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•  While BCVA is poorly correlated to lesion size, visual function 
continues to decline as lesions grow2,3

•  It is critical to recognize GA and refer patients in a timely manner, 
as disease progression is relentless and irreversible1,3-7

 *GA is defined by atrophic lesions, resulting from loss of photoreceptors, RPE, and underlying choriocapillaris. This results in a choroidal hypertransmission defect on OCT.1,8,9

BCVA=best-corrected visual acuity; OCT=optical coherence tomography; RPE=retinal pigment epithelium.

Look for choroidal hypertransmission, a marker 
of Geographic Atrophy (GA) on OCT1*

Learn more about identifying GA 
at RecognizeAndReferGA.com

References: 1. Fleckenstein M, Mitchell P, Freund KB, et al. The progression of geographic atrophy secondary to age-related macular degeneration. Ophthalmology. 2018;125(3):369-
390. doi:10.1016/j.ophtha.2017.08.038. 2. Heier JS, Pieramici D, Chakravarthy U, et al. Visual function decline resulting from geographic atrophy: results from the chroma and spectri 
phase 3 trials. Ophthalmol Retina. 2020;4(7):673-688. doi:10.1016/j.oret.2020.01.019. 3. Sunness JS, Margalit E, Srikumaran D, et al. The long-term natural history of geographic 
atrophy from age-related macular degeneration: enlargement of atrophy and implications for interventional clinical trials. Ophthalmology. 2007;114(2):271-277. 4. Boyer DS, 
Schmidt-Erfurth U, van Lookeren Campagne M, Henry EC, Brittain C. The pathophysiology of geographic atrophy secondary to age-related macular degeneration and the complement 
pathway as a therapeutic target. Retina. 2017;37(5):819-835. doi:10.1097/iae.0000000000001392. 5. American Optometric Association. AOA Comprehensive adult eye and vision 
examination. Quick Reference Guide: Evidence-Based Clinical Practice Guideline. 1st ed. Accessed July 13, 2023. https//www.aoa.org/documents/EBO/Comprehensive_Adult_Eye_
and_Vision_%20QRG.pdf. 6. Holz FG, Strauss EC, Schmitz-Valckenberg S, van Lookeren Campagne M. Geographic atrophy: clinical features and potential therapeutic approaches. 
Ophthalmology. 2014;121(5):1079-1091. doi:10.1016/j.ophtha.2013.11.023. 7. Lindblad AS, Lloyd PC, Clemons TE, et al; Age-Related Eye Disease Study Research Group. Change in 
area of geographic atrophy in the age-related eye disease study: AREDS report number 26. Arch Ophthalmol. 2009;127(9):1168-1174. doi:10.1001/archophthalmol.2009.198. 8. van 
Lookeren Campagne M, LeCouter J, Yaspan BL, Ye W. Mechanisms of age-related macular degeneration and therapeutic opportunities. J Pathol. 2014;232(2):151-164. doi:10.1002/
path.4266. 9. Chakravarthy U, Bailey CC, Scanlon PH, et al. Progression from early/intermediate to advanced forms of age-related macular degeneration in a large UK cohort: rates and 
risk factors. Ophthalmol Retina. 2020;4(7):662-672.
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In a new Ophthalmic Technology 
Assessment by the American Acad-
emy of Ophthalmology, researchers 

evaluated the current literature on the 
utility of the 10-2 visual field (VF) test-
ing strategy for the evaluation and man-
agement of early glaucoma, defined here 
as mean deviation (MD) better than -6 
dB. They concluded that 10-2 VF testing 
may not be the most useful routine test 
for patients with early glaucoma, but 
would provide sufficient additional in-
formation for patients with a repeatable 
defect on the pupillary distance (PD) 
plot among the central 12 points on the 
24-2 or 24-2C VF test. Their results were 
recently published in Ophthalmology.

After review, 26 articles in the 
PubMed database were selected and 
rated for strength of evidence. Thirteen 
were rated level I and eight were rated 
level II, while five level III articles were 
excluded. Data from the 21 included 
articles were abstracted and reviewed.

Results from the study found that the 
central 12 locations on the 24-2 VF test 
grid lie within the central 10° covered 
by the 10-2 VF test. In early glaucoma, 
defects detected within the central 10° 
generally agree between the two tests. 
Defects within the central 10° of the 
24-2 VF test can predict defects on the 
10-2 VF test, though the 24-2 may miss 
defects detected on the 10-2 VF test.

“In addition, results from the 10-2 
VF test show better association with 
findings from OCT scans of the macular 

ganglion cell complex,” the 
authors noted in their re-
port. “Modifications of the 
24-2 test that include extra 
test locations within the 
central 10° improve detec-
tion of central defects found 
on 10-2 VF testing.”

The authors explained 
that central VF defects may 
be underappreciated in 
early glaucoma evaluation. 
“Although less common in 
cases in which MD is better 
than -6 dB, central de-
fects may have a profound 
impact on a person’s visual 
function and quality of life. 
Thus, detection of central 
VF defects is essential in 
glaucoma even at the earli-
est stages,” they explained.

With the extra central test locations, 
the Zeiss 24-2C or the Octopus G1 test 
strategies can improve detection of cen-
tral defects over the standard 24-2 VF, 
the authors added. Although the 10-2 
VF is considered the gold standard for 
detecting central VF defects, it’s more in-
volved for both patients and clinicians, as 
it entails additional time, cost and effort, 
and it may not always detect additional 
defects not already seen on 24-2 testing.

“Thus, the evidence to date does not 
support routine testing using 10-2 VF 
for patients with early glaucoma,” the 
authors concluded. “Recent studies 

(level I and II) provide some evidence 
on additional VF testing in some cases, 
however. Early 10-2 VF testing would 
provide sufficient additional information 
for any patient with a repeatable defect 
on the PD plot among the central 12 
points on the 24-2 or 24-2C VF test or 
with a depressed average and/or mini-
mum mGCIPL thickness on SD-OCT. 
A defect detected on SAP 10-2 VF 
warrants confirmation and potentially a 
lifelong commitment to serial 10-2 VF 
testing.”

WuDunn D, Takusagawa HL, Rosdahl JA, et al. Central visual 
field testing in early glaucoma. Ophthalmology. December 8, 
2023. [Epub ahead of print].
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Study shows 10-2 VF testing doesn’t detect any additional 
defect not already seen on 24-2 testing. 

10-2 VF Not Useful in Routine Glaucoma Testing, AAOphth Says
However, it may provide sufficient information for patients with a repeatable defect within the 
central 12 locations of the standard 24-2 VF grid.
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A defect here and/or at the lamina cribrosa possibly affecting central VF needs careful evaluation.

Check the Papillomacular Bundle in 
Highly Myopic Glaucoma Patients

The papillomacular bundle plays 
an important role in central 
vision, so it is expected that a 

defect there can a� ect the quality of life 
of patients quite signi� cantly. Little is 
known about these defects in glaucoma. 
Researchers in South Korea investigated 
the frequency of papillomacular bundle 
defects in glaucoma patients with 
high myopia and its risk factors. � ey 
observed a defect in 59.8% of patients, 
which was signi� cantly correlated with 

a larger parapapillary atrophy (PPA)-
to-disc-area ratio, lamina cribrosa defect 
and central visual � eld defect.

� e retrospective, cross-sectional 
study analyzed RNFL defect in 92 glau-
comatous eyes with high myopia (axial 
length of 26.0mm or more or an average 
spherical value of −6D or less). After 
dividing the cohort into two groups 
with and without papillomacular bundle 
defect, the clinical characteristics of the 
groups were compared and analyzed. 

� e mean patient age was 52.1 
years.

� ere was no signi� cant 
intergroup di� erence in baseline 
or follow-up intraocular pressure. 
In this speci� c patient group, 
signi� cant di� erences in PPA-
to-disc-area ratio were found 
when dividing the population 
based on the presence or absence 
of a bundle defect.

“As larger PPA-to-disc-area 
ratio signals greater myopic 
deformation of the optic disc 
and peripapillary tissue, there 
must have been greater me-
chanical stress in the region of 
deformation,” the researchers 
wrote in their paper. “� erefore, 
the higher the myopia, the larger 
the PPA area that will be found.” 

� ey added, “the results of this study 
suggest that larger PPA area may be 
related to risk of RNFL thinning in the 
papillomacular bundle area.”

� e study noted that swept-source 
OCT, used to image the lamina 
cribrosa, allows for deeper penetration 
of light for better delineation of more 
posterior structures of the optic nerve 
head and ocular wall, though there may 
still be limitations.

“Although we identi� ed disc hemor-
rhage during follow-up, it is possible 
that instances that occurred before 
follow-up or between follow-up 
intervals could have been missed,” the 
authors wrote. “� erefore, it is possible 
that the number of disc hemorrhages 
in the total patient group was low; thus, 
more research with longer follow-up 
and a larger number of disc photo scans 
is necessary to further investigate the 
relationship between papillomacular 
defects and disc hemorrhages.”

� e study concluded, “For highly 
myopic glaucoma patients, the presence 
of papillomacular bundle defect and/or 
lamina cribrosa defect possibly a� ecting 
the central visual � eld should be care-
fully evaluated.”

Huh MG, Shin YI, Jeong Y, et al. Papillomacular bundle 
defect (PMBD) in glaucoma patients with high myopia: 
frequency and risk factors. Sci Rep. 2023;13(1):21958.

PPA-to-disc-area ratio (odds ratio; OR: 3.83), lamina 
cribrosa defect (OR: 2.92) and central visual fi eld 
defect (OR: 3.56) were signifi cantly associated with 
the papillomacular bundle defect. (The scans above 
depict papillomacular bundle RNFL loss).

IN BRIEF
 Metformin Shows No Effect 
Against GA. To test whether the 
type 2 diabetes drug metformin 
could slow geographic atrophy 
(GA) progression, a team 
of researchers conducted a 
randomized Phase II clinical trial 
that included 66 patients aged 
55 or older without diabetes and 
with GA from atrophic AMD in at 
least one eye. Oral metformin at 
1,000mg twice daily was given to 
34 participants (57 eyes) and the 

observation group included 32 
participants (53 eyes).
The mean enlargement rate of GA 
area was 0.35±0.04mm/year in the 
observation group and marginally 
higher at 0.42±0.04mm/year in 
the treatment group. Mean decline 
in best-corrected visual acuity 
was 4.8±1.7 letters/year for the 
observational group and 3.4±1.1 
letters/year in the treatment 
group. Minimal improvement was 
also seen in low-luminance visual 
acuity, of which decline was 
7.3±2.5 letters/year in controls 

and 0.8±2.2 letters/year in the 
treatment group.

Potential reasons for the 
marginal results seen may lie in 
limited statistical power, since the 
enrollment goal of 50 participants 
was not met, as well as the pos-
sibility that it may take longer than 
18 months (the period observed) 
of oral metformin use to result in 
signifi cant effects on GA. Other 
reasons for the lack of positive 
results could be due to those with 
more aggressive GA potentially 
being more likely to drop out of the 

observational group for experimen-
tal treatment elsewhere and that 
the sheer advanced state of GA 
in these participants did not lend 
itself well to metformin’s effi cacy.

The results contrast with 
positive data seen for metformin 
use with wet AMD showing that 
the therapy reduced the odds of 
developing new-onset neovascular 
AMD.
Shen LL, Keenan JD, Chahal N, et al. METformin FOR 
the MINimization of geographic atrophy progression 
(METforMIN)—a randomized trial. Ophthalmol Sci. 
November 2023. [Epub ahead of print].

Photo: Henrietta W
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Omega-3s Come Up Short in DR Study 

The potential of omega-3 fatty 
acids (FAs) in treating diabetic 
eye disease has mainly been 

demonstrated in experimental models, 
in which the protective e� ects against 
diabetic retinopathy (DR) and diabetic 
maculopathy were mediated through 
antioxidant and anti-angiogenesis 
pathways. Researchers at the University 
of Oxford performed a sub-study of 
data from the A Study of Cardiovas-
cular Events iN Diabetes (ASCEND) 
trial to provide a large, well-conducted 
and prospective test of these potential 
bene� ts and the duration of exposure 
needed to convey them. � ey found 
no statistically signi� cant e� ect of 
omega-3 FA allocation associated with 
lower incidence of referable eye disease. 

ASCEND was a double-blind, 
randomized, placebo-controlled trial 
of 1g omega-3 FAs (containing 460mg 
eicosapentaenoic acid and 380mg 
docosahexaenoic acid) daily for the 

primary prevention of serious cardio-
vascular events in 15,480 UK adults 
at least 40 years old and with diabetes. 
� e study average adherence with 
omega-3 FAs was 79.3%.

During the mean follow-up of 6.5 
years, 14.8% of patients had a referable 
disease event in the omega-3 group, 
compared with 13.9% in the placebo 
group. � ere were no signi� cant e� ects 

of assignment to active omega-3 FAs 
compared with the placebo on worsen-
ing visual acuity equivalent to a loss of 
15 or more ETDRS letters (35.0% vs. 
36.9%, respectively). � ere were also 
no signi� cant between-group di� er-
ences in the proportion of events for 
secondary or tertiary outcomes, which 
included referable disease strati� ed 
by baseline DR severity, DR progres-
sion, incident diabetic maculopathy or 
duplex retinopathy grades at the � nal 
eye screening record.

“ASCEND-Eye has several strengths 
that facilitated a robust assessment of 
the e� ects of omega-3 fatty acids on 
DR, including its randomized design, a 
large number of participants and a long 
duration of near-complete follow-up,” 
the authors wrote in their paper.

Sammons EL, Buck G, Bowman LJ, et al.; on behalf of the 
ASCEND Study Collaborative Group. ASCEND-Eye: effects 
of omega-3 fatty acids on diabetic retinopathy. Ophthal-
mology. December 3, 2023. [Epub ahead of print].

Despite their likely supportive role in 
treating dry eye, omega-3 fatty acid 
supplements have yet to show evidence of 
an effect in diabetic retinopathy.

Photo: Steve Ferrucci, OD
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KC File #1: The Patient  
Who Corrects to 20/20

Following the clues  
for early KC detection

#FollowTheClues  

Not only is >2.00 D of refractive 
cylinder a warning signal for 
keratoconus, but the oblique axis 
is also unusual.  About 90% of 
young corneas have with-the-rule 
(WTR) astigmatism.1  The change 
in myopic spherical equivalent 
(SE) from baseline (the glasses 
prescription) was not what we 
would expect to see in an adult 
patient, either. 

A 29-year-old patient came to our office for a LASIK 
consult because she was unhappy with fluctuating 
vision in her contact lenses.  The patient had ocular 
allergies but had no other ocular diagnoses.

Her entering glasses prescription was a modest one and we 
were able to refract her to 20/20.  However, the refraction in the right 
eye was our first clue that something was not quite right. 

Refraction and exam findings
RIGHT EYE BCVA LEFT EYE BCVA

Lensometry -0.50 -1.50 x31 20/30 -1.50 -0.50 x172 20/20-
Refraction at Phoropter -0.75 -2.25 x34 20/20 -1.75 -0.75 x160 20/20+

Pachymetry 478 µm 483 µm
Autokeratometry 45.5 / 47.50 x 112 44.9 / 46.75 x80

INDICATIONS   Photrexa® Viscous (riboflavin 5’-phosphate in 20% dextran ophthalmic solution) and Photrexa® (riboflavin 5’-phosphate ophthalmic solution) are 
indicated for use with the KXL System in corneal collagen cross-linking for the treatment of progressive keratoconus and corneal ectasia following refractive surgery. 

IMPORTANT SAFETY INFORMATION   Corneal collagen cross-linking should not be performed on pregnant women. Ulcerative keratitis can occur. Patients should 
be monitored for resolution of epithelial defects. The most common ocular adverse reaction was corneal opacity (haze). Other ocular side effects include punctate 
keratitis, corneal striae, dry eye, corneal epithelium defect, eye pain, light sensitivity, reduced visual acuity, and blurred vision. These are not all of the side effects 

© 2023 Glaukos PM-US-1553 Rev.1

SPONSORED AND SUPPLIED BY GLAUKOS

Autokeratometry from her referring optometrist   
was on the steeper side of normal, and our pachymetry  
measurements showed that both eyes had borderline thin 
corneas. Upon further questioning, the patient recalled that  
her sister had keratoconus.  Having a first-degree relative  
(a parent, sibling, or child) with keratoconus increases the risk 
of developing the disease by 15- to 67-fold.2  

At this point, we have some risk factors, but not a clear 
diagnosis.  A closer look at topography, tomography, and 
anterior segment OCT epithelial mapping provided further 
information to make a decisive diagnosis of progressive 
keratoconus in the right eye.

This case illustrates that patients who see 20/20 at the 
phoropter can still have keratoconus.  At 29, our patient was at an 
age where there is greater risk of progression,3 and her ocular allergies 
and family history elevate that risk.  She was fortunate to be diagnosed and 
treated early in the course of her disease, while she was still correctible to 20/20.  Simply 
by following the KC clues that are hiding in plain sight, you can help patients like this 
one preserve their vision by referring them to a corneal specialist.  If further testing 
confirms the patient has progressive KC, iLink® cross-linking could slow or halt its 
progression.  Visit iDetectives.com to learn more. 
REFERENCES:
1. Kojima T, et al. Am J Ophthalmol 2020;215:127-34,  2. Wang Y, et al. Am J Med Genet 2000;93(5):403-9.  3. Ferdi AC, et al. 
Ophthalmology 2019;126(7):935-45.

➜ Large change in 
refraction from lensometer 

to phoropter

➜ High astigmatism (-2.25 D) 
with an oblique axis

➜ Borderline thin corneas 
(478/483 µm) 

➜ Relatively steep  
auto Ks (47.5) 

Could it be KC (KERATOCONUS)?

of the corneal collagen cross-linking treatment. For more 
information, go to www.livingwithkeratoconus.com to 
obtain the FDA-approved product labeling.   You are en-
couraged to report all side effects to the FDA. Visit www.
fda.gov/medwatch, or call 1-800-FDA-1088.

KC File #1:  
THE CLUES
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By Jack Persico 
Editor-in-Chief

OUTLOOK

F
or the last two years, we’ve capped 
off our annual publishing slate with 
a digital-only issue of highlights 
in December called (appropriately 

enough) The Year in Review. You can 
find a link on our site to the newest one, 
which includes a feature from every 2023 
issue, a standout installment of each 
column and a collection of news stories 
published over the course of the year.

Taking stock of Review’s output over 
the previous 12 months, a few things 
jump out to me. First, we produce a lot. 
In 2023 we published just shy of one 
thousand articles—996, to be exact. 
(Yes, I’m anal retentive enough to wish 
we’d managed to eke out four more.)

If that number sounds high to you, 
it’s because of another striking char-
acteristic of the publication. In recent 
years, Review has quietly become a 
powerhouse of clinical news coverage 
in eye care, generating 754 news stories 
in 2023 alone; three items post every 
weekday morning in our online news 
feed. The remaining 242 articles we 
delivered last year comprise the monthly 
slate of features and columns that serve 
as the core of this publication. Our 
goal with this mix is to provide how-to 
clinical guidance from trusted experts 
through the monthly issues, while also 
keeping you up to date on the latest 
research and legislative developments in 
the daily news feed.

A final noteworthy aspect worth a 
mention is that our writers don’t shy 
away from going deep every now and 
then. Last year, longtime contributor 
Jim Fanelli gave us 8,000 words on how 
to add labwork and radiologic imaging 
to your practice, while Associate Editor 
Rachel Rita dashed off an 8,400-word 
summary of the TFOS Lifestyle Report 

on dry eye. In this issue, Henrietta 
Wang and Jack Phu provide an elegant 
5,400-word CE course on how glau-
coma manifests in the eye. Two months 
from now, Blair Lonsberry and Mitch 
Ibach will offer a 6,000-word break-
down of the do’s and don’ts of oral 
medication use in our upcoming March 
issue. In short, we’re not afraid to go all 
out once in a while to give you some-
thing comprehensive and packed with 
nitty-gritty details.

But sometimes, you just want to look 
at a cool photo. Or maybe 200. 

That’s why we created the photo atlas 
that forms the bulk of this month’s 
issue. A group of nine ODs who’ve 
collectively “seen it all,” as they say, or-
ganized the massive trove of images we 
share this month. From the daily staples 
of optometric practice to the rarest of 
the rare, you’ll find remarkable examples 
in the pages to follow. We’ll add to the 
online version continuously to keep on 
mapping out the world of ocular disease 
in as much detail as possible.

Nowadays, photos of even the rar-
est conditions aren’t too hard to find. 
Want to refresh your memory on what 
Stargardt’s, Leber’s or RP looks like? 
Just google it. But those results aren’t 
always reliable and, furthermore, they 
lack useful context or guidance. To ad-
dress this, we’re going to augment our 
photo atlas with links to articles from 
the magazine that teach you what to 
actually do when one of these conditions 
shows up in your chair. My hope is that 
this will help you navigate our content 
more easily by creating new pathways 
for exploration, one photo at a time. 

And while you do that, we’ll get back 
to work on our next thousand articles.  
Best wishes to all for a great 2024! g

Sharpen your disease detection skills with a new collection of 
images, then use it as a springboard to explore our archives.

See For Yourself
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T
he new year is always an incredible 
opportunity to make a new start; 
to dream of the potential you want 
to achieve and then make it hap-

pen. The journey and learning is as much 
of the experience as achieving the end 
goal. There are five key trends in eye care 
worth diving into and making your goals 
this year: virtual reality (VR), artificial 
intelligence (AI), myopia management, 
digital device use and efficiency.

FDA Approvals
Let’s face it, digital device use is increas-
ing and plays a role in MGD, blepharitis, 
DED and, likely, progressive myopia. 
Positioning your practice to address any 
of these conditions could be valuable.

New FDA approvals—for evaporative 
dry eye in Miebo (perfluorohexyloc-
tane ophthalmic, Bausch + Lomb) and 
Demodex blepharitis in Xdemvy (lotilaner 
ophthalmic solution, 0.25%)—are show-
ing impressive and quick results.

Myopia management is also a major 
opportunity, and even Apple is addressing 
this with auto shutdown if children under 
the age of 13 don’t hold the device an ap-
propriate distance away from their eyes. 
The key may be having multiple options 
for myopia management, and an FDA-
approved prescription possibly to become 
available this year would set the stage for 
a potential explosion in awareness.

VR
While this area includes big tech com-
panies from Meta to Apple and Google/
Alphabet, the optometry field is not 
without their own innovative technolo-
gies. One VR headset, Smart System 

(M&S Technologies), has bridged the 
gap from a screening device to a glau-
coma management tool. Whatever tech-
nology you’re looking at, be sure it has 
active eye tracking with automated pause, 
otherwise you’ll have patients moving 
their eyes within the device.

Neurolens moved from a stand-alone 
desktop to VR headset, allowing for rapid 
testing of misalignment/phorias in about 
three minutes, while educating patients 
how contoured prism may help alleviate 
headaches, dizziness, dry eye sensation 
and/or photophobia.

Dark adaptation for age-related macu-
lar degeneration (AMD) diagnosis uses 
VR headsets, making it easier for patients 
and doctors by not requiring a separate 
dark room. VR devices that look like 
normal glasses are showing significant 
improvement in vision and functional-
ity for patients with advanced AMD 
(Eyedaptic). 

AI
This fast-growing technology is already 
used in practical eyecare applications. 
One example mentioned earlier is 
Neurolens; the instrument has collected 
over 10 million data points and has 
transformed the information through 
AI to provide the exact phoria correction 

required with countered prism within 
minutes of measurement. 

While VR headsets for VF testing 
mentioned above also incorporate AI, 
deep learning is going to be a common 
place for how primary eyecare doctors 
decide who to treat and who to refer in 
conditions ranging from glaucoma, dia-
betic macular edema, geographic atrophy, 
AMD and even dry eye. EHR systems 
and retinal imaging systems (e.g., AI 
optics) will use this information to spot 
high-risk diabetic retinopathy, glaucoma 
and AMD patients, so appropriate refer-
rals can be made. Low-risk patients will 
continue to be monitored by their op-
tometrist, and specialists will only receive 
those who need advanced treatments. 
This is also a model for efficiency (more 
on that below).

Efficiency
This will also be the year when efficiency 
is essential, as we come off of COVID-19 
and experience staffing turnover like 
never before. I don’t just write these 
things; I live them. I see over 50 patients 
a day in my OSD clinic, thanks to an 
incredible staff and efficiency in every 
aspect of what we do. Examples include 
moving pre-testing to automated, higher 
resolution widefield imaging (Eidon), 
VR headsets for VF screening, rebound 
tonometers (iCare, Reichert), osmolarity 
in dry eye (TruKera Medical), streamline 
testing protocols and even EHR systems 
with significantly less clicks (Barti).

Patient education takes a significant 
portion of our time, but can be mini-
mized with tools (Rendia) and/or slit 
lamp imaging (TelScreen). Technology 
itself solely serves to increase efficiency.

A new year is a wonderful time to 
begin implementing one or more of these 
ideas as these trends are not short-lived. 
Set your plans, get the team onboard and 
start making things happen. ■

Add these trends to your list of goals to enhance your practice.
New Year, New Start

Dr. Karpecki is the director of Cornea and External Disease for Kentucky Eye Institute and an associate professor at KYCO. He is the Chief Clinical Editor for Review 
of Optometry and chair of the New Technologies & Treatments conferences. A fixture in optometric clinical education, he consults for a wide array of ophthalmic 
clients, including ones discussed in this article. Dr. Karpecki’s full disclosure list can be found in the online version of this article at www.reviewofoptometry.com.

About 
Dr. Karpecki

By paul m. karpecki, OD
chief clinical editor

Through my eyes

This will also be the year 
efficiency is essential, as we 
come off of COVID-19 and 
experience staffing turnover 
like never before.
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G
rowing up, my family lived in a 
little but thriving town in the 
middle of West Virginia. We 
had a local phone company with 

human operators that we all knew from 
church and through their kids who 
went to school with us. Our landline 
(Google it, youngsters) phone number 
was “Hillside 29392” or “Hi-29392.” 
When we dialed someone else (which 
was a rare event, because we could 
pretty much talk to anyone in town 
person-to-person with a two-minute 
stroll) the operator would hook us up 
and something would happen that 
never happens nowadays; as long as 
they were home, the person would 
happily and immediately answer the 
single phone they had, usually in their 
kitchen, since that’s where everyone 
hung out anyway.

Now, everyone has a phone in their 
pocket that puts them in constant 
contact with anyone or anything in the 
whole universe and, that’s right, nobody 
ever answers. The people who don’t 
know your number think it’s a scam. 
The people who do know it’s you call-
ing… well, they just know it’s a scam or 
you want something.

The only time they use their phone 
as a phone is when they call you or your 
office.

I’m on hold with the Social Security 
office. I am told over and over between 
the annoying, repetitive, so-called 
“musak” that I will be assisted within 
57 minutes. Our tax dollars are at work, 
doing the only thing our government 
does flawlessly… keeping fake musi-
cians employed.

Remember when actual humans an-
swered phones? I hope it is still that way 
at your office, because if this old feller is 
impatient, imagine what a prospective 
30-year-old patient who found you on 
his or her list of 3,000 eye doctors who 
accept his or her insurance must feel. 
That’s right, let’s just move down the list 
until someone human answers—see ya!

That first contact with your office is 
as important as any new technology 
you may use to determine a patient’s 
eye health and visual needs. You 
had better get it right. My 
idea is this: if you’re not 
sure what to do, call the 
Social Security office and 
just do the exact opposite.

I called a local oculo-
plastic surgeon’s of-
fice a few weeks 
ago. Here is 
an exact 
transcript 
of the call:

(phone 
rings five times)

They: “Hello.”  
Me: “Hello.”
They: “Hello.”
Me: “Is this Dr. Eye-

brow’s office?”
They: “Hello… uh… 

yeah?”
Me: “This is Dr. Vick-

ers.”
They: “OK.”
Me: “I need to refer a 

patient.”
They: “OK.”
Me hanging up. 

I happen to know the poor doctor 
has no clue what is going on at her 
front desk. Or does she? Back in the 
day, I wanted everyone to succeed and 
I would have moved heaven and earth 
to get the doctor on the phone to let 
them know how they could improve 
their staffer’s phone handling skills. 
I have done that very thing at least 
100 times in my 45 years of practice 
and there has only been one doctor 
who thanked me and we have stayed 
friendly colleagues since. His personal 
cell phone is on speed dial on my cell 
phone. 

The rest responded in one of three 
ways:

1. Don’t tell me how to run my 
practice.

2. We all have bad days sometimes.
3. Silence, followed by a hang up.

Of course, we ARE dealing 
with ophthalmologists here. 
They’re making a decent living 

without me. Plus, when you 
think about it, what kind 

of narcissis-
tic jerk calls 
a “specialist” 
to help him 
improve his 
practice. Me, 

I guess.  
The good 

news is 
when I call 
an op-

tometrist’s office, well over 
95% of the time I get a 
pleasant, if somewhat 
clueless (there goes that 

narcissism again) staffer 
who sounds like she wants to help 

me out. 
I’m’ still on hold with Social Secu-

rity… 37 minutes now and only 20 
to go… I think I could chat with the 
Pope faster. Not a bad idea… ■

Pick Up the Phone

Dr. Vickers received his optometry degree from the Pennsylvania College of Optometry in 1979 and was clinical director at Vision Associates in St. Albans, WV, 
for 36 years. He is now in private practice in Dallas, where he continues to practice full-scope optometry. He has no financial interests to disclose.

About 
Dr. Vickers

By Montgomery Vickers, OD

ChairSide

When a prospective patient calls your office,
answer the ringer and be pleasant. It’s not hard.
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A 
45-year-old well-educated 
Caucasian male presented for 
his first eye exam in a new state 
since moving across the country. 

His only complaint was slightly blurred 
vision at near in both eyes through his 
two-year-old scratched reading glasses. 
No significant eye or health problem 
was reported. He started wearing 
glasses after failing the vision screening 
in the first grade. His myopia increased 
for many decades, which required a new 
prescription every several years. He was 
advised previously by several ODs and 
MDs that he was developing minor 
peripheral retinal degeneration and that 
he should obtain emergent care if he ex-
perienced changes such as an increase in 
flashes, floaters, shadows, spots, cobwebs 
or curtains. 

With a minor change in prescription, 
VA was correctable to 20/20 in each eye 
at distance and near. The dilated fundus 
exam revealed several patches of lattice 
degeneration in each eye without holes, 
tears or vitreal traction and a one-disc-
diameter pigmented choroidal nevus 
that was sketched the same size as the 
optic disc in his right eye. The nevus 
was within the arcades and superior-
temporal to the fovea. Fundus photos 
were reportedly taken.

Glasses and daily contact lenses were 
prescribed. The patient was told about 
the lattice degeneration and to report 

any changes such as those discussed 
immediately because of the lattice 
degeneration in this 6D myope. A 
conversation about lattice degeneration 
sometimes resulting in peripheral reti-
nal tears and the risk of retinal detach-
ment was noted on the record.

When told about the small freckle 
in his right eye, the patient mentioned 
that none of the eye doctors he had seen 
over four decades mentioned seeing a 
small freckle. The eye doctor at this visit 
advised the patient that it was such a 
minor finding and present in about 10% 
of all patients that most eye doctors 
would not bother to alarm the patient 
with such a minor finding. The patient 
was scheduled for a comprehensive 
examination one year later. 

About 10 months later, the patient 
began experiencing vague floaters 
and occasional flashes in his right 
eye. Erring on the side of caution, the 
patient called the group practice and 
was scheduled to be seen by their retina 
specialist the next morning. Best-
corrected VA was 20/20 in each eye, and 
the symptomatic right eye was observed 
to have a temporal retinal detachment 
encroaching on the macula. However, 
a retinal tear was not observed, nor was 
the one-disc-diameter choroidal nevus 
as diagnosed nearly a year earlier. The 
fundus photos taken at the first visit 
were not commented on by the retina 
specialist.

You Be the Judge 
In light of the facts presented thus far, 
consider the following questions:

• Was the freckle most likely a cho-
roidal nevus that had been present for 
decades?

• Did the first eye clinician meet the 
existing standard of care? Would a like 
practitioner under like circumstances 
have performed any differently?

• Should the retinal detachment noted 
by the retina specialist have been reat-
tached via surgery within a day?

• Since VA was 20/20 and the retinol-
ogist’s exam noted that the macula was 
clinically normal, would the diagnosis be 
a macula “on” retinal detachment, which 
has a better prognosis, or a macula “off ” 
retinal detachment?

• Since the retina surgeon could not 
find a retinal tear, would you consider 
a non-rhegmatogenous retinal detach-
ment as the diagnosis? The diagnosis of a 
non-rhegmatogenous retinal detachment 
often does not require retinal surgery.

• Since the retina specialist could not 
find a retinal tear responsible for the 
retinal detachment, should this surgeon 

By Jerome Sherman, OD, and Sherry Bass, OD

You Be the Judge

The occasional offhand comment about such a finding can prove 
disastrous if ignored.

When a Routine 
Choroidal Nevus is Not

Dr. Sherman is a Distinguished Teaching Professor at the SUNY State College of Optometry and editor-in-chief of Retina Revealed at 
www.retinarevealed.com. During his 53 years at SUNY, Dr. Sherman has published about 750 various manuscripts. He has also served as an expert 
witness in 400 malpractice cases, approximately equally split between plaintiff and defendant. Dr. Sherman has received support for Retina 
Revealed from Carl Zeiss Meditec, MacuHealth and Konan. Dr. Bass is a Distinguished Teaching Professor at the SUNY College of Optometry and is 
an attending in the Retina Clinic of the University Eye Center. She has served as an expert witness in a significant number of malpractice cases, the 
majority in support of the defendant. She serves as a consultant for ProQR Therapeutics.

About Drs.
Sherman 
and Bass

Choroidal nevus in the right eye from a 
different patient that corresponds quite 
closely to the description and sketch 
documented by the first eye clinician.
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have obtained a B-scan ultrasound prior 
to retinal surgery? 

 
Follow-Up
The retinologist performed a B-scan 
ultrasound and observed a large mass 
under the retina. The patient was evalu-
ated by an ophthalmic oncologist the 
next day and diagnosed with an amela-
notic choroidal malignant melanoma 
and a secondary retinal detachment. 
The opinion of several ophthalmic 
oncologists was that the lesion observed 
a year earlier was not a benign choroidal 
nevus but a small, pigmented choroidal 
malignant melanoma. Occasionally, a 
small pigmented choroidal melanoma 
transforms into an amelanotic malignant 
melanoma when the lesion enlarges, 
such as in this case.

Proton beam irradiation was per-
formed at a major teaching institution in 
a big city. The patient was also evaluated 
for any metastasis to another part of the 
body; no other lesions were found after 
an extensive work-up. The patient lost 
vision in the right eye but retained 20/20 
VA and a normal field in the left eye.

 The patient traveled to the National 
Eye Institute in the Washington, DC 
area and received experimental treat-
ments that appeared to have been 
successful for at least several years. The 
patient and his family were optimistic 
that the myriad treatments were success-
ful. However, the patient woke up one 
morning and observed a new pigmented 
lesion on his left inner thigh. He died 
several months later due to metastasis to 
several major organs.

Malpractice Implications
One could argue that the first eye 
clinician should have taken seriously 
the patient’s comments on the first 
visit that no previous eye doctor ever 
mentioned a “freckle” in the patient’s 
right eye. This eye clinician could have 
obtained previous records, performed 
additional tests such as B-scan ul-
trasound and/or OCT and have the 
patient return in three months or so 
for a re-evaluation to determine if the 
lesion had increased in size, rather 
than waiting a year. According to the 
Blue Mountain Eye Study, choroi-
dal nevi were present in 6.5% of the 

white population. In the United States, 
there are approximately only five cases of 
choroidal melanomas per year per mil-
lion population.1 Approximately 20% of 
choroidal melanomas are amelanotic and 
hence represent only one case per year 
per million population.2,3 As a deduc-
tion, this unfortunate patient had only a 
one-in-a-million chance of developing an 
amelanotic malignant melanoma of the 
choroid.

The retinologist initially detected a reti-
nal detachment but could not find a tear 
responsible for the detachment. A rheg-
matogenous retinal detachment by defini-
tion has a tear and is typically treated with 
scleral buckles, vitrectomy and pneumatic 
retinopexy. If no tear is discovered, the 
diagnosis is non-rhegmatogenous retinal 
detachment, and a mass under the retina 
must be considered. A B-scan ultrasound 
should be obtained immediately, as it was 
in this case.

The first eye clinician testified that 
she took fundus photos in addition to 

her drawing. The retina surgeon testified 
that fundus photos were not included 
in the patient’s chart a year later. The 
surgeon correctly diagnosed the mela-
noma and immediately referred to an 
ophthalmic oncologist and hence met 
the standard of care. However, it has 
been conjectured that the retinologist did 
review the fundus photo slides from a 
year earlier, found them to be suggestive 
or indicative of a melanoma and decided 
to discard the photos. The fundus photos 
have never been found. Not surprisingly, 
the first eye clinician, the retinologist as 
well as the large group practice were all 
sued. 

If you are ever faced with a similar situ-
ation, knowledge of this case will likely 
result in you assuming that the lesion was 
indeed new and required further evalu-
ation. The retinologist appeared to have 
met the standard of care, but one could 
argue that he discarded essential evidence 
that would have suggested that the lesion 
diagnosed as a nevus a year earlier was 
really a small melanoma. The practice had 
poorly documented records with regards 
to fundus photos, and it could not be 
determined whether fundus photos were 
ever taken or even billed. The first eye 
clinician is no longer with the practice 
and the practice is under new manage-
ment. After the patient’s death, the case 
was settled prior to a jury trial for several 
million dollars. ■

1.Sumich P, Mitchell P, Wang JJ. Choroidal nevi in a White 
population: The Blue Mountains Eye Study. Arch Ophthalmol. 
1998;116(5):645-50.
2. Markiewicz A, Donizy P, Nowak M, et al. Amelanotic uveal 
melanomas evaluated by indirect ophthalmoscopy reveal 
better long-term prognosis than pigmented primary tumors-a 
single center experience. Cancers (Basel). 2022;14(11):2753.
3. Stuart K, Patel S. Amelanotic choroidal melanoma: a 
teaching case report. J Optometric Ed. 2021;46(2).

NOTE: This article is one of a series 
based on actual lawsuits in which the 
author served as an expert witness or 
rendered an expert opinion. These cases 
are factual, but some details have been 
altered to preserve confidentiality. The 
article represents the authors’ opinion 
of acceptable standards of care and do 
not give legal or medical advice. Laws, 
standards and the outcome of cases can 
vary from place to place. Others’ opinions 
may differ; we welcome yours.

The actual fundus photo of the patient’s right 
eye taken that same day that patient was seen 
by the retinologist.

A B-scan ultrasound from a different but 
similar case demonstrating a large mass 
and secondary retinal detachment.
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nevi nor freckles of the iris appear to be affected by treatment. 
While treatment with IYUZEH™ can be continued in patients who 
develop noticeably increased iris pigmentation, these patients 
should be examined regularly.
Eyelash Changes: Latanoprost ophthalmic products, including 
IYUZEH™ may gradually change eyelashes and vellus hair in the 
treated eye; these changes include increased length, thickness, 
pigmentation, the number of lashes or hairs, and misdirected 
growth of eyelashes. Eyelash changes are usually reversible 
upon discontinuation of treatment.

Reference: 1. IYUZEH™ (latanoprost ophthalmic solution) 0.005%. Prescribing information. Thea Pharma Inc; 2022. 

IYUZEH™ (latanoprost ophthalmic solution) 0.005% is the first and only preservative-free latanoprost 
for patients with primary open-angle glaucoma (POAG) and ocular hypertension (OHT).
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We owe it to our patients with 
 elevated intraocular pressure,  

with open-angle glaucoma  
or ocular hypertension to provide  

a new evidence-based best  
practice. It is an extremely  
exciting time to prescribe  
IYUZEH for my patients.

Monique M. Barbour  
MD, MHA, FAAO

Dr. Barbour is a paid consultant of Thea Pharma Inc.

IYUZEH is a trademark of Laboratoires Théa.
Copyright ©2023 Thea Pharma Inc. | All Rights Reserved. | PRC-IYZ-1606-v1 09.2023

Intraocular Inflammation: IYUZEH™ 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 because inflammation may be 
exacerbated.

Macular Edema: Macular edema, including cystoid macular 
edema, has been reported during treatment with latanoprost 
ophthalmic products, including IYUZEH™. IYUZEH™ 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.

Herpetic Keratitis: Reactivation of herpes simplex keratitis has 
been reported during treatment with latanoprost. IYUZEH™ should 
be used with caution in patients with a history of herpetic keratitis. 
IYUZEH™ should be avoided in cases of active herpes simplex 
keratitis because inflammation may be exacerbated.

Contact Lens Use: Contact lenses should be removed prior to  
the administration of IYUZEH™ and may be reinserted 15 minutes 
after administration.

ADVERSE REACTIONS 
The following adverse reactions have been reported with the use 
of topical latanoprost products: iris pigmentation changes, eyelid 
skin darkening, eyelash changes (increased length, thickness, 
pigmentation, and number of lashes), intraocular inflammation 
(iritis/uveitis), and macular edema, including cystoid macular 
edema.

DRUG INTERACTIONS 
The combined use of two or more prostaglandins, or prostaglandin 
analogs including IYUZEH™ is not recommended. It has been 
shown that administration of these prostaglandin drug products 
more than once daily may decrease the IOP lowering effect or 
cause paradoxical elevations in IOP.

Please see full Prescribing Information at  
www.iyuzeh.com and Brief Summary on  
the next page.

Explore the power of preservative-free latanoprost at iyuzeh.com

IYUZEH  
LOWERED IOP  
by 3-8 mmHg (n=165)  

vs  
4-8 mmHg (n=169) 

for XALATAN1

IYUZEH™ HAD SIMILAR MEAN IOP REDUCTION 
WHEN COMPARED WITH XALATAN®

IN PHASE III TRIALS, REDUCED IOP WITH PROVEN EFFICACY
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Q A patient presented to me with 
angioid streaks and no systemic 

diagnosis. I know the importance of 
diagnosing angioid streaks and 
monitoring for a potential choroidal 
neovascular membrane (CNVM), but 
should eyecare providers be further 
investigating systemic diagnoses 
related to the ocular findings? 

A Angioid streaks can be idiopathic 
or related to systemic diseases 

that can cause significant morbidity and 
even death. “The goal is to provide the 
patient with the best ocular and systemic 
care, so further testing is essential,” says 
Caitlynn Estevez-Averhart, OD, an ocu-
lar disease resident at the Tuscaloosa 
Veterans Affairs Medical Center in 
Tuscaloosa, AL. “These patients are at 
risk for early death from the same 
disease process elsewhere in the body.”

Angioid streaks radiate from the 
optic disc, which result from breaks 
in a weakened Bruch’s membrane. 
New blood vessels can grow and break 
through the compromised choroid, 
causing a CNVM. “It is crucial to note 
the presence of angioid streaks and 
monitor these patients closely,” Dr. 
Estevez-Averhart adds. “CNVM can 
cause permanent vision loss.”

Conditions associated with angioid 
streaks include pseudoxanthoma elas-
ticum (PXE), Ehler-Danlos, Paget’s 
disease and sickle cell; cases can also be 
idiopathic. These entities are known as 
the PEPSI conditions. 

Differentials 
PXE is the most common disease associ-
ated with angioid streaks. If undiagnosed 

and untreated, results can be deadly. This 
genetic disease causes the accumulation 
of minerals and fragmentation of elastic 
fibers in the skin, Bruch’s membrane and 
the innermost layer of the blood vessels. 
Referrals to dermatology, cardiology and 
gastroenterology are most appropriate to 
confirm PXE as a diagnosis, and the goal 
is to prevent spontaneous hemorrhaging 
in the GI system and early heart disease. 
It is important to not only examine the 
eye itself but also perform an external 
examination of the patient. A common 
PXE finding is a subtle plucked-skin 
appearance on the neck, which is patho-
genic for pseudoxanthoma. Dermatology 
can perform a biopsy of nodules which 
will show a thickening of the elastic fibers 
for a confirmatory diagnosis. 

Paget’s is a chronic bone disease 
causing arthritis, bone deformities and 
fractures. Biopsies, lab tests and X-rays 
can confirm the diagnosis. The X-rays 
show increased bone density and defor-
mities. Alkaline phosphatase is usually 
included in a comprehensive metabolic 
panel and a liver panel to monitor bone 

and liver disorders. Levels will be elevated 
in Paget’s disease.

Sickle cell is an inherited red blood 
cell disorder where hemoglobin is 
abnormal. These sickled blood cells can 
clog small vessels and cause organ dam-
age, pain in extremities and strokes. Di-
agnosis is made with a blood test called 
Sickledex. Case history and patient 
demographics can determine if further 
testing is necessary. 

Ehlers-Danlos is the least com-
mon condition associated with angioid 
streaks. This group of connective tissue 
disorders is often noticed first in chil-
dren and can cause symptoms ranging 
from mildly loose joints to hypermobil-
ity and weak muscle tone that delays 
motor development. Proper diagnosis is 
made with genetic testing. 

Angioid streaks and peau d’orange 
can be ocular findings without a related 
systemic diagnosis. Angioid streaks can 
be idiopathic and ultimately a diagnosis 
of exclusion. 

Takeaways
Eyecare providers are well-versed in 
monitoring angioid streaks and poten-
tial complications such as CNVM. We 
can directly visualize the damage to the 
elastin layer in our retinal exam, so we 
are often the first physicians to raise 
the red flag. However, ensuring that the 
patient gets further testing and specialty 
care is the vital next step to potentially 
extending the lives of these angioid 
streak patients. 

“Ordering blood work and further 
systemic testing is often not part of 
regular day-to-day primary eye care,” 
Dr. Estevez-Averhart says. “It is our 
responsibility as eyecare profession-
als to advocate for our patients.” Once 
the tests are ordered, be sure to follow 
through, make sure the patient gets the 
studies done in a timely manner and 
document everything in detail. ■

Timely referrals and testing can provide patients who experience 
these unique retinal anomalies with essential lifelong care. 

Mean Streak 

Dr. Ajamian is board certified by the American Board of Optometry and serves as Center Director of Omni Eye Services of Atlanta. He is vice president of the 
Georgia State Board of Optometry and general CE chairman of SECO International. He has no financial interests to disclose.
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Angioid streaks associated with PXE.



Tyrvaya® is not another drop
It’s an ocular surface-sparing nasal spray.2

Activates real, basal tears
Tyrvaya® is believed to work by activating the trigeminal 
parasympathetic pathway resulting in basal tear production.2*

Real tears, real fast
In 2 clinical trials with mild, moderate, and severe dry eye disease 
patients, Tyrvaya increased tear production from baseline by ≥10 mm 
in Schirmer’s Test Score (STS) in nearly 50% of patients at week 4, 
with increased tears seen as early as the fi rst dose and over 12 weeks.2-8 †

Indication
Tyrvaya® (varenicline solution) nasal spray is indicated for the treatment of the signs and symptoms of dry 
eye disease.

Important Safety Information
The most common adverse reaction reported in 82% of patients was sneezing. Events that were reported 
in 5-16% of patients were cough, throat irritation, and instillation-site (nose) irritation. 

Please see Brief Summary of Prescribing Information on the next page and the full Prescribing 
Information at Tyrvaya-pro.com.

*The exact mechanism of action is unknown.
†Tyrvaya was evaluated across 3 randomized, vehicle-controlled, double-masked studies in which adults aged ≥22 years 
diagnosed with dry eye disease received 1 spray of either active drug or vehicle in each nostril twice daily. Primary endpoint: 
% of patients with mean change from baseline in STS of ≥10 mm at week 4 in ONSET-1: 52% with Tyrvaya (n=48) vs 14% with 
vehicle (n=43) and in ONSET-2: 47% with Tyrvaya (n=260) vs 28% with vehicle (n=252). Onset of action: mean change from 
baseline in STS ~5 minutes after fi rst dose (not a prespecifi ed endpoint) in ONSET-1 was 17.2 mm with Tyrvaya (n=48) vs 4.0 
mm with vehicle (n=43) and in ONSET-2 was 16.5 mm with Tyrvaya (n=260) vs 6.9 mm with vehicle (n=251). Observed data. On 
Day 1 in clinical studies, a baseline anesthetized Schirmer’s test was performed. Tyrvaya was then administered concurrently 
with Schirmer’s test. Schirmer’s test results were measured at ~5 minutes. Mean change from baseline in STS at week 12 in the 
MYSTIC study was 10.8 mm with Tyrvaya vs 6.0 mm with vehicle. Limitations: Ex-US, single-center study. All subjects were 
Hispanic or Latino. Tyrvaya group mean baseline STS 5.5 mm (n=41); vehicle group mean baseline STS 5.3 mm (n=41). All 
randomized and treated patients were included in the analysis and missing data were imputed using last-available data. 2-8

See references on next page.
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BRIEF SUMMARY: Consult the full Prescribing 
Information for complete product information 
available at www.tyrvaya-pro.com.  

INDICATIONS AND USAGE
TYRVAYA® (varenicline solution) nasal spray is a 
cholinergic agonist indicated for the treatment of 
the signs and symptoms of dry eye disease.

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

In three clinical trials of dry eye disease 
conducted with varenicline solution nasal 
spray, 349 patients received at least 1 dose 
of TYRVAYA. The majority of patients had 31 
days of treatment exposure, with a maximum 
exposure of 105 days. 

The most common adverse reactions reported in 
82% of TYRVAYA treated patients was sneezing.  
Other common adverse reactions that were 
reported in >5% of patients include cough (16%), 
throat irritation (13%), and instillation-site (nose) 
irritation (8%).

USE IN SPECIFIC POPULATIONS
Pregnancy: Risk Summary:Risk Summary: There are no available 
data on TYRVAYA use in pregnant women to 
inform any drug associated risks. In animal 
reproduction studies, varenicline did not produce 
malformations at clinically relevant doses.

All pregnancies have a risk of birth defect, loss, 
or other adverse outcomes. In the US general 
population, the estimated background risk of 

major birth defects and miscarriage in clinically 
recognized pregnancies is 2% to 4% and 15% to 
20%, respectively.

Data: Animal Data: Pregnant rats and rabbits 
received varenicline succinate during 
organogenesis at oral doses up to 15 and 30 mg/
kg/day, respectively. While no fetal structural 
abnormalities occurred in either species, 
maternal toxicity, characterized by reduced body 
weight gain, and reduced fetal weights occurred 
in rabbits at the highest dose (4864 times the 
MRHD on a mg/m2 basis). 

In a pre- and postnatal development study, 
pregnant rats received up to 15 mg/kg/day of 
oral varenicline succinate from organogenesis 
through lactation. Maternal toxicity, characterized 
by a decrease in body weight gain, was observed 
at 15 mg/kg/day (1216 times the MRHD on a 
mg/m2 basis). Decreased fertility and increased 
auditory startle response occurred in offspring at 
the highest maternal dose of 15 mg/kg/day.

Lactation: Risk summary:Risk summary: There are no data on 
the presence of varenicline in human milk, the 
effects on the breastfed infant, or the effects on 
milk production. In animal studies varenicline 
was present in milk of lactating rats. However, 
due to species-specific differences in lactation 
physiology, animal data may not reliably predict 
drug levels in human milk. 

The lack of clinical data during lactation 
precludes a clear determination of the risk of 
TYRVAYA to an infant during lactation; however, 
the developmental and health benefits of 
breastfeeding should be considered along with 
the mother’s clinical need for TYRVAYA and any 
potential adverse effects on the breastfed child 
from TYRVAYA.  

Pediatric Use: Safety and efficacy of TYRVAYA 
in pediatric patients have not been established. 

Geriatric Use: No overall differences in safety 
or effectiveness have been observed between 
elderly and younger adult patients. 

References: 1. Jones L, Downie LE, Korb D, et al. Ocul Surf. 2017;15(3):575-628. 2. Tyrvaya. Prescribing Information. Oyster Point Pharma; 2021.  
3. Oyster Point Pharma. Data on fi le. OPP-002 (ONSET-1) Clinical Study Report. August 4, 2019. 4. Oyster Point Pharma. Data on fi le. OPP-101 
(ONSET-2) Interim Clinical Study Report. October 13, 2020. 5. Quiroz-Mercado H, Hernandez-Quintela E, Chiu KH, Henry E, Nau JA. Ocul Surf. 
2022;24:15-21. 6. Wirta D, Torkildsen GL, Boehmer B, et al. Cornea. 2022;4(10):1207-1216. 7. Wirta D, Vollmer P, Paauw J, et al. Ophthalmology. 
2021;0(0):379-387. 8. Oyster Point Pharma. Data on fi le. OPP-004 (MYSTIC) Clinical Study Report. March 19, 2020.

© 2023 Viatris Inc. and/or its affi liates. All rights reserved. VIATRIS and the Viatris Logo are trademarks of 
Mylan Inc., a Viatris Company. Oyster Point®, Tyrvaya®, and the Tyrvaya logo are trademarks of Oyster Point 
Pharma, Inc., a Viatris company, in the United States and certain jurisdictions. OP-TYR-002308 7/23

Manufactured for Oyster Point Pharma, Inc. 202 Carnegie Center, Suite 106, Princeton NJ 08540. For more 
information, visit www.tyrvaya-pro.com. To report an adverse event, contact 1-877-EYE-0123.
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The Review of Optometry
Photo Atlas of Ocular Disease

This new visual guide documents over 200 presentations encountered in clinical practice.

Eye doctors are fortunate to have the subject of 
their study readily available for visual inspec-
tion. � e ocular anatomy is directly accessible for 

in-o�  ce examination, mostly just by using the standard 
battery of tests and tools you trained with in school. But 
this can create a deluge of visual information to process. 
You must have an explanation at your � ngertips for 
every unusual lump, contour, discoloration and squiggle 
you see during an eye exam.

To help, Review of Optometry created the following 
new resource—a photo atlas of ocular diseases broad 
enough in scope to include conditions both common-
place and rare, benign and worrisome, chronic and acute, 
across the entire spectrum of eye care.

� e nine optometrists featured here were instrumental 
in developing this atlas with us. � ey shared their time, 
expertise, patient records and, most of all, their photo 
libraries to create it. It’s our hope that this issue can give 
you a quick refresher on the clinical features of many 
ocular diseases and will become a handy reference guide 
to aid future patient care responsibilities. 

Of course, keep in mind that nearly all conditions can 
present in a wide variety of ways and what’s depicted 
here is often just one instance of many. In other words, 
these photos are representative, but rarely the � nal word.

� e online version of � e Photo Atlas of Ocular Disease
will provide you with a deeper understanding of these 
conditions in a few ways. First, you’ll be able to view the 
photos larger and in more detail. Second, we’ll add to it 
over time, so that new conditions and alternative pre-
sentations can be included. Lastly, we will share links to 
articles from Review’s archives that give in-depth clinical 
guidance on many of the included diseases and disor-
ders. So, if you see an intriguing photo and would like 
more context, just follow the links for suggested reading.

I would like to thank all the contributors who made 
this atlas possible. � eir experience and expertise shine 
through in every photo.

—Jack Persico, Editor-in-Chief

WITH CONTRIBUTIONS BY

Rodney Bendure, OD, staff  optometrist 
and externship coordinator at Ernest Childers 
Veterans Aff airs Outpatient Clinic in Tulsa, OK. 
He is a fellow of the American Academy of 
Optometry.

Jessica Haynes, OD, consultative optometrist 
at the Charles Retina Institute in Germantown, 
TN, and consulting faculty at Southern College 
of Optometry in Memphis. She is a fellow of 
the American Academy of Optometry. 

Rami Aboumourad, OD, a practicing 
optometrist at Bascom Palmer who specializes 
in comprehensive and emergency eye care. 
He has a passion for detection and early 
identifi cation of ocular disease.

Alison Bozung, OD, currently practices at 
Bascom Palmer where she primarily sees 
patients in the hospital’s 24/7 ophthalmic 
emergency department. She also serves as the 
optometry residency program coordinator. 

Jack Phu, OD, PhD, a clinician-scientist 
holding the positions of lecturer at the 
School of Optometry and Vision Science, 
University of New South Wales, and research 
fellow at Deakin University. 

Christine Sindt, OD, clinical professor of 
ophthalmology and visual sciences at the 
University of Iowa Carver College of Medicine. 
Her areas of expertise include corneal diseases 
and specialty contact lens design.

Jackie Burress, OD, staff  optometrist at the 
Jack C. Montgomery VA Medical Center in 
Muskogee, OK, and an executive member 
of the Oklahoma Association of Optometric 
Physcians Congress Committee.

Mohammad Rafi eetary, OD, consultative 
optometric physician at the Charles Retina 
Institute in Germantown, TN. He is a fellow of 
the American Academy of Optometry and the 
Optometric Retina Society.

Henrietta Wang, BOptom, head of the 
Glaucoma/Neuro-ophthalmology unit at the 
Centre for Eye Health, University of New South 
Wales. Her clinical and research interests lie in 
glaucoma and other optic nerve diseases. 

Additional photos: Aaron Bronner, OD, Greg Caldwell, OD, Paul Karpecki, OD, Stephanie Fromstein, OD, Mitch Ibach, OD, Nate Lighthizer, OD, Irving Martinez-Navé, OD, Suzanne Sherman, OD
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Eyelid issues: 
lumps, bumps and beyond 

A
s primary eyecare providers, op-
tometrists are responsible for the 
evaluation, management and, in 
many cases, the in-office treat-

ment of a wide variety of eyelid lesions. 
Evaluation of the lids and adnexa is an 
important part of any eye exam and for 
us that begins with our initial face-to-
face encounter with the patient. General 
characteristics such as symmetry (both 
inter-eye and intra-eye), skin color, loss 
of lashes, injection, bleeding and crust-
ing are often evident by gross examina-
tion at a normal social distance. 

A thorough slit lamp exam can then 
further inspect any areas of suspected 
pathology. It is important to look at the 
lids both closed and open to fully assess 
for any lesions and observe the apposi-
tion of the lids to the globe. In general, 

it is best to begin your slit lamp exam at 
a low magnification (6.3x or 10x) with a 
broad beam providing diffuse illumina-
tion. The anatomy of the lids, with their 
wide array of tissue and gland types, as 
well as the recognition that eyelid skin 
is typically uncovered and exposed to 
environmental factors such as UV light, 
explains the variety of lumps and bumps 
encountered in optometric practice. 

Documentation of these lesions, 
including measurement of both vertical 
and horizontal meridians, will allow 
the clinician to monitor for growth or 
potential change to malignancy at fu-
ture exams. Lesions chosen for in-office 
removal should be sent for pathologic 
evaluation, as research has shown that 
a small percentage of these that present 
with only benign characteristics are 

indeed cancerous. Those with malignant 
characteristics should be sent to a trust-
ed oculoplastics ophthalmologist famil-
iar with the appropriate comanagement 
of such conditions. When in doubt, it is 
wise to thoroughly document the lesion 
(photographic documentation is quite 
useful), educate the patient on malevo-
lent signs of conversion to malignancy 
and ensure appropriate follow-up for 
clinical re-evaluation.

This section of photos should help 
distinguish eyelid/adnexal conditions 
that may have overlapping characteris-
tics at presentation, as well as showcase 
more abnormal or rare presentations 
of frequent, common conditions. We 
hope to provide you a quick, convenient 
reference for all your eyelid evaluation 
needs! 

While these lesions tend to be benign, the wide array of presentations makes assessment tricky. 
Here’s a visual reference to follow.

E Y E L I D L E S I O N SPhoto Atlas

In junctional nevi, melanocytes proliferate 
in the epidermis at the epidermal-dermal 
border, eventually migrating to the dermis.

Lentigo maligna tend to be flat brown-
to-black macules in older patients. Slow 
growth and irregular borders are typical.

Xanthelasma are plaques filled with 
lipid-laden macrophages. These may be 
surgically removed, but do tend to recur.

Photo: Rodney Bendure, OD, Jackie Burress, OD

Photo: Rodney Bendure, OD, Jackie Burress, OD

Photo: Rodney Bendure, OD, Jackie Burress, OD
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Solar lentigos are evenly hyperpigmented 
macules, while precancerous lesions have 
variable pigment and more irregular borders.

Photos: Rodney Bendure, OD, Jackie Burress, OD

Seborrheic keratoses appear as elevated, pigmented, crusty, greasy, stuck-on plaques. 
While benign, a sudden increase in number or size could indicate a systemic malignancy. 
They develop from intradermal proliferation of basal cells within the epidermis. 

Photo: Rodney Bendure, OD, Jackie Burress, OD

Sebaceous cysts, caused by blocked pilosebaceous follicles containing sebum, are more 
commonly found on lid margin structures such as the gland of Zeis (left) but may rarely 
also occur on the inner canthus, including the caruncle (right).

Photos: Rodney Bendure, OD, Jackie Burress, OD

In posterior blepharitis (left), thick meibum secretions may been seen upon gland 
expression. Poor quality meibum in such patients can also lead to saponification of the lipid 
layer of the tear film. Blepharitis is part of the spectrum of ocular rosacea.

Caruncle squamous papillomas are benign and 
usually asymptomatic. They account for about 
25% of all lesions involving the caruncle.

Photos: University of Iowa

Photo: Rodney Bendure, OD, Jackie Burress, OD

Sebaceous gland carcinoma—a rare, slow-
growing tumor with predilection for the upper 
lid—can be mistaken for internal hordeola.

Photo: Rodney Bendure, OD, Jackie Burress, OD

Ecthyma contagiosum caused by a poxvirus 
(spread from sheep and goats to humans). 
Key differentials are HSV/HZV and tumor.

Photo: University of Iowa

Keratoacanthoma presents as a dome-
shaped nodule with a keratin-filled core on 
sun-exposed skin after age 50.

Eyelid melanomas can present variably, from 
darkly pigmented to amelanotic. They grow 
rapidly, with notable bleeding and ulceration. 

Photo: Rodney Bendure, OD, Jackie Burress, OD

Photo: Rodney Bendure, OD, Jackie Burress, OD
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Eccrine cysts are small, smooth, translucent 
nodules associated with sweat glands. They 
often grow in size during hot, humid weather.

Epidermal inclusion cysts are keratin-filled, 
white or light yellow vacuoles that arise 
from entrapment of epidermal tissue.

Verruca vulgaris (viral wart) is an 
epidermal growth caused by the human 
papilloma virus, typically types VI or XI.

Dacryocystitis is an infection of the 
lacrimal sac, commonly attributed to an 
acquired nasolacrimal duct obstruction.

Cicatricial ectropion, secondary here to 
cutaneous T-cell lymphoma, may lead to 
significant ocular surface exposure.

Spastic entropion is intermittent and may 
only be evident after squeezing the
eyelids closed, as in this patient.

Bassal cell carcinoma, the most common 
skin cancer, often has vascular pearly 
borders. Always assess for lid madarosis.

Dacryoadenitis refers to inflammation of the lacrimal gland. It may be caused by an 
autoimmune condition (i.e., sarcoidosis, Sjögren’s syndrome, IgG4 disease), an infection 
(i.e., Epstein-Barr Virus, adenoviral, bacterial) or can be idiopathic.

Photos: Alison Bozung, OD

Photo: Rodney Bendure, OD, Jackie Burress, OD

Photo: Alison Bozung, OD

Photo: Alison Bozung, OD

Photo: Rodney Bendure, OD, Jackie Burress, OD

E Y E L I D L E S I O N SPhoto Atlas

Photo: Alison Bozung, OD

Photo: Alison Bozung, OD

Photo: Rodney Bendure, OD, Jackie Burress, OD
Photo: University of Iowa

Ocular rosacea, an oft-overlooked serious 
chronic inflammatory condition of the lid 
margins, causing blurred vision and pain.

Photos: left, Nate Lighthizer, OD; right, Greg Caldwell, OD

Chalazion (left) and hordeolum (right) are often confused for each other. Chalazia may 
present with acute inflammation but more often are non-tender. External hordeola involve 
lash follicles, while internal forms are often due to bacterial infection of a meibomian gland.
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The Many Mishaps 
of the Anterior Segment 

“S
tart on the outside and work 
your way in” has been the man-
tra of optometric educators, 
and that includes examina-

tion of the conjunctiva, cornea and 
iris. While it is easy to breeze by these 
structures on the way to the retina, the 
anterior segment holds vital informa-
tion on the well-being of the patient. 
Inflammation, infection and malignancy 
may point to greater systemic concerns, 
as well as sight-threatening disease.

Under low magnification, the bulbar 
conjunctiva/sclera should appear white 
and moist. Non-wetting areas may 
point to exposure, vitamin deficien-
cies, functional eyelid anomalies or 
systemic autoimmune diseases. Color 
changes could reflect liver conditions 
(yellow), ultraviolet/exposure damage 

(pinguecula, yellow), the potential for 
malignancy (primary acquired mela-
nosis, brown; squamous cell carcinoma, 
pink). Dilated vessels, as well as chemo-
sis, indicate inflammation and the root 
cause—such as infection, immune or 
dry eye—should be sought out. 

The papillary conjunctiva should be 
free of inflammation and structural 
changes as well. 

The visual examination of the cornea 
should go from the epithelium to the 
endothelium, as well as scanning the 
limbus 360 degrees. The cornea should 
be free of vessels (deep and superficial), 
infiltrates and foreign body material/
deposits. It should have a uniform 
thickness, without thinning, edema, 
striae, folds or guttae. Additional test-
ing with topography, OCT and specu-

lar microscopy are helpful for closer 
examination and to meet diagnostic 
criteria for many anterior segment 
diseases.

Like the cornea, the iris also benefits 
from both visual and tomographic 
examinations—for instance, to rule 
out neovascular and malignant lesions. 
In addition, gonioscopy is helpful for 
viewing the angle for the eye, which is 
a necessity for glaucoma management, 
post trauma evaluation and tumor 
concerns.

The anterior segment is easy to 
photodocument for comparison and 
communication. In the pages to follow, 
we share dozens of images of the dis-
orders that can befall the structures of 
the anterior segment from a vast array 
of etiologies.

The eye’s first line of defense against external threats is often compromised by infection or injury. 
Systemic conditions frequently also manifest changes here as well.

A N T E R I O R S E G M E N TPhoto Atlas

Limbal stem cell deficiency occurs when 
damage to the limbal niche allows for 
conjunctialization of the cornea.

In arcus senilis, age-related deposition 
of lipids occurs in response to increased 
permeability of limbal blood vessels.

Neurotrophic keratitis, characterized by poor 
epithelial healing and reduced sensation, 
results from damage to corneal nerves.

Photo: Alison Bozung, OD
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Lisch dystrophy produces feathery clusters 
of microcystic epithelial tissue in a whorled 
pattern sweeping centrally from the limbus.

Photos: Mitch Ibach, OD

Epithelial basement membrane dystrophy, considered more of a degenerative condition 
due to its weak genetic association, presents with grayish dots and lines (left image). 
Thickened epithelium may be noted (right image, from a different patient).

Fuchs’ endothelial corneal dystrophy (FECD), a bilateral genetic dystrophy characterized by progressing guttae leading to corneal edema 
and blurred vision. Patients may complain of worse vision in the morning, halos, dry eye and photophobia. In late-stage FECD with chronic 
corneal edema, patients may develop painful bullae.

Photos: University of Iowa
Photo: Aaron Bronner, OD

Lattice dystrophy represents deposition of amyloid in the anterior stroma, which forms a 
characteristic branching linear pattern. Most cases are inherited as an autosomal dominant 
trait (type I), but a rarer form arises from systemic amyloidosis (type II).

Photos: left – Paul Karpecki, OD; right – University of Iowa

In granular dystrophy type I (left), hyaline deposits form in the anterior stroma, eventually 
becoming more confluent as it progresses. Type II or Avellino dystrophy (right) also features 
lattice-like lesions of the mid-posterior stroma; however, these branches do not cross.

Reis-Bucklers causes reticular opacities in 
Bowman’s that become less discrete over 
time, later extending into the stroma.

Photo: Stephanie Fromstein, OD

Photo: Mitch Ibach, OD

Photo: University of Iowa

Schnyder’s dystrophy presents in the 
first decade of life with central disciform 
opacities often surrounded by a dense arcus.

Photo: Suzanne Sherman, OD
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Terrien’s marginal degeneration is a progressive peripheral corneal disorder characterized by a paucity of inflammation in the setting of 
painless corneal thinning. Most patients have superior thinning with stromal lipid deposition and an overlying intact epithelium. 
Patients often develop high corneal astigmatism and may develop complications such as corneal perforation.

In keratoconus, thinning of the cornea 
produces anterior bulging in a conical form, 
sometimes visible on gross examination.

Acute corneal hydrops occurs when a break 
in Descemet’s membrane allows for stromal 
edema, seen here in keratoconus.

Mooren’s ulcer, a circumferential corneal 
thinning near the limbus caused by 
immune-mediated eye disease.

Exposure keratopathy in this case resulted 
from a severe surgically induced cicatricial 
ectropion.

Graft-vs-host disease in an allogenic bone 
marrow stem cell recipient with immune-
mediated destruction of the ocular surface.

Verticillata from amiodarone use. Deposits 
form in the inferior corneal basal epithelium 
and branch out from a central whorl.

HSV keratouveitis is an uncommon but 
severe manifestation of corneal herpetic 
disease.

Dellen is a form of localized corneal thinning caused by desiccation. The condition is most 
commonly associated with contact lens wear or conjunctival masses, which disrupt the 
normal tear film.

Photo: University of Iowa

Photo: Irving Martinez-Navé, OD

Photo: Aaron Bronner, OD

Photo: Alison Bozung, OD

Photo: Alison Bozung, OD
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In filamentary keratitis, strands composed 
of epithelium, mucus and cellular debris 
form secondary to dessication.

Photos: Alison Bozung, OD

Epithelial (left) and interstitial (right) HSV keratitis. Herpes simplex can take on many 
forms in the cornea including (but not limited to) classic “dendrites” as seen on the left 
image, stromal vascularization seen on the right and endotheliitis with corneal edema.

Photo: University of Iowa

Microbial keratitis viewed with white light (left) and fluorescein (right). In such cases, look 
for signs of a serious pathogen, including an infiltrate >1mm, presence of two or more 
lesions, central location, anterior chamber reaction and feathery borders.

This case of marginal keratitis has 
peripheral infiltrates with largely intact 
epithelium in a patient with blepharitis.

Photo: University of Iowa

Photo: Alison Bozung, OD

Fusarium ulcer. Consider the potential for 
fungal keratitis whenever multiple lesions 
are present.

Photo: University of Iowa

Acanthamoeba keratitis. Consider a possible diagnosis of AK in any case where the pain 
out weighs the symptoms. AK often presents as diffuse punctate keratitis days or weeks 
before appearance of the classis stromal ring. 

Photo: University of Iowa

Pseudomonas keratitis (left) with hypopyon (right). This gram-negative pathogen often 
associated with contact lens wear presents with a ring of polymorphonuclear neutrophils 
around a central lesion.

Peripheral ulcerative keratitis is an 
inflammation of the peripheral cornea with 
destruction of the epithelium and stroma.

Photo: Suzanne Sherman, OD

Photo: University of Iowa
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A N T E R I O R S E G M E N TPhoto Atlas

Pyogenic granuloma is a rapidly growing 
tissue hypertrophy secondary to an 
inflammatory agent.

Follicular conjunctivitis is an immunogenic 
activation of lymphoid follicles associated 
with many pathogens, drugs and allergies.

Conjunctival cysts are harmless, painless 
fluid-filled vacuoles found on the ocular 
conjunctiva.

Giant papillary conjunctivitis is on the 
decline thanks to daily disposable contact 
lens use, but can manifest in allergy cases.

Subconjunctival hemorrhage is a benign 
finding of trapped blood commonly from 
Valsalva maneuvers or anticoagulant use.

Scleral thinning in HSV scleritis. Differential 
includes congenital/degenerative diseases, 
immunocompromise, infection abnd trauma.

Gonorrhea conjunctivitis is a hyper-
purulent conjunctivitis with rapid onset. 
Patients require systemic treatment.

Cobblestone-like papillae (left) are a hallmark of vernal keratoconjunctivitis. This teenage 
patient endorsed intense itching and ocular discomfort. The patient also had developed a 
small shield ulcer and had small Horner-Trantas dots visible at the limbus (right).

Photos: Alison Bozung, OD

Photo: University of Iowa

Photos: Alison Bozung, OD

Photo: University of Iowa

Photo: University of Iowa

Photo: University of Iowa

Photo: University of Iowa

Photo: University of Iowa

Pinguecula results from normal collagen 
replacement by thicker fibers when 
exposed to dryness and UV light.

Pterygium, also a response to UV light 
exposure, shows fibrovascular tissue 
crossing the limbal border onto the cornea.

Limbal dermoids are benign tumors that 
histologically may contain connective tissue, 
skin, fat, hair follicles and sweat glands.

Photo: University of Iowa

Photo: University of Iowa

Photo: University of Iowa
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Ocular surface squamous neoplasia (OSSN) is an umbrella term for an array of abnormal growths, and lacks well-defined characteristics 
as a result. The left photo shows a case of leukoplakic OSSN at the limbus. The center and right images show opalescent, flat corneal 
lesions. The AS-OCT highlights abrupt transitions between normal and irregular epithelium despite lacking significant thickness.

Photos: Alison Bozung, OD

Severe conjunctival chemosis experienced 
by a burn victim who recevied copious fluid 
administration.

Photo: University of Iowa

At left, adherence of the bulbar and palpebral conjunctivae, or symblepharon, in a 
patient who would later be diagnosed with ocular cicatricial pemphigoid. At right, severe 
symblepharon in an advanced case of ectodermal dysplasia.

Fireworks may cause globe rupture, 
chemical or thermal burns as well as 
corneal abrasion and retinal detachments.

Photo: University of Iowa

Photos: Alison Bozung, OD

Red, painful eyes in a Stevens-Johnson syndrome drug reaction. There is inflammatory epithelial sloughing along the mucous membranes, 
including the mucocutaneous lid margins and bulbar conjunctiva. SJS may cause blindness due to ocular surface scarring and must be treated 
aggressively. Cases with more extensive systemic/skin involvement are considered toxic epidermal necrolysis, a condition that can be fatal.

Photos: Alison Bozung, OD

Seen here is a conjunctival melanoma. 
Often, large feeder vessels will surround 
the pigmented area.

Amelanotic melanoma, a rare subtype of 
melanoma where the melanocytes fail to 
produce melanin.

Photo: University of Iowa

Photo: University of Iowa
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A N T E R I O R S E G M E N TPhoto Atlas

Iris sphincter tears from blunt trauma may 
cause an irregular pupillary margin and 
permanent dilation.

In iridodialysis, the iris separates from the 
scleral spur. This patient was involved in a 
motor vehicle accident.

Traumatic pupil represents a traumatic 
mydriasis that occurs in response to blunt 
force trauma.

Development of angle recession following 
blunt ocular trauma may cause glaucoma 
days or years after the injury.

Keratic precipitates in iridocyclitis are 
polymorphonuclear cells and lymphocytes 
located on the corneal endothelium.

Though usually considered benign, iris 
melanocytosis carries an increased lifetime 
risk for melanoma.

Ectropion uvea may be acquired or 
congenital. Acquired cases may rise from 
inflammation, ischemia or neoplasm.

Rubeosis iridis requires careful evaluation to detect, as it may present very subtly, often 
initially at the pupillary margin. Gonioscopy may detect neovascularization in the angle. 
IVFA of the iris may be helpful to show hyperfluoresecence from the irregular vasculature.

Photos: Mohammad Rafieetary, OD

Photo: Alison Bozung, OD

Photo: University of Iowa

Photo: University of Iowa

Photo: Alison Bozung, OD

Photo: University of Iowa

Photo: University of Iowa

Photo: University of Iowa

Epidemic keratoconjunctivitis is often seen 
with pseudomembranes (stained with 
NaFl here) and subepithelial infiltrates.

Nevus of Ota (also called oculodermal melanosis) is a congenital hyperpigmentation of 
the sclera. The condition is usually benign but it may have a malignant transformation. 
Increased suspicion for eventual glaucoma development in these cases is also appropriate.

Photo: Alison Bozung, OD

Photos: University of Iowa
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Navigate the Retinal 
Landscape with confidence

A
lterations of the retina can be 
caused by a wide variety of etiol-
ogies, ranging from benign find-
ings to sight- or life-threatening 

pathologies, making it extremely im-
portant to make an accurate diagnosis. 
When examining the retina, dilation is 
often crucial as it allows for evaluation 
of more peripheral structures and the 
ability to obtain a steady stereoscopic 
view. Multiple fundus lenses are used to 
view the retina, including both contact 
and non-contact lenses, as well as tech-
niques such as scleral depression, use 
of adjunct filters and exam techniques 
such as the Watzke-Allen sign. It is 
important to use the tools necessary to 
properly evaluate the retina clinically as 
you move towards ordering additional 
imaging. 

Multiple options now exist for 
imaging the retina as well, with each 
technology giving a unique insight into 
the retina’s structure. These include 
optical coherence tomography (OCT), 
OCT-angiography (OCT-A), fundus 
autofluorescence (FAF), fluorescein 
angiography (FA), indocyanine green 
angiography (ICGA) and multispectral 
imaging. 

While some conditions can be ac-
curately diagnosed and managed with 
fundus evaluation alone, others may be 
best visualized with advanced retinal 
imaging and some may require simul-
taneous use of multiple types (multi-
modal imaging) to arrive at an accurate 
diagnosis. Nevertheless, it is important 
to begin with a proper case history and 
clinical examination, first considering 

the patient’s complaints and demo-
graphics before moving forward with 
ordering retinal imaging. It is then cru-
cial to accurately interpret the imaging 
obtained to arrive at a proper diagnosis. 

Primary care ODs with young, 
healthy patients may lack routine 
exposure to some of the retina’s more 
exotic findings. The following section 
provides sample images of an array of 
retinal pathologies as they are seen both 
clinically and when imaging is used. It 
is important to keep in mind that the 
same condition can have a variety of 
presentations that may not be entirely 
captured by the sample image.  

The online version of this article will 
include additional photos and more 
detailed captions for many of the con-
ditions presented here. 

The delicate anatomy here is prone to disruption in countless ways, including systemic and localized disease 
processes, trauma, congenital malformations, drug reactions and more. 

R E T I N APhoto Atlas

Central serous chorioretinopathy showing a 
well-demarcated area of subretinal fluid in 
the superior macula and involving the fovea. 

Photo: Rami Aboumourad, OD

Retinal astrocytic hamartomas showing typical appearance of elevated, globular, yellow-
white nodules. These lesions arise from glial tissue and will hyperautofluoresce once 
calcified. OCT shows characteristic “moth-eaten” or optically empty hyporeflective spaces.

Photos: Rami Aboumourad, OD
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Cytomegalovirus retinitis with classic 
frosted branch angiitis—yellow lesions 
surrounding blood vessels.

Photos: Mohammad Rafieetary, OD

Chorodial hemangiomas are vascular tumors of the choroid that often appear as orange 
elevated choroidal masses. On IVFA, their most distinguishing characteristic is early lacy 
hyperfluorescence that continues to leak with time. 

A full-thickness macular hole may appear as a round, reddish foveal lesion. The patient may also present with scotomas, metamorphopsia 
or decreased acuity. OCT is invaluable in confirming FTMH. There will be a gap in the entirety of the neurosensory retina. Lamellar hole 
(right), by contrast, consists of an irregular foveal contour and separation of inner and outer retinal layers without a full-thickness break.

Photos: Jessica Haynes, OD
Photos: Mohammad Rafieetary, OD

Macular telangiectasia. The telangiectatic vessels are unique because they make abrupt 
right angles. The OCT shows abrupt inner-retinal atrophy and cavitation with ILM-draping 
temporal to the fovea. There is also disruption in the IS/OS line temporal to the fovea.

Photos: Rami Aboumourad, OD

Deep, yellow oval-shaped birdshot lesions radiating from the disc. These classic choroidal 
lesions may not appear initially during the course of the disease and patients may first 
present with non-specific symptoms such as photopsias, floaters and nyctalopia. 

Photo shows 90° of circumferential 
midperipheral lattice retinal degeneration 
with atrophic holes and some pigmentation.

Photos: Jessica Haynes, OD

Photo: Rami Aboumourad, OD

A macula-on rhegmatogenous detachment. 
The causative break is a horseshoe tear at 11 
o’clock but others can be seen at 8, 9 & 10.

Photo: Rami Aboumourad, OD
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OCT of a patient with Vogt-Koyanagi-Harada syndrome—a rare granulomatous autoimmune 
disease and cause of noninfectious uveitis—showing extensive bacillary layer detachment 
involving the fovea with eccentric subretinal fluid present.

As neovascularization becomes fibrosed, 
it contracts and lifts the retina, causing 
tractional retinal detachment.

Photo: Jessica Haynes, OD

Intermediate AMD is defined by presence of large drusen (>125µm) and/or pigmentary 
changes. On OCT, drusen are typically moderately reflective deposits that sit under the RPE; 
however, some will have irregular reflectivity. Reticular pseudodrusen sit on top of the RPE.

Photos: Jessica Haynes, OD

Commotio retinae results from blunt trauma, 
causing transient damage that appears as 
areas of whitening or opacification.

Photo: University of Iowa
R E T I N APhoto Atlas

Photo: Rami Aboumourad, OD

Choroidal nevi are benign tumors that present as pigmented lesions and may have overlying 
drusen. A green filter may help distinguish choroidal nevi from CHRPE. When a red filter is 
applied, choroidal nevi will become much less visible, whereas CHRPE will still be visible.

CHRPE are congenital benign lesions of the 
RPE. They are flat on clinical examination 
and do not disappear with a green filter.

Photo: Jessica Haynes, OD

Photos: Jessica Haynes, OD

Advanced dry AMD with drusen, RPE changes and geographic atrophy. Note the absence of 
any subretinal or sub-RPE hemorrhage on fundus exam. FAF imaging (right) shows foci of 
hypoautofluorescence lesions with scattered hyperautofluorescence throughout the macula.

Photos: Rami Aboumourad, OD

Early AMD is typically defined as having 
small to medium drusen, with no large 
drusen or pigmentary changes.

Photo: Jessica Haynes, OD
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Photos: Jessica Haynes, OD

IRMA are small, telangiectatic vessels that form from damaged capillary beds. It is very easy 
to overlook and can be difficult to distinguish from NVE. On OCT-A, IRMA will be present in 
the superficial or deep capillary plexi while NVE will be present on the vitreoretinal interface. 

Venous beading (blue arrows). This finding 
in two quadrants meets the criteria for the 
4-2-1 rule for severe NPDR.

Photo: Jessica Haynes, OD

Acute CRAO with diffuse macular whitening and a cherry red spot. The fovea remains 
perfused by the underlying choriocapillaris and is surrounded by ischemic (white) retina. It 
is important to inquire regarding symptoms of giant cell arteritis when no embolus is found.

BRVO, intraretinal hemorrhaging and cotton 
wool spots. Check patients for arteriovenous 
nicking, venous dilation and tortuosity.

Photo: Rami Aboumourad, OD

Photo: Rami Aboumourad, OD

A patient with exudative AMD. The blue arrow on the fundus photo points towards exudate—a clinical clue that choroidal neovascularization 
could be present. On OCT, there is a pigment epithelial detachment with overlying subretinal hyperreflective material (green arrow), 
intraretinal fluid (red arrow) and subretinal fluid (yellow arrow)—all suggestive of CNV.

Photos: Jessica Haynes, OD

CRVO presents with 360° tortuous retinal 
veins and hemorrhages; however, there can 
be various levels of hemorrhaging present. 

Photo: Jessica Haynes, OD

Macular edema secondary to CRVO with macular thickening and intraretinal and subretinal 
fluid. Macular edema is a common complication of retinal vein occlusions that can lead to 
decreased acuity. On clinical examination, good stereopsis may help reveal the thickening.

Photo: Jessica Haynes, OD
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R E T I N APhoto Atlas

Two horseshoe retinal tears within an area of 
lattice degeneration. These patients require 
careful scleral depressed examination.

Peripheral retinoschisis most often occurs 
temporally, superior temporally or inferior 
temporal, and is most often bilateral.

Cystic retinal tufts often present as localized, fluffy white lesions in the peripheral retina. 
They may have associated RPE hyperplasia and be pigmented as well. On OCT, retinal tufts 
will show areas of vitreous adhesion to the retinal surface.

Photos: Mohammad Rafieetary, OD

Photo: Rami Aboumourad, OD
Photo: Mohammad Rafieetary, OD

Coats disease’s most striking findings are large areas of exudation 
and irregular, telangiectatic vessels or aneurysms. It most 
commonly presents unilaterally in young male patients.

OCT of vitreomacular traction will show a lifting of the posterior 
vitreous hyaloid with residual attachments to the macula that 
distort retinal anatomy. This traction may result in cystic spaces.

Photo: Mohammad Rafieetary, OD

Photo: Mohammad Rafieetary, OD

Fundus photo of cystoid macular edema (left) showing a thickened and somewhat striated 
appearance to the macula. OCT scan of the patient (right) shows intraretinal cysts (fluid) 
and subretinal fluid.

Photos: Rami Aboumourad, OD

Severe NPDR shows significant dot-blot 
hemorrhaging in all four quadrants, venous 
beading and multifocal IRMA in all quadrants.

Photo: Rami Aboumourad, OD

Choroidal detachments or effusions occur when there is accumulation of fluid or blood in 
the suprachoroidal space due to hypotony (as in this patient), inflammation, metastasis or 
choroidal effusion syndrome. They are typically large, round, elevated, opaque lesions.

Photos: Jessica Haynes, OD



Widefield fundus photo of proliferative diabetic retinopathy (left) in a patient with vitreous, preretinal and intraretinal hemorrhaging, as well 
as multifocal fronds of retinal neovascularization. Fluorescein angiogram of the same patient (right) shows multifocal leakage consistent with 
neovascularization, IRMA, microaneurysms and peripheral capillary non-perfusion inferonasally.

Photos: Rami Aboumourad, OD

Acute BRAO with sectoral retinal whitening 
of the superotemporal quadrant. No 
embolus is visible on clinical exam.

Photo: Rami Aboumourad, OD

In RAP, abnormal vasculature proliferates 
from the retinal circulation and progresses 
posteriorly into the subretinal space.

Photos: Alison Bozung, OD

Sarcoidosis-associated panuveitis may present, as in this case, with scattered yellow 
lesions and vitritis. ICG is helpful to assess choroidal involvement, seen here as scattered 
hypocyanescent lesions more numerous than those seen on the dilated fundus exam.

Photo: Mohammad Rafieetary, OD

Stage 4 hypertensive retinopathy can present with bilateral disc edema, hemorrhages, cotton 
wool spots and exudates. It is imperative to identify this ocular emergency by checking the 
blood pressure. This presentation along with a severely elevated BP requires an ER referral.

Photos: Jessica Haynes, OD

Myopic traction maculopathy leads to a 
splitting of retinal layers in the macular 
region. It is best visualized using OCT.

Cirrus OCT of an epiretinal membrane shows the presence of a preretinal hyperreflective 
membrane, inducing retinal traction and alteration of typical foveal architecture. The 
macular thickness map is particularly helpful for monitoring these patients over time.

Photos: Rami Aboumourad, OD

Photo: Mohammad Rafieetary, OD
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R E T I N APhoto Atlas

This choroidal melanoma presents as an elevated lesion with overlying orange pigment. A dilated exam with good stereopsis will help 
determine elevation. OCT is very useful to demonstrate the finding of subretinal fluid. On ultrasound, the melanoma measures over 5mm 
thick with ultrasonographic hollowness. Thickness >2mm is a risk that a lesion is in fact a choroidal melanoma, as is ultrasound hollowness.

Photos: Jessica Haynes, OD

Widefield fundus photo of a retinitis pigmentosa patient showing extensive retinal pigmentary changes (bone spicules) with a central 
island of remaining fovea. Of note, the optic nerve does not appear pale. The OCT scan shows a central foveal island of remaining IS/OS 
with otherwise diffuse outer-retinal and RPE atrophy.

Photos: Rami Aboumourad, OD

Stargardt’s disease is the most common inherited macular dystrophy. The fundus photo shows the classic beaten bronze appearance of the 
macula with accompanying yellow deposits. OCT shows loss of outer retinal layers, including a loss of the photoreceptor integrity line. FAF 
demonstrates a bull’s-eye pattern of hypoautofluoresence in areas of RPE atrophy and surrounding hyperautofluorescent pisciform lesions.

Photos: Jessica Haynes, OD

Adult-onset vitelliform dystrophy is characterized by bilateral round, yellow lesions that present in adulthood and can easily be mistaken 
for choroidal neovascularizations. On FAF, these often appear hyperautofluorescent. On OCT, they present as hyperreflective mounds 
between the RPE and PIL. Patients often maintain reasonable visual acuity unless they develop CNV or photoreceptor atrophy.

Photos: Jessica Haynes, OD
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assessing the Optic Nerve

S
ight, a remarkable sensation, in-
volves a complex journey of light 
through the tear film, anterior 
chamber, pupil, crystalline lens 

and vitreous, followed by processing in 
the retina. While the interplay of these 
components is crucial for vision, the 
optic nerve holds an especially pivotal 
role in transmitting visual messages to 
the brain. 

Often associated with glaucoma, the 
problems of the optic nerve encom-
pass a broader spectrum of conditions 
beyond this common perception. 
Numerous conditions—ranging from 
congenital diseases like coloboma to 
toxic neuropathies, neurodegenerative 
diseases and ocular systemic disorders—
affect the optic nerve’s structure and 
function. 

The physical examination of the optic 
nerve, which has always been a critical 
part of an eye exam, has its limitations, 
primarily as we are confined to the 
observable optic nerve head. However, 
there are several functional and structur-
al tests, including various photographic 
techniques and OCT, that can aid us in 
assessing the function of the optic nerve 
and in differential disease diagnosis.

The stakes tend to be high with these conditions, and advanced imaging often plays a decisive role.

O P T I C N E R V EPhoto Atlas

Leber’s hereditary optic neuropathy begins 
unilaterally but rapidly involves the fellow eye. 
Patients develop painless central scotomas.

Left image is giant cell arteritis with arteritic anterior ischemic optic neuropathy (AAION). 
For more, see p. 58. The non-arteritic form of AION (NAION, at right) is most common in 
those with a history of cardiovascular disease, sleep apnea and/or minimal optic nerve cupping.
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Neuroretinitis is defined as inflammation or swelling of the anterior optic nerve and the 
macula. It has a wide range of etiologies from infectious to idiopathic, with cat scratch disease 
being the most common infectious cause. This patient also has a partial macular star forming.

Photos: Jessica Haynes, OD

IIH typically presents with bilateral disc 
edema, transient visual obscurations, 
headaches and pulsatile tinnitus.

Photo: Alison Bozung, OD
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This patient with right retrobulbar optic neuritis presented with subacute vision loss 
and pain on eye movement. An MRI brain revealed periventricular white matter lesions, 
suggestive of a demyelinating disease. 

Photos: Alison Bozung, OD

Bilateral extensive intraorbital optic nerve 
enhancement in myelin oligodendrocyte 
glycoprotein–associated optic neuropathy. 

Photo: Alison Bozung, OD

Morning glory disc, a malformation in the 
spectrum of optic nerve coloboma, with 
straight vessels radiating from the disc.

Photo: Mohammad Rafieetary, OD

Papilledema may lead to elevation of the 
neuroretinal rim, indistinct disc margins, 
hemorrhages and Paton’s lines.

This patient has optic atrophy and resultant 
disc pallor. It represents irreversible 
damage to the ganglion cell axons.

Photo: Mohammad Rafieetary, OD
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Optic disc drusen are proteinaceous deposits that become calcified with age. They can be buried or superficial. More superficial and calcified 
disc drusen are hyperautofluoresecent as seen in the FAF image at left. They may be visible clinically as seen fundus photo (center). On OCT 
cross section scan (right), they may be visualized as internally hyporeflective lesions with a patchy/bumpy hyperreflective border. 

Photos: Jessica Haynes, OD

Optic nerve melanocytomas are rare, benign, deeply pigmented lesions. They are often distinguished by clinical appearance alone, which is 
quite striking, but additional testing could help differentiate them from other pigmented lesions. OCT of optic nerve melanonyctoma shows 
elevated lesion with dense superficial hyperreflectivity and posterior shadowing. On FAF, the melanocytoma is hypoautofluorescent.

Photos: Mohammad Rafieetary, OD
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D
espite advancements in ocular 
imaging over the past decade, 
there is no single parameter 
used for glaucoma diagnosis. 

Currently, it is usually made using 
a Bayesian approach whereby 
various components of a glaucoma 
examination such as intraocular 
pressure (IOP), visual � eld testing 
and structural assessment uniquely 
contribute to the diagnostic decision.1

As such, the presentation of glaucoma 
and its physical manifestations can 
be diverse. � is article will walk 
readers through the range of structural 
� ndings across the glaucoma spectrum 
using an illustrative approach and 
will also cover the pathophysiology of 
structural glaucomatous features.

Anterior Segment Examination
� ere are several conditions in this 
area that range from narrow angles to 
secondary conditions that can give rise to 
an increase in IOP. � is section describes 
their key clinical features associated with 
glaucoma. 

Angle closure spectrum disease. � e 
� rst and arguably most important aspect 
of the anterior segment examination 
is to di� erentiate between open- and 
closed-angle disease.2 Most patients with 
angle closure disease require immediate 
intervention to control IOPs and man-
age acute symptoms to prevent vision 
loss.3

Angle closure spectrum disease can 
be divided into primary and second-
ary.4 Pupillary blocks account for the 
majority of primary angle closure 
disease.5,6 In pupillary block, there is an 
increased pressure gradient that causes 
anterior bowing of the peripheral iris 
and subsequently iridotrabecular contact, 

preventing aqueous out� ow through 
the trabecular meshwork.6 In secondary 
angle closure, which typically presents 
more unilaterally compared to primary 
angle closure, iridotrabecular contact 
arises from other sources, such as ectopia 
lentis or neovascularization.7 Secondary 
angle closure may require di� erent treat-
ments than primary angle closure, thus it 
is important for clinicians to distinguish 
between the two.8,9

Although slit lamp examination is not 
diagnostic for angle closure spectrum 
disease, it can be used to assess for fea-
tures associated with acute angle closure 
attacks. Depending on the IOP and 
duration of angle closure, ocular signs 
may include conjunctival hyperemia, cor-
neal edema, a � xed iris and/or anterior 
chamber in� ammation. Clinicians need 
to assess the anterior segment carefully 
for these signs and exclude other condi-
tions such as neovascular glaucoma that 
may share some these features. 

The Physical Manifestations of 
Glaucoma and What They Signify

Understanding the range of structural fi ndings associated with this condition 
is key to effective management.

Dr. Wang is the head of Glaucoma/Neuro-ophthalmology unit at the Centre for Eye Health (UNSW). She received numerous clinical and academic awards during her 
undergraduate optometry degree, including a research scholarship for her work in the Retinal Networks Laboratory. Her clinical and research interests lie in the diagnosis 
as well as management of glaucoma and other optic nerve diseases. Dr. Phu is a clinician-scientist, holding the positions of lecturer at the School of Optometry and Vision 
Science, UNSW, and research fellow at Deakin University. His clinical, teaching and research activities are devoted almost exclusively to the understanding and care of 
patients with glaucoma and angle closure disease.

About the 
authors

Earn 2 CE Credits
(COPE APPROVED)

By Henrietta Wang, BOptom, 
MPH, and Jack Phu, OD, PhD 

Kensington, NSW, 
Australia

PEER REVIEWEDOptometric Study Center S T R U CT U R A L F I N D I N G S I N  G L A U C O M A

By Henrietta Wang, BOptom, 
MPH, and Jack Phu, OD, P

Kensington, NSW, 
Australia



JANUARY 15, 2024 | REVIEW OF OPTOMETRY 47

While slit lamp examination can also 
be used to screen patients for narrow 
angles using the techniques such as van 
Herick estimation or anterior-segment 
optical coherence tomography (AS-
OCT), gonioscopy remains the gold 
standard in staging and guiding manage-
ment of angle closure.9 The classifica-
tion and management for angle closure 
spectrum disease is summarized in Table 

1. Gonioscopy should be performed 
both in primary gaze and with off-axis 
viewing or lens tilt. This allows for the 
differentiation between pseudo and 
true iridotrabecular contact in instances 
where the pigmented trabecular mesh-
work cannot be visualized in primary 
gaze. In patients with iridotrabecular 
contact, the next step of the gonioscop-
ic examination is to assess for the pres-
ence or absence of synechiae. This is 
performed through indentation using 
the goniolens. In areas where the angle 
does not deepen with indentation, this 
is suggestive of synechial closure. An 
example of circumferential synechial 

closure is shown in Figure 1. 
Peripheral anterior synechiae devel-

ops from prolonged contact between 
the trabecular meshwork and iris. On 
gonioscopy, iris imprinting manifests 
as focal patchy pigmentation on the 
trabecular meshwork.10 This can be used 
to identify areas at risk of developing 
synechiae as the pigment in this area is 

thought to arise from intermittent touch 
between the trabecular meshwork and 
iris. Synechiae can develop in both broad 
and focal patterns. Interestingly, while 
the most common location for broad 
synechiae to develop is the superior quad-
rant, focal synechiae have no predilection 
for specific locations or clock hours.11 The 
amount of IOP elevation corresponds to 
the extent of synechiae.11 Clinical trials 
often deem one clock hour of synechiae 
as significant, but in clinical practice, IOP 
is also dependent on other factors and 
the functionality of the remaining non-
occluded angle.

Secondary conditions. Although 
secondary glaucomas only account for 
approximately one-fifth of the glaucoma 
population, much like closed-angle 
glaucomas, they are associated with 
poorer visual outcomes, higher IOPs 
and more advanced disease at the time 
of diagnosis.12 Given that the type of 
glaucoma has implications to guide 
intervention selection, optometrists must 
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Fig. 1. (A) Narrow van Herick angle estimation of 0.1:1. (B) Gonioscopy with no angles 
visible in primary gaze without indentation (top) with deepening as well as increased 
visibility of angle structures with associated corneal stress lines on indentation (bottom). 
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closure attack. (E) Focal peripheral anterior synechiae in a patient with a history of an 
acute angle closure attack following clear lens extraction. 
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be able to recognize relevant clinical 
signs and accurately diagnose secondary 
conditions. In this section, we will cover 
features in conditions such as pigment 
dispersion syndrome, pseudoexfoliation 
syndrome, blunt ocular trauma, 
anterior segment neovascularization 
and inflammation. A summary of the 
common presenting features of each 
condition is summarized in Table 2. 

Pigment dispersion 
syndrome (PDS) is char-
acterized by abnormal 
liberation of pigment from 
the posterior iris pigment 
epithelium and resultant 
deposition of pigment on 
ocular structures such as the 
trabecular meshwork, cor-
neal endothelium and the 
anterior chamber. Deposi-
tion of pigment within the 
trabecular meshwork can 
result in an increase in IOP 

and subsequent development of glauco-
ma. Anatomically, posterior bowing of the 
peripheral iris is thought to give rise to 
increased mechanical friction between the 
peripheral iris and anterior lens zonule 
bundles.13

Active PDS most commonly pres-
ents with three classical signs: pigment 
deposition on the corneal endothelium 
in a spindle-like pattern, mid-peripheral 

radial iris transillumination defects and 
homogenously increased pigmentation 
of the trabecular meshwork. The clinical 
presentation may vary based on race.14,15 
For example, in populations with more 
pigmented irises, it is less common to 
see mid-peripheral iris transillumination 
defects due to a greater iris thickness.15 In 
these patients, clinicians should instead 
look for the presence of peripheral iris 
bowing, Krukenberg’s spindle or ra-
dial lenticular pigmentation to reliably 
diagnose PDS. Other clinical features 
can include: the presence of long anterior 
lens zonules, pigment showers, anisocoria, 
heterochromia and deposition of pig-
mentation on the anterior and posterior 
surface of the crystalline lens.16

In addition to assisting in the diagnosis 
of PDS, careful gonioscopic examination 
of the trabecular meshwork can also help 
with disease prognostication. Glaucoma 
disease severity has been shown to corre-
late with the intensity of trabecular mesh-

work pigmentation whereby 
a heavier degree of pigmenta-
tion is associated with more 
advanced disease.17 While AS-
OCT is not able to visualize 
the majority of PDS features, it 
may be useful in characterizing 
the iris-lens relationship to 
assess for peripheral iris bowing, 
similar to traditional ultrasound 
biomicroscopy.18 The clinical 
features associated with PDS 
are shown in Figure 2. 

As pigment liberation is de-
pendent on contact between the 
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Fig. 2. (A) AS-OCT of a normal (top) and posteriorly bowed iris configuration 
in a patient with PDS (bottom) with contact between the mid-peripheral iris 
and anterior lens surface. (B) Retroillumination technique highlights mid-
peripheral iris transillumination defects. (C) Endothelial pigment deposition 
(also known as Krukenberg’s spindle). The flow of aqueous convection 
currents results in denser central deposition, which gives rise to the spindle-
like pattern. (D) Dense homogenous increased pigmentation within the angle, 
particularly along the trabecular meshwork and anterior to Schwalbe’s line 
(also known as Sampaolesi’s line). In active PDS, all four quadrants will have 
a similar extent of pigmentation. There is also posterior bowing of the iris 
profile. (E) Long anterior lens zonules (LAZs) with associated pigmentation. 
In PDS, the anterior lens zonules are more centrally located on the lens 
capsule and often appear pigmented due to contact with the posterior iris 
surface. (F) An example of “pigment reversal sign” in burnt out PDS, where 
the inferior angle appears less densely pigmented (top) compared with the 
superior angle (bottom). This is considered to be a sign of inactive disease. 

TABLE 1. CLASSIFICATION AND MANAGEMENT FOR ANGLE CLOSURE SPECTRUM DISEASE

Gonioscopy findings Diagnosis Recommended management

No iridotrabecular contact in any quadrant Open angles Continue routine optometric review

Iridotrabecular contact in two or fewer quadrants Narrow but non-occludable angles Review annually

Iridotrabecular contact in more than two quadrants 
BUT IOP/ONH/VF all normal without signs of PAS

Primary angle closure suspect Consider prophylactic LPI

Iridotrabecular contact in more than two quadrants 
with elevated IOP or PAS is present BUT no glaucoma

Primary angle closure Prophylactic LPI and consider glaucoma 
treatment to lower IOP if needed

Iridotrabecular contact in more than two quadrants 
with elevated IOP or PAS and glaucoma present

Primary angle closure glaucoma Prophylactic LPI and glaucoma 
treatment 

Abbreviations: PAS = peripheral anterior synechiae, ONH = optic nerve head, VF = visual field, LPI = laser peripheral iridotomy

Adapted from Emanuel ME, Parrish RK 2nd, Gedde SJ. Evidence-based management of primary angle closure glaucoma. Curr Opin Ophthalmol. 2014;25(2):89-92.
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peripheral iris and lens zonules, changes 
to this configuration associated with age 
can lead to disease inactivity, known as 
the “burnout phase.”19,20 This manifests 
with “filling in” of iris transillumination 
defects secondary to migration of iris 
pigment epithelial cells from adjacent 
areas.19,20 Gonioscopy reveals “pigment 
reversal sign” whereby the superior angle 
appears more heavily pigmented when 
compared to the inferior angle (Figure 
2).19,20 This disparity between the superior 
and inferior angles is thought to arise 
from more rapid removal of pigment 
from the trabecular meshwork in the in-
ferior angles due to the direction of aque-
ous convection currents. It is important to 
be able to differentiate between active and 
burnt out PDS given the implications for 
treatment intensity. 

Pseudoexfoliation (PXF) syndrome is a 
systemic condition primarily affecting 
ocular structures through the deposition 
of white extracellular fibril material on 
various ocular structures.21 The primary 
sites of deposition include: the trabecu-
lar meshwork, corneal endothelium 
anterior chamber, anterior lens capsule 
as well as pupillary margin and anterior 
iris surface.22 The accumulation of PXF 
material with the trabecular meshwork 
results in focal collapse of Schlemm’s 
canal, subsequently reducing aqueous 
outflow facilities and increasing IOP.23 
Patients with PXF glaucoma may require 
a more aggressive approach to treatment 
as they have a poorer response to topical 
therapies and often require surgical inter-
vention to sufficiently control IOP. 

Anterior segment examination will 
reveal the following constellation of fea-
tures: PXF material on the anterior lens 
capsule in a bull’s-eye pattern as well as 
on the pupillary margin, patchy increased 
pigmentation of the trabecular meshwork 
and peripupillary iris transillumination 
defects. The bull’s-eye pattern on the 
anterior lens surface can be broken down 
into three zones: central zone, middle and 
peripheral.22

The central zone presents with a well-
demarcated curled edge and corresponds 
with the resting position of the natural 
pupil. The middle clear zone arises from 
contact between posterior iris surface and 

PXF material on the 
lens. As a result of 
this contact, there is 
loss of iris pigment in 
this area which gives 
rise to iris transil-
lumination defects 
in a peripupillary 
location. Like PDS, 
the pigment liberated 
through this mecha-
nism can also deposit 
on various ocular 
structures including 
the trabecular mesh-
work, usually more 
prominent in the 
inferior quadrant. The 
peripheral bull’s-eye 
zone is only visible 
with pupil dilation. 
The clinical features 
associated with PXF 
syndrome are shown 
in Figure 3. 

The irises of 
patients with PXF 
typically dilate poorly 
due to atrophy of the 
iris dilator muscle. 
Additionally, zonular 
weakness present-
ing as phacodenesis 
can also be observed 
in PXF. This can be 
elicited by instructing 
the patient to initiate 
eye movements which 
results in vibrating-
like movement of the 
lens. Zonular weak-
ness is thought to 
arise from infiltration 
of PXF material into 
the zonular bundles at 
the zonule anchorage points in the ciliary 
body.24 In extreme cases, secondary angle 
closure can occur with subluxation of 
the lens. Practically, the presence of PXF 
may also present as an obstacle to cataract 
surgery.25

Angle recession. Blunt trauma to the 
globe can result in tearing of both longi-
tudinal and circular fibers of ciliary body 
muscle.26 This tearing within the ciliary 

body muscle has been thought to lower 
the muscle’s tension on the scleral spur, 
which results in subsequent narrowing 
Schlemm’s canal thus reducing aqueous 
outflow and increasing IOP. 

Additionally, while there may also 
be associated damage to the trabecular 
meshwork and Schlemm’s canal affecting 
IOP from the initial trauma, alterations 
to these structures such as scarring or 

Fig. 3. (A) Bull’s-eye pattern of pseudoexfoliative material on the 
anterior lens capsule. (B) Retroillumination shows loss of the 
pupillary ruff as well as peripupillary iris transillumination defects. 
(C) There is increased but patchy pigmentation (brown sugar-like 
appearance) of the trabecular meshwork on gonioscopy as well 
as Sampaolesi’s line. The inferior angle typically appears more 
pigmented compared with the other angles.

Fig. 4. (A) Nasal loss of the pupillary ruff in a patient with a history 
of blunt trauma to the eye. (B) Focal traumatic mydriasis between 
five and six o’clock suggest iris sphincter damage in this location. 
(C) Traumatic cataract with a petaloid pattern seen with retro 
illumination. (D) Focal widening of the ciliary body band observed 
in the superior mirror on gonioscopy.
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fibrosis that can give rise to elevated IOPs 
can occur up to decades post-injury.27 
Thus, patients with a history of blunt 
trauma require lifelong monitoring for 
angle recession and trabecular function. 
While not all patients develop angle 
recession, the presence of a hyphema at 
the time of trauma, alongside the extent 
of recession, is highly predictive of angle 
recession development in future.28

Gonioscopy is the key clinical test to 
diagnose angle recession whereby clini-
cians will observe widening of the ciliary 
body band corresponding to the areas 
of recession. It should be noted that 
there is significant heterogeneity in the 
physiological width of the ciliary body 
between individuals thus it is critical to 
perform an intra-eye comparison to pre-
vent misdiagnosis. While not diagnostic, 
slit lamp examination is useful to assess 
for other signs of previous ocular trauma. 
These include iris tears, focal or diffuse 
pupillary dilation, Vossius ring, irido-
dialysis, iridodonesis, corneal changes, 
phacodonesis or hyphema in more acute 

instances of trauma.29 This may be use-
ful as some patients with clear signs of 
ocular trauma such as iris sphincter tears 
may not report a history of trauma. The 
anterior segment features of angle reces-
sion are shown in Figure 4. 

Neovascularization of the iris occurs due 
to an increase in vasoproliferative factors 
such as inflammatory cytokine interleu-
kin 6 and vascular endothelial growth 
factor (VEGF).28 Causes of increased 
VEGF classically include diabetic reti-
nopathy and retinal vascular occlusions 
but may also include pro-inflammatory 
conditions, such as chronic retinal detach-
ment and intraocular tumors.30 The 
increased level of VEGF interacts with 
iris’ capillary endothelial cells to form new 
vessels without intracellular tight junc-
tions which subsequently leak. 

The natural history of iris neovascu-
larization in the context of glaucoma can 
be broken down into three stages: (1) 
active neovascularization, (2) open-angle 
glaucoma and (3) closed-angle glau-
coma.31 During the active neovasculariza-
tion stage, tuft-like vessels are commonly 
observed along the pupillary margin of 
the anterior iris surface. As the condition 

progresses to the open-angle glaucoma 
stage, the new vessels extend peripherally 
towards the angle and forming a fibro-
vascular membrane obstructing trabecular 
outflow. 

In the closed-angle glaucoma stage, 
there is contraction of proliferated tis-
sue distorting the natural iris contour, 
leading to synechiae-like angle closure. 
An example of a patient with a history 
of central retinal vein occlusion and 
subsequent iris neovascularization along 
the pupillary margin is shown in Figure 5. 
Patients with fully developed neovascu-
lar glaucoma typically present with very 
elevated IOPs, bulbar conjunctival hyper-
emia and corneal edema. This presenta-
tion may mimic an acute angle closure 
attack as corneal edema can confound iris 
and angle evaluation. The management of 
neovascular glaucoma includes manage-
ment of IOP and a need to address the 
underlying disease.  

Anterior segment inflammation (uveitis). 
Glaucoma can arise both directly and 
indirectly as a result of anterior segment 
inflammation.32 Broadly, uveitic glaucoma 
can be broken down into open-angle and 
closed-angle presentations. In open-angle 
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Fig. 5. (A) Tuft-like neovascularization 
along the pupillary margin. (B) Proliferation 
of the iris neovascularization from the 
across the anterior iris surface. (C) 
Neovascularization seen within the angle 
on gonioscopy. (D) Ultra-widefield imaging 
of the active central retinal vein occlusion 
in the right eye from the patient shown in 
B and C.

TABLE 2. CLINICAL FEATURES OF COMMON SECONDARY CONDITIONS ASSOCIATED WITH GLAUCOMA 

Condition Slit lamp biomicroscopic features Gonioscopy features

Pigment dispersion 
syndrome

-  Pigment deposition on anterior segment 
structures (e.g., anterior lens surface and 
corneal endothelium)

- Mid-peripheral iris transillumination defects

-  Long anterior zonules (more central extension 
of the zonules)

-  Active stage: dense homogenous 
pigmentation of the anterior angle

-  Inactive stage: pigment reversal sign 
(superior angle appears more pigmented 
than the inferior angle)

Pseudoexfoliative 
syndrome

-  Extracellular fibril material deposition on 
anterior segment structures (e.g., anterior lens 
surface in a double-concentric pattern and 
corneal endothelium)

- Peripupillary iris transillumination defects

- Phacodenesis

-  Deposition of exfoliative material in 
anterior chamber angle

-  Increased but patchy pigmentation of the 
trabecular meshwork

Anterior segment 
inflammation

- Anterior chamber cells or flare

- Endothelial keratic precipitates

- Posterior synechiae

- Peripheral anterior synechiae

Angle recession -  Acute trauma: hyphema and/or acute 
inflammation

-  Iris sphincter tears, mydriasis, phacodenesis/
subluxated lens, iridodialysis or cyclodialysis

- Widening of the ciliary body band

- Iridodialysis or cyclodialysis

- Irregular hyperpigmentation of the angle

- Whitening of the scleral spur (broken iris 
processes)

Neovascularization - Iris rubeosis Neovascularization within the angle
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presentations, changes to the blood-
aqueous barrier during inflammation lead 
to the accumulation of inflammatory cells 
(such as keratic precipitates) within the 
trabecular meshwork which can be ob-
served gonioscopically. This, in conjunc-
tion with swelling of the trabecular tissue, 
leads to a reduction in aqueous outflow 
facility. Over time, permanent trabecular 
remodelling can lead to reduced func-
tionality in aqueous outflow. 

Adjunctive to the inflammatory effects 
of uveitis, corticosteroid medication used 
in the management of anterior segment 
inflammation may cause iatrogenic IOP 
elevation. Several risk factors for local 
corticosteroid responsiveness have been 
proposed, such as the extremes of age, a 
high baseline IOP, personal or family his-
tory of glaucoma and certain genotypes.33 
Local administration of corticosteroid 
may be necessary over a long period of 
time and at recurrent episodes. Thus, 
there are more opportunities for cortico-
steroid responsiveness to lead to IOP-
mediated glaucomatous damage. 

In closed-angle presentations, ante-
rior and posterior synechiae can lead to 
elevations in IOP. Posterior synechiae are 
characterized by adhesion between the 
posterior iris surface and anterior lens 
surface. Depending on the extent of ad-
hesion and interruption to aqueous flow 
from the anterior chamber, this can result 
in increased pressure behind the periph-
eral iris leading to iris bombe. Peripheral 
anterior synechiae can also contribute to 
increased IOP in closed-angle presenta-
tions. Anterior segment features associ-
ated with acute or chronic inflammation 
are shown in Figure 6. 

Funduscopic Assessment 
of the Optic Nerve
Stereoscopic examination of the optic 
nerve head is another major compo-
nent of a comprehensive glaucoma 
assessment. Glaucomatous optic nerve 
changes are classically described as a 
diverse range of “characteristic” features, 
including diffuse or focal (notching) loss 
of the neuroretinal rim, widening and 
deepening of the optic cup, correspond-
ing retinal nerve fiber layer (RNFL) loss 
touching the rim and disc hemorrhag-

es.34 A reason for this spectrum 
of features is because no single 
feature offers adequate sensitivity 
or specificity for diagnosis.35,36 
Also, some features may be seen 
in other optic neuropathies.37,38 
Thus, it is the combination of 
features that determines the like-
lihood of glaucoma. An example 
of disc changes in early, moder-
ate and advanced glaucoma is 
shown in Figure 7. 

Neuroretinal rim changes. 
A hallmark sign of glaucoma 
is thinning of the neuroreti-
nal rim.36 In this disease, the 
inferotemporal sector is the most 
common site of initial damage.39 
Classically, the vertical poles are 
affected (inferior and superior) 
more so than along the horizon-
tal axis. As glaucoma progresses, 
the temporal rim is more likely 
to demonstrate loss prior to nasal 
involvement in later stages.37

In clinical practice, several 
techniques help identify these 
changes. On fundoscopic exami-
nation, following the contour of 
the cup to inspect for color and 
contour changes in the ovality 
of the cup carefully may help 
find irregularities suggestive of 
rim changes. It is important to 
acknowledge that color is often 
a challenging cue for judging 
neuroretinal rim.40 However, if 
a clinician detects similarities in 
the color of the cup and rim, it 
may suggest pallor of the rim as it 
should normally be more orange 
or pink with perfusion, relative to the 
cup.41 This would suggest an alternative 
diagnosis to glaucoma. 

Traditionally, blood vessel changes such 
as baring and bayonetting have been pro-
posed as markers of glaucoma.42,43 These 
terms are not part of current definitions 
of structural changes in glaucoma because 
they are poorly defined. For reference, 
we refer to baring as the change in blood 
vessel contour as it enters or exits the 
optic cup as it touches the neuroretinal 
rim, and bayonetting specifically refers 
to the situation in which a sharp vertical 

drop (along the z-axis) at the margin of 
the markedly thin neuroretinal rim.41,44 
Therefore, the latter would represent 
advanced neuroretinal rim loss. Because 
these blood vessel changes are poorly 
defined and with no accepted grading 
system, we suggest that these are used as 
surrogates of neuroretinal rim integrity. 

Neuroretinal rim changes may be focal 
or diffuse in morphology.39 Historically, 
focal and diffuse changes have been as-
sociated with pressure-defined pheno-
types of glaucoma: normal or low-tension 
and high-tension, respectively.45 This 
has remained a subject of debate in the 

Fig. 6. (A) Assessment of the anterior chamber 
shows anterior chamber cells. (B) Keratic 
precipitates and pigment on the corneal endothelium. 
(C) Multifocal pigmentation on the anterior lens 
surface in a patient with recurrent uveitis. (D) Larger 
agglomerates of pigment on the anterior lens capsule 
suggestive of broken posterior synechiae. (E) Broad 
peripheral anterior synechiae manifesting with 
narrowing of the angle in the left side of the image. 
(F) Focal peripheral anterior synechiae adjacent to 
an area of iris atrophy. (G) AS-OCT through an area 
of peripheral anterior synechiae showing anterior 
displacement of the peripheral iris resulting in 
iridotrabecular contact.
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literature.46 An example of the proposed 
patterns of loss for low vs. high tension 
phenotypes of glaucoma is shown in 
Figure 8. 

Due to conflicting evidence in the 
literature, it is important for clinicians to 
recognize that focal or diffuse changes 
may occur in various phenotypes of glau-
coma, irrespective of the level of IOP. The 
extent of neuroretinal rim changes may 
provide insights into the expected stage 
of glaucoma (alongside other features as 
described below).34 Since the neuroretinal 

rim is a measure of retinal 
nerve fiber volume at the optic 
disc, its losses provide insight 
into the amount of neural 
tissue remaining. Therefore, 
focal losses may be more 
representative of an earlier 
stage of the disease process, 
and widespread diffuse defects 
may potentially indicate 
more extensive and advanced 
glaucoma.39

Glaucomatous cupping 
and the cup-to-disc ratio. 
Cupping is one of the quintes-
sential descriptors of glaucoma 
and is synonymous with 
pathological neural tissue loss. 
Historically, clinical records 
of the optic nerve have been 
distilled into cup-to-disc 
ratio as a simplified metric of 
glaucoma likelihood. Current 
paradigms discourage the sole 
use of the cup-to-disc ratio 
because of its relative impreci-
sion in differentially diagnos-
ing glaucoma. 

Like neuroretinal rim 
changes, cupping needs to be 
contextualized. The recom-
mendation is that a record of 
cup-to-disc ratio must always 
be accompanied by a descrip-
tor of disc size.44 Relatively 
speaking, a larger disc size is 
more likely to be accompanied 
by a larger cup, and corre-
spondingly for a smaller-sized 
disc. Therefore, an apparently 
large cup-to-disc ratio is more 
likely to be anomalous in a 

relatively smaller disc instead of a larger 
disc. 

Another feature that often accompa-
nies a description of the cup-to-disc ratio 
is the visibility of the lamina cribrosa. 
Similar to the cup depth, visibility of 
the lamina cribrosa is also regarded as a 
surrogate for decreased volume of neural 
tissue.47 Recently, there has been substan-
tial research interest in lamina cribrosa 
parameters, such as thickness, curvature, 
orientation and pore size.48,49 As with 
cup-to-disc ratio, we recommend that 

the visibility of the lamina cribrosa is 
documented as part of the comprehensive 
optic disc description. 

RNFL defects. With visible changes 
at the optic nerve head (rim and cup), 
there must accordingly be upstream 
pathological features; these are the RNFL 
defects.50 Typically, glaucomatous RNFL 
defects touch the optic disc, and non-
contiguous defects are more likely to be 
attributable to other pathologies. 

In the earlier stages of glaucoma, 
RNFL defects are described as wedge- 
or arcuate-shaped, following a course 
expected from focal defects at the optic 
nerve.50 In diffuse phenotypes of glau-
comatous damage, the RNFL may also 
be generally reduced in thickness.51 A 
notable feature of these defects that may 
be better appreciated using ocular imag-
ing is the gradient of structural change at 
its borders.50 This is defined as a gradual 
change from a region of normality (nerve 
fibers intact) to a region of pathology.52 
The gradual change can be considered 
to resemble a “leading edge” where there 
are anatomical regions at risk of progres-
sion. This gradient of structural change 
is an important feature in glaucoma, as it 
contrasts profoundly with other retinal 
pathologies such as retinitis pigmentosa, 
in which there is a clear delineation be-
tween the region of normality and region 
of pathology. Therefore, the gradient of 
RNFL change may be used to differenti-
ate glaucoma from non-glaucomatous 
causes of RNFL loss. 

Disc hemorrhages. Sometimes epony-
mously referred to as Drance hemor-
rhages, this feature may be seen alongside 
other glaucomatous structural change. By 
definition, a disc hemorrhage associated 
with glaucoma is a linear hemorrhage 
following the trajectory of the RNFL 
bundles, occurring within the RNFL 
and within one disc diameter of the disc 
margin.53 Therefore, other morphologies, 
such as splotchy, ill-defined and in the 
pre-retinal space, should not be consid-
ered to be related to glaucoma. 

Their significance has been debated in 
the literature. Some studies have suggest-
ed that disc hemorrhages are harbingers 
of glaucomatous change, as they are an 
outward manifestation of ischemic stress 

Fig. 7. Examples of early, moderate, and advanced 
glaucoma staged using visual field severity. In A to C, 
24-2 visual field test results: (A) Inferior nasal step in 
early glaucoma. (B) Superior arcuate defect in moderate 
glaucoma. (C) Dense superior arcuate defect with an 
inferior cluster of reduction in advanced glaucoma. 

In D to F, disc photographs: (D) Thin superior 
neuroretinal rim in early glaucoma, (E) Marking loss of 
the inferior neuroretinal rim with a disc hemorrhage at 
the inferior disc. (F) Generalized concentric loss of the 
neuroretinal rim. In G to I, OCT RNFL heat maps: (G) 
Superotemporal loss of the RNFL. (H) Deep inferior loss 
of the RNFL. (I) Supertemporal and inferotemporal loss 
of the RNFL. 

In J to L, OCT ganglion cell analysis heat maps: (J) 
Superior arcuate wedge-like loss. (K) Wide inferior 
arcuate loss. (L) Generalized loss of the ganglion cell-
inner plexiform layer.
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to the RNFL.54 However, classically, the 
Ocular Hypertension Treatment Study 
suggested that disc hemorrhages may 
be an inevitable part of the glaucoma 
continuum and that detecting them is 
merely an incidental finding during a 
patient’s follow-up.55

While it may not compel the clinician 
to modify treatment (treatment changes 
are the domain of actual structural and/
or functional progression), they may 
signal the need to consider alterations to 
follow-up or further investigations for 
vascular comorbidities. 

Peripapillary atrophy (PPA). Like disc 
hemorrhages, this has been tradition-
ally taught as a feature of glaucoma.56 
However, unlike disc hemorrhages, PPA 
is a very non-specific sign that may be 
present in a host of other conditions, 
including in a non-pathologic man-
ner in otherwise healthy eyes.57 PPA is 
described as a region of retinal atrophy 
involving various depths such as the 
neurosensory retina and retinal pigment 
epithelium touching the disc in various 
degrees. It is often described by clock 
hours and distance from the edge of the 
disc.

Recent studies supplemented by imag-
ing modalities have enabled improved 
methods for classifying PPA into the 
alpha, beta and gamma zones.58,59 Its 
significance for glaucoma and key indices 
in such studies have also been mixed.60 
Based on the poor correlations with in-
dices of glaucoma structure and function, 
we recommend that peripapillary atrophy, 
if documented, remains a cursory retinal 
feature not specific to the glaucoma as-
sessment. 

OCT
In the assessment of glaucoma, OCT 
allows for quantification of neural tissue 
affected in the disease, allowing clinicians 
to not only perform statistically based 
comparisons to normative databases but 
also quantitative progression analysis.61 
These devices return several important 
parameters for clinical correlation. If we 
consider the framework for fundoscopic 
examination described previously, we can 
consider what are the pertinent features 
in the OCT result. Notably, clinicians 

need to be mindful of the different 
strengths and weaknesses with respect 
to the examination of these param-
eters when interpreting the results. An 
example of OCT patterns of loss in early, 
moderate and advanced glaucoma is 
shown in Figure 7.

RNFL loss. This result on the OCT 
can be qualitatively and quantitatively 
appreciated. The two main methods for 
qualitative examination of the RNFL are 
using the heat map (raw thickness map) 
and the deviation map. The heat map 
provides an en face view of the scan area, 
highlighting areas with retinal thickening 
in warmer colors (and even more relative 
thickening towards white) and thinner 
areas in cooler colors. At a glance, this 
enables the clinician to examine for the 
morphology of RNFL loss and its conti-
guity with the optic nerve head. 

The deviation map is a similar en face 
view but shows a grey scale scanning laser 
ophthalmoscopy image with superpixels 
superimposed. The superpixels—often 
yellow or red—represent comparisons of 
RNFL thicknesses against the normative 
database.62 Similar to the heat map, clini-
cians should inspect the deviation map for 
statistically significant thickness reduc-
tions relative to the normative database 
and their morphologies.63 Additionally, B-
scans can be leveraged to inspect for the 
gradient of structural change described 
above. Similarly, inspection of the retinal 
layers allows differential diagnosis of 
glaucoma from other retinal diseases. 

One notable disadvantage of OCT 
quantitative parameters is the measure-
ment floor effect.64 This value represents 
the lower limit at which measurements 
are reliable or significant. This value varies 
across devices and different locations. 
Once the measurement floor is reached, 
OCT information at that location is likely 
no longer clinically useful.65 While OCT 
may see more prevalent use in earlier 
stages of glaucoma, such as pre-perimetric 
glaucoma, advanced cases often require 
functional testing for progression analysis. 

The TSNIT curve is often reported by 
OCT devices and represents an unfurled 
scan area at a fixed distance from the 
optic nerve head. This provides both 
qualitative and quantitative information 

on a cross section of the RNFL layer 
thickness and at once allows visualization 
of localized structural loss. These are often 
usefully accompanied by bands of the 
instrument’s normative limits. 

Normative data. A core component 
of OCT analysis is the comparison of 
the individual patient’s data against a 
reference normative database.66 The pa-
rameters of the normative database differ 
across devices, so it is important to review 
this for any device in the practice. In most 
cases, OCT outputs use a traffic light or 
similar system (green indicating within 
the normative data range, yellow indicat-
ing borderline and red indicating outside 

Fig. 8. Examples showing the patterns of 
loss in low- and high-tension glaucoma 
phenotypes. (A) Inferior neuroretinal rim 
thinning in a patient with pre-treatment 
intraocular pressures of 15mm Hg. 
(B) Neuroretinal rim thinning affecting 
the superotemporal, temporal and 
inferotemporal sectors in a patient with 
pre-treatment intraocular pressures of 
47mm Hg. (C) OCT RNFL heat map shows 
deep but focal inferior loss in the low-
tension phenotype. (D) OCT RNFL heat 
map shows diffuse but shallower loss 
in the high-tension phenotype. (E) Deep 
inferior arcuate loss in the OCT ganglion 
cell analysis heat map in the low-tension 
phenotype. (F) The heat map shows 
generalized but shallower loss is observed 
in the high-tension phenotype.
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the reference range) to provide a quick 
visual indicator for the clinician. 

As expected, the validity of the com-
parisons is dependent on the parameters 
of the normative database.67 Variables 
such as age, sex, ethnicity/geographic 
region, refractive error and axial length 
(among others) are known to affect the 
measured structural values.68 It is also 
arguable that the composition of norma-
tive database comprises of an unusually 
healthy cross section of the general com-
munity. Therefore, clinicians are encour-
aged to interpret the traffic signals with 
caution and to instead inspect for trends 
within the individual’s results. 

Takeaways
A glaucoma diagnosis draws upon 
several components of the optometric 
examination, ranging from slit lamp 
examination to interpretation of OCT 
findings. While no parameter can be 
used in isolation, they offer unique 
contributions to assist clinical decision-
making related to both the diagnosis and 
treatment of glaucoma. ■
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O P TO M E T R I C S T U D Y C E N T E R Q U I Z

1. Which of the following anterior segment signs 
is most likely suggestive of acute angle closure?
a. Highly mobile pupil.
b. Iris transillumination defects.
c. Corneal edema.
d. Conjunctival blanching.

2. Which of the following pathophysiological 
processes best describes neovascularization as a 
cause of secondary angle closure glaucoma?
a. Corneal neovascular invasion.
b. Iridocorneal adhesions through new blood 
vessel growth.
c. Hyphema.
d. Iris ischemia.

3. What is the main advantage of tilting the 
goniolens (or off-axis viewing) when performing 
gonioscopy? 
a. Distinguishes between pseudo and true 
iridotrabecular contact.
b. Distinguishes between anterior and posterior 
trabecular meshwork.
c. Breaks synechial angle closure.
d. Patient comfort.

4. Clinical trials commonly deem what level of 
synechial formation as significant? 
a. 10º (one-third clock hour).
b. 30º (one clock hour).
c. 90º (three clock hours).
d. 180º (six clock hours).

5. Which of the following signs is not considered 
to be in the classic triad of pigment dispersion 
syndrome?
a. Vertical pigmentation on the corneal 
endothelium (Kruckenberg spindle).
b. Mid-peripheral iris transillumination defects.
c. Homogenous pigmentation on the trabecular 
meshwork.
d. Raised IOP.

6. What anterior segment imaging sign is most 
likely present in pigment dispersion syndrome?
a. Angle closure (iridotrabecular contact).
b. Anteriorly bowed peripheral iris.
c. Posteriorly bowed peripheral iris.
d. Iridolenticular contact at the pupillary margin.

7. What phase of pigment dispersion syndrome is 
suggested by the “pigment reversal sign”?
a. Active ocular hypertension.
b. Active pigmentary glaucoma.
c. Burn out phase.
d. None. No correlation with pigment dispersion 
syndrome phases.

8. Which of the following is NOT a typical 
clinically appreciable site in the eye for deposition 
of extracellular fibril material in pseudoexfoliation 
syndrome?
a. Corneal endothelium.
b. Pupillary margin.
c. Anterior lens capsule.
d. Optic disc.

9. Unilateral peripupillary iris transillumination 
defects is most suggestive of which of the 
following conditions predisposing to glaucoma?
a. Pseudoexfoliation syndrome.
b. Pigment dispersion syndrome.
c. Long anterior zonule phenotype.
d. Narrow angles.

10. Which of the following factors in the post-
injury period is most relevant for predicting the 
risk of angle closure following blunt trauma 
causing angle recession? 
a. Hypotony following injury.
b. Iridodialysis.
c. Anterior chamber cells/flare.
d. Hyphaema.

11. Which of the following factors is targeted by 
therapeutic intervention for treatment of ocular 
neovascularization?
a. VEGF.
b. IGF.
c. PDGF.
d. FGF.

12. The presence of inflammatory cells within the 
trabecular meshwork leading to impaired outflow 
facility best describes which secondary cause of 
glaucoma?
a. Pseudoexfoliation syndrome.
b. Pigment dispersion syndrome.
c. Uveitis.
d. Neovascularization.

13. Which of the following topical pharmacologic 
agents, used long-term, is most likely to lead to 
iatrogenic raised IOP and thus an increased risk 
of glaucoma?
a. Prednisolone acetate.
b. Ciprofloxacin.
c. Latanoprost.
d. Timolol.

14. Which of the following is most 
pathognomonic for glaucomatous optic nerve 
head changes?
a. Disc hemorrhage.
b. Visibility of the lamina cribrosa.
c. Cup-to-disc ratio >0.7.
d. Neuroretinal rim notching.

15. Which of the following optic disc changes 
most likely suggests a diagnosis other than 
glaucoma?
a. Neuroretinal rim thinning.
b. Cup widening and deepening.
c. Disc rim pallor.
d. Increased visibility of the lamina cribrosa.

16. Which of the following best describes RNFL 
changes occurring in glaucoma?
a. They abut the neuroretinal rim.
b. They have a sharp transition from normality to 
abnormality.
c. They first appear nasally, before moving 
temporally.
d. They are independent of neuroretinal rim 
changes.

17. Which of the following is considered a 
“soft sign” of glaucoma and may also appear in 
otherwise healthy eyes?
a. Disc hemorrhage.
b. Bayonetting of the blood vessel.
c. RNFL defect.
d. Peripapillary atrophy.

18. In general, which of the following best 
describes what is shown by an OCT “deviation 
map”?
a. Quantitative thickness values of the retina.
b. Qualitative thickness values of the retina.
c. Comparisons with the underlying normative 
database.
d. Comparisons with the patient’s own historical 
data.

19. Which statement most correctly describes 
what is meant by “red” on a normative 
comparison when using OCT?
a. The result is within the normative range.
b. The result is borderline in normality.
c. The result is outside the normative range.
d. The result is pathological.

20. Which of the following colors best indicates 
a retinal thickness value that is thicker than the 
normative range (such as in disc edema) when 
performing normative comparisons?
a. White.
b. Red.
c. Yellow.
d. Green.
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by alison bozung, oD

URGENT CARE

A
n 82-year-old woman presented 
to her local ophthalmologist for 
sudden and profound loss of vi-
sion in her right eye upon awak-

ening. The doctor diagnosed right optic 
nerve edema, prescribed prednisone 
60mg daily and referred the patient to a 
neuro-ophthalmologist. Unfortunately, 
the patient became symptomatic for 
vision loss in her left eye the very next 
day and sought care at our ophthalmic 
emergency department three days later.

Upon presentation, her vision was 
light perception with a dense RAPD 
in the right eye and 20/60 in the left 
eye. Extraocular motilities, intraocular 
pressures and external slit-lamp 
examination were all unremarkable. The 
dilated exam revealed optic nerve pallor 
OD>OS with disc edema OS>OD 
and fine peripapillary hemorrhages 
bilaterally (Figure 1).

The clinical vignette of an elderly 
woman with bilateral pallid nerve 

edema in the setting of profound vision 
loss aroused suspicion for giant cell 
arteritis (GCA). A problem-focused 
review of systems was completed and 
revealed that the patient had been 
experiencing mild right brow and 
temporal headaches. She also endorsed 
14 pounds of unintentional weight loss 
due to reduced appetite over the last 
six months, generalized fatigue and jaw 
claudication. Interestingly, four months 
prior to vision loss, she had been 
experiencing hand and hip girdle pain 
and was diagnosed with arthritis by her 
primary care provider; her symptoms 
abated with a course of oral steroids.

Laboratory studies and ophthalmic 
imaging were completed during her 
emergency department visit (Figures 2 
and 3). The erythrocyte sedimentation 
rate (ESR) was 21mm/hour, C-reactive 
protein (CRP) was 0.4mg/dL, and a 
complete blood count revealed throm-
bocytosis (platelets 414x103/μL) and 

neutrophilia. We suspected that her 
inflammatory markers could have been 
normalized by three days of oral corti-
costeroid use prior to presentation, and 
despite “normal” ESR and CRP values, 
an urgent temporal artery biopsy (TAB) 
was scheduled. Three days of intrave-
nous (IV) corticosteroids were initiated.

Two days after her initial presenta-
tion, the TAB was completed and re-
vealed transmural foci of granulomatous 
inflammation of the temporal artery, 
consistent with GCA. After receiving 
three days of IV corticosteroids, she 
was transitioned to 80mg prednisone. 
Although visual acuity did not sig-
nificantly recover, the patient reported 
subjective improvement of vision OS. 
She was referred to a rheumatologist 
for continued management of GCA 
and continues follow-up care with our 
neuro-ophthalmology team.

Clinical Presentation
Due to its potential to cause permanent 
vision loss within days, GCA is a true 
ophthalmic emergency. Rather than an 
ophthalmic condition, it is a systemic 
autoimmune condition caused by in-
flammation within the walls of medium 
and large arteries.1 It almost exclusively 
affects individuals aged 50 and older.

The most common symptom of 
GCA is headache, usually temporal 
or occipital and acute or subacute in 
onset. Others include lethargy, weight 
or appetite loss, fever, stroke symptoms, 
pain and stiffness in the hip girdle and 
shoulders and jaw claudication. Ask 
patients about each symptom specifi-
cally; most people would not associate 
unintentional weight loss or hip pain to 
an ophthalmic condition. 

The most widely recognized ophthal-
mic manifestation of GCA is vision loss 
(amaurosis fugax or permanent) due 
to anterior ischemic optic neuropathy 

We are our patients’ biggest advocates when it comes to this 
ophthalmic emergency.

The Giant in Your Chair
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Fig. 1. Right (left) and left (right) optic nerves. The right nerve was pallid with resolving 
edema, and the left nerve was slightly pallid with significant edema. These clinical pictures 
support the time frame of the patient’s vision loss.
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Fig. 2. The patient’s OCT ganglion cell analysis reveals early thinning in the right eye but a 
normal study in the left.

(AION). This is termed arteritic AION 
(A-AION) to differentiate it from non-
arteritic AION (NA-ION), a much 
more common condition seen classi-
cally in patients with cardiovascular risk 
factors. A-AION presents with chalky 
white disc edema and profound vision 
loss in one or both eyes. There may or 
may not be disc hemorrhages and cot-
ton wool spots. 

Visual field testing may be help-
ful in distinguishing A-AION from 
NA-AION, but it is not diagnostic. An 
inferior altitudinal defect is common 
in NA-AION, but it may also be the 
presenting field defect in A-AION. 
We cannot, therefore, rely on any one 
clinical finding such as a lack of pallor 
or near-normal visual acuity, as this 
could misplace our suspicion and cause 
us to miss this critical diagnosis. I have 
seen a patient with GCA presenting 
with disc edema and 20/20 vision who 
unfortunately progressed to permanent 
and severe vision loss despite timely 
treatment. 

Other neuro-ophthalmic symptoms 
of GCA include diplopia and scintillat-
ing scotoma. Consider this diagnosis in 
patients with new cranial neuropathies 
or visual aura-like symptoms, par-
ticularly if their review of systems is 
suggestive.2 Lesser-known ophthalmic 
manifestations are those secondary to 
severe ocular ischemia, some of which 
include corneal edema, retinal artery 
occlusions, dilated pupils, periph-
eral retinal hemorrhages and Amalric 
choroidal infarcts.3-6 Posterior ischemic 
optic neuropathy can also be a diagnos-
tically challenging feature of the disease, 
presenting with severe vision loss and a 
normal-appearing fundus exam.7

Workup for Suspected GCA
The recommended basic lab studies 
are ESR, CRP and complete blood 
count with differential. While there 
is no strict cutoff value for these tests, 
higher ESR and CRP values (especially 
simultaneously) increase the suspicion 
of GCA. One study revealed that the 
odds ratio of a positive TAB was 1.5 
times greater with ESR >47mm/hour, 
5.3 times greater with CRP >2.45mg/

dL and 4.2 times greater with platelet 
counts >400x103/μL.8,9 Normal values 
do not rule out a GCA diagnosis, but 
they do make it less likely.10 

The American College of Rheuma-
tologists set the following criteria for 
GCA diagnosis (at least three must be 
met):

1. age ≥50 years at onset,
2. new onset of localized headache,
3. tenderness of temporal artery 

or decreased temporal artery 
pulsation,

4. elevated ESR and
5. positive TAB
These guidelines have a sensitivity 

of 93.5% and a specificity of 91.2%.11 
In the United States, a TAB is usually 
completed by oculoplastics and vascular 
surgeons and less often by general 
and plastic surgeons.12 It is generally 

performed ipsilateral to the affected 
eye. There is emerging evidence that 
non-invasive duplex sonography of the 
temporal arteries or high-resolution 
MRI can be useful in diagnosis.13 A 
TAB, if performed, should be complet-
ed within one to two weeks of initiat-
ing corticosteroids, as waiting too long 
can result in a false negative.14,15 In one 
study, the rate of positive test results fell 
from about 90% to 50% after only five 
or more days of corticosteroid use.16

If you don’t have a laboratory on-site, 
send the patient to the emergency 
department for proper workup and 
treatment. Convey the suspected diag-
nosis and necessary labs to the receiving 
physician either via printed letter or 
phone call, but preferably both. It may 
also be helpful to provide your tele-
phone number to facilitate the patient’s 
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care and field any questions that may 
arise. Remember that since the clini-
cal vignette of GCA may mimic that 
of a stroke (i.e., acute monocular or 
binocular vision loss, diplopia, amauro-
sis fugax), the emergency department 
provider may choose to also perform a 
stroke assessment.

Treatment
When GCA is suspected, time is of the 
essence. While a biopsy-proven diag-
nosis is the gold standard, we cannot 
afford to await the results. Positive lab 
testing combined with clinical suspi-
cion is enough to initiate treatment. 
Recall that GCA is an autoimmune 
inflammatory disorder, so the treat-
ment is immunosuppressive (high-dose 
corticosteroids). Patients with visual 
symptoms are generally treated with 

500mg to 1,000mg IV methylpred-
nisolone for three days followed by oral 
corticosteroids, usually starting with 
60mg to 80mg prednisone daily with a 
protracted taper over two to three years. 
Some clinicians also advocate for low-
dose aspirin use (100mg daily).17

Another therapeutic option is 
tocilizumab (Actemra, Genentech), an 
IL-6 receptor antagonist that is FDA-
approved as a once-weekly subcutane-
ous injection to treat GCA, particularly 
when reduction of dependence on 
corticosteroids is desired. These patients 
should be comanaged with rheumatol-
ogy, as well as neuro-ophthalmology, if 
possible.

A relapse of disease occurs in roughly 
50% of GCA cases, so monitoring for 
this potential and educating patients 
about it is critical. 

When patients present with any of 
the signs or symptoms discussed, it is 
important that we maintain GCA on 
our differential diagnosis list, ask ap-
propriate follow-up questions and refer 
emergently for further testing and treat-
ment. We have the potential to save 
patients’ vision with this diagnosis. ■
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Fig. 3. OCT RNFL revealed thickening circumferentially, greater in the left eye than in the 
right.
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S
lit lamp biomicroscopy is an 
integral aspect of any standard 
ocular examination, whether 
routine or problem-focused. 

The slit lamp portion of an exam 
allows the clinician to evaluate 
anatomical structures and clinical 
features of pathologies that would 
otherwise be missed without magni-
fication. The biomicroscope’s utility 
comes not only from its ability to 
magnify, but also in its various il-
lumination modalities. Each serves a 
unique viewing purpose and is based 
on the relationship between ocular 
structures and lighting techniques.

One often-underused slit lamp 
technique is retroillumination; mas-
tering this technique and applying 
its refractive principles can help our 
examinations become more effective 
and efficient.

Clear the Way
Retroillumination is an indirect 
lighting technique used in slit lamp 
examination to assess the integrity 
and clarity of the cornea and crystal-
line lens by examining light reflected 
from posterior structures. Since both 
the cornea and lens are intrinsically 
clear in the absence of pathology, 
regular direct illumination tech-
niques can be difficult to use for a 
thorough examination. 

There are two main methods and 
procedures to achieve retroillumina-
tion:

• Iris retroillumination. Dim the 
room lights to optimize contrast for 
retroillumination and adjust the 

slit lamp. The slit beam should be 
narrow, around 0.2mm, and defined. 
The height of the beam should be 
slightly longer than the pupil to 
allow enough light to pass through. 
Position the light source temporally, 
about 45.° To use iris retroillumina-
tion to examine an area of the cornea, 
the light beam should reflect off the 
iris while focus remains on the cor-
nea; the reflected light from the iris 
will make subtle changes and opaci-
ties in the cornea more apparent.1,2

• Fundus retroillumination. Using 
retroillumination from the fundus, 
the light beam and microscope are 
positioned along a similar axis and 
the light beam is adjusted to shine 
through the edge of the patient’s 
dilated pupil. The light then passes 
through the pupil and into the 
fundus, creating a background glow. 
Using the red reflex or glow, opaci-
ties in all layers of the lens, as well 
as corneal opacities, are more easily 
distinguishable by the shadows they 
cast. If this procedure is performed 
through an undilated pupil, it is a 
way to check for iris transillumina-
tion defects.1,2

The ability for retroillumination 
to serve as an effective examination 
technique is best explained through 

Retroillumination can offer better examination of clear  
structures like the cornea and lens.

Know Your Glow

By Bisant A. Labib, OD

THE ESSENTIALS

Retroillumination using the background glow of the fundus, revealing dark opacities.
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the properties of refraction. Abnor-
malities within clear structures, such 
as the cornea and lens, are made 
apparent because of their interfer-
ence with the emanating light as well 
as their refractive nature. Objects 
or opacities that have a higher or 
lower refractive index than that 
of their surrounding space will be 
distinguishable. There are two main 
effects that an object or opacity can 
elicit—acting as a diverging refrac-
tor or a converging refractor. If the 
abnormality embedded within the 
cornea or lens has a lower refractive 
index, it acts as a diverging lens. 
Conversely, that which possesses a 
higher refractive index than its me-
dium would act as a converging lens.3

As a general example, the cornea 
possesses a high refractive index, 
higher than that of the aqueous. 
The corneal epithelial layer has a 
higher refractive index than the 
stroma. Opacities that arise within 
the cornea, such as blood vessels, 
striae and cysts, differ in refractive 
indices and are consequently made 
visible through retroillumination 
techniques.3 

Another important principle in 
the visibility of pathologies using 
retroillumination is the projection 
or displacement of the abnormality. 
Whether the abnormality causes a 
displacement from the cornea and 
into the anterior tear film or poste-
riorly into the aqueous, it will enter 
an area of different refractive index, 
causing alterations in illumination. A 
clinical example would be bullae in 
the corneal epithelium.3 

Prime Uses
Corneal dystrophies, such as poste-
rior polymorphous corneal dystrophy, 
are best visualized using retroillumi-
nation, elucidating the classic peau 
d’orange that is commonly seen with 
this condition.4 The clinical use of 
retroillumination extends beyond 
optimizing an anterior segment slit 
lamp examination. In more recent 
years, it has been used in photogra-
phy to enhance the identification and 

progression of corneal disease. Ret-
roillumination photography analysis 
has demonstrated more accuracy 
in the grading and classification of 
patients with Fuchs’ endothelial 
corneal dystrophy.5 

In addition to corneal opacities 
and irregularities, retroillumination 
focusing on the lens has long been 
established as the primary method of 
cataract grading. The Lens Opacities 
Classification System III is widely 
used today, consisting of five retroil-
lumination images corresponding 
with various degrees of posterior 
subcapsular cataracts as well as five 
retroillumination images correspond-
ing with various degrees of cortical 
cataracts. In clinical practice, the 
quantifiable grading of a patient’s 
cortical and capsular cataracts are not 
permissible without a lens evaluation 
using retroillumination.6,7

More recently, slit-beam associ-
ated retroillumination (SBAR) has 
been used in anterior segment 
surgery. A challenge associated with 
phacoemulsification is in patients 
with coexistent corneal opacities. To 
improve visibility and surgical out-
comes, SBAR has demonstrated im-
proved images and contrast through 
the opacified cornea, assisting in 
clarity during phacoemulsification by 
minimizing light scatter. While this 
technique is both cost effective and 
hands-free, its limitations lie in that 
it is dependent on flow of the red 
reflex, which is necessary for retroil-
lumination.8

Aside from its various applications 
in anterior segment examinations, 

retroillumination can also be paired 
with confocal scanning laser oph-
thalmoscopy to enhance posterior 
segment examinations. With the 
addition of retroillumination, these 
scanning laser ophthalmoscopies can 
provide “pseudo three-dimension-
al” images. This can be achieved 
through the use of the light’s reflec-
tion from chorioretinal structures. 

In another mode, these instru-
ments are capable of using infrared 
radiation from the chorioretinal 
layers to create images. This type of 
image is useful in detecting abnor-
malities that exist deep within the 
chorioretinal areas, including small 
drusen, subretinal drusenoid depos-
its, subthreshold laser lesions and 
chorioretinal changes that would 
otherwise be missed using various en 
face imaging techniques.9

The current uses of retroillumina-
tion are great. It spans many cat-
egories and is still expanding with 
the help of combining use of other 
ophthalmic instruments. Besides its 
emerging applications, the technique 
should warrant consideration to use 
with everyday slit lamp examina-
tions. ■
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Since both the cornea and 
the lens are intrinsically clear 
in the absence of pathology, 
regular direct illumination 
techniques can be difficult 
to use for a thorough 
examination.
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A 
38-year-old African-American 
female presented to the eye 
clinic for a comprehensive eye 
exam with a complaint of blur 

while reading. During the history, 
she explained that she was using 
hydroxychloroquine 400mg daily by 
mouth for systemic lupus erythema-
tosus control. Her systemic history 
also included hypertension and 
anemia, for which she was properly 
medicated. She reported no aller-
gies to medicines or environmental 
factors.

Clinical Findings
Her best-corrected entering visual 
acuities were 20/20 at distance and 
near through +1.00/+2.25 spectacles, 
both eyes. External testing was nor-
mal, with no defects on confrontation 
fields or facial Amsler grid and no af-
ferent pupil defect. Anterior segment 
evaluation was normal and Goldma-
nn applanation tonometry measured 
15mm Hg OD and 14mm Hg OS. 
The pertinent fundus findings are 
demonstrated in the photographs. 

Additional Testing
Other possible studies might include 
fundus autofluorescence, fundus 

photodocumentation and automated 
(white and red sensitive) perimetry. 
If the acuity were reduced, laser 
interferometry may also be useful. 

Your Diagnosis
What would be your diagnosis in 
this case based on the findings 
presented? What’s the likely 
prognosis? Which interventions, if 
any, would you recommend? To find 
out, read the online version of this 
article at www.reviewofoptometry.
com. g

Dr. Gurwood thanks Karan Johal, OD, 
for contributing this case.

A patient requires ongoing therapy to manage several systemic 
conditions. Does this make her eyesight vulnerable?

Toxic Relationship

By Andrew S. Gurwood, OD

diagnostic quiz

Next Month in the Mag
In February, we present our annual issue devoted to diagnostic 
skills and techniques. Articles will include:

•  Sharpen Your Slit Lamp Technique

•  OCT Beyond the Basics: Unlock the Power of This Essential Tool

•  Tools and Techniques for Better Peripheral Retinal Exams

•  Glaucoma: Are Visual Field Headsets Ready for Prime Time?

• Optic Disc Swelling: Know These Critical Workup Steps

Also in this issue:

•  A Deep Dive Into Complement System Function and Dysfunction

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

Does the appearance of the retina confirm any suspicions raised by the case history?
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XDEMVY™ (lotilaner ophthalmic 
solution) 0.25%, for topical 
ophthalmic use 

BRIEF SUMMARY OF PRESCRIBING 
INFORMATION
Please see the XDEMVY™ package 
insert for full Prescribing Information. 

INDICATIONS AND USAGE 
XDEMVY is indicated for the treatment  
of Demodex blepharitis.

CONTRAINDICATIONS 
None.

WARNINGS AND PRECAUTIONS  
Risk of Contamination Do not allow 
the tip of the dispensing container to 
contact the eye, surrounding structures, 
fingers, or any other surface in order 
to minimize contamination of the 
solution. Serious damage to the eye and 
subsequent loss of vision may result 
from using contaminated solutions.
Use with Contact Lenses Contact lenses 
should be removed prior to instillation 
of XDEMVY and may be reinserted 
15 minutes following its administration.

ADVERSE REACTIONS 
Because clinical studies 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.
XDEMVY was evaluated in 833 patients 
with Demodex blepharitis in two 
randomized, double-masked, vehicle-
controlled studies (Saturn-1 and 
Saturn-2) with 42 days of treatment. 
The most common ocular adverse 
reaction observed in controlled clinical 
studies with XDEMVY was instillation site 
stinging and burning which was reported 
in 10% of patients. Other ocular adverse 
reactions reported in less than 2% of 
patients were chalazion/hordeolum and 
punctate keratitis.

USE IN SPECIFIC POPULATIONS  
Pregnancy: Risk Summary There 
are no available data on XDEMVY 
use in pregnant women to inform 
any drug associated risk; however, 
systemic exposure to lotilaner from 
ocular administration is low. In animal 
reproduction studies, lotilaner did not 
produce malformations at clinically 
relevant doses.
Data Animal Data In an oral embryofetal 
developmental study in pregnant 
rats dosed during organogenesis 
from gestation days 6-19, increased 
post-implantation loss, reduced fetal 
pup weight, and incomplete skeletal 
ossification were observed at 50 mg/ 
kg/day (approximately 1390 times the 
recommended human ophthalmic dose 
(RHOD) on a body surface area basis) 
in the presence of maternal toxicity 
(i.e., decreased body weight and food 
consumption). A rare malformation 
of situs inversus of the thoracic 
and abdominal viscera occurred in 
1 fetus from a pregnant rat receiving 
50 mg/kg/day; whether this finding 
was treatment-related could not be 
excluded. No maternal or embryofetal 
toxicity was observed at 18 mg/kg/
day (approximately 501 times the 
RHOD on a body surface area basis). 
In an oral embryofetal development 
study in pregnant rabbits dosed during 
organogenesis from gestation days 7-19, 
no embryofetal toxicity or teratogenic 
findings were observed at 20 mg/kg/day 
(approximately 580-times the RHOD on 
an AUC basis), even in the presence of 
maternal toxicity (i.e., decreased food 
consumption and body weight).
In an oral two-generation reproductive 
toxicity study, F0 male and female rats 
were administered lotilaner at doses 
up to 40 mg/kg/day for 10 weeks before 
pairing and during the 2-week pairing 
period (3 weeks for males). Dosing for 
F0 females continued through lactation 
day 22. F1 male and female rats were 
administered lotilaner at 1 and 5 mg/
kg/day post-weaning from day 23 for 
10 weeks before pairing and during 
the 2-week pairing period (3 weeks for 
males). Dosing for F1 parenteral females 
continued through lactation day 22. 
There were no clear adverse effects on 
the F1 generation, and a slightly lower 
mean body weight during lactation was 
noted for F2 pups at 5 mg/kg/day. The no 
observed adverse effect level (NOAEL) 
was determined to be 5 mg/kg/day 

(approximately 139 times the RHOD on a 
body surface area basis).
Lactation: Risk Summary There are 
no data on the presence of XDEMVY in 
human milk, the effects on the breastfed 
infant, or the effects on milk production. 
However, systemic exposure to lotilaner 
following 6 weeks of topical ocular 
administration is low and is >99% plasma 
protein bound, thus it is not known 
whether measurable levels of lotilaner 
would be present in maternal milk 
following topical ocular administration. 
The developmental and health benefits 
of breastfeeding should be considered 
along with the mother’s clinical need 
for XDEMVY and any potential adverse 
effects on the breast-fed child from 
XDEMVY.

Pediatric Use: Safety and effectiveness 
in pediatric patients below the age of 
18 years have not been established.

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

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, 
Impairment of Fertility
Carcinogenesis Long-term studies in 
animals have not been performed to 
evaluate the carcinogenic potential of 
lotilaner.
Mutagenesis Lotilaner was not 
genotoxic in the following assays: Ames 
assay for bacterial gene mutation, 
in vitro chromosomal aberration 
assay in cultured human peripheral 
blood lymphocytes, and in vivo rat 
micronucleus test.
Impairment of fertility In a two- 
generation study of reproductive 
performance in rats, F0 male and 
female rats were administered lotilaner 
at oral doses of 40 mg/kg/day for 
80 days reduced to 20 mg/kg/day for 
47-50 supplementary days. Reduced 
pregnancy rates and decreased 
implantation rates were observed in 
F0 females at doses 20 mg/kg/day) 
(approximately 556 times the RHOD on 
a body surface area basis), which were 
also associated with maternal toxicity 
(i.e., decreased body weight and food 
consumption). No effects on fertility 
were observed in F0 females at the 
dose of 5 mg/kg/day (approximately 
139 times the MRHOD on a body surface 
area basis). No effects on fertility were 
observed in F0 males at the oral dose of 
20 mg/kg/day (approximately 556 times 
the RHOD on a body surface area basis), 
and no effects on fertility were observed 
in F1 males and females at the oral dose 
of 5 mg/kg/day (approximately 139 times 
the RHOD on a body surface area basis).

PATIENT COUNSELING INFORMATION  
Handling the Container Instruct patients 
to avoid allowing the tip of the dispensing 
container to contact the eye, surrounding 
structures, fingers, or any other surface 
in order to minimize contamination of the 
solution. Serious damage to the eye and 
subsequent loss of vision may result from 
using contaminated solutions.
When to Seek Physician Advice 
Advise patients that if they develop 
an intercurrent ocular condition 
(e.g., trauma or infection), have ocular 
surgery, or develop any ocular reactions, 
particularly conjunctivitis and eyelid 
reactions, they should immediately seek 
their physician’s advice concerning the 
continued use of XDEMVY.
Use with Contact Lenses Advise patients 
that XDEMVY contains potassium 
sorbate, which may discolor soft contact 
lenses. Contact lenses should be 
removed prior to instillation of XDEMVY 
and may be reinserted 15 minutes 
following its administration.
Use with Other Ophthalmic Drugs Advise 
patients that if more than one topical 
ophthalmic drug is being used, the 
drugs should be administered at least 
5 minutes between applications.
Missed Dose Advise patients that if 
one dose is missed, treatment should 
continue with the next dose.
RX only 
© 2023 Tarsus Pharmaceuticals, Inc. 
All rights reserved.
XDEMVY is a trademark of Tarsus 
Pharmaceuticals, Inc.
US--2300345  9/23
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Learn more at 
XDEMVYHCP.com

FDA-APPROVED TREATMENT FOR 
DEMODEX BLEPHARITIS (DB)

AFTERBEFORE

NOW AVAILABLE
TO PRESCRIBE

Real results

44% and 55% of patients taking XDEMVY in SATURN-1 (N=209) and
SATURN-2 (N=193), respectively, achieved a signifi cant improvement in their 
eyelids (reduction of collarettes to no more than 2 collarettes per upper lid) 

at Day 43 vs 7% (N=204) and 12% (N=200) of patients taking vehicle
(P<0.01 in each trial).*

All images are of actual patients who participated in clinical trials 
for Tarsus Pharmaceuticals.

Might over mites
in just 6 weeks

INDICATIONS AND USAGE

XDEMVY (lotilaner ophthalmic solution) 0.25% is indicated for the 
treatment of Demodex blepharitis.

IMPORTANT SAFETY INFORMATION:

WARNINGS AND PRECAUTIONS

Risk of Contamination: Do not allow the tip of the dispensing container
to contact the eye, surrounding structures, fi ngers, or any other surface
in order to minimize contamination of the solution. Serious damage to
the eye and subsequent loss of vision may result from using
contaminated solutions. 

Use with Contact Lenses: XDEMVY contains potassium sorbate, which 
may discolor soft contact lenses. Contact lenses should be removed
prior to instillation of XDEMVY and may be reinserted 15 minutes following 
its administration.

ADVERSE REACTIONS: The most common adverse reaction with 
XDEMVY was instillation site stinging and burning which was reported in 
10% of patients. Other ocular adverse reactions reported in less than 2%
of patients were chalazion/hordeolum and punctate keratitis.

* The safety and effi  cacy of XDEMVY for the treatment of DB were evaluated in a total of
833 patients (415 of whom received XDEMVY) in two 6-week, randomized, multicenter, 
double-masked, vehicle-controlled studies (SATURN-1 and SATURN-2). Patients were 
randomized to either XDEMVY or vehicle at a 1:1 ratio, dosed twice daily in each eye for
6 weeks. All patients enrolled were diagnosed with DB. The primary effi  cacy endpoint
was defi ned as the proportion of patients with collarette reduction to no more than
2 collarettes per upper eyelid at Day 43 (SATURN-1: XDEMVY N=209, vehicle N=204, 
P<0.01; SATURN-2: XDEMVY N=193, vehicle N=200, P<0.01).

Reference: XDEMVY [prescribing information]. Tarsus Pharmaceuticals, Inc; 2023.

© 2023 Tarsus Pharmaceuticals, Inc. All rights reserved. 
Tarsus, XDEMVY, and the associated logos are trademarks of 
Tarsus Pharmaceuticals, Inc. US––2300405   9/23

Please see next page for a Brief Summary of the full Prescribing 
Information.
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