior and 
inferior lid margins.39 The Marx line is 
a clear boundary that runs along the in-
ner surfaces of the superior and inferior 
eyelid margin at the mucocutaneous 
junction.40  This line connects the area 
where meibomian glands secrete lipids 
and the aqueous tear fl uid.40 Posi-
tive lissamine staining highlights its 
positioning and irregularity, which can 
be an indication of gland dysfunction. 
The position can shift outside the lid 
margin area decreasing the friction as 
the lids become more lax with aging or 
can be more intense due to added fric-
tion on lids from contact lenses.41

Lid wiper epitheliopathy is caused 
by damage to the epithelial cells in 
the Marx line region associated with 
frictional forces of each blink and tear 
fi lm instability.42 This is an additional 
area to focus on that will give insight 
on patients complaining of dry eye 
symptoms with no other clinical signs 
prior to seeing corneal staining.

Takeaways
Dry eye is one of the most common di-
agnoses encountered in routine exams 
and understanding the pathophysiol-
ogy of vital dyes and their staining 
patterns will result in appropriate man-
agement and patient education. It’s 
important to note that staining patterns 
not only provide insight, but also can 
be associated with a combination of 
causes (e.g., atopic keratoconjunctivitis 
and mucus fi shing syndrome). 

The health of the ocular surface is 
vital for clear vision, so when a patient 
has symptoms and no other obvious 
cause, reaching for vital dyes and 
exploring the patterns noted on the 
conjunctiva and cornea is an important 
tool to get to the result and fi nd the 
most suitable treatment plan. �
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Taking the Lead
ON Glaucoma

ODs in every US state can now manage this common condition. 
Here’s how to direct the delivery of care in your community.

A
s a lifelong, vision-threatening 
disease requiring frequent moni-
toring and treatment, glaucoma 
is one of the most common 

conditions optometrists handle on a 
daily basis. Most of the United States 
relies on ODs as their primary eye care 
providers; thankfully, recent legisla-
tion has made it possible for every OD 
across the country to offer glaucoma 
patients care close to home from a clini-
cian they trust. In addition, one in five 
states can now perform selective laser 
trabeculoplasty (SLT), which is moving 
towards becoming a first-line treatment 
for glaucoma. Now more than ever, as 
practice rights for optometrists continue 
to increase, it’s time to take the reins on 
glaucoma management at your practice.

No matter what level of glaucoma 
care you currently offer or which 
services are authorized in your state, 
it’s critical to the health of your patients 
and your practice to stay informed and 
be prepared to implement the evolving 
techniques to manage the condition. 
Below, we provide ODs with guidance 
on how to expand on existing glaucoma 
services while embracing newer oppor-
tunities such as SLT to maximize the 
level of care offered to patients. 

This article is the third in our scope 
expansion series, following one on inci-
sions and injections (May) and another 
on lasers (June), all with the goal of 
helping you navigate these exciting 
new roles and responsibilities for ODs.

The Evolving Role 
of ODs in Glaucoma 
Unlike the other procedures and 
services previously discussed in this 
series, the legislative battles regarding 
glaucoma management have—for the 
most part—been won. As of 2021, all 
optometrists in the United States can 
treat the condition topically, but the 
net wave is heating up, as 10 states now 
allow ODs to perform at least one type 
of laser procedure. 

In January 2021, Massachusetts 
became the last state to give optom-
etrists the authority to treat patients 
with glaucoma. Under the new legisla-
tion, comparable to that in many other 
states, ODs in Massachusetts can now 
prescribe topical and oral therapeutics 
including schedule III, IV, V and VI 
drugs for the diagnosis, prevention and 
treatment of glaucoma. They can also 
prescribe all necessary eye medications 
including oral anti-infectives.

Fast-forward a few months to June 
202, when legislation in Texas granted 
optometrists the authority to indepen-

dently manage glaucoma patients—
eliminating the previous requirement 
of comanagement with an ophthal-
mologist, which is the case in a growing 
portion of the country. In addition, the 
Texas scope bill allows optometrists in 
the state to prescribe any oral medica-
tion used to treat eye conditions.

Most recently, Colorado claimed the 
title of the 10th state to allow optom-
etrists to use lasers when its sunset bill 
was signed by Governor Jared Polis 
early last month. The as-taught law 
means that, in addition to enjoying sev-
eral other new practice rights that align 
with current training and education, 
ODs in Colorado can now offer their 
glaucoma patients more treatment op-
tions aside from the standard eye drop, 
one example being SLT.  (You can read 
more about Colorado’s recent scope expan-
sion by clicking the link in the online version 
of this article or by turning to page 4.)

SLT is becoming accepted as a 
first-line treatment for patients with 
open-angle glaucoma and ocular 
hypertension since the release of data 
from the LiGHT trial, which reported 
its effectiveness over topical therapy. 
The study found that 74% of patients 
treated with SLT required no drops to 
maintain their target intraocular pres-
sure three years after the procedure. It 
also found that patients who received 

By catlin nalley
contributing editor
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SLT were within their target pressure 
more often than those treated with eye 
drops (93% vs. 91%).

With the increasing availability of 
SLT and research supporting its poten-
tial, ODs are in the perfect position to 
take the lead and manage this progres-
sive, chronic condition and provide a 
very high level of care to their patients.

Despite these recent significant 
gains in scope expansion, there remains 
a need for more OD involvement in 
glaucoma. The number of patients with 

glaucoma—and those with potential 
risk for blindness due to the disease—is 
projected to increase from three million 
in 2020 to 6.3 million by 2050. Accord-
ing to Andrew Rixon, OD, an attending 
optometrist and the residency coordina-
tor at the Memphis VA Medical Center, 
“Glaucoma is an optometry problem, 
and we have a necessity to help combat 
this disease,” he says. “A majority of 
cases are still underdiagnosed, and as 
front-line providers we are often the 
entry point to patient healthcare. It’s a 

fundamental part of our job as primary 
eyecare providers. Our job is to maxi-
mize vision and a critical component 
of maximizing vision comes through 
prevention of vision loss.”

Now let’s take a closer look at how to 
integrate glaucoma management into 
clinical practice and lay the foundation 
to successfully take on a larger role in 
caring for this patient population.

Tools You’ll Need
When incorporating glaucoma care into 
practice, optometric education has pre-
pared ODs to manage this multifaceted 
disease, according to Jackie Burress, 
OD, who practices in the Eastern 
Oklahoma VA Healthcare System, who 
also notes that there are a number of 
continuing education resources readily 
available to help optometrists refresh 
their knowledge on or learn about new 
tools and medications. As always, you 
should check with your state board to 
ensure you are following all the neces-
sary protocols before implementing 
new services into your practice.

A core component of effective 
glaucoma management is having the 
right tools at your disposal. “Practitio-
ners need high-quality instruments to 
determine the risk of glaucoma, classify 
the type and stage and identify subtle 
progression,” says Shaleen Ragha, OD, 
who practices at The Eye Center at 
the Southern College of Optometry. 
These instruments include spectral-
domain or swept-source OCT with 
high resolution, accurate and repeatable 

All photos in this feature courtesy of Andrew Rixon, OD

iop and the od: advice on setting a target pressure
A key aspect of glaucoma management is IOP. Guidelines suggest that you should set a target IOP that is intended to be the level at which you 
prospectively hope the patients’ disease will be slowed and their vision preserved, explains Dr. Rixon. While there is no consensus on how to set a 
target IOP, generally speaking, the worse the disease is, the lower the goal IOP should be. 

“Setting a target IOP is a part of the overall risk management process, but it is not the ultimate determinant of successful or failed treatment,” he 
says. “It’s dynamic and can be intensified or loosened according to how the disease behaves. The ultimate determinant of success or failure is in 
slowing the rate of disease progression, which is determined most readily by watching for structural and functional progression.”

Dr. Rixon urges ODs to always keep in mind that IOP is a highly dynamic parameter. “Our ability to catch the peaks and valleys of eye pressure 
over 24/7/365 is limited, especially as we typically only capture an extremely small snapshot of IOP when we get a single reading during our visits,” 
he notes. That’s why it’s important to caution your patients not to fixate on the IOP captured during follow-ups.

Patience is key. Determining trends and understanding the rate of progression doesn’t happen overnight. Dr. Rixon suggests labeling follow-ups 
as glaucoma progression evaluations instead of blanket IOP checks. This reinforces—for both you and your patient—what you’re trying to combat. 

“You have to take the 30,000-foot view of these patients and consider more than just the snapshot IOP that day. A big issue I see in the various 
clinics I have worked at is the hair-trigger reaction to not meeting a target pressure,” he says. “The target IOP is an educated guess and is not set in 
stone. The highest level of IOP at which the patient is still susceptible to damage may take time to figure out.”

Images show macular structural data with superimposed visual field loci taken from a 
portion of a Hood Report, which is one tool that can aid in glaucoma diagnosis.
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tracking, minimal inter-visit variability 
and a relevant patient database. “The 
optic nerve rim, retinal nerve fiber layer 
(RNFL), circumpapillary RNFL and 
macular ganglion cell layer thicknesses 
are key indicators for diagnosis and pro-
gression. High-quality imaging is crucial 
to delineate correct layer segmentation 
and repeatability,” she says.

When purchasing an OCT, Dr. Ragha 
urges ODs to take advantage of the 
company’s customer service team to 
better understand the device’s acqui-
sition abilities, sources for error and 
manipulation and extraction of data.

Dr. Burress acknowledges that an 
OCT is a significant expense; however, 
she notes that if a practice is able to 
afford the cost, the device will provide 
lots of valuable information about the 
optic nerve and ganglion cells. “With 
OCT, we are now able to monitor for 
minor changes that would have been 
undetectable prior to this technology,” 
she says. 

If an OCT is out of an optometrist’s 
price range, Dr. Burress recommends 
seeking creative solutions, such as 
mobile technology companies that 
allow you to rent the OCT for a day or 
partnering with a fellow OD in the area 
who has an OCT in-house. “Often-
times, you can refer for the test, and 
then they will send your patient back to 
you for management.”

It is also important not to overlook 
the importance of gonioscopy, according 
to Dr. Burress. “A gonio lens is cost-
effective and allows you to learn valu-
able information about your patient,” 

she points out. “You can examine the 
angle to differentiate between open-
angle and closed-angle glaucomas and 
assess for signs of damage from trauma, 
including angle recession and synechia. 
Gonioscopy also allows us to determine 
the best candidates for SLT.”

Once your state’s law allows ODs 
to perform SLT, that will be another 
investment to consider. As noted in last 
month’s article on lasers from this scope 
expansion series, ODs can choose to 
purchase a stand-alone or a combina-
tion laser from various companies. Most 
new YAG/SLT combination lasers are 
cheaper than an OCT with a price tag 
of $40,000 or less. Refurbished equip-
ment that comes with a warranty is also 
a great option for those in search of a 
more wallet-friendly solution.

Steven G. Zegar, OD, practices in 
Slidell, LA, which passed its opto-
metric laser bill in 2014. He has since 

performed hundreds of ophthalmic 
procedures (primarily capsulotomies, 
but some SLT as well) and witnessed 
the benefits it’s had on his practice and 
his patients. Dr. Zegar urges optom-
etrists who are hesitant to invest in a 
laser to consider the various alternatives 
to be able to offer SLT and other laser 
services to your patients. “You can ask 
to use another local optometrist’s laser, 
as well as ask if you can shadow them 
during the procedure,” he says. In ad-
dition, Dr. Zegar adds, “There are also 
services in some locations that can rent 
you a laser. That’s what we do at our 
practice; someone from the equipment 
company brings the laser to my office 
once a month on a Wednesday morning 
for two hours.” This option allows you 
to schedule patients’ laser procedures 
during the time window you choose 
without having to front a high cost.

With SLT playing an increasingly 
prominent role in glaucoma care, you 
may want to consider adding this 
instrument to your clinic if you have 
the means. The more treatment options 
you can offer your patients—espe-
cially when it’s something other than a 
drop—the more satisfied they will be 
with your care.

Another important tool is an automat-
ed visual field that performs threshold 
testing to evaluate function in correla-
tion to structure, as seen on funduscopy 
and OCT, Dr. Ragha suggests. She 
also notes that “a trained technician is 
helpful to ensure good instruction to 
the patient and communication of test 
observations to the doctor. Since it is 
a subjective test, reliability should be 
considered in interpretation.”

There are a number of other devices 
that aid in the diagnosis of and risk 
assessment of glaucoma. Goldmann 
applanation tonometry is the current 
gold standard for measuring intraocular 
pressure (IOP), according to Dr. Ragha. 
“The Goldmann tip comes with most 
slit-lamp instruments and appropri-
ate sterilization is recommended,” she 
explains. “As for ophthalmic diagnostic 
pharmaceuticals, Fluress (fluorescein 
benoxinate) or a topical anesthetic with 
a fluorescein strip can be used.”

Hesitant to Manage Glaucoma? Here’S advice
Integrating a new service into clinical practice is not a simple task, and while it is natural to 
feel hesitant, your optometric skills will serve you well in this challenge. Adding glaucoma 
care to your repertoire not only benefits your patients but also enhances own practice and 
professional growth. Drs. Burress and Rixon offer some advice and inspiration below. 
• Accept the challenge and attack the obstacle. Improvement as a person and a doctor 

doesn’t come by staying comfortable.
• There are a plethora of resources within the professional industry that support ODs.
• Be patient and diligent.
• Seek out a peer mentor who is already providing these services. Remember, you aren’t on 

an island by yourself.
• Focus more of your continuing education hours on glaucoma. 
• Invest in your practice with the purchase of an OCT and retinal camera. 
• Continue to learn and grow as a healthcare provider to positively impact your patients.

L E A D I N G G L A U C O M A C A R EScope Expansion Series 

Structural changes in the optic nerve rim 
can signify glaucomatous progression.
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Corneal pachymetry is also helpful 
to determine the risk of progression 
and also under- or over-estimation of 
Goldmann IOP readings, explains Dr. 
Ragha. She notes that an OCT with 
anterior segment capability or an ultra-
sound pachymeter can be used. 

To document optic nerve and RNFL 
appearance at baseline, Dr. Ragha finds 
fundus photography to be helpful. 
This can be repeated if any changes 
are noted. “Color imaging, specifically 
using blue- or red-free filters, can high-
light RNFL defects,” she says.

Preparing Staff
Staff education is also a key component 
to successfully incorporating glaucoma 
care into your practice. This is a multi-
tiered process, according to Dr. Rixon, 
and begins with an understanding of 
the comprehensive care provided by 
the doctor as well as ongoing education 
to ensure patients receive the highest 
quality of care. 

“Administrative staff is then able to 
promote to the patients what services 
the doctor provides and what skills 
and time are involved in their respec-
tive visits,” he says. “Secondly, clinical 
staff will need to become proficient in 
performing the new technologies that 
are brought into the practice and be 
able to explain why each technology is 
being used.” For example, if or when 
your practice introduces SLT, ensure 
the entire staff is prepared to answer 
questions about the newer therapeutic 
option that most patients will be unfa-
miliar with.

Oftentimes, he notes, clinical staff 
will be responsible for educating 
patients on medication instillation and 
drop schedules as well as communicat-
ing with patients during phone calls 
and telehealth appointments. There-
fore, it is important that they receive 
the necessary training and education 
to support coherent glaucoma manage-
ment within the practice.

Detecting and Diagnosing
As with any condition, enacting a care 
plan begins with an appropriate diagno-
sis. “Glaucoma is a chronic, progressive 

optic neuropathy that involves loss 
of both neural and connective tissue 
(lamina cribrosa),” Dr. Rixon notes. 
“Although it is often conflated with 
glaucoma, elevated IOP is nowhere in 
any consensus definition of glaucoma; 
rather, it is a risk factor.”

Therefore, the most important step 
involved in designating a patient as a 
glaucoma suspect or as having glauco-
matous optic neuropathy is conducting 
a detailed, stereoscopic evaluation of 
the optic nerve head. 

While there are myriad risk factors 
associated with the development of 
glaucoma, ODs have to anchor the 
work on their optic nerve head evalu-
ation to begin the diagnostic process 
and build a baseline of structural and 
functional information to work from, he 
advises. 

“Thinning of superior-temporal or 
inferior-temporal rim tissue is a sign of 
glaucomatous damage, whereas a large 
cup-to-disc ratio may be normal for a 
large-size disc,” adds Dr. Ragha. “IOP 
is an important risk factor; however, 
remember that low-pressure glaucoma 
can still exist, as well as ocular hyper-
tension, in cases where there are no 
signs of glaucoma.” She emphasizes 
that this is why a full workup that 
includes pachymetry, gonioscopy, OCT 
and visual fields is necessary.

It is important to note that IOP also 
has diurnal variation, so OCT and 
visual field evaluation should have 
more emphasis when deciding on the 
course of management, according to 
Dr. Ragha. Instrumentation errors, 

artifacts and concurrent disease should 
be considered when interpreting OCT 
and visual fields.

“From my experience in teaching, 
the most common mistake is evaluating 
summary reports and skipping review 
of the actual scans or plots,” Dr. Ragha 
notes. “For any serial testing, new scans 
and fields should be compared to the 
baseline, which may be the last time 
progression was noted or a treatment 
change was made.”

Classifying the type of glaucoma 
you are dealing with is also critically 
important. Do not assume every case is 
one of primary open-angle glaucoma, 
Dr. Rixon warns. Gonioscopy is under-
used in optometry and ophthalmology; 
however, he notes, this tool is key to 
accurate classification.

Starting—and Keeping—Patients 
on Treatment
Once a glaucoma diagnosis has been 
made, a patient-centric approach to 
care with shared decision-making is 
required, according to Dr. Rixon, who 
says that this begins with a baseline 
level of knowledge of the disease. 
Since each patient has a different level 
of healthcare literacy, the OD must first 
try to understand what the patient does 
and does not know before education 
begins. 

“Personally, I believe setting 
expectations on the front end about 
how dynamic the patient’s individual-
ized care can be is critical,” he says. 
“Patients need to understand that 
the number of visits they will need 

It’s important to analyze all tissue that can be affected by glaucoma, which includes both 
the optic nerve head and the macula.
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initially and throughout the course of 
the disease will depend entirely on 
how their disease behaves and that as a 
team, we will chart out a custom course 
together.”

Manner and urgency of treatment 
depend on multiple factors, includ-
ing disease stage at diagnosis, quality 
of life, risk tolerance, life expectancy, 
ability to administer medications, side 
effects of treatment and consideration 
of ocular comorbidities such as surface 
disease.

For ODs who are able to perform 
SLT, Dr. Burress recommends con-
sidering this as a first-line treatment. 
“This procedure is becoming more 
common in practice. It is also great to 
recommend in patients who have a his-
tory of poor compliance with traditional 
glaucoma medications.” Using an SLT 
laser, treatments are generally applied 
360 degrees to the trabecular mesh-
work using adjacent, non-overlapping 
spots (approximately 100). The goal is 
to see tiny “champagne bubbles” in the 
anterior chamber during the procedure. 

It’s important to note that SLT 
isn’t the best choice for every glau-
coma patient: it’s contraindicated for 
neovascular glaucoma, and for those 
with heavily pigmented trabecular 
meshwork, energy settings of the laser 
may need to be decreased. (Interested 
in adding SLT to your optometric toolbox? 
Check out the previous article in this series, 
“Adding Lasers to Your Practice,” featured 
in our June issue, for step-by-step advice.)

When opting to start a patient on 
topical medications, Dr. Rixon em-
phasizes the importance of assuming 
patients are not compliant with drop 
installation, as that is the more likely 
scenario. Instructing the individual on 

how to properly instill meds and having 
them demonstrate successful instil-
lation prior to leaving the office will 
ensure that lack of knowledge on how 
to administer the medication is one less 
deterrent to adherence. This task, he 
notes, can be delegated to clinical staff 
and reinforced to patients with educa-
tional handouts and videos.

“The simpler, the better,” advises 
Dr. Rixon. “If possible, start with 
a once-daily medication for ease of 
instillation and be flexible with when 
it is instilled. PGAs have been shown 
to blunt the diurnal/nocturnal IOP 
curve up to 84 hours post-instillation. 
Flexibility with the drop schedule isn’t 
an issue, as long as it doesn’t reduce 
treatment effectiveness.” One idea to 
promote adherence is to have patients 
instill their drops at the same time as 
they take their other medications, if 
they are prescribed any. 

It is also important to take your 
patient’s insurance and financial in-
formation into consideration, suggests 
Dr. Burress. If the drop is too costly, 
compliance will be affected. Consider 

opting for glaucoma drops with a lower 
copay that provide good IOP manage-
ment, such as timolol. However, when 
prescribing this drug, Dr. Burress says 
you must “be sure the patient has 
a resting pulse rate at 60 beats per 
minute or above so that bradycardia 
does not occur. Also, check to see if the 
patient is on a systemic beta-blocker, as 
this can lower the efficacy of timolol.”

Continuous Monitoring 
of Disease Progression
Frequent in-person follow-up is a key 
component of any chronic condition. 
After a diagnosis, Dr. Rixon prefers 
to bring patients back for a six-week 
evaluation, which is used to assess any 
side effects of treatment, unforeseen 
burden of treatment, adherence issues 
and to answer any questions that the 
glaucoma patient may have. The goal is 
to establish sufficient baseline infor-
mation to detect the rate at which a 
patient is progressing.  

The World Glaucoma Association 
recommends two reliable baseline 
visual fields within the first six months 
of treatment and at least two additional 
fields within the following 18 months 
for mild to moderate disease. Six total 
visual fields are recommended in the 
first two years in patients at high risk of 
visual disability. 

OCT scans of both the macula and 
optic nerve are crucial when assessing 
the structure of the neural and connec-
tive tissues affected by glaucoma. Care-
ful assessment of the structure will help 
guide visual field strategies and provide 
a more comprehensive understanding 
of a patient’s disease.

“The most studied and repeatable 
parameter on OCT to gauge progres-
sion is the average or global RNFL. 
Generally, a baseline OCT and an 
additional OCT at six and 12 months 
from diagnosis are beneficial to address 
machine test-retest variability and rule 
out your patient being a fast progres-
sor,” Dr. Rixon says, while noting that 
testing regimens should be customized 
to the individual. 

When considering glaucoma manage-
ment, Dr. Rixon notes that while early 
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and aggressive intervention is desirable, 
it has to be done judiciously. “Imme-
diately reacting to a few in-office post-
treatment IOP readings often results in 
unnecessary escalation and complicates 
matters for both the patient and prac-
titioners,” he says. “If the total picture 
shows that the patient is at high risk for 
progression or is progressing at the cur-
rent level of treatment, then additional 
intervention is necessary.” Dr. Rixon 
emphasizes that providers of glaucoma 
care need to “manage the disease, not 
the IOP.”

 
Common Challenges and Pitfalls
While ODs are equipped with the skills 
and knowledge to effectively manage 
glaucoma patients, implementing this 
service into clinical practice does not 
come without its difficulties. “Don’t 
assume that there won’t be any bumps 
in the road,” urges Dr. Rixon. “There is 
a learning curve to integrating any new 
service, and it’s important to stay the 
course no matter how frustrating and 
humbling the growth process can be.”

Glaucoma management is a long-
term commitment, and you can’t 
assume that “if you build it, they will 
come,” he says. “You need to con-
stantly avail patients of the services you 
provide. This goes back to educating 
your patients and re-emphasizing that 
you are their primary eyecare provider.” 

Integrating new technology is also an 
ongoing process. As a provider, you are 
essentially learning a new language in 
a world that is constantly evolving, ex-
plains Dr. Rixon. “It is a time-consum-
ing task to keep up with all the innova-
tion in technology. Although product 
manuals are great in teaching how to 
acquire good information, they are not 
universally good at teaching how to 
interpret and apply that information,” 
he points out. “There is a time commit-
ment that may not be expected on the 
front end.”

Dr. Burress emphasizes that ODs 
should avoid thinking that implement-
ing this service will show them down 
in the clinic. “Since IOP and nerve 
assessment is something done at every 
routine exam, you are already screening 

for glaucoma on a daily basis,” she says. 
She adds that it is important to remem-
ber that multiple visits may be neces-
sary to gather the information needed 
to diagnose glaucoma.

Since no noticeable symptoms are as-
sociated with this chronic disease until 
advanced stages, patients often have a 
poor understanding of the condition, 
notes Dr. Ragha, which can be a chal-
lenge for the OD. “To further compli-
cate this misconception, treatment at 
that point will not restore vision loss,” 
she says. “Spending time explaining 
the condition and treatment as well 
as briefly showing test results at each 
visit can help patients understand their 
glaucoma.”

Medication adherence is a known 
issue with glaucoma patients, according 
to Dr. Rixon, who notes that studies 
show as few as 10% of patients make it 
a year without a major gap in treatment. 

“Adherence patterns established 
in the first year are often indicative of 
future patterns, so early and consistent 
education about the ‘what’ and ‘why’ of 
glaucoma care is key,” he says. “Open-
ended communication and employing 
an ask-tell-ask method has been shown 
to improve detection of medication 
non-adherence and consequentially 
improve adherence.”

Providing Comprehensive Care 
When embracing glaucoma manage-
ment, ODs are the clinicians who can 
and should take the lead, and fortu-
nately, the evolving legal landscape 
agrees. 

“We want to offer the best care for 
our patients with the greatest outcome 
possible,” Dr. Ragha says. “Access to 
care is an issue for many people, espe-
cially the elderly. Offering glaucoma 
care close to home allows them better 
access to treatment and the patient will 
be more willing to follow-up.”

Dr. Zegar recommends choosing 
to partner up with ophthalmologists 
and other physicians who support the 
expansion of optometry’s scope of 
practice. In addition to networking with 
local specialists such as endocrinologists 
and dermatologists who often need to 
refer patients to eye doctors, it’s also 
beneficial to invite them to your prac-
tice and show them which procedures 
you perform and which equipment you 
use. “I’m getting anywhere from eight 
to 12 weekly referrals from internal 
medicine,” says Dr. Zegar. “It takes 
work and effort to form and maintain 
these connections, but it really helps 
your practice grow, especially once you 
offer the more advanced procedures.” 

And if you’re further along in your 
career than others, don’t write off glau-
coma—including laser procedures—as 
something for the next generation. Dr. 
Zegar was 71 years old when Louisiana 
passed its laser law. Today, at age 79, he 
still sees patients 4.5 days a week. “I 
feel any of my peers who do not take 
advantage of these highly expanded 
modes of practice are depriving them-
selves of intellectual challenge and not 
serving their respective communities 
to the fullest extent,” he says. “Adding 
lasers brightened as well as extended 
my view of optometric practice.”

When optometrists work at the top 
of their expertise, everyone benefits. 
“Most of us chose this field because 
we want to take care of people’s vision 
and ocular health,” says Dr. Ragha. 
“Insurance reimbursement and cost of 
equipment and staff play a role in the 
hesitancy of managing specific condi-
tions. However, the knowledge you 
need to manage glaucoma is at your 
fingertips, and your patients benefit 
from the wide scope of care.” n

Next month: Part 4 of this series will 
delve into the use of oral medications.

Superior temporal rim erosion and 
corresponding RNFL thinning in a patient 
with early POAG.
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Prepping for 
The Glaucoma Grind

Once in your care, people with this disease become lifelong patients. 
Learn how to best accommodate the ongoing needs of those in the advanced stage.

A
s medical optometry expands 
in scope, the role of the op-
tometrist in glaucoma care is 
becoming more comprehen-

sive. It is important for clinicians to 
be familiar with the diagnostic chal-
lenges associated with the disease 
and the tools that can better help 
manage these patients. In addition 
to making the correct diagnosis, 
ODs must be confident in our abil-
ity to effectively treat and coman-
age patients with various stages of 
glaucoma, especially end-stage.

Stages of Disease
To understand how to manage 
glaucoma, it is helpful to define 
the different stages of the disease. 
The following ICD-10 definitions are 
widely used and straightforward for 
clinicians to adapt in practice:1

Mild or early. Optic nerve abnor-
malities consistent with glaucoma

• but no glaucomatous visual field 
(VF) abnormalities on any VF test

• or abnormalities present only on 

short wavelength automated perim-
etry or frequency doubling perimetry.

Moderate. Optic nerve abnormali-
ties consistent with glaucoma

• and glaucomatous VF abnormali-
ties in one hemifield not within 5° of 
fixation (note: 5° = involvement of 
spots nearest fixation).

Advanced, late, severe. Optic nerve ab-
normalities consistent with glaucoma

• and glaucomatous VF abnormali-
ties in both hemifields

• and/or loss within 5° of fixation 
in at least one hemifield.

At the initial glaucoma evaluation, 
disease severity must be clearly and 
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correctly staged. Based on the 
clinical exam, diagnostic analy-
sis and associated risk factors 
(e.g., age, race, central corneal 
thickness, family history, ocular 
comorbidities), an appropri-
ate target pressure can then be 
determined accordingly.

Diagnostic OCT Challenges
In early glaucoma, particularly 
pre-perimetric glaucoma, OCT 
of the retinal nerve fiber layer 
(RNFL) is extremely useful 
in showing early tissue loss. In 
advanced glaucoma, the OCT 
RNFL scan becomes less use-
ful due to what is known as the 
“floor effect,” which means 
that loss of the nerve fiber layer 
may still occur but is no longer 
detectable on OCT. This is 
theorized to be caused by re-
sidual tissue, such as glial cells 
or blood vessels, being measured 
instead.2 The RNFL scan will not 
show progressive thinning greater 
than 40µm to 45µm, beyond which 
macular OCT ganglion cell analysis 
should be considered.3

Since central vision is typically 
intact until very late-stage disease, 
macular OCT can be helpful in 
tracking progression in severe 
glaucoma. Studies have shown 
that even with advanced struc-
tural damage and in eyes that 
have reached the floor effect with 
RNFL measurements, progres-
sion can still be detected with the 
macular OCT ganglion cell analy-
sis algorithm.2,4 This is especially 
useful in patients who are poor VF 
test-takers or who are unable to 
complete VF testing due to physi-
cal or mental limitations.

Diagnostic VF Challenges
In severe to end-stage glaucoma, 
the standard 24-2 VF is often 
completely depressed or with only 
a small central island remaining. 
In these cases, it is critical that 
the clinician switches to 10-2 VF 
testing to allow for more precise 

monitoring of the central island. The 
24-2 field tests a total of 54 points 
that are 6° apart vs. the 68 points the 
10-2 field is able to test 2° apart. Of 
the 54 points in the 24-2 algorithm, 
only 12 are tested within the central 

10° of fixation. This is insuf-
ficient to allow for adequate 
monitoring of the central points 
in advanced disease, which help 
determine a patient’s ability to 
complete daily activities such as 
driving and reading.5 An effec-
tive alternative is the Humphrey 
24-2C VF test, which includes 
the 24-2 grid but also incorpo-
rates 10 additional test points in 
the central 10° of vision.6

In early to moderate glaucoma, 
the rate of mean deviation (MD) 
change is comparable between 
the 24-2 and 10-2 fields. How-
ever, in eyes with severe disease, 
the rate of MD change is signifi-
cantly higher on the 10-2 com-
pared with the 24-2. The MD 
value is calculated from a subset 
of the total points. In the 24-2, 
the points are mostly central and 
midperipheral, whereas in the 
10-2, the points are all within the 

central 10°. Therefore, the central 
VF loss in more severe disease is not 
able to be followed for progression 
with the 24-2 test.5

In advanced disease, it is neces-
sary to take VF test consideration 

Superior nasal step in a patient with moderate glaucoma.

Dense superior and inferior arcuate defects in an advanced glaucoma patient (left). Inferior 
arcuate defect involving fixation and early superior nasal step (right).
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one step further. When VF loss 
is very severe, the standard size 
III automated perimetry may no 
longer be adequate to catch progres-
sion. Switching to a Fastpac size V 
stimulus with 10-2 testing allows for 
a larger target size so that points that 
previously did not respond to a size 
III target will now show a response. 
This is typically reserved for end-
stage glaucoma when there is only a 
small central island remaining.3

While there is a need for at least 
three tests the first year of glaucoma 
diagnosis to pinpoint progression, 
much of the frequency of testing 
in advanced disease 
depends on the stabil-
ity of the patient. If a 
severe glaucoma pa-
tient has been stable 
for many years with 
well-controlled intra-
ocular pressure (IOP), 
VF testing twice a 
year may be sufficient. 
Contrast that with 
a severe glaucoma 
patient whose IOP is 
above ideal, or whose 
VF shows deteriora-
tion, more follow-ups 
are required to moni-
tor for changes in IOP 
fluctuation, and more 
frequent fields are 
required to confirm 
progression.

Medical Management
Setting target pressures can some-
times be challenging in advanced 
disease; however, we can reference 
major landmark studies such as the 
Advanced Glaucoma Intervention 
Study for guidance. While there is no 
magic number for the perfect target 
IOP in advanced disease, we know 
from the study that patients who 
consistently maintained an IOP of 
less than 18mm Hg at every visit over 
six years, with a mean IOP of 12.3mm 
Hg, had good VF preservation.7 As a 
general rule of thumb, a target IOP 
in the low teens is a good initial goal 

for severe disease. Other factors, of 
course, contribute to this goal. For 
example, a young monocular patient 
with a thin central corneal thickness 
and strong family history of glaucoma 
may require a single-digit target 
IOP. Compare this case to an elderly 
patient in poor systemic health with 
a thick central corneal thickness 
and other ocular comorbidities who 
may not necessarily require aggres-
sive therapy to lower IOP to the low 
teens.

It is important to change this target 
pressure accordingly depending on 
how the patient progresses. An IOP 
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Left: Severe glaucomatous optic nerve damage of the right eye with a very thin RNFL, which may not show further thinning past this point.
Right: Macula ganglion cell complex, which can help provide information about progression in the same individual.

Left: Small central island in advanced glaucoma. Right: The same patient was assessed with 10-2 testing to 
allow for more points in the remaining central island to be monitored.
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in the low teens may be appropriate at 
first for a severe glaucoma patient, but 
if their VF shows consistent progres-
sive defects, a more aggressive treat-
ment goal needs to be implemented.

In addition to setting appropriate 
treatment goals for each patient, it is 
also important to comanage any surgi-
cal candidates with ophthalmology, a 
process that should begin as soon as 
possible to avoid consequential delays. 
It is beneficial for optometrists treat-
ing glaucoma to establish a good rela-
tionship and frequent communication 
with a glaucoma surgeon to encourage 
more timely and effective interven-
tion as needed. In cases where IOP is 
inadequately controlled on maximum-
tolerated medical therapy and still el-
evated after laser intervention, prompt 
referral is necessary for consideration 
of incisional glaucoma surgery such 
as a trabeculectomy or tube shunt 
surgery.

Topical Therapy Considerations 
Clinicians must acknowledge the criti-
cal role that the patient plays in their 
own glaucoma treatment success. In 
early- to moderate-stage glaucoma, it 
is easier for patients to keep track of 
their eye medication(s) and be compli-
ant with their therapy, which typically 
only involves one or two drops. In 
severe glaucoma, it is more common 
for patients to be on multiple drops. 
As we know, compliance becomes 
more difficult with more complex eye 
drop regimens.8 In these situations, it 
is wise to consider fixed-dose com-
bination agents to increase adher-
ence. Switching to combination drop 
therapy when the patient requires 
more than a single agent to lower IOP 
will significantly simplify the regimen 
and decrease the number of trips to 
the pharmacy to increase the likeli-
hood of better outcomes overall.

It is also important to consider the 
ocular surface when treating glaucoma. 
The majority of glaucoma drops con-
tain benzalkonium chloride, which can 
be damaging to the ocular surface and 
lead to or exacerbate existing ocular 
surface disease (OSD).9 This outcome 

is of significant concern in the elderly 
population, which is already at risk for 
dry eye disease.9 Approximately 40% 
to 59% of glaucoma patients on topical 
medications have OSD, which can sig-
nificantly impact their quality of life.10 
Using a preservative-free formulation 
can help decrease ocular surface toxic-
ity and irritation and improve patient 
satisfaction with the recommended 
therapy.11 By encouraging patient com-
pliance with the prescribed regimen, 
the likelihood of incisional surgery 
decreases. As glaucoma surgery carries 
risks of failure, infection and vision 
loss, the importance of a well-tolerated 
topical regimen cannot be under-
stated.

Takeaways
Glaucoma is the second leading cause 
of blindness worldwide, and about 
three million Americans currently live 
with it, a number that will grow as 
the population ages and lives longer.10 
This is a disease that optometrists 
encounter regularly and may find 
rewarding to manage as it establishes a 
lifelong relationship between the doc-
tor and the patient, whose quality of 
life may improve with the appropriate 
treatment regimen.

It is important that optometrists 
who manage glaucoma understand 
the full spectrum of the disease and 

know how to best implement diag-
nostic tools to supplement clinical 
examination, especially in advanced 
cases when time is even more of the 
essence. Understanding when it’s 
necessary to refer for laser or surgical 
intervention is equally as important to 
treatment success. ■
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Pictured here is 24-2 testing (top) and 10-2 testing (bottom left). Fastpac size V stimulus 
testing allows for better monitoring of the central remaining points (bottom right).

Photo: Peter Lalle, OD
A D VA N C E D G L A U C O M AFeature



OCULUS Easyfield® C: Small and clever 
A complete perimeter with no dark room required

The OCULUS Easyfield® C provides quick screening and full threshold exams without the need of a dark room.  
Its network compatibility and small footprint provide flexibility even in confined spaces.

Keep the Light On  
with OCULUS Perimeters

Toll free 888 - 519 - 5375 
ads@oculususa.com

Scan here or visit  
www.oculususa.com

Th
e 

av
ai

la
bi

lit
y 

of
 p

ro
du

ct
s 

an
d 

fe
at

ur
es

 m
ay

 v
ar

y 
by

 c
ou

nt
ry

.  
O

CU
LU

S 
re

se
rv

es
 th

e 
rig

ht
 to

 c
ha

ng
e 

pr
od

uc
t s

pe
ci

fic
at

io
ns

 a
nd

 d
es

ig
n.

creo




56 REVIEW OF OPTOMETRY | JULY 15, 2022

on the threshold: 
New VF Testing Tech

This exciting development has numerous potential possibilities for improving optometric care.

G
laucoma is one of the leading 
causes of blindness in the United 
States, affects more than three 
million Americans and accounts 

for more than 17 million office visits a 
year.1 With an aging and increasingly 
diverse population, optometrists will 
see more glaucoma in their offices and 
need to be prepared.

In terms of managing and diagnos-
ing glaucoma, standard automated 
perimetry (SAP) has been the gold 
standard for decades. Whether the 
progressive loss of retinal ganglion 
cells in our glaucoma patients is from 
compressive forces, vascular ischemia 
or a combination of both pathophysiol-
ogies, axonal disruption is quantifiable 
using diagnostic perimetry and optical 
coherence tomography (OCT). 

Newer technologies such as OCT 
allow measurement of retinal nerve 
fiber and ganglion cell layer thickness-
es, thus visualizing structural changes 
from glaucoma that may present prior 
to functional loss, allowing for earlier 
detection. However, to evaluate func-
tional change, SAP remains standard 

of care, making it a crucial tool for 
managing glaucoma. 

Standard automated perimetry 
devices such as the Humphrey Field 
Analyzer (HFA; Zeiss) and Octopus 
(Haag-Streit) are cornerstones in most 
optometric offices. However, the instru-
ment takes up office space, must be 
isolated to a dark room and is depen-
dent on proper instructions and patient 
positioning. This makes testing dif-
ficult and time consuming for staff and 
patients. In addition, certain patients 
may be precluded from visual field 
testing (i.e., those who have limited 
mobility or are home-bound). 

With recent technological advances, 
alternatives to SAP have become 
available. The increased presence of 
headset technology in eyecare could 
make it easier for healthcare provid-
ers to individualize management.2 
These tools can be adapted to a patient 
instead of requiring the patients to 
conform to analog instruments. 

Visual information analysis with 
headset-based visual fields is an excit-
ing technology with numerous possi-
bilities for improving optometric care.3

This device’s portability may contrib-
ute to increased efficiency in a typical 
practice; multiple test subjects can be 

assessed simultaneously using the same 
server in a single, well compartmen-
talized room, by a single technician. 
Doctor-patient interactions may also 
change from centralized to more indi-
vidual settings, providing more options 
for providers to reach marginalized and 
underserved communities. 

Several portable visual field testing 
options are described below. As inde-
pendent data is scarce, bear in mind 
that much of what’s discussed comes 
from company sources. We also review 
independent research when possible.

VisuAll (Olleyes)
This device is a portable virtual reality 
headset with a wireless, Bluetooth-
enabled remote to record patient re-
sponses. It’s available in three models: 
VisuAll ETS and VisuAll S for office 
use and VisuAll H for home use.4

The test can be performed in any 
position or lighting condition. No trial 
lenses are needed as patients can wear 
their own glasses.4 The head-mounted 
display is split into two halves, one 
for each eye, eliminating the need for 
patching. Patient testing instructions 
are given in an easy-to-follow video. 

Gaze tracking and fixation monitor-
ing are built into the application. The 
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patient will be prompted to return to 
central fixation and stimuli presen-
tations are stopped until fixation is 
corrected. 

Results from the VisuAll are dis-
played through an application that 
can be downloaded onto a laptop, 
smartphone or tablet for the doctor’s 
interpretation. The test result layout is 
similar to the HFA, making interpreta-
tion familiar and straightforward.5

In addition to visual field testing, 
VisuAll offers color vision testing, visual 
acuity testing, contrast sensitivity, 
extraocular motility and pupillometry. 
The company says that visual field 
testing options range from the most 
common protocols (24-2, 30-2, 10-2) to 
screening tests. Testing time is about 
three minutes for threshold and 45 
seconds for screenings.4

When comparing the 24-2 option of 
the VisuAll with our standard perim-
eters (i.e., Humphrey and Octopus), 
there are a lot of similarities. The 
background luminance of the VisuAll is 
10cd/m2, which is the same as both the 
Humphrey  and Octopus. White-on-
white stimuli are presented at a dura-
tion of 200ms. This matches with the 
Humphrey but varies from the Octopus 
at 100ms. 

The VisuAll presents 50 test loca-
tions, which is slightly less than the 
Humphrey at 54 and the Octopus at 59. 
Stimuli are presented in a 6º grid pat-
tern across the horizontal and vertical 
midlines.2 This is identical to the Hum-
phrey but varies from the Octopus, 
which presents stimuli in an unequal 
spacing pattern, more dense centrally 
and more spaced out peripherally. 

Research review. As it stands, informa-
tion from clinical trials regarding the 
VisuAll’s performance is positive in re-
gards to its performance compared with 
traditional SAP. In a limited study out 
of the Wills Eye Institute, 25 healthy 
eyes vs. 26 controlled mild/moderate 
glaucoma eyes were evaluated with 
a 24-2 test with both the VisuAll and 
HFA. Testing time for the VisuAll 
was on average three minutes longer 
for both healthy and glaucomatous 
eyes than the HFA. VisuAll runs a full 

threshold, which takes more time than 
a SITA standard. The mean sensitiv-
ity of the whole visual field and the 
sensitivity of each individual quadrant 
in the two devices were compared with 
excellent correlation.5,6

Moreover, another study, done at 
Glaucoma Associates of Texas, was 
presented at the American Glaucoma 
Society (AGS) meeting in March 
2022.7 It looked at early detection of 
retinal dysfunction in eyes with pre-
perimetric glaucoma using a virtual 
reality platform. Over 1,700 patients 
were tested with the VisuAll; 128 
were diagnosed with pre-perimetric 
open-angle glaucoma. The 
VisuAll was then compared 
with the HFA and with the 
corresponding ganglion cell 
complex areas on OCT to 
evaluate structure-function 
relationship of both instru-
ments. Results showed 
that the VisuAll and HFA 
were similar in detecting 
decreased retinal sensitivity 
of the superior hemifield 
that correlated to the cor-
responding inferior ganglion 
cell complex thickness.7 
Overall, VisuAll detected 
a greater number of visual 
field defects than the HFA 
in eyes with pre-perimetric 
glaucoma.7

re:Vive (Heru)
Heru is a company 
founded by physicians 
and researchers at Bascom 
Palmer Eye Institute. Two 
versions of this device 
currently exist: re:Vive 
1.0 and the updated 2.0. 
The unit consists of a 
lightweight headset and 
wireless clicker to record 
patient responses. A 
software application can be 
downloaded onto a portable 
device such as a laptop or 
tablet for result viewing.8 

The re:Vive continually 
tells the patient how to take 

the test through a function called Vir-
tual Personality to educate the patient 
on test-taking instructions. It also has 
another function called Active Track 
that corrects for fixation and gaze 
tracking errors using cameras in the 
device. A stimulus is only presented 
if the patient is properly fixating. In 
addition, if a screening test is being 
run and the patient is struggling, the 
re:Vive will automatically convert the 
test into a full threshold. 

No trial lenses are needed. The 
re:Vive presents the stimuli at optical 
infinity, thus presbyopic changes are of 
no consequence. 

This VF headset and remote allows patients to not hunch 
forward, as in a traditional SAP device. They are free to 
move their head and neck, sit back in a chair and enjoy 
being more comfortable.  

Photos:  Jam
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Current available visual field tests 
include: 24-2, 10-2, suprathreshold and 
foveal threshold. Stimuli are bright on 
a dark background with a luminance 
of 10cd/m2. The testing results layout 
is similar to the HFA, again making 
interpretation straightforward. 

The re:Vive 2.0 model added ad-
ditional modes, including color vision 
testing (screener Ishihara plates, ex-
tended Farnsworth D-15) and contrast 
sensitivity testing. Clinical trials testing 
this model are still in progess.

Research review. When compared 
with the HFA, threshold testing time 
for the re:Vive is 4.3 minutes as op-
posed to five minutes. One study noted 
its repeatability and that mean devia-
tion has a strong correlation.9

To further confirm the accuracy of 
the Heru Threshold test strategy, a 
prospective study comparing the HFA 
24-2 with re:Vive by Heru 24-2 was 
performed. The study included 47 eyes 
(21 healthy and 26 patients with glauco-
ma and neuro-ophthalmic diseases) and 
found strong correlations between the 
Heru visual field mean deviation (MD) 
and threshold values and those of HFA 
in normal eyes and eyes with glaucoma 
and other pathologies.10 That study also 
found excellent reproducibility on nor-
mal and pathologic eyes, respectively. 
The device’s re:Imagine Threshold 
strategy was statistically significantly 
faster than the HFA SITA Standard (4.3 
vs. five minutes respectively).9,10

VF2000 (Micro Medical Devices)
This company launched the first virtual 
reality visual field headset in 2018—the 
VF2000 Visual Field Analyzer. MMD 
now offers three versions: VF2000 
Focus, VF2000 G2 and VF2000 NEO. 
All units are composed of a lightweight 
headset and wireless patient response 
remote.11 

The VF2000 Focus is equipped with 
a technology the company calls Focus 
Wheel that accounts for up to seven 
diopters of refractive error, reducing 
the need for trial lenses for a significant 
amount of patients.12  

The VF2000 G2 adds 4K resolution 
and optional vision screening tests. 

Finally, the VF2000 NEO model offers 
the previously mentioned features plus 
eye tracking technology to reduce fixa-
tion errors.13,14 

Interestingly, the Active Eye Track-
ing technology in the Neo model 
pauses the test if patients shut their 
eyes allowing for a break. Also, there 
is an option to use a patient’s blink to 
measure stimuli response. This is an 
advantage over other devices that may 
allow patients with disabilities or pa-
ralysis to complete visual field testing.14 

Similar to other devices, the VF2000 
series offers other functionalities, such 
as visual acuity testing, color vision test-
ing and contrast sensitivity testing.11

Research review. A study out of Stan-
ford University compared the VF2000 
to the HFA. A total of 41 patients with 
known history of reliable visual field 
testing were selected, 28 of whom were 
known to have glaucoma and 13 were 
glaucoma suspects. MD and pattern 
standard deviation (PSD) were com-
pared between both devices. Results 
found less than a 0.20dB difference 
between the VF2000 and HFA across 
all patients.15

Another study determined that the 
Palm Scan VF2000 was 100% sensitive 
and specific in detecting glaucoma. 

However, about 28% of moderate glau-
coma cases were misclassified as mild 
and 17% were misclassified as severe by 
the visual field analyzer. Furthermore, 
20% of severe cases were misclassified 
as moderate by this instrument.16

Advanced Vision Analyzer 
(AVA; Elisar Vision Technologies)
This organization, based in India, has 
presented a device that consists of a 
battery operated head-mounted device 
with a cable-attached patient response 
button. The results of the test can be 
displayed on a laptop or tablet.17 

The AVA offers foveal threshold test-
ing, 24-2, 30-2 as well as screening tests. 
A fixation monitoring, eye-tracking 
system is included. A cloud-based soft-
ware allows doctors to wirelessly print 
or email reports.17

Research review. Little independent 
information is known about this device. 
One study demonstrated functional 
equivalence between the AVA and the 
HFA. However, its authors noted that 
further studies with larger numbers of 
patients and detailed clinical evaluation 
for the actual diagnostic accuracy of the 
AVA were required to allow for definite 
conclusions.18

Melbourne Rapid Fields 
(MRF; M&S Technologies)
M&S recently launched a virtual reality 
headset with similar features as the 
previously mentioned devices. But 
in addition to the VR headset, M&S 
offers two versions of their MRF that 
can be clinic-based or home-based.19 
These options allow for more frequent 
progression analyses as well as patient 
convenience. 

The clinic-based MRF is a portable, 
space saving design consisting of a 
tablet with responder and surround 
shroud. The shroud blocks reflections, 
ambient lighting and maintains 33cm 
distance.20 

Tests offered include: 10-2, 24-2, 30-2 
and screening. Testing time is three to 
four minutes per eye for a threshold 30-
2. Patient instructions are given through 
an interactive system throughout the 
test. Upon completion, the results can 

V I S U A L F I E L D H E A D S E T SFeature

The printout from the VisuAll unit is laid 
out exactly the same as an HFA printout to 
ease the transition to the new platform.
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be saved to a HIPAA-compliant cloud-
based storage, saved as a PDF, printed 
or integrated into an EMR. 

In a 2016 study, 90 eyes were tested 
using the MRF vs. SITA standard 24-2 
HFA. Each test was run twice to estab-
lish repeatability. In the cohort, 12 eyes 
were healthy and 78 were glaucomatous 
ranging from mild to moderate stage. 
Results showed shorter test durations 
on the MRF vs. HFA (5.7 minutes 
vs 6.3). The MRF had a high correla-
tion with HFA on MD and PSD. In 
addition, repeatability of MRF highly 
corresponded to the HFA. The overall 
conclusion was that there was a strong 
correlation between outcomes and 
repeatability between the two devices.21

With the web-based Melbourne 
Rapid Fields, the software application 
is emailed through a secure link. The 
patient opens the link from the comfort 
of their home on a computer or tablet to 
complete a visual field test. The patient 
follows the prompts given to fixate 
appropriately on the stimuli presented. 
The results are immediately transmit-
ted to the doctor.22 

In 2021, M&S Technologies an-
nounced its new device, the Smart Sys-
tem Virtuality Reality Headset. It will 
provide accurate 10-2, 24-2 and 30-2 
visual field and contour stereo testing. 
The headset is purported to be adapt-
able to add many of the Smart System 
vision testing modules.23

On the Horizon
The objectiveField Analyzer (OFA) 
by Konan Medical is not currently 
commercially available. The company 
details that the device works by 
analyzing pupillary responses to 
multifocal stimuli using infrared 
cameras. Responses are measured 
using something the company calls 
“clustered volley,” a multifocal pupil 
objective perimetry method.24 

Multifocal stimuli are arranged in a 
dartboard layout consisting of 44 test 
regions per eye. The OFA presents 
dichoptic multifocal stimuli to both 
eyes, measuring direct and consensual 
responses from each eye concurrently. 
The company asserts that the patient 

We are now a bit over six months into using 
virtual reality (VR) field testing in our 

office using the VisuAll Olleyes VR field unit. 
To say this has been a game changer is an 
understatement.

My practice is heavily glaucoma- and neuro-
ophthalmology-based, which in turn generates 
a very significant number of VF tests each day. 
Prior to the addition of the Olleyes unit, we 
were running two separate VF instruments, and 
those machines were kept pretty busy each 
day. With the addition of this VR field unit, sev-
eral metrics have changed, for the better.

From a logistics perspective, the VisuAll 
is mobile, portable and small. It can be used 
anywhere in your office and does not require 
a dedicated VF room. More often than not, the 
patient undergoes testing in the dilation/hold 
area in the patient care section of the office. It 
does not need to be completed in a pretest or 
exam room. That is very different from tradi-
tional field testing space requirements.

From a patient experience perspective, the 
effect of adopting this technology has been 
huge, especially in the glaucoma population. 
These patients are used to having periodic VF 
tests, and I’d say that very few of them actu-
ally look forward to taking the test. While I’ve 
known for years many patients’ reticence to 
taking VFs, I always imagined it was because 
they thought the test was boring or simply 
difficult to take. To my surprise, the number 
of patients who’ve completed the Olleyes test-
ing who have expressed subdued happiness 
has been huge. Every day, unsolicited positive 

responses come from patients having complet-
ed the testing. But what I found most interest-
ing is the common theme of patient comfort; 
they don’t need to hunch forward and remain 
stationary in a traditional field device. The are 
free to move their head and neck, sit back in a 
comfortable chair and enjoy not being immo-
bile. It makes perfect sense, and I didn’t realize 
that was the biggest hurdle my patients had 
with traditional field units. Testing time is also 
greatly reduced, as full threshold field testing 
is done binocularly using a novel method, fur-
ther facilitating patient acceptance.

From a reliability perspective, having a 
large number of patients in clinic with chronic 
disease processes and serial fields over many 
years, of utmost concern to me was the reli-
ability and reproducibility of test results. Of 
course, when one moves from one VF platform 
to another, data conversion may not exist. 
Establishing a new baseline is rather easy with 
the VisuAll unit; after the field tests, baseline 
data can be generated. Certainly, the first one 
or two fields need to be manually compared 
with the previous field device you were using, 
but with greater patient acceptance of this 
technology, getting to that threshold of three 
tests is relatively painless. Fortunately, I’ve 
been very pleased with the reproducibility 
of field defects seen in both patients with 
advanced and mild disease, when comparing 
older technology to the newer tools. While the 
field printouts look similar to a standard HFA 
field printout, the devil is in the details. And 
conveniently, the raw data (e.g., decibel values, 

pattern deviation) match up pretty well, and 
this has been validated clinically.1

From a billing perspective, the VR technol-
ogy carries the same criteria, and CPT coding 
as does standard field testing, depending on 
the strategy used (screening or threshold field 
studies). Furthermore, available tests include 
30-2, 24-2, 10-2, neuro fields and ptosis fields. 
Those account for all of the strategies used in 
my clinic. CPT coding is the same as standard 
field testing, and reimbursement is the same.

The learning curve for my techs to operate 
the instrument was very short, and the device 
has verbal instructions in several languages 
for patients, making patient learning time 
very short. Conveniently, the instrument also 
performs other tests, such as visual acuities, 
pupillometry and color vision, lending itself to a 
pretesting suite of tests that can be performed 
in the office before the physician sees the 
patient. In fact, we just acquired a second unit 
to begin using it in this regard; the tech sets 
the patient up with the headset and leaves to 
begin evaluating a second patient while the 
first undergoes the series of programmed 
tests, reducing one-on-one tech/patient time.

I no longer feel that I am beating up patients 
every time I need another field to follow their 
glaucoma or neuro-ophthalmology problem. 
I don’t experience their sighs or exasperation 
with the thought of a subsequent test. They 
actually enjoy the new format, believe it or not. 
Just as important, I get reliable data I can use 
to effectively manage the patient precisely.

Disclosure: Dr. Fanelli has consulted with 
VisuAll on this visual field unit. 

1. Razeghinejad R, Gonzalez-Garcia A, Myers JS, Katz LJ. 
Preliminary report on a novel virtual reality perimeter compared with 
standard automated perimetry. J Glaucoma. 2021;30(1):17-23.5. 
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will find this comfortable and appreci-
ate having the test completed quickly 
and without need for user input.25

The initial technical specifications 
state that a macular, 24º and 30º test are 
available. A 30º test that is equivalent 
to a 30-2 takes seven minutes to test 
each eye concurrently. Trial lenses 
are needed: -3.00D, +3.00D, -6.00D, 
+6.00D, -9.00D, +9.00D. Background 
luminance is 10cd/m2.

The objectiveField Analyzer is not 
a portable device. Thus, it retains the 
attendant disadvantages of traditional 
perimeters in that aspect. However, 
its clinical applications extend beyond 
perimetric evaluation.

Researchers in Australia have tested 
prototypes of this device. One study 
determined its ability to diagnose and 
monitor multiple sclerosis in early-stage 
disease.26 Another study determined 
that the OFA might be a useful tool 
for assessing retinal function, detect-
ing altered sensitivity and delay even 
before detectable structural changes. 
Peripheral macular regional thickness 
was more correlated with the device’s 
sensitivity and delay than the central 
macula. Thus, peripheral macular 
health may have higher prognostic 
value than central retinal.27 

Discussion
Virtual reality visual field devices offer 
much promise and some genuinely new 
ideas. The advantages over SAP are tre-
mendous. These portable devices can 
be used anywhere in the office without 
staff supervision, freeing up office space 
and reducing staffing challenges. More-
over, the application’s simplicity may 
increase clinical efficiency, allowing 
practices to administer more field tests 
per patient, thus improving accuracy 
over time. The removal of patching and 
trial lenses make test administration 
much easier for the patient, and built-in 
gaze tracking and fixation monitoring 
enables better reliability. 

In addition, these mobile technolo-
gies have the potential to help provide 
higher quality eye care to limited 
mobility patients, nursing home and 
homebound patients, medical mis-

sions and community-based healthcare 
centers.

As with any new technology, more 
clinical trials and studies are needed, 
particularly with larger sample sizes. 
The early data that is available now 
shows strong correlation and repeatabil-
ity with standard automated perimeters. 
More compelling, however, would be 
independent studies that document the 
capabilities of these devices in detect-
ing disease progression—something 
sorely lacking in the current literature.

Besides limited data, another poten-
tial disadvantage of the portable devices 
is lack of stimulus presentation options. 
For reduced visual acuity and moder-
ate/severe glaucoma patients, a stimulus 
V is needed for better accuracy in fol-
lowing glaucoma progression. Stimulus 
III presentation is the most common 
option on most of the portable devices. 

In addition, all the portable devices 
offer numerous other testing capabili-
ties such as contrast sensitivity, color 
vision and visual acuities. Is it worth 
having an all-in-one device, but not 
have its merit verified for a long time? If 
all pre-existing office equipment were 
replaced with headset-based testers, 
what would happen if the device 
malfunctioned? Of course these are 
hypotheticals, but something to ponder. 

Portable headsets have the potential 
to upgrade and improve a tedious as-
pect of eye care. However, at this time, 
I feel not enough independent data is 
available to comfortably start debulking 
our clinics of our standard perimeters. 

This exciting technology has the 
ability to offer more advantages than 
disadvantages over traditional stan-
dard automated perimeters. As more 
research data emerges, our options for 
treating and managing glaucoma will 
continue to grow. n

1. Centers for Disease Control and Prevention. Don’t let 
glaucoma steal your sight! Vision Health Institute. November 24, 
2020. www.cdc.gov/visionhealth/resources/features/glaucoma-
awareness.html. Accessed June 1, 2022. 
2. Montelongo M, Gonzalez A, Morgenstern F, Donahue SP, Groth 
SL. A Virtual Reality-Based Automated Perimeter, Device, and 
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T
he traditional stepwise ap-
proach in the management 
of patients with open-angle 
glaucoma—moving from 

medication to laser-based proce-
dures to surgical options, requiring 
failure at each step prior to moving 
to a successive level—has been 
disrupted through the development 
and improved understanding of ef-
ficacy and risk of available options.1-3 
Glaucoma is the leading cause of 
global irreversible blindness, and de-
spite continued research in disease 
pathogenesis, all available treatment 
options act to reduce intraocular 
pressure (IOP), the key treatable 
risk factor for disease development 
and progression.2-4

The number of glaucoma surgical 
procedures in the United States has 
rapidly grown over time, displaying 
a shift toward minimally invasive 
glaucoma surgery (MIGS) since 
regulatory approval of the first de-
vice in 2012 and a general reduction 
in traditional filtering procedures.3,4-7 
While traditional incisional glaucoma 

procedures (i.e., trabeculectomy and 
aqueous shunt surgery), which cre-
ate subconjunctival filtration blebs, 
can lower IOP substantially, they 
are subject to a significant recovery 
period and carry the risk of a wide 
variety of vision-threatening side 
effects.1-3

MIGS procedures act to bridge 
the gap between first-line options 
of medications and selective laser 
trabeculoplasty (SLT) and incisional 
or traditional glaucoma filtration 
procedures by lowering IOP while 
carrying a risk profile comparable 
to cataract surgery.1,2,8 While cata-
ract surgery alone lowers IOP for a 
period of approximately two years, 
it is not recommended as a sole 
treatment for IOP reduction in 
individuals with primary open-angle 
glaucoma.1,8

In general, most MIGS devices 
and procedures are on-label for the 
treatment of mild to moderate open-
angle glaucoma and ocular hyperten-
sion for patients undergoing cataract 
surgery.1,2 At this time, while not 
designed to be a replacement for the 
aggressive IOP reduction offered 
by traditional filtration procedures 
that may be required for advanced 
or refractory disease, MIGS can offer 

significant benefits in a widening 
spectrum of patients with open-an-
gle glaucoma, including eliminating 
the need for IOP-lowering medica-
tion in patients with mild disease to 
reducing the number of medications 
required to delaying the need for 
incisional surgery in patients with 
more severe disease.1,2,6,9-11

MIGS devices and procedures 
vary in their location of impact and 
mechanism of IOP lowering but are 
generally characterized by these 
features: they are performed using 
an ab interno approach where no 
conjunctival incision is made, cause 
minimal trauma, are efficacious in 
lowering IOP with a high safety 
profile and are characterized by rapid 
recovery.9

Here, we discuss where MIGS 
stand today with a focus on under-
standing the physiological basis for 
MIGS utility, indications, efficacy 
and potential complications in order 
to optimize perioperative manage-
ment.

The MIGS Menu
These device options can be chal-
lenging to digest, but, in general, 
most surgeries act to reduce resis-
tance to aqueous outflow through 
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Migs on the Move
A decade after their debut, these procedures now dominate the surgical sphere. Which options are most 

popular today, and where do ODs fit into the clinical picture?
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procedures which may or may not 
form a bleb.2,10,11 The surgical ap-
proach to bleb-forming MIGS may 
be ab interno or ab externo (outside of 
the eye); however, ab externo proce-
dures do not fi t the original criteria 
for MIGS and will not be included 
in this discussion.2,9-11

MIGS may enhance aqueous 
egress from the eye by increasing 
trabecular outfl ow through stripping, 
stenting or dilating tissue, enhancing 
uveoscleral outfl ow (via supracho-
roidal pathways), creating a subcon-
junctival drainage pathway from 
the anterior chamber or reducing 
aqueous production.2,10,11 The latter 
(decreasing aqueous volume) can be 
accomplished through direct abla-
tion of the ciliary process or applica-
tion of energy to the ciliary body.2,10,11

• Among the many MIGS options, 
the fi rst device to gain regulatory 

approval in the United States, the 
iStent trabecular microbypass stent, 
and its second-generation counter-
part, the iStent inject, which has a 
modifi ed design and consists of two 
stents, have accumulated the most 
diverse, long-term safety and ef-
fi cacy data available. The iStent has 
been the most widely used device 
in the United States, accounting 
for 44% of glaucoma procedures in 
2017.5,7

Recently released fi ve-year data 
of the iStent inject shows sustained 
IOP-lowering in eyes as a standalone 
procedure and in eyes undergoing 
cataract surgery by an average of 
42% and 39%, respectively, with 
46% of patients medication-free and 
all eyes able to maintain or reduce 
their medication regimen over the 
study period, as well as an overall 
reduction in the need for IOP-lower-

ing medication.12 Five eyes required 
additional surgical procedures for 
management of IOP.12

Postoperative fi ndings of mild 
hyphema and mild corneal edema 
resolved within the fi rst week.13 Two 
eyes of one standalone iStent inject 
patient developed cataract progres-
sion by postoperative month three, 
and an isolated eye from the stand-
alone group developed anterior uve-
itis at month 24, which resolved with 
topical treatment.12 Over a fi ve-year 
period, there were no stent-related 
complications, episodes of chronic 
infl ammation, hypotony, endo-
phthalmitis, Descemet’s membrane 
compromise, obstruction, myopic 
shift or choroidal detachment.12

• The Hydrus Microstent has a 
unique design that scaffolds Sch-
lemm’s canal for approximately 90 
degrees.14,15 Comparing the Hydrus 
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Microstent implanted at the time 
of cataract surgery with cataract 
surgery alone, the Hydrus group had 
a higher proportion of eyes with IOP 
less than or equal to 18mm Hg with-
out medication use, a lower average 
number of glaucoma medications, a 
greater percentage of eyes that were 
medication-free through five years 
and fewer eyes that required ad-
ditional IOP-lowering procedures.15 
There were no observations of late 
inflammation, corneal edema or 
need for device removal; however, 
focal peripheral anterior synechiae 
were identified near the trabecular 
entry point in 15% of the Hydrus 
Microstent group, which was not 
shown to have an impact on IOP 
during the study period.15

While no corneal edema or decom-
pensation was identified through five 
years, reduction in corneal endothe-
lial cell loss was identified in both 
the microstent plus cataract surgery 
group and the cataract surgery group 
alone at a similar rate with 21% of 
individuals exhibiting endothelial 
cell loss greater than or equal to 30% 

of baseline, 
a threshold 
considered 
as a signifi-
cant change 
through five 
years with a 
stable rate of 
change noted 
over the study 
period.15 En-
dothelial cell 
loss following 
MIGS is of 
particular interest due to identified 
accelerated progressive endothelial 
cell loss previously noted following 
implantation of a supraciliary micro-
stent, called CyPass, which resulted 
in voluntary market withdrawal.1,10,11

• No-device trabecular bypass, or 
excimer laser trabeculostomy, uses a 
308nm xenon chloride excimer laser 
to create 10μm to 200μm trabeculos-
tomy openings across 90° of the an-
gle through the trabecular meshwork 
and inner wall of Schlemm’s canal.16 
Properties of the excimer laser that 
make it attractive for intraocular 

use include the photoablative effect 
with minimal thermal damage and 
tissue penetration.16 While approved 
in the European Union, a clinical 
trial in the United States is currently 
recruiting patients to evaluate safety 
and efficacy of the procedure.17

• Dilation of Schlemm’s canal, or 
ab interno canaloplasty, resulting in 
breaking herniations in distal chan-
nels may be performed by flushing 
the canal with viscoelastic, threading 
a microcatheter or suture through 
the canal or a combination of the 
two procedures depending on the 
proprietary device used.18,19 Follow-
ing threading of the microcatheter or 
suture through the canal, it may be 
pulled toward the center of the pupil 
to cleave the trabecular meshwork 
resulting in trabeculotomy.20

While published data exists to 
support IOP lowering, safety and 
mechanism of action based on 
physiological understanding of 
outflow pathways, long-term data 
and randomized controlled clinical 
trials are lacking.11 Mild postopera-
tive hyphema is the most common 
complication encountered due to 
the necessary goniotomy needed to 
enter the canal, and risk of hyphema 
increases when trabeculotomy is 
performed.10,11,21

• Stripping procedures using 
devices such as the Trabectome and 
the Kahook Dual Blade remove a 
portion of the trabecular meshwork 
and inner wall of Schlemm’s canal 
to facilitate increased trabecular 
outflow.10,11,21,22 In a meta-analysis of 
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Aqueous Humor Dynamics for the Clinician
MIGS procedures take a more physiological approach to IOP lowering in comparison to 
incisional procedures or to aqueous suppressants.2,9 To best understand where and how 
specific MIGS options act to lower IOP and why post-op complications may arise, let’s briefly 
revisit aqueous humor dynamics with a specific focus on glaucoma pathology.

Once aqueous humor is produced by the epithelia at the tips of the ciliary process and flows 
into the anterior chamber, it leaves the eye through the trabecular (conventional) and uveo-
scleral (alternate) pathways.13 In the conventional pathway, which accounts for as much as 
90% of outflow, aqueous humor crosses the superficial portions of the trabecular meshwork, 
moves through the corneoscleral meshwork into the juxtacanalicular tissue and passes 
through the inner wall of Schlemm’s canal, where it encounters the greatest resistance.13

Once aqueous crosses into Schlemm’s canal, it enters one of approximately 30 external col-
lector channels, which are distributed unevenly—with the greatest number of collector chan-
nels found in the inferior nasal quadrant of the eye—and flows into the deep scleral plexus 
and the episcleral venous system.13

When IOP increases, such as in the majority of eyes with open-angle glaucoma, the jux-
tacanalicular tissue and inner wall of Schlemm’s canal herniate into the ostia of collector 
channels, reducing their outflow capacity and further driving outflow resistance and elevat-
ing IOP.13 These occluded ostia seem to be of specific relevance to glaucoma treatment as 
glaucomatous eyes have a higher number of occluded collector channel ostia in comparison 
to nonglaucomatous eyes.13

While currently available MIGS procedures use a number of strategies for lowering IOP, 
including increasing trabecular and uveoscleral outflow and reducing aqueous production, 
the most commonly encountered procedures are aimed at the trabecular meshwork and 
Schlemm’s canal to allow the surgeon to directly treat the areas of the eye where outflow 
resistance is greatest in order to restore the conventional pathway’s outflow capacity.2,3,7,10,11
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5,091 individuals who underwent 
Trabectome as a standalone proce-
dure or combined phaco-Trabec-
tome, the average IOP reduction 
was approximately 31% with final 
IOP near 15mm Hg and a reduction 
of IOP-lowering medication by less 
than one drop on average.21

The overall vision-threatening 
complication rate was less than 1%, 
with the most common complication 
identified as hyphema, which oc-
curred up to 31 months following the 
procedure and was associated with 
transient IOP elevation.21 Peripheral 
anterior synechiae was reported 
in as many as 14% of cases.21 Less 
common reported complications 
included cyclodialysis cleft, which 
was identified in six instances, with 
one requiring surgical closure, tran-
sient hypotony (no cases persisted 
beyond three months) and aqueous 
misdirection syndrome.21 In patients 
undergoing Kahook Dual Blade, 
which may be performed as a stand-
alone procedure or in combination 
with cataract surgery, reduction in 
IOP and postoperative medications 
is expected with a similar risk profile 
and complications in comparison to 
Trabectome.11,22

• In the case of refractory open-
angle glaucoma, where previ-
ously surgical treatment has failed 
or where further IOP lowering is 
required beyond maximally-toler-
ated medical therapy, the Xen gel 
stent implant may be considered.1,11,23 
Xen is sometimes compared with 
trabeculectomy as both are filtration 
bleb-dependent procedures, use 
mitomycin C intraoperatively, have 
similar post-procedure follow-up 
care and treatment and carry a simi-
lar IOP-lowering effect, albeit Xen 
carries an improved safety profile.24,25

Conversely to trabeculectomy, 
the Xen gel stent does not involve 
incision of the sclera and conjunctiva 
with on-label ab interno placement 
and does not require iridectomy 
or sutures.25 Xen differs from the 
majority of MIGS procedures in its 
indication due to its mechanism of 
IOP lowering by passing the physi-
ological outflow pathways, potential 
for IOP lowering by an increased 
risk of complication and need for 
close postoperative observation by 
the operating surgeon due to the 
likelihood of post-procedure inter-
vention.23-25

Comparison of success rates 

between MIGS presents challenges 
due to differences in patient charac-
teristics, glaucoma subtype, follow-
up duration, medication use, previ-
ous failed surgeries and definition of 
“success.” However, following Xen 
implantation, up to 89% of eyes had 
IOP less than or equal to 21mm Hg 
or 20% lower than baseline without 
requiring additional medical therapy 
at one year and 71% at two years, 
with a significant reduction in the 
number of post-procedure IOP-
lowering medications.24 Overall, IOP 
was reduced by 35% to a final aver-
age near 15mm Hg with a greater 
IOP-lowering effect identified in 
eyes with higher baseline IOP in the 
included studies which ranged in 
duration from 12 to 36 months.24

Postoperative management of 
patients undergoing Xen implanta-
tion is more complex than other 
MIGS procedures due to the risk 
of complications and need for ad-
ditional intervention. To limit the 
risk of subconjunctival fibrosis, 
bleb needling is considered to be a 
routine part of postoperative care, 
with most eyes undergoing needling 
within one month following surgery 
and some requiring subconjunctival 
5-fluorouracil treatment.24,25

Hypotony, or IOP less than 6mm 
Hg, may occur in up to 10% of eyes 
and is typically described to be 
transient with improvement within 
one month.24 Hypotony-related com-
plications include maculopathy and 
choroidal effusion.23-25 Hyphema was 
generally mild (less than one-third of 
the anterior chamber) and is report-
ed to occur in 6% of eyes which may 
result in transient IOP spikes.24,25 
Other complications following Xen 
implantation related to the device 
include occlusion, exposure, migra-
tion and bleb-related complications 
such as bleb leakage, blebitis and 
endophthalmitis.23-25

• Reduction in aqueous humor 
production using micropulse trans-
scleral laser therapy carries a lesser 
risk of hypotony, pupillary mydriasis, 
chronic inflammation and vision loss 
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Hydrus microstent placed within Schlemm’s canal.
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in comparison to standard cyclode-
structive thermal procedures such 
as endocyclophotocoagulation and 
transscleral cyclophotocoagulation.26

Micropulse transscleral laser 
therapy delivers energy to the pars 
plana (rather than to the pars plicata) 
in a series of repetitive, short pulses 
with incorporated rest periods to 
prevent reaching a cyclodestructive 
threshold.26 It is presumed to reduce 
IOP through biological stimulation 
resulting in increased trabecular and 
uveoscleral outflow in addition to 
aqueous suppression.26 Micropulse 
transscleral laser therapy reduces 
IOP gradually, with maximum IOP 
lowering of 31% achieved at 12 
months.26

Collaborative Pre-, Post-op Care
Based on the variety of procedures 
available and an understanding of 
the indications, general success 
rate and potential complications of 
MIGS, effective communication 
with the consultative surgeon is cen-
tral to maximizing outcomes.

At the time of referral, providing 
the surgeon with the patient’s glau-
coma and ocular history—including 
glaucoma diagnosis (which requires 
careful gonioscopic evaluation), 
disease severity, treatment history, 
the general roadmap of IOP (peak, 
untreated pressure if available and 
target pressure)—and patient goals 
will help the surgeon in determining 
the optimal procedure.

If cataract is present, evalua-
tion to determine the presence of 
ocular findings that may increase the 
complexity of surgery (e.g., periph-
eral anterior synechiae, conjunctival 
scarring, zonular instability) is neces-
sary.2 While all procedures carry 
risks, MIGS vary in their potential 
IOP-lowering effect, safety profile 
and indications, all of which are 
carefully considered as part of the 
complex decision-making process 
in determining a procedure of 
choice.2,27,28

When asked which IOP-lowering 
procedure American Glaucoma 

Society members would choose for 
themselves as the patient—follow-
ing need for further IOP lowering 
after SLT and maximizing all com-
mercially available topical glaucoma 
medications—the most frequent 
responses, in order, were ab interno 
trabeculotomy, Xen gel stent and 
iStent inject, followed by trabeculec-
tomy.29 With traditional trabeculec-
tomy being preferred by participants 
older than 61, in the youngest cohort 
of participants (between 30 and 40 
years of age), the top four ranked 
procedures were all forms of MIGS, 
with trabeculectomy being ranked 
lower.29

The procedures that surgeons may 
choose as a primary procedure for 
themselves and those they are most 
likely to offer a hypothetical patient 
in a similar setting differed.3,29 When 
analyzing surgical practice prefer-
ence, 59% of individuals would offer 
a hypothetical patient traditional 
trabeculectomy with mitomycin 
C in 2016, where only 18% would 
prefer to have the same procedure 
performed on themselves in 2018.3,29 
The short time period between 
the two studies and varying results 
further adds support to reflect the 
rapid paradigm shift in consideration 
of MIGS that has occurred in the 
United States.

Due to the relatively recent devel-
opment and 
use of MIGS, 
the long-term 
outcomes, 
generally 
beyond five 
years, are 
not known.1,2 
Successful 
postoperative 
care requires 
a collaborative 
relationship 
with direct 
communica-
tion between 
the comanag-
ing optom-
etrist and 

surgeon. Postoperatively, patients 
can be expected to use the typical 
regimen of topical ocular medica-
tions, including prophylactic antibi-
otic, nonsteroidal anti-inflammatory 
and steroid taper, over a four-week 
period.27,28

For individuals with mild to 
moderate disease undergoing MIGS 
strategies that target Schlemm’s 
canal and the trabecular meshwork, 
IOP-lowering medications may 
not be stopped prior to surgery. A 
reduction in IOP-lowering therapy 
can be considered as early as one 
week post-op if target pressure is 
achieved.

Due to the risk of hypotony in the 
immediate postoperative period, 
patients undergoing bleb-forming 
MIGS should have IOP-lowering 
medications discontinued on the 
day of the procedure.24,25 The most 
common expected postoperative 
course includes mild inflamma-
tion and hyphema appearing as an 
anterior chamber reaction resulting 
in blurred vision, which is typically 
mild and self-limiting within the first 
postoperative week.28

Fluctuations in IOP postoperative-
ly can be a sign of increased inflam-
mation, hyphema, device malposi-
tion or obstruction, wound leak and 
cyclodialysis cleft.27,28 Careful clinical 
examination to determine the cause 
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followed by conservative treatment 
with topical steroids, cycloplegics 
or IOP-lowering medications may 
be needed. In the case of device 
malposition, obstruction, significant 
or recurrent hyphema or sustained 
IOP elevation, the patient should be 
promptly evaluated by the surgeon.30

Hypotony following a canal-based 
procedure in the absence of wound 
leakage should be suspicious for cy-
clodialysis cleft, as these procedures 
do not bypass the conventional 
pathway. Therefore, aqueous must 
still overcome episcleral venous 
pressure to leave the eye, preventing 
IOP from dropping below episcleral 
venous pressure. Iatrogenic cyclo-
dialysis cleft, or separation of the 
longitudinal fibers from the scleral 
spur during surgery, results in an 
unintentionally produced drain-
age pathway of aqueous from the 
anterior chamber directly into the 
suprachoroidal space.31

The mainstay of medical treat-
ment for hypotony due to cyclodi-
alysis cleft is cycloplegia to allow the 
ciliary muscle to relax and detached 
fibers to reattach to the scleral spur 
with consideration of increase in 
topical ocular steroid dosage.31 If 
conservative treatment does not 
close the cleft, surgical or laser 
therapy may be employed.31

While MIGS are characterized 
by their rapid recovery and high 
safety profile, patients do experi-
ence postoperative complications. 
While generally mild, transient and 
self-limiting, depending on the pro-
cedure, they may occur at a similar 
or higher rate than cataract surgery 
alone.28 If a complication is identi-
fied during the post-op course, the 
comanaging physician should have 
a low threshold for intervention, 
and when resolution does not occur 
with conservative treatment, they 
should have the patient return to the 
surgeon.

The Bottom Line
Developments in the MIGS space 
focus primarily on enhancement of 

natural physiology to reduce IOP. 
While not a replacement for inci-
sional glaucoma surgeries, such as 
trabeculectomy or aqueous shunts, 
a variety of MIGS have established 
their safety and efficacy as a bridge 
between first-line therapies (i.e., 
medications and SLT) and tradi-
tional filtering procedures. MIGS 
continue to expand their reach with 
available and developing devices, 
challenging the IOP-lowering poten-
tial of filtration procedures with the 
goal of an improved safety profile.

Comanaging providers should be 
familiar with available procedures 
and devices as well as expected 
results, including complications, 
and take a collaborative approach to 
pre- and post-op care. Randomized 
controlled clinical trials evaluating 
MIGS in a standardized way and 
evaluation of long-term durability 
are ongoing as the MIGS experience 
continues to develop. g
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 1. The term “MIGS” is typically described by 
which of the following?

 a. Minimally invasive glaucoma surgery.
 b. Minor intracapsular glaucoma surgery.
 c. Macro invasive glaucoma surgery.
 d. Micro implant glaucoma surgery.

 2. The majority of currently available MIGS 
devices and procedures are primarily 
indicated for use in patients with _______.

 a. Chronic angle-closure glaucoma.
 b. Mild to moderate open-angle glaucoma.
 c. Severe open-angle glaucoma.
 d. Neovascular glaucoma.

 3. Which of these is an example of a non-
bleb-forming MIGS procedure?

 a. iStent inject.
 b. Xen gel implant.
 c. Kahook Dual Blade.
 d. Endoscopic cyclophotocoagulation.

 4. Which feature is part of the 
characterization of MIGS?

 a. Prolonged postoperative recovery.
 b. Ab interno approach.
 c. Conjunctival incision.
 d. Minimal effect on IOP.

	 5.	Where	is	resistance	to	aqueous	outflow	
greatest	in	the	conventional	outflow	
pathway?

 a. In the deep scleral plexus.
 b. In the collector channels.
 c. In the aqueous veins.
 d. In the inner wall of Schlemm’s canal.

 6. In which region is the highest 
concentration of collector channels 
found?

 a. Inferior nasal.
 b. Inferior temporal.
 c. Superior nasal.
 d. Superior temporal.

 7. Hypotony following a canal-based stenting 
procedure in the absence of wound leak 
should be suspicious for __________.

 a. Retained viscoelastic.
 b. Steroid response.
 c. Cyclodialysis cleft.
	 d.	Hypotony	is	an	expected	finding	following	

canal-based stenting procedures.

8.  Which statement describes the expected 
course of mild postoperative hyphema 
following combined cataract surgery and 
canal-based MIGS?

 a. Resolution within 30 minutes 
postoperatively.

 b. Resolution within one week 
postoperatively.

 c. Resolution between one and two months 
postoperatively.

 d. Any amount of postoperative hyphema 
requires anterior chamber washout.

 9. Which device or procedure results 
in aqueous humor bypassing the 
conventional	outflow	pathway?

 a. Xen gel implant.
 b. Hydrus microstent.
 c. iStent inject.
 d. Ab interno canaloplasty.

 10. What is the long-term 20-year IOP-
lowering effect of the Xen gel implant?

 a. 10% reduction.
 b. 25% reduction.
 c. 45% reduction.
 d. No data exists to answer this question.

 11. Which procedure is an appropriate 
first-line	therapy	for	the	management	of	
open-angle glaucoma?

 a. Cataract surgery.
 b. SLT.
 c. Trabeculectomy.
 d. Xen gel implant.

 12. Traditional incisional glaucoma surgeries 
include which of these?

 a. Cataract surgery.
 b. Ab interno canaloplasty.
 c. Ab interno goniotomy.
 d. Trabeculectomy.

 13. Which pressure must be overcome for 
aqueous humor to leave the eye via the 
conventional pathway?

 a. Episcleral venous pressure.
 b. Systolic blood pressure.
 c. Ocular perfusion pressure.
	 d.	Cerebrospinal	fluid	pressure.

14. Which trend accurately describes MIGS?
 a. Prevalence of MIGS in the United States is 

decreasing.
 b. Prevalence of MIGS in the United States is 

increasing.
 c. Prevalence of MIGS in the United States is 

unchanged.
 d. No data exists to answer this question.

	15.	Which	feature	is	a	key	modifiable	
risk factor in open-angle glaucoma 
development and progression?

 a. Age.
 b. Axial length.
 c. Stereoacuity.
 d. IOP.

 16. Which procedure is necessary for 
the diagnosis of primary open-angle 
glaucoma?

 a. B-scan ultrasonography.
 b. Corneal hysteresis.
 c. Gonioscopy.
 d. Refractive error measurement.

	17.	Uveoscleral	outflow	may	be	enhanced	
surgically by using which pathway?

 a. The suprachoroidal pathway.
 b. The conventional pathway.
 c. The visual pathway.
 d. The subconjunctival pathway.

 18. Which complication has been described in 
five-year	results	of	trabecular	microstent	
insertion when performed as a standalone 
procedure?

 a. Cataract development.
 b. Hypotony.
	 c.	Chronic	inflammation.
 d. Corneal decompensation.

 19. Which procedure describes using a 
laser to create multiple openings in the 
trabecular meshwork and inner wall of 
Schlemm’s canal to increase aqueous 
outflow	without	implantation	of	a	device?

 a. Excimer laser trabeculotomy.
 b. Ab interno canaloplasty.
 c. Ab externo goniotomy.
 d. Endocyclophotocoagulation.

 20. How many microstents are visible in 
the angle following on-label iStent inject 
placement?

 a. One.
 b. Two.
 c. Three.
 d. Four.
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I have a patient who requires oral 
antiviral prophylaxis for recurrent 

herpes simplex viral keratitis (HSVK). Are 
there any significant risks for viral resis-
tance with chronic use like we experience 
with prolonged use of antibiotics?

HSVK is a fairly common corneal 
complication, says Cecelia Koet-

ting, OD, who practices in Denver. 
The rate of incidence within the Unit-
ed States is estimated at 8.4 new cases 
per 100,000 and 20.7 total episodes per 
100,000 each year.1 In patients affected 
by recurrent HSVK, Dr. Koetting notes 
there is concern for possible resultant 
scarring and loss of vision or other 
permanent damage to the eye such as 
reduced corneal sensation. There is an 
increased risk with each occurrence of 
HSVK. Reoccurrence after the initial 
episode has been estimated to be 10% 
at one year, 23% at two, 36% at five and 
>60% at 20 years.1 Oftentimes, these 
patients require antiviral prophylaxis to 
help decrease the risk, says Dr. Koet-
ting.

Thoughts
The HEDS study found the reoccur-
rence rate of HSVK to be 34% after 
a single episode in the 346 included 
patients.2 Use of prophylactic acyclo-
vir 400mg PO QD was shown in the 
same study to decrease the incidence 
of HSVK reoccurrence by 45% over an 
18-month treatment period.2 Another 
study found that one-year HSVK sup-

pression therapy with oral valaciclovir 
500mg PO QD was as effective as 
acyclovir 400mg PO BID in reducing 
HSVK disease reoccurrence, but that 
any benefit ceased when the antiviral 
was stopped.3

There is some concern that affected 
patients may develop resistance to 
these prophylactic antivirals, notes Dr. 
Koetting. Several case reports and stud-
ies have documented resistance to acy-
clovir and other antivirals and discussed 
potential mechanisms of action. HSVK 
is a DNA virus, and replication of the 
virus requires the protein thymidine 
kinase (TK).4-6 This is the target of an-
tiviral drugs acyclovir, valaciclovir and 
famciclovir that are commonly used as 
treatment. The theory is that resistance 
results from mutations that affect the 
production or specificity of TK.4-6

When suspected or previously 
known drug resistance exists in HSVK 

patients, switch to another antiviral. 
Resistance rates with acyclovir are ap-
proximately 0.1% to 0.98% in immuno-
competent patients and approximately 
3.92% to 14.3% in immunosuppressed 
patients.8 Alternative antivirals, such 
as foscarnet and cidofovir, are available 
and have the same mechanism of action 
involving TK but prevent viral DNA 
synthesis by inhibiting DNA poly-
merase.6-8 Studies have also indicated 
that approximately 5% of patients who 
are acyclovir-resistant are also resistant 
to other antivirals, including foscarnet 
and cidofovir.7

Clinical Takeaways
There is always the possibility that 
patients on prophylactic antivirals even-
tually develop resistance. This does not 
mean we should stop administering this 
treatment for HSVK, but it does mean 
that we must monitor affected pa-
tients even more closely to make sure 
the prescribed therapy is having the 
intended effect and not causing adverse 
events such as renal failure. The same 
goes for patients with persistent HSVK 
that is responding poorly to standard 
therapy. g
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URGENT CARE

A
62-year-old Black male present-
ed to the emergency depart-
ment with complaints of redness 
and soreness of the left eye for 

one week with associated subjective 
ipsilateral vision loss. The patient’s 
entering visual acuity was 20/25 with 
pinhole in both eyes. His intraocular 
pressures (IOPs) were 17mm Hg OD 
and 16mm Hg OS. The right pupil 
was normal, but the left was slightly 
dilated, sluggish and minimally reac-
tive to light. There was no afferent pu-
pillary defect appreciable by reverse.

Slit lamp examination of the right 
eye was largely unremarkable, but 
the conjunctiva of the left eye exhib-
ited diffuse injection (Figure 1). The 
left eye did not have any neovascu-
larization of the iris, and the globe 
was not tender to palpation. Both 
eyes had clear corneas and quiet an-
terior chambers. There was bilateral 
optic nerve cupping consistent with a 

known diagnosis of bilateral primary 
open-angle glaucoma. The right 
fundus had bear tracking pigmenta-
tion. The left fundus, however, was 
abnormal with diffuse retinal blot 
hemorrhages throughout the arcades 
and peripherally. The retinal arteries 
in the left eye were attenuated and 
the veins were engorged, with slight 
tortuosity (Figure 2).

The patient had a history of 
cataracts and glaucoma, for which 
he was using netarsudil/latanoprost, 
brimonidine/timolol and dorzolamide 
in both eyes with reported compli-
ance. At his most recent exam two 
months prior, his IOPs were 18mm Hg 
OD and 33mm Hg OS on the same 
medications, revealing a peculiar IOP 
reduction in the left eye. At that same 
visit, the fundus exam was reportedly 
normal without hemorrhages. He had 
been referred to a glaucoma surgeon 
due to uncontrolled glaucoma on 

maximum medical therapy in the left 
eye. His systemic medical history was 
significant for medically managed dia-
betes, hypertension, hyperlipidemia 
and human immunodeficiency virus.

Fundus Findings
Retinal hemorrhages can present due 
to several conditions including, but 
not limited to, diabetes, hypertension, 
sickle cell disease and hematologic 
malignancy. Hemorrhaging is bilateral 
and relatively symmetric in these 
conditions. Unilateral retinal hemor-
rhages, however, are most commonly 
seen in retinal vein occlusion, which 
may involve the central retinal vein 
(CRVO) or any branch tributary.1 
In the acute phase, a fundus exam 
typically reveals optic nerve edema, 
diffuse flame and blot hemorrhages in 
all four quadrants and dilated, tortuous 
veins along the affected distribution. 
It is common to also see concurrent 
cotton wool spots and cystoid macular 
edema (CME).

While the clinical appearance of 
our patient’s fundus did have some 
features seen in CRVO, the distribu-
tion and appearance of the retinal 
hemorrhages was somewhat atypi-
cal. Specifically, there were no flame 
hemorrhages, and the hemorrhages 
were mostly located outside the pos-
terior pole. We could have considered 
a resolving CRVO, in which case the 
optic nerve edema and retinal hemor-
rhages could have already cleared, but 
the patient had seen his ophthalmolo-
gist for a dilated eye exam two months 
prior, and no retinal hemorrhages were 
noted at that time. It was therefore 
less likely that this was an old CRVO. 
Furthermore, was the conjunctival 
injection and ocular pain simply a red 
herring?

Patients can have multiple ocular 
conditions simultaneously, so first 

These case findings could signal more than just a retinal 
condition.

Answers in the 
Angiography

Dr. Bozung works in the Ophthalmic Emergency Department of the Bascom Palmer Eye Institute (BPEI) in Miami and serves as the clinical site director of the Optometric Student 
Externship Program as well as the associate director of the Optometric Residence Program at BPEI. She has no financial interests to disclose.

About 
Dr. Bozung

Fig. 1. Note the asymmetry in conjunctival injection between the right and left eyes. 
Images were taken after the instillation of tropicamide and phenylephrine drops.
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simplify the situation by considering a 
unifying condition that could produce 
all the ophthalmic findings in ques-
tion. Ocular ischemic syndrome (OIS) 
is a rare condition that presents at a 
rate of about 7.5 cases per million indi-
viduals every year.2 It often appears as 
a painful red eye, minimally reactive 
pupil, anterior chamber inflammation 
and iris neovascularization with low 
IOP. Furthermore, the dilated fundus 
exam reveals midperipheral blot hem-
orrhages, dilated veins and attenuated 
arteries. Optic disc edema and macular 
edema are uncommon.

Can We Break the Tie?
Though our patient did not have ante-
rior chamber inflammation or neovas-
cularization at his initial visit, his exam 
was still concerning for OIS. Given 
the overlap in clinical presentation of 
CRVO and OIS, consider the imag-
ing modalities available to distinguish 
between the two conditions. First, 
recall that CME is much more com-
mon in CRVO than OIS, presenting in 
the majority of CRVO and only 15% 
to 17% of OIS cases.2,3 OCT—helpful 
in evaluating the macular status—re-
vealed an absence of CME (Figure 3).

Another tool that can aid in dis-
tinguishing these two conditions is 
intravenous fluorescein angiography 
(FA). In OIS, this method often re-
veals delayed choroidal flush, delayed 
arm-to-retina time, prolonged retinal 

circulation time and late staining of 
the arteries.2

Our patient’s FA was ordered with 
the left eye as “transit,” meaning that 
photos of the left fundus were taken 
as soon as fluorescein dye was pushed 
into the circulation through the ante-
cubital vein. Choroidal flush is the first 
angiographic sign seen in FA. Normal 
choroidal flush occurs at about 10 to 15 
seconds.4,5 Our patient’s imaging re-
vealed a delayed choroidal filling, with 
choroidal flush first appearing beyond 
the normal threshold at 26 seconds 
(Figure 4a). Arterial circulation was 
also delayed and only first appreciable 
at 35 seconds, nine 
seconds after the 
choroidal flush 
(normal: one to two 
seconds after). 

Later images re-
vealed incomplete 
filling of the arterial 
branches signifying 
retinal arterial stasis 
(Figure 4b). Addi-
tionally, late-phase 
imaging at five 
minutes revealed 
staining of the reti-
nal arteries without 
venous staining 
or leakage, which 
was felt to be more 
consistent with an 
arterial process.

Putting it All Together 
Once a diagnosis of OIS is on the table, 
the clinician’s job is not complete. It is 
important to discuss the condition fully 
with the patient and communicate 
findings with the patient’s other health-
care providers. OIS is most commonly 
seen in cases of severe carotid artery 
occlusion or stenosis. It has also been 
attributed to vasculitis (such as giant 
cell arteritis and Takayasu arteritis), 
aortic arch syndrome, carotid artery dis-
section and hyperhomocysteinemia.2,6,7

The recommended lab studies for an 
OIS workup include erythrocyte sedi-
mentation rate, C-reactive protein and 

Fig. 2. (A) The right fundus was largely unremarkable. (B) In the left fundus, one can appreciate the extensive blot hemorrhages in the 
midperiphery and periphery. Note the attenuated arteries and dilated veins.

Fig. 3. OCT of the right (A) and left (B) eyes reveals no macular 
edema or retinal thickening. There is deep cupping in the left 
eye greater than the right eye, which corroborates with the 
fundus exam.

URGENT CARE | Answers in the Angiography
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complete blood count. Imaging studies 
of the carotid arteries and heart—such 
as a carotid duplex and ultrasound, 
angiography of the head and neck and 
an echocardiogram—should also be 
obtained. Multispecialty management 
is always indicated in these cases, and 
patients should be promptly referred 
to a primary care physician, cardiolo-
gist and/or neurologist for a complete 
workup. They may be advised to seek 
treatment with a vascular surgeon or 
interventional radiologist in the case of 
significant carotid stenosis. Treatment 
will ultimately depend on the underly-
ing condition and its severity as well as 
the patient’s comorbidities.

Patients with OIS are at risk of 
developing severe ocular complications 
such as neovascularization and neovas-
cular glaucoma. They should be moni-
tored regularly with gonioscopy and 
dilated fundus examination to evaluate 
for any signs of neovascular changes. If 
present, treatments such as panretinal 
photocoagulation and intravitreal anti-
VEGF injection should be considered, 
though the overall visual prognosis 
remains poor in cases of OIS.8

Management and Status
The patient was under the care of a 
cardiologist and was urgently advised 
to seek further workup. Unfortunately, 
as of the most recent follow-up, he was 
still awaiting carotid and cardiac studies 
to confirm or rule out the suspected 
diagnosis. He continued to have persis-

tent ocular redness and pain and devel-
oped iris neovascularization. The IOP 
and retinal findings remained stable. 
Due to the appearance of neovascular 
changes, he received an intravitreal 
anti-VEGF injection and panretinal 
photocoagulation in the left eye. g
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pathogenesis and management. J Thromb Haemost. 
2010;8(9):1886-94.
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and Vitreous. American Academy of 
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Publishing; 2022.
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Ophthalmol. 2009;20(6):430-3.
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naras CJ, Ocular ischemic syndrome. 
Surv Ophthalmol. 2010;55(1):2-34.

Fig. 4. (A) Delayed first appearance of choroidal flush, captured at 26 seconds. Note the filling of a small 
cilioretinal artery, which is supplied by the choroid. (B) Delayed and incomplete filling of the retinal 
arteries, captured at 69 seconds. There are also a few microaneurysms present.

URGENT CARE | Answers in the Angiography

Table 1. Comparison of OIS and  CRVO2,9      (Our patient’s findings are highlighted in red.)

OIS CRVO

Symptoms and Anterior Segment Findings

Pain Dull ache, soreness Absent

Decreased vision Common Common

Conjunctival injection Diffusely injected Absent

Pupil Mid-dilated, poorly reactive Normal reactivity

Anterior chamber Cell/flare common, iris 
neovascularization common

Cell/flare absent, iris 
neovascularization common

Fundus Exam

Veins Dilated Dilated, turtuous

Arteries Attenuated Normal

Optic nerve Normal Usually edematous, collateral 
vessels present when chronic

Hemorrhage type/location Deep, blot hemorrhages in 
midperiphery

Superficial flame and deep blot 
hemorrhages in all four quadrants 
including posterior pole

Macular edema Usually absent Usually present

Fluorescein Angiography

Choroidal filling time Delayed Normal

Arterial filling time Delayed Normal

Arteriovenous transit time Delayed (due to low arterial 
perfusion)

Delayed (due to decreased venous 
outflow)

Late retinal vessel staining Arteries > veins Veins > arteries
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O
ver the past few months, three 
companies announced their sec-
ond pivotal Phase III FDA trial 
results for novel ocular surface 

disease agents, and the results aren’t 
just promising—they are exciting, 
for clinicians and patients alike. All 
trials met their pre-specified primary 
endpoints, meaning they could get 
approved within the next year. It’s 
valuable for us to know about these 
potential pharmaceuticals so we 
can begin identifying patients with 
certain ocular diseases and give them 
hope that new agents may come avail-
able in the near future to treat their 
condition.

Perfluorohexyloctane: NOV03
This may be the first drug approved 
for the signs and symptoms of dry eye 
disease (DED) associated with mei-
bomian gland dysfunction (MGD). 
Studies have shown that 
MGD is present in 86% of 
all DED cases.1 Most if not 
all current eye drops are 
30µL to 50µL doses, but 
NOV03 is only 12µL—and 
that small amount goes 
a long way. It appears to 
practically replace a dys-
functional lipid layer and 
has been shown to last over 
four hours after a single 
administration. To put that 
in perspective, most thera-
peutic drops are measur-
able on the eye for about 
three to five minutes.

The second Phase III clinical trial 
results matched the previous study 
and revealed that NOV03 easily met 
both primary efficacy endpoints: sta-
tistical improvement in total corneal 
fluorescein staining and eye dryness 
score (using a visual analog scale), 
compared with hypotonic saline at 
day 57. Hypotonic saline is often a 
base for artificial tears. More impres-
sive is the fact that these two end-
points were met as soon as two weeks. 
The drop is very comfortable and the 
only adverse event that occurred in 
more than 1% of patients was mild 
blepharitis. Even though the agent re-
mains on the eye for four to six hours, 
patients did not report blurred vision. 
The drop is preservative-free and the 
study was dosed at QID.

Managing meibomian gland dys-
function in the most common form of 
DED, affecting upwards of 30 million 

patients, is an incredible need as cur-
rent therapeutics are only addressing 
the inflammation that is a result of the 
MGD (or blepharitis), but do not treat 
the cause. This is a drug I am confi-
dent will give great hope to patients 
struggling with evaporative DED.

Lotilaner: TP-03
We’ve all seen our fair share of Demo-
dex blepharitis, a condition estimated 
to affect about 25 million patients in 
the United States alone.2 Even that 
sizable number may be an underes-
timation. If doctors begin routinely 
looking more closely for collarettes—
by having the patient look down 
while at the slit lamp and examining 
the base of the upper lid margin—an 
even greater number of patients will 
be identified. 

Demodex is a common cause of 
itching, grittiness and eye dryness 
that leads to lash thinning, lash loss, 
evaporative dry eye, hordeola, chala-
zion, meibomian gland atrophy and 
rosacea.

Lotilaner (Tarsus Pharmaceuticals) 
is an anti-parasitic that works by 
paralyzing the mite’s nervous sys-
tem through parasite-specific GABA 

inhibition. Tarsus’s results 
of their second Phase III 
pivotal trial are consistent 
with their previous Phase 
III trial for the treatment 
of Demodex blepharitis. 
TP-03 met the primary 
endpoints of collarette 
cure rate and mite eradica-
tion as well as all second-
ary endpoints, with high 
statistical significance. The 
study found that 89% of 
patients achieved a clini-
cally meaningful collarette 
cure rate (<10 collarettes 
per eye), which is impres-

Three promising new therapeutics look to dramatically change 
dry eye disease management.

Power Trio
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A patient with DED associated with MGD showing poor MG expression.
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sive considering there are few effec-
tive treatments for Demodex blephari-
tis, and no patients were permitted to 
scrub their eyelid margins. Further, 
56% of patients showed a complete 
collarette cure rate and 31% showed a 
complete resolution of erythema. 

Considering this is not a steroid or 
anti-inflammatory agent, the improve-
ment in erythema is notable. The 
most common adverse event, which 
occurred in less than 10% of patients, 
was burning upon instillation. The 
drug was dosed at BID for six weeks 
and long-lasting effects are expected 
following this treatment duration.

Demodex is currently the most dif-
ficult form of blepharitis to manage, 
making it the most common blepha-
ritis. A fast-acting, effective agent 
dosed for only six weeks is what this 
extremely large patient base is in 
desperate need of.

Reproxalap
Inflammation is central to the devel-
opment and perpetuation of dry eye. 
A pro-inflammatory mediator called 
reactive aldehyde species may play a 
key role in clinical manifestations of 
DED, and a new drug targets such 
activity.

Reproxalap (Aldeyra Therapeutics) 
is a small-molecule reactive aldehyde 
species (RASP) inhibitor. RASP has 
been shown to be greatly elevated in 
ocular (DED and allergic conjuncti-
vitis) and systemic inflammatory dis-
eases.3 Its mechanism of action works 
at a very high level in the inflamma-
tory cascade, possibly positioning this 
drug at or above the level of where 
corticosteroids work, but without 
the potential of intraocular pressure 
elevation or other complications.4 

I believe we are in great need of 
a fast acting, potent but safe, multi-
modal anti-inflammatory agent that 
targets the direct pathway to cytokine 
production as inhibition of RASP in 
DED and potentially other ocular 
surface diseases, especially to patients 
who can’t take corticosteroids. The 
overlap between DED and allergic 
eye diseases may affect over 30 mil-
lion people, let alone those with DED 
in isolation.

In the second Phase III FDA trial, 
data reached statistically significant 
improvements over vehicle for its 
pre-specified primary endpoints of 
Schirmer test scores and >10mm 
Schirmer responders. Both are FDA-
approvable endpoints for DED. 

These data points were achieved after 
a single day of dosing, although data 
submitted will include trial results 
over five studies involving over 1,700 
patients, including 12-week dos-
ing studies. Those clinical trials also 
achieved statistically significant posi-
tive results for ocular dryness symp-
tom score and ocular redness. 

Exciting Times Ahead
These three drug candidates couldn’t 
be more desperately needed by 
patients, as they are far different from 
anything currently available. While 
we wait for them to be approved, 
we can begin identifying patients, 
educating them about what’s to come 
and provide hope and excitement 
for the next potential wave of OSD 
therapeutics. ■

1. Lemp MA, Crews LA, Bron AJ, et al. Distribution of 
aqueous-deficient and evaporative dry eye in a clinic-
based patient cohort: a retrospective study. Cornea. 
2012;31(5):472-8.
2. Zhap YE, Wu LP, Hu L, Xu JR. Association of blepharitis 
with Demodex: a met-analysis. Ophthalmic Epidemiol. 
2012;19(2):95-102.
3. Clark D, Karpecki P, Salapatek AM, et al. Reproxalap 
improves signs and symptoms of allergic conjunctivitis in an 
allergen chamber: a real-world model of allergen exposure. 
Clin Ophthalmol. 2022;16:15-23.
4. Higdon A., Diers AR, Oh JY. et al. Cell signalling by reactive 
lipid species: new concepts and molecular mechanisms. 
Biochem J. 2012;442(Pt 3):453-64.

Having a patient look slightly down identifies collarettes in 
Demodex blepharitis.

Another MGD patient that likely suffers from chronic tear instability 
resulting from inadequate lipid release to the ocular surface.
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by Mark Dunbar, OD

reTINA QUIZ

A  n 85-year-old white male 
presented for an annual follow-
up of cortical cataracts in both 
eyes. He did not feel his vision 

was appreciably worse than the year 
before. He had a history of asymmet-
ric intraocular pressure (IOP) with the 
right eye always being slightly higher 
than the left. At his last eye exam one 
year earlier, IOP measured 21mm Hg 
OD and 18mm Hg OS. His medical 
history was significant for hyperten-
sion and hypercholesterolemia, for 
which he was taking diltiazem and 
rosuvastatin.

Upon examination, his best-correct-
ed visual acuity measured 20/40 OD 

and 20/20 OS. Confrontation visual 
fields were full to careful finger count-
ing OU. Motility testing was normal, 
and the pupils were equal, round and 
reactive to light; there was no afferent 
pupillary defect. The anterior seg-
ment exam was significant for nuclear 
sclerotic cataract and cortical cataract 
in both eyes, with the right eye worse 
than the left, and consistent with his 
visual acuity. Tensions by applanation 
measured 21mm Hg OD and 13mm 
Hg OS.

On dilated fundus exam, the cup-
to-disc ratio measured 0.5 in each eye 
with temporal sloping. There was mild 
retinal pigmented epithelium mottling 

in the macula of each eye without 
subretinal fluid or choroidal neovascu-
larization. The periphery of the right 
eye was normal, and there were scat-
tered blot hemorrhages in the left eye 
(Figure 1). An OCT of the macula and 
retinal nerve fiber layer was normal, 
and an image of the fluorescein angi-
ography (FA) at 25 seconds is available 
for review (Figure 2).

Take the Retina Quiz
1. How would you interpret the FA?
a.  Essentially normal.
b. Peripheral capillary nonperfusion.
c.  Delayed arterial filling.
d. Occlusion of the central retinal vein.
 
2. What is the most likely diagnosis?
a.  Early central retinal vein occlusion.
b. Venous stasis retinopathy.
c.  Asymmetric nonproliferative 

diabetic retinopathy.
d. Ocular ischemic syndrome (OIS).

3. What additional testing is recom-
mended? 
a.  Visual field.
b. OCT angiography.
c.  Carotid artery studies.
d. MRI of the brain.

4. What additional findings would you 
expect to see with this condition?
a.  Anterior segment 

neovascularization.
b. Macular edema.
c.  Retinal neovascularization.
d. Posterior subcapsular cataract.

5. How should this patient be managed?
a.  Careful observation.
b. Anti-VEGF injection.
c.  Refer for consideration of 

endarterectomy.
d. All of the above.

For answers, see page 90.

Dr. Dunbar is the director of optometric services and optometry residency supervisor at the Bascom Palmer Eye Institute at the University of Miami. He is a founding 
member of the Optometric Glaucoma Society and the Optometric Retina Society. Dr. Dunbar is a consultant for Carl Zeiss Meditec, Allergan, Regeneron and Genentech.
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This patient’s older age and scattered blot hemorhages led to 
the diagnosis.

In Need of a Fill-up

Fig. 1. Here is a widefield view of the left eye of our patient. Note the peripheral retinal 
hemorrhages. What is the etiology?
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Diagnosis
The presence of peripheral blot hem-
orrhages in the left eye was concern-
ing, especially since they were not 
noted on his prior exam. The initial 
thought was that this is likely from an 
early or mild retinal vein occlusion, 
but, given his age, we also considered 
that the hemorrhages could be from 
ocular ischemic syndrome.

OIS is a rare condition caused by 
ocular hypoperfusion to the eye and 
orbit as a result of stenosis or occlu-
sion of the common or internal carotid 
arteries, most commonly due to ath-
erosclerosis.1,2 In most cases, a stenosis 
of 90% or more of the common or 
internal carotid artery on the ipsilat-
eral side of the eye is usually seen. In 
50% of the cases, the carotid artery is 
completely obstructed.

An FA was performed to determine 
if there was any delay in filling of 
the fluorescein dye, which we would 
expect to see if this were from OIS. 
Indeed, there was a delay; we didn’t 
see the choroidal filling until about 18 
seconds (normal is 11 seconds) and we 
didn’t see the dye enter the central 
retinal artery until about 28 seconds. 
The normal arteriovenous transit time 
is also approximately 11 seconds.

Based on the clinical and FA find-
ings, it was recommended that our 
patient have a complete work-up by 
his cardiologist, including carotid ar-
tery studies. We also tried to elicit any 
history of transient ischemic attach-
like symptoms or other indications of 
a stroke. He denied any symptoms of 
transient visual loss or other stroke-
like symptoms. In fact, he said he was 
pretty healthy and felt fine.

The patient was seen by his 
cardiologist and had carotid duplex 
scanning done. The results showed 
that there was a near occlusive athero-
sclerotic plaque at the left common 
carotid artery bifurcation and proximal 
bulb with severe high-grade stenosis 
of at least 70% to 95%. There was also 
extensive atherosclerotic plaque in 

the right common carotid bifurcation 
and bulb with 50% to 69% stenosis 
proximal right internal carotid artery. 
The report concluded that there was 
high-grade stenosis of both external 
carotid arteries with reversal of flow 
in the left external carotid artery and 
high velocity stenosis at the origin of 
the left vertebral artery. Given these 
results, we were able to establish a 
definitive diagnosis of OIS.

Discussion
The exact incidence of OIS is un-
known. The mean age of patients is 
65 years, and men are affected twice 
as often as women.1,2 This is likely 
attributed to the higher incidence of 
cardiovascular disease in males. In 
20% of cases, the involvement is bilat-
eral. Vision loss is seen in up to 90% of 
patients due to retinal ischemia and/or 
secondary glaucoma.1 Fortunately, our 
patient had excellent visual function.

He did not have glaucoma but, 
interestingly, patients with OIS 
can have either elevated IOP from 
anterior segment neovascularization 
or low IOP as a result of ciliary body 
shutdown from the ischemia. In fact, 
iris or angle neovascularization can be 
seen in up to 66% of eyes with OIS 
and may be the only presenting sign 
of the condition.1 Luckily, our patient 

did not have any anterior segment 
neovascularization.

Other findings commonly seen 
with OIS—in addition to retinal 
hemorrhages and anterior segment 
neovascularization (ASNV)—include 
orbital pain or a dull ache in about 
40% of patients, likely from orbital 
hypoxia, and anterior chamber flare 
when ASNV is present.1 Other pos-
terior segment findings may include 
narrowed arteries and dilated veins, 
which was not obvious in our patient.

All of this was explained to our 
patient, and the cardiologist even 
discussed the option of surgical inter-
vention with endarterectomy. In the 
end, our patient declined to have any 
treatment beyond routine follow-up 
on a regular basis. He was seen one 
year later and was still functioning 
well. The acuity in the left eye had 
dropped to 20/25 and the retinal 
hemorrhages were still present. He 
still had asymmetric IOP of 22mm Hg 
OD and 14mm Hg OS. He reported 
that he is doing well and living a 
productive life, including playing golf 
on a regular basis. ■

1. Terelak-Borys B, Skonieczna K, Grabska-Liberek I. Ocular 
ischemic syndrome–a systematic review. Med Sci Monit. 
2012;18(8): RA138-44. 
2. Brown GC, Magargal LE. The ocular ischemic syndrome. 
Clinical, fluorescein angiographic and carotid angiographic 
features. Int Ophthalmol. 1988;11(4):239-51.

Fig. 2. Here is a frame of the FA at 28 seconds. Is this normal?

RETINA QUIZ | In Need of a Fill-up

For more on ocular ischemic syndrome, read 
this month’s Urgent Care column on page 74.
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 contact lenses and solutions
New Acuvue Lens Aims for Maximum Comfort
Contact lens 
discomfort—the 
number one reason 
for patient drop-
out—is exacerbated 
by heavy digital 
device use, which reduces blink rates and contributes to dry 
eye symptoms. A new addition to the Acuvue product line 
called Oasys Max 1-Day was designed to help, says Johnson 
& Johnson Vision. The company announced the product’s 
FDA approval last month and said the lens will be available 
this fall.

Like the existing Oasys 1-Day, the new “Max” version is a 
38% water content silicone hydrogel (senofilcon A) lens with 
polyvinylpyrrolidone as a wetting agent. The company says 
the Oasys Max also uses new, as-yet-unspecified technolo-
gies that work to optimize comfort, even for lens wearers 
who use digital devices for extended periods each day. J&J 
says that overall screen time has increased by 40% in recent 
years, causing patients to blink up to 60% less, and that 71% 
of eyecare professionals reported seeing patients who are 
experiencing eye discomfort as a result.

The following power ranges and base curves will be avail-
able for Oasys Max 1-Day: 

• Single vision: -12.00D to +8.00D in 0.25D steps (0.50D 
steps above ±6.00D), base curves: 8.5mm and 9.0mm.

• Multifocal: -9.00D to +6.00D (0.25D steps) with adds of 
low (+0.75D to +1.25D), mid (+1.50D to +1.75D) and 
high (+2.00D to +2.50D), base curve: 8.4mm.

B+L Launches Revive Custom Soft Contact Lenses
Soft contact lenses now come in so many stock offerings 
that doctors can have an off-the-shelf option at the ready 
for most patients—but not all. Lens wearers have unique 
prescription needs, vision goals and expectations, eye 
shape and other ocular parameters. To provide a more 
individualized vision-correcting solution for a broad range 
of patients, Bausch + Lomb launched a new family of cus-
tomizable soft contact lenses called Revive. The product 
line includes spherical, toric, multifocal and multifocal toric 
options.

Revive lenses are made of a non-ionic material that 
helps resist protein 
deposits, B+L says, 
allowing for up to 
three months of daily 

wear; the replacement schedule is at the discretion of the 
doctor. The company explains that the customizable pa-
rameters include lens diameter, base curve and power, all 
of which can be adjusted as needed until the optimal fit is 
achieved. A table of lens parameter options can be found 
on our website at www.reviewofoptometry.com/products.

Toric lens versions include what B+L calls “dual ellipti-
cal stabilization,” a process for ballasting that adds material 
with more forethought toward achieving the optimal shape 
and position than traditional “slab-off” designs, company 
literature explains. B+L says this aids in orientation and 
rotational stability. For multifocal fits, the near zone diam-
eter is customizable from 1.8mm to 3.0mm to account for 
small-pupil patients or other circumstances where a non-
standard design is desired.

Whether a patient has a high prescription or a physical 
characteristic such as unusual pupil size that traditionally 
makes it challenging to find a successful fit, B+L says that 
the Revive customizable lens family will help to meet a 
larger number of patients’ needs.

BioTrue Hydration Plus Offers 12-hour Moisture
A growing number of people today are opting to use natu-
ral products to manage their well-being for reasons such 
as ingredient transparency and the potential for reduced 
side effects. Several eyecare companies offer contact lenses 
and solutions that cater to lens wearers in search of a more 
natural and preservative-free option, one example being 
Bausch + Lomb’s BioTrue line. The company recently 
launched a new addition to BioTrue’s product portfolio 
called Hydration Plus Multi-Purpose Solution, which B+L 
says matches the pH of healthy tears and keeps lenses 
moist for 12 hours.

Compared with the standard BioTrue MPS product, the 
formula in Hydration Plus contains 25% more hyaluronan, 
a moisturizer found naturally in tears that helps the lenses 
maintain moisture, the company explains in a press release. 
It’s also made up of a unique 
combination of other ingredi-
ents, including potassium, an 
electrolyte and erythritol, an an-
tioxidant that protects hyaluro-
nan against free radicals, 
all of which help to 
maintain ocular surface 
homeostasis, says B+L. 
The solution is now 
available in a multi-dose, 
eco-friendly bottle. g

product review ONLINE FIRST: 
GET THE LATEST 

PRODUCT NEWS AT 
www.reviewofoptometry.com

New items to improve clinical care and strengthen your practice.
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with a Masters or Doctoral Degree with a record of 
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applied research, teaching and service with 17,000 
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students and 1,325 full and part-time faculty members
UMSL is the largest university in the St. Louis region 
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associate programs.  See additional information about 
UMSL.edu  
 
The College of Optometry includes a 4-year profes-
sional degree (O.D.) program and post-professional 
residency programs. See additional information about 
Optometry.umsl.edu.

Those who wish to be considered a candidate for a 
position must provide an application that includes a 
letter of interest, curriculum vitae and a list of four 
professional references.  Formal submissions via the 
University website: www.umsl.jobs. Applications will 
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A 74-year-old man presented to 
the office with a chief com-
plaint of poor vision, OS>OD 
“for years.” He said the issue 

gradually became worse, making his 
left eye substantially weaker than the 
right. He did not report any pain. He 
denied trauma, systemic disease and 
allergies of any kind. He reported no 
medication use.

Clinical Findings
His best-corrected entering visual 
acuities were 20/40 OD and 20/60 

OS. His external examination was 
unremarkable, with no evidence of 
an afferent pupillary defect. Confron-
tation fields were normal. Goldmann 
applanation tonometry measured 
17mm Hg OU.

The pertinent anterior segment 
findings are demonstrated in the 
photographs below. 

For More Information
Additional studies included refrac-
tion to determine if an updated 
spectacle prescription might improve 

his function. Laser interferometry 
could be completed to assess retinal 
function to ensure that if a surgical 
approach (cataract or corneal) were 
undertaken, no retinal contraindica-
tions would prevent a good outcome. 
Corneal staining with sodium fluo-
rescein and rose bengal would permit 
understanding of the cornea’s overall 
health status.

Your Diagnosis
What would be your diagnosis in 
this case? Is there anything in the 
reported history that might point 
toward the etiology? What is the 
patient’s likely prognosis? 

To find out the diagnosis and 
management course, please read the 
online version of this article at www.
reviewofoptometry.com. g

When a patient describes a longstanding and gradually 
worsening issue, what type of disease should you consider?

Born This Way

By Andrew S. Gurwood, OD

diagnostic quiz

The anterior segment findings in our patient, OD (left) and OS (right). Do these presentations lead to any possible diagnoses to consider?

Next Month in the Mag
In August, we present our 46th annual contact lens report. Articles 
will include:
• Which Factors Matter Most in Contact Lens Selection?
• Six Tips for Succeeding with Multifocals

• The Newest Lenses on the Market: What Makes Them Different?

• Using Contact Lens Surface Treatments to Reduce Complaints

Also in this issue:

• Scope Expansion Series: Making the Most of Oral Meds

• How to Work Up Vertigo, Nystagmus and Other Neuro Concerns

Dr. Gurwood is a professor of clinical sciences at The Eye Institute of the Pennsylvania College of Optometry at Salus University. He is a co-chief of Primary Care 
Suite 3. He is attending medical staff in the department of ophthalmology at Albert Einstein Medical Center, Philadelphia. He has no financial interests to disclose.

About 
Dr. Gurwood

Retina Quiz Answers (from page 82)—Q1: c, Q2: d, Q3: c, Q4: a, Q5: c
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