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EDITORIAL |  WE ARE NOT SOLDIERS OUR DECISIONS CANNOT BE LIMITED  PAGE 5

By Lynda Charters; Reviewed by 
Oluwatosin U. Smith, MD

WITH THE ONSET of the COVID-
19 pandemic, glaucoma specialists had 

to make marked changes to their well-
established clinical practice routines on 
the fly to ensure patient follow-up.

“In clinical practice, we had to make 
changes to several aspects of clinical 
flow and patient interaction, especially 
regarding diagnostic testing and disease 
monitoring, with the emphasis on visual 
field (VF) testing,” said Oluwatosin U. 
Smith, MD, of Glaucoma Associates of 
Texas in Dallas. 

SURGERY
Treatments for irregular corneas

CLINICAL DIAGNOSIS
COVID-19 impact on glaucoma practice

THERAPEUTICS
Treatment targets steroid-induced OHT

IMAGING
Ophthalmology: A pioneer in the field of AI

 OphthalmologyTimes.com

Issue  
Highlights

DEVICE TECHNOLOGY

Virtual reality, home visual field testing offer new options for physicians
TAKING A STEP FORWARD IN GLAUCOMA PATIENT CARE

Continues on page 14 : Injection

GENE THERAPY

Continues on page 18: Glaucoma

A DV M- 022 (A AV.7M8-
AFLIBERCEPT; ADVERUM 
Biotechnologies, Inc), an adeno-asso-
ciated virus gene therapy vector devel-
oped to treat neovascular age-related 
macular degeneration (nAMD), diabetic 
retinopathy, and diabetic macular edema 
(DME), was shown in nAMD patients 
(OPTIC Phase 1 study; NCT03748784) 
to be well tolerated and effective with 
a long treatment duration and asso-
ciated with substantial reduction in 
treatment burden with 1 intravitreal 
injection of the drug. 

The platform was designed to facilitate 
continuous, stable delivery of afliber-
cept (Eylea; Regeneron) during an in-
office intravitreal injection, accord-
ing to Arshad M. Khanani, MD, MA, 
clinical associate professor, University 
of Nevada, Reno School of Medicine, 
Reno, who reported the study results 
on behalf of the OPTIC investigators. 

“It is exciting that intravitreal gene 
therapy with ADVM-022 has the poten-
tial to address the unmet need of dura-
bility of the currently available agents,” 
he said. “An intraocular antivascular 

Single injection maintenance
ADVM-022 offers sharp decrease in treatment burden for patients with nAMD

Screening
-3 weeks

BCVA: 77 letters
CST: 678 μm

+12 weeks
BCVA: 81 letters

CST: 257 μm

Aflibercept IVT
-2 weeks

BCVA: 75 letters
CST: 664 μm

+24 weeks
BCVA: 83 letters

CST: 272 μm

ADVM-022
0 weeks

BCVA: 82 letters
CST: 355 μm

+36 weeks
BCVA: 83 letters

CST: 286 μm

+1 weeks
BCVA: 80 letters

CST: 338 μm

+48 weeks
BCVA: 83 letters

CST: 300 μm

By Lynda Charters; Reviewed by Arshad M. Khanani, MD, MA

(Images  courtesy of Arshad M. Khanani, MD, MA)

CASE STUDY  Rapid and sustained anatomical improvements
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W
elcome to our June 1 issue. 

June marks the beginning of sum-
mer. We also celebrate Father’s Day. 
As a result, it seems to make sense 

that June also is Men’s Health Month. During 
this month, vision research is commemorated. 
We will continue to provide the latest research 
as Ophthalmology Times® focuses on cutting-
edge advancements in ophthalmology. 

On the cover of this issue, the Ophthalmol-
ogy Times® team looks at research examining 
gene therapy for neovascular age-related macu-
lar degeneration (nAMD), which offers vision 
maintenance with a single injection.  Arshad 
M. Khanani, MD, MA, explains that in a study, 
a single intravitreal injection of ADVM-022 
(AAV.7m8-aflibercept; Adverum Biotechnolo-
gies, Inc) had a 99% reduction in the mean 
annualized frequency of anti-VEGF injections.  

In device technology, home visual field test-
ing is offering new options for ophthalmologists 
in glaucoma patient care. Oluwatosin U. Smith, 
MD, points out that the virtual reality fields 
and home visual fields are key additions to the 
future of office perimetry, telemedicine, remote 
patient monitoring, and screening.

Surgery remains a key area for research. 
Marta Ibarz Barberá outlines the benefits of 
topography-guided treatments for irregular cor-
neas, noting that the procedure can improve 
best-corrected visual acuity and enhance the 
quality of life for patients. 

In our clinical diagnosis core, we exam-
ine, endophthalmitis. While it is a rare occur-
rence in ocular surgery, the percentage, no mat-
ter how small, remains unacceptable. Winfried 
M.K. Amoaku, PhD, MBChB, FRCS, outlines the 
management protocol followed in the United 
Kingdom to treat older patients with endoge-
nous endophthalmitis. 

Therapeutics continue to benefit from 
research. Daniel Starner, PhD, discusses a treat-
ment that targets steroid-induced OHT. 

In the imaging section of this issue, Konstan-
tinos Balaskas, MD, FEBO, MRCOphth, explains 
why ophthalmology is at the forefront of arti-
ficial intelligence, with its heavy reliance on 
imaging. While the opportunities for patients 
and health care professionals are great, there 
are hurdles to fully integrating AI. 

In this issue’s special section, we look 
at concepts in glaucoma and retinal imag-
ing. Investigators corroborate the hypothe-
sis that retinal ganglion cells with dendrites 
stratified in the off sublaminae could be 
damaged. 

June also is National Safety Month. While 
mask restrictions are evolving, the Ophthalmol-
ogy Times® team would like to urge everyone to 
remain vigilant amid the COVID-19 pandemic. 
Like many of you, we are looking forward to 
returning to in-person meetings in a safe envi-
ronment. ■

June commemorates 
vision research
Mike Hennessy Sr,  
Chairman and founder of Ophthalmology Times®’ parent company, MJH Life Sciences™
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GENE THERAPY
1 Single injection 
maintenance  
ADVM-022 offers sharp decrease in 
treatment burden for patients with nAMD.

13 Targeting human retinal 
progenitor cell injections 
for RP  
Investigators find approach may improve 
vision and visual fields in some patients.

DEVICE TECHNOLOGY
1 Taking a step forward in 
glaucoma patient care  
Virtual reality, home visual field testing are 
offering new option for physicians. 

15 AI predictive ability 
benefits from free text 
data in EHRs  
Physicians find a wealth of info readily 
available to treat patients with glaucoma.

SURGERY
6 Benefits of topography-
guided treatments for 
irregular corneas  
Procedures can improve best-corrected 
visual acuity, enhancing quality of life         
for patients.

CLINICAL DIAGNOSIS
19 Artifical cornea 
implantation: High postop 
infectious keratitis rate 
Postop management with long-term topical 
antibiotics is proving criticial to successful 
device retention.

23 Home IOP monitoring 
may be aftereffect of 
COVID-19 pandemic 
At-home device may enhance safety           
for patients and staff.

THERAPEUTICS
24 Research: Treatment 
targets steroid-induced 
OHT  
Measurements from multiple studies  
show benefits of rho-kinase inhibition. 

25 Quest for topical 
treatments for posterior 
segment  
Novel treatments shifting paradigm  
in care of retinal diseases.  
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I
n his book The Rising Tide, Jeff Shaara 
chronicles the Allied effort in North 
Africa and Sicily, Italy, during World War 
II. One of the vignettes describes the 

encounter of the American general, George 
S. Patton, with a soldier suffering from shell 
shock in a US Army field hospital. Patton 
accused the soldier of cowardice, slapped 
him, and demanded his removal from the 
hospital because he did not deserve to be 
in the presence of his fellow soldiers with 
physical injuries.

Although there were many witnesses to 
this event, all remained silent except for a 
physician who documented the unprofes-
sional behavior of the general and named 
the various witnesses in a report that went 
to Gen Dwight D. Eisenhower, commander 
of the Allied forces. Eisenhower felt com-
pelled to punish Patton, whom he consid-
ered one of his most effective generals, by 
taking away his command.

Reflecting on the incident, Eisenhower 
noted that “if not for the indignation of one 
Army doctor, I might not know about this 
at all. Damned doctors are not soldiers, 
they do not care who hears their gripes.”

This passage reminded me of a story my 
father told me from his years as a surgeon 
in the US Army during and after World 

War II. The war had come to an end and 
my father, a captain, was responsible for 
running an American military hospital on 
an Army base in Japan. One day, the com-
manding officer, who had proven himself 
to be an officious bureaucrat and micro-
manager, sent an order requiring my father 
to report to headquarters. When my father 
arrived, he found himself standing in front 
of the commanding officer and some of his 
senior aides. The commander noted that 
he had previously ordered my father to 
keep the lights off in the hospital at night 
to save electricity. But the previous night 
while being driven past the hospital at 1 am 
en route to his quarters, the commander 
had seen lights from some hospital win-
dows. My father, said the commander, was 
guilty of insubordination and would have 
to make a choice. Either my father would 
agree to accept punishment of the com-
mander’s choosing or he could undergo a 
court-martial (military trial).             

My father told his accusers that he had 
indeed countermanded the order to turn 
off the electricity in the hospital the prior 
night. While the commander had been 
returning from a cocktail party at 1 am  
and seen the lights, my father was in the 
operating room performing an emergency 

appendectomy on an American soldier. 
He had been unwilling, my father said, 
to perform surgery on his soldiers in the 
dark.  But he would be willing to make an 
exception and operate on the commander 
in the dark if the commander so desired. 
My father demanded his right to the court-
martial, inviting the commander to explain 
to the soldiers on the jury why my father 
deserved to be disciplined for turning on 
the lights in his operating room.

The commander and his fellow officers 
were quiet. Finally, the commander told 
my father he was dismissed from the meet-
ing. My father never heard from him again.

“Were you afraid something bad might 
happen?” I, a boy of 9 or 10 at the time, 
asked my father. “What could they have 
done to me?” he answered. “Kicked me out 
of the Army and put me on a ship back to 
my home, where a beautiful nurse—your 
mother—who had agreed to marry me was 
waiting?”

My father would have heartily concurred 
with General Eisenhower: “Damned doc-
tors aren’t soldiers.” ■

Doctors are not soldiers
Sometimes, a good moral compass may override what might be expected 
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Benefits of topography-guided 
treatments for irregular corneas
Procedure can improve best-corrected visual acuity, enhancing quality of life for patients
By Marta Ibarz Barberá; Special to Ophthalmology Times®

T
opography-guided treatment for irregu-
lar corneas can improve patients’ best-
corrected visual acuity (BCVA). Easy to 
plan and perform, the technique is sup-
ported by software to do the calculations.

Irregular corneas can be caused by 
several factors, including scarring follow-

ing contact lens infections, keratoconus, and ecta-
sia. Patients with irregular corneas 
can be candidates for customized 
approaches such as topography-
guided treatments rather than 
standard procedures.

Many surgeons are unwilling to 
treat irregular corneas with tran-
sepithelial photorefractive keratom-
etry (PRK) because they are unsure 

of the outcomes. They would rather prescribe con-
tact lenses or perform traditional phototherapeutic 
keratectomy (PTK) because these are easier options 
in patients who have membrane dystrophies. How-
ever, these methods are not suitable for treating an 
irregular cornea because it is not clear whether the 
irregular astigmatism will worsen.

One option is to combine conventional refractive 
surgery with topography-guided surgery so that even 
a small variation in the corneal surface can be iden-
tified for correction. 

This option provides a great opportunity for treat-
ments in patients who have visual complaints caused 
by corneal irregularities. Topography-guided treat-
ment allows restoration of the cornea and softens 
the irregularity of the cornea and produces good 
refractive results.

P A T I E N T  E V A L U A T I O N
When evaluating patients for epithelial irregular-
ity and irregular corneas that are suitable for PTK 
or a single-step transepithelial PRK, I take the tra-
ditional measurements that are common in every Barberá

FIGURE 1.
Anterior segment optical coherence tomography 
(Optovue Inc.) image of the superficial corneal scar. 
(Image courtesy of Marta Ibarz Barberá)
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 ◗ Although topography-guided treatment 
procedures may not offer spectacle 
independence for patients with irregular 
corneas, best-corrected visual acuity can be 
improved, offering experienced surgeons a 
valuable tool as they treat therapeutic cases 
in their practices.

TAKE-HOME 
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patient: refraction; BCVA; slit-lamp examination; fundus 
examination; intraocular pressure (IOP) measurements; 
anterior segment optical coherence tomography (OCT) to 
identify the depth of the corneal opacity (Figure 1); and 
OCT to assess the macular, retinal nerve fiber layer and 
ganglion cells.

I integrate topographic images and data from 2 anterior 
topographic screening tools (Atlas 9000, Carl Zeiss Med-
itec and Pentacam, Oculus). I integrate the topographies 
obtained with the Atlas 9000 into a planning station (CRS 
Master, Carl Zeiss Meditec; Figure 2) and use the Penta-
cam to analyze the evolution of the corneal shape, spe-

FIGURE 2.
Treatment plan 
at the planning 
station of the CRS 
Master.

Initial Axial Power Ablation Power

FIGURE 3.
Pentacam and Atlas 9000 
pre-op in the case of 
the 28-year-old patient 
described. (Images courtesy of 
Marta Ibarz Barberá, MD)

cifically changes in total corneal 
astigmatism after surgery, but it is 
not involved in the surgical process.

I perform epithelial mapping with 
a wide-field OCT (Cirrus 6000, Carl 
Zeiss Meditec) to visualize where 
epithelial thickness is greater. Usu-
ally, the epithelium is thicker and the 
stroma is thinner in the location of 
the scar. This allows me to compare 
the topography and the epithelial 
mapping. I also perform a complete 
ocular examination with endothelial 
cell count, fundus, macular OCT, 
IOP, and optic nerve scan.

T R E A T M E N T  P R O T O C O L
Before treatment, I explain to the 
patient that, although the procedure 
is short, the postoperative recovery 
period can be uncomfortable, es-
pecially in the first 2 days. This is     
because of the removal of the epi-
thelium. The patient will experience 
photophobia and red eye and will 
need to wear contact lenses for 5 
days until the epithelium normalizes.

I also explain that the patient will 
need to use several drops, including 
antibiotics, corticosteroids, nonste-
roidals, and artificial tears. I inform 
them that sometimes 1 attempt is 
not enough; it may be necessary to 
perform an enhancement, although 
this is rare.

It is vital that the patient under-
stands that this is not refractive 
surgery on a virgin cornea. It is a 
procedure designed to regain visual 
acuity that has been lost, so it is 
not as easy as performing LASIK.

When I am ready to perform the 
procedure, the first thing I do is 
access the high-quality topographic 
images already recorded. I intro-
duce the central corneal thickness, 
select the surface ablation mode, 
and choose the size of the optical 
zone (usually 7 mm).

After integrating the images and 
data with the patient’s manifest 
refraction into the planning station, 
software calculates the treatment 
required to regularize the optical 
zone to a spherocylindrical shape 
with minimum tissue ablation. It 
calculates the microns at each point 
that it will treat.

T R E A T M E N T  P E A R L S
In the transepithelial mode of the 
planning station software, the abla-
tion is automatically increased to 50 

Continues on page 8 : Corneas
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µm (because the epithelium is usually 50 µm) in a uniform 
pattern all over the optical zone with no transition zone. There 
is no need for a masking agent.

T R E A T M E N T
Before starting treatment, I simply dry the cornea and apply 
an easy-to-use excimer laser (MEL 90, Carl Zeiss Meditec). 
At the end, I apply mitomycin C for 1 minute on the cor-
nea with a surgical sponge to avoid the limbus, followed by 
gentle washing with balanced salt solution.

When the procedure is complete, I place the contact lens 
(Biofinity, CooperVision) and then prescribe antibiotics and 
corticosteroids to avoid haze. I also prescribe nonsteroidal 
anti-inflammatory drugs to control the pain in the first 2 
days and artificial tears. I also advise the patient to wear 
sunglasses when outdoors.

The patient returns 5 days postoperatively if the epithe-

lium is restored enough, and then I remove the contact lens. 
If the epithelium has not been restored, the patient waits 3 
or 4 more days before returning.

I have found that younger patients’ epitheliums usually 
return to normal in 5 days, whereas it might take several 
weeks in older patients. I monitor to determine the right 
time to remove the contact lens.

One month postoperatively, I have the patient return and 
assess their IOP because of the use of topical steroids. I 
will allow as many postoperative visits as necessary, but 
the typical protocol for these visits is 24 hours, 1 week, 1 
month, and 3 months.

At 3 months, I perform refraction and topography to deter-
mine whether an enhancement or correction with specta-
cles is required. 

As a refractive surgeon, I prefer to perform an enhance-
ment with a laser, but in some cases, older patients, for 
instance, I might decide to prescribe spectacles.

C A S E  S T U D I E S
A 28-year-old man presented with a BCVA of 20/100. He had 
epidemic keratoconjunctivitis with subepithelial infiltrates. 

CORNEAS
( Continued from page 7 )

MARTA IBARZ BARBERÁ, MD
e: marta@martaibarz.com
Barberá is a cataract and refractive surgeon and 
glaucoma specialist at Oftalvist Madrid and Moncloa 
HLA Hospital, Madrid, Spain. She has no financial 
disclosures to make.

FIGURE 4.
Regularisation of the anterior 
surface (Pentacam and Atlas 9000 
topographies 3 months after surgery).

(Images courtesy of Marta Ibarz Barberá, MD)

These infiltrates were extremely 
dense in the middle of the cor-
nea. They were affecting the 
visual axis and the irregular-
ity was very high. 

R E C O V E R Y
After topography-guided treat-
ment, his vision recovered to 
100%. However, it is important 
to note that this was not an easy 
process for the patient. His com-
plete recovery was not achieved 
until 3 months postoperatively, 
although he improved daily (Fig-
ures 3, on page 7, and 4).

In a separate case, a 74-year-
old woman presented with Salz-
mann nodular degeneration that 
was so symptomatic that her 
vision was 20/70 in her dominant 
eye. The patient had amblyopia 
in her good eye. After topogra-
phy-guided treatment, she had 
many surface complaints, which 
was normal at her age. Her vision 
is now 0.8, so we have nearly 
doubled her visual acuity and 
she is extremely happy. 

I also performed the proce-
dure on her other eye. However, 
we did not have much success 
because of amblyopia. However, 
she is satisfied with both pro-
cedures, especially in the dom-
inant eye.

C O N C L U S I O N
I encourage cata rac t and              
refractive surgeons to consider 
topography-guided treatment 
because it is easy to plan and 
perform. The algorithm behind 
the treatment is robust, and the 
calculation work is done for the 
surgeon.

Ultimately, the end result of 
this procedure may not be spec-
tacle independence, given these 
patients’ conditions prior to sur-
gery,  but BCVA can be improved. 
As a result, this proves to be a 
useful tool for experienced sur-
geons who wish to treat thera-
peutic cases in their practices. ■
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Special Report   ) GLAUCOMA AND RETINA IMAGING

Ghassabi related that animal 
studies have determined glauco-
matous changes start in dendrites 
and then in the ganglion cells and 
axons. Visible-light optical coher-
ence tomography (vis-OCT) has been 
especially valuable in this research 
because the technology facilitates 

visualization of multiple sublayers of the IPL. 
“Vis-OCT has higher axial resolution compared 

with conventional OCT,” she explained. 
Conventional systems are limited to axial reso-

lutions of about 3 to 4 μm in contrast to vis-OCT 
with an axial resolution in vivo of about 1.8 μm in 

air and 1.3 μm in eye. 
Ghassabi and colleagues tested the potential of 

the IPL sublayers as glaucoma biomarkers using vis-
OCT compared with conventional biomarkers such 
as the retinal nerve fiber layer and the ganglion 
cell layer. To do this, they used a prototype instru-
ment, the Aurora X1 vis-OCT system (Opticent Inc) 
using a 3-D speckle-reduced raster scanning proto-
col focused on the superior fovea in 9 healthy sub-
jects and 6 patients with glaucoma.

R E S U L T S
The healthy subjects (average age, 47 years) and 
glaucoma patients (average age, 63 years) had re-

IPL OFFERS GLAUCOMA BIOMARKER 
FOR EARLY STAGE DISEASE

Visible-light optical coherence tomography proves valuable in studies
By Lynda Charters; Reviewed by Zeinab Rozita Ghassabi, MD; and Joel Schuman, MD

ZEINAB ROZITA GHASSABI, MD
e: zeinab.ghassabi@nyulangone.org
This article is adapted from Ghassabi’s presentation at the American Glaucoma Society’s 
virtual annual meeting. She has no financial interest in this subject matter.

Ghassabi

spective RNFL thicknesses of 96.43 and 64.6 μm, 
which differed significantly (P = .002). Respective 
mean deviation values were –1.55 and –19.4 deci-
bels, a difference that also reached significance (P 
= .002, Wilcoxon test).

Vis-OCT showed that the IPL has 3 sublayers; 
in subjects who were healthy and in those with 
glaucoma, the total IPL values were 39.44 and 35.5 
μm (P = .002, linear regression adjusted for age), 
respectively. The thickness of sublayer 1 did not dif-
fer between the 2 groups. The thickness of sublay-
ers 2 and 3 differed significantly: sublayer 2, 17.17 
and 14.36 μm (P = .003, linear regression adjusted 
for age); sublayer 3, 11.29 and 10.29 μm (P = .045, 
linear regression adjusted for age), Ghassabi noted. 

Analysis showed a strong correlated with the thick-
ness of sublayer 2 and the mean deviation. 

“The IPL is a layer of synapses between the bipo-
lar, amacrine, and retinal ganglion cells and can be 
divided into on and off sublaminae and 5 strata,” 
Ghassabi said. “The 5 layers that were visible on 
vis-OCT images were correlated with 5 morphologic 
strata, S1 to S5.”

The patients with glaucoma had moderate and 
advanced disease. The thinning of sublayer 2 that 
was observed was associated with a decrease in the 
distance between sublayers 2 and 4 in the patients 
with glaucoma. This thinning was not observed in 
the healthy subjects. 

“This finding corroborated the hypothesis that 
retinal ganglion cells with dendrites stratified in the 
off sublaminae may be damaged,” she commented. 

According to the investigators, the IPL sublayer 2 
seems to have high potential as a clinical glaucoma 
biomarker. Future studies of early stage glaucoma 
in a larger study is needed. ■

A 
sublayer of the inner plexiform layer (IPL) holds promise as a poten-
tial biomarker in efforts to detect early glaucomatous changes, accord-
ing to Zeinab Rozita Ghassabi, MD, a postdoctoral research fellow, and 
Joel Schuman, MD, Department of Ophthalmology, New York Univer-

sity Langone Health, New York.

OCT facilitates visualization of  multiple sublayers of the IPL. (Images courtesy of Zeinab Rozita Ghassabi, MD)
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Proportion of patients who maintained vision (<15 ETDRS letters lost of BCVA) at Year 1 from baseline1-3,*
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Demonstrated in the largest phase 3 anti-VEGF trials completed to date in Wet AMD (N=2412)1-3

PROVEN VISUAL OUTCOMES AT YEAR 1 IN THE 
VIEW STUDIES
Fewer injections with EYLEA Q8 vs ranibizumab Q4
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1 INDICATIONS AND USAGE 
EYLEA is a vascular endothelial growth factor (VEGF) inhibitor indicated for the treatment of patients with:
Neovascular (Wet) Age-Related Macular Degeneration (AMD), Macular Edema Following Retinal Vein Occlusion (RVO), Diabetic 
Macular Edema (DME), Diabetic Retinopathy (DR).
4 CONTRAINDICATIONS
4.1 Ocular or Periocular Infections  
EYLEA is contraindicated in patients with ocular or periocular infections. 
4.2 Active Intraocular Inflammation  
EYLEA is contraindicated in patients with active intraocular inflammation. 
4.3 Hypersensitivity  
EYLEA is contraindicated in patients with known hypersensitivity to aflibercept or any of the excipients in EYLEA. Hypersensitivity 
reactions may manifest as rash, pruritus, urticaria, severe anaphylactic/anaphylactoid reactions, or severe intraocular inflammation.
5 WARNINGS AND PRECAUTIONS 
5.1 Endophthalmitis and Retinal Detachments  
Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis and retinal detachments [see Adverse 
Reactions (6.1)]. Proper aseptic injection technique must always be used when administering EYLEA. Patients should be instructed 
to report any symptoms suggestive of endophthalmitis or retinal detachment without delay and should be managed appropriately 
[see Patient Counseling Information (17)].
5.2 Increase in Intraocular Pressure  
Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection, including with EYLEA [see Adverse 
Reactions (6.1)]. Sustained increases in intraocular pressure have also been reported after repeated intravitreal dosing with vascular 
endothelial growth factor (VEGF) inhibitors. Intraocular pressure and the perfusion of the optic nerve head should be monitored and 
managed appropriately.
5.3 Thromboembolic Events  
There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, including EYLEA. ATEs 
are defined as nonfatal stroke, nonfatal myocardial infarction, or vascular death (including deaths of unknown cause). The incidence of  
reported thromboembolic events in wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined group of patients 
treated with EYLEA compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks, the incidence was 
3.3% (60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. The incidence in the DME 
studies from baseline to week 52 was 3.3% (19 out of 578) in the combined group of patients treated with EYLEA compared with 
2.8% (8 out of 287) in the control group; from baseline to week 100, the incidence was 6.4% (37 out of 578) in the combined group of 
patients treated with EYLEA compared with 4.2% (12 out of 287) in the control group. There were no reported thromboembolic events 
in the patients treated with EYLEA in the first six months of the RVO studies.
6 ADVERSE REACTIONS 
The following potentially serious adverse reactions are described elsewhere in the labeling:  
• Hypersensitivity [see Contraindications (4.3)]  
• Endophthalmitis and retinal detachments [see Warnings and Precautions (5.1)]  
• Increase in intraocular pressure [see Warnings and Precautions (5.2)]  
• Thromboembolic events [see Warnings and Precautions (5.3)]
6.1 Clinical Trials Experience  
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug 
cannot be directly compared to rates in other clinical trials of the same or another drug and may not reflect the rates observed  
in practice.
A total of 2980 patients treated with EYLEA constituted the safety population in eight phase 3 studies. Among those, 2379 patients 
were treated with the recommended dose of 2 mg. Serious adverse reactions related to the injection procedure have occurred in <0.1% 
of intravitreal injections with EYLEA including endophthalmitis and retinal detachment. The most common adverse reactions (≥5%) 
reported in patients receiving EYLEA were conjunctival hemorrhage, eye pain, cataract, vitreous detachment, vitreous floaters, and 
intraocular pressure increased.

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

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

Adverse Reactions
EYLEA 

(N=1824)

Active Control  
(ranibizumab) 

(N=595)
EYLEA 

(N=1824)

Control  
(ranibizumab) 

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

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

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

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

Adverse Reactions
EYLEA 

(N=218)
Control 
(N=142)

EYLEA 
(N=91)

Control 
(N=92)

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

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

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

Adverse Reactions
EYLEA 

(N=578)
Control 

(N=287)
EYLEA 

(N=578)
Control 

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

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

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

BRIEF SUMMARY—Please see the EYLEA  
full Prescribing Information available  
on HCP.EYLEA.US for additional 
product information.

Manufactured by:  
Regeneron Pharmaceuticals, Inc. 
777 Old Saw Mill River Road 
Tarrytown, NY 10591

EYLEA is a registered trademark of Regeneron 
Pharmaceuticals, Inc. 
© 2020, Regeneron Pharmaceuticals, Inc.  
All rights reserved.

Issue Date: 08/2019  
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The trial’s findings indicated that this treatment 
may be able to enhance vision and visual fields in 
specific patients with RP whose living cells can 
be rejuvenated, according to David S. Boyer, MD, 
an adjunct clinical professor of ophthalmology at 
the Keck School of Medicine of USC in Los Ange-
les, California.

A heterogeneous group of patients with RP and 
20/80 to 20/800 vision were included in the phase 
2 trial. The patients were not excluded based on 
their clinical picture or genetics. Three study groups 
were tested: patients who received an injection of 
3 million cells, patients who received an injection 
of 6 million cells, and a sham control group. These 
were regenerative cells intended to enhance cells 
that might still be living in the retinas of patients 
with RP.

The primary end point was the mean change 
in the best-corrected visual acuity (BCVA) from 
baseline to month 12. The study’s goals were to 
determine the ideal dose and identify secondary 
end points and the clinical characteristics of the 
patients who might benefit most from 1 intravit-
real dose in a phase 3 trial. Following exclusion 
as the result of administration of the wrong dose, 
loss to follow-up, or a preexisting condition, 74 
patients were included in study and randomized 
1:1:1 in the analysis.

The secondary end points were low light mobil-
ity to facilitate navigation through a maze, kinetic 
visual fields that map the remaining vision, con-
trast sensitivity, and the results of a visual func-
tioning questionnaire (VFQ-48).

R E S U L T S 
Injection of the 6-million-cell dose showed a mod-
erate improvement in vision of approximately 4.4 
letters over the sham treatment. The kinetic vi-
sual field also showed an improvement, contrast 
sensitivity, and results of the VFQ-48; however, no                             
improvements were seen in the low luminance test, 
Boyer reported. 

In previous studies, Boyer explained, patients 
with a visual field of less than 12 degrees had 
been identified as unable to be reliably measured 
because of their inability to maintain fixation with-
out central vision. Moreover, patients with a 3-line 
difference in vision between the treated eye and 
the fellow also had a decrease in vision that could 
not be improved. When the investigators evaluated 
the patients in the phase 2 trial because of these 
specific parameters, the investigators saw approxi-
mately 15 letters of improvement and significant 
improvements in the kinetic visual fields, contrast 
sensitivity, VFQ-48, and navigation through the low 
luminance maze when the patients in the 6-mil-
lion-cell group and those who received the sham 
treatment were compared.

At the time of this report, approximately 130 
eyes had been treated and the safety profile was 
excellent. No serious adverse events occurred in 
the group treated with the higher dose.

“The study found that the 6-million-cell dose 
was the most effective, all clinical trial end points 
were useful and supportive of the treatment effect, 
the treatment had an excellent safety profile, and 
certain patients from the broad set of [patients 

with RP] studied can be assessed more reliably,” 
Boyer said.

However, the question remains as to which 
patients would benefit the most from this treat-
ment. Heat maps were generated that showed the 
width and the band of the ellipsoidal zone, and 
the results indicated that the thickness of the ellip-
soidal zone may be predictive of improvements in 
the end points (BCVA, visual fields, contrast sen-
sitivity, the low luminance level in the maze, and 
the VFQ-48 results) with treatment with human 
progenitor cells compared with sham treatment.

Similarly, the mean foveal central thickness also 
was highly correlated with improvements in the 
end points in the 6-million-cell group.

“The optical coherence tomography findings 
indicated structural predictors, ie, the ellipsoidal 
zone thickness and the mean foveal thickness, for 
[participants] who received the 6-million-cell dose 
who were most likely to improve with injection of 
human progenitor cells,” Boyer concluded. “There 
was no evidence of structural improvement at 12 
months. The potential minimal thickness should 
be considered as part of the inclusion criteria for 
future studies. “

The phase 3 trial will begin in the third quar-
ter of 2022. ■

Investigators find approach improved vision and visual fields in some patients
By Lynda Charters; Reviewed by David S. Boyer, MD

DAVID S. BOYER, MD
e: vitdoc@aol.com
This article was adapted from Boyer’s presentation at the Bascom Palmer Eye Institute’s 
Angiogenesis, Exudation, and Degeneration conference, held virtually in February. Boyer is 
a consultant to jCyte, which ran the study under discussion and participated in the study.

Targeting human retinal 
progenitor cell injections for RP 

A
lthough there currently are no options avail-
able to treat retinitis pigmentosa (RP), a novel 
approach has been evaluated in a phase 2 
clinical trial that determined the clinical ef-
fect of the injection of human retinal pro-

genitor cells to improve vision and visual fields in 
this patient population by activating and preserving 
retinal cells to treat RP. 
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endothelial growth factor [VEGF] bio-
factory is established in the eye after a 
single intravitreal injection.”

The 2-year OPTIC phase 1 study 
included 4 cohorts of previously treated 
patients with nAMD: cohorts 1 (6 
patients) and 4 (9 patients) received 
the high dose (6 × 1011 vg/eye), and 
cohorts 2 (6 patients) and 3 (9 patients) 
received the low dose (2 × 1011 vg/
eye). The primary outcome was the 
safety and tolerability of 1 injection 
of ADVM-022, and the second objec-
tives were assessment of the best-cor-
rected visual acuity (BCVA), anatomic 
outcomes of spectral-domain optical 

coherence tomography, and the need 
for anti-VEGF supplemental therapy.

Different steroidal prophylaxis was 
used among the cohorts. Previously, a 
13-day oral steroid tapered eyedrop was 
used in cohorts 1 and 2; in cohorts 3 
and 4, a 6-week steroid eyedrop course 
is being used. Patients had been previ-
ously treated with from 20 to 30 injec-
tions to maintain vision (ie, average, 9 
injections in previous year in cohorts 1, 
2, and 3, and 7 injections in cohort 4). 
This is a difficult-to-treat patient pop-
ulation requiring frequent injections 
to maintain vision. The cohorts were 
similar in demographic data; cohort 3 

had thicker central subfield thickness 
(CST) at baseline. 

R E S U L T S 
Following a single intravitreal injection 
of ADVM-022, the high-dose cohorts 
had a 99% reduction in the mean an-
nualized frequency of anti-VEGF injec-
tions and the low-dose cohorts had an 
85% reduction in treatments. 

“Over 80% of patients with nAMD 
treated with a single injection of ADVM-
022 in OPTIC have not needed any sup-
plemental anti-VEGF injections up to 
92 weeks’ follow-up,” Khanani said.

No serious adverse events were 
reported in association with ADVM-
022. Events that did occur were mild 
or moderate. When observed, ocular 
inflammation predominately affecting 
the anterior segment was responsive to 
steroid eyedrops; no posterior inflam-

mation, vasculitis, or endophthalmitis 
have been reported. A decreasing trend 
in the aqueous cell grade was seen over 
time. The lower dose was associated 
with fewer cases of inflammation. 

The BCVA and CST in cohort 1 
remained stable without supplemen-
tal treatment at a median 86-week fol-
low-up; in cohort 2, the BCVA and CST 
were maintained over a median 64-week 
follow-up; in cohort 3, the BVCA was 
maintained and the CST improved with 
a median 48-week follow-up. In cohort 
4, the follow-up is too early for defini-
tive findings. The key takeaways from 
the OPTIC trial are the following:

> ADVM-022 is well tolerated at both 
doses investigated.
> The efficacy was robust and sustained 
at high and low doses.
> One intravitreal injection of ADVM-022 
remained efficacious out to 92 weeks 
without the need for supplemental                     
injections in cohort 1.
> Robust expression of aqueous anti-
VEGF protein was seen at 18 months 
in cohort 1 after 1 injection.
> ADVM-022 resulted in a reduction in the 
number of annual injections.
> Most patients in the OPTIC trial are 
free of supplemental injections.
> Results warrant future larger studies.

Pivotal trials are scheduled to start 
later in 2021. Data from the ongoing 
INFINITY phase 2 study (NCT04418427), 
the first to evaluate an ADVM-022 gene 
therapy in DME, will be reported later 
in 2021. ■

ARSHAD M. KHANANI, MD, MA
e: arshad.khanani@gmail.com
This article is adapted from Khanani’s presentation at the 
Bascom Palmer Angiogenesis, Educations, and Degeneration 
virtual conference. Khanani is a consultant to and receives 
grant support from Adverum Biotechnologies.

FROM THE COVER 

INJECTION
( Continued from page 1 )

Patient Case: Cohort 3, Subject 5 [Before ADVM-022]
Persistent fluid despite anti-VEGF injections prior to ADVM-022

(Data courtesy of Arshad M. Khanani, MD, MA)

Case Study: Cohort 3, Subject 5 
Persistent fluid despite frequent anti-VEGF injections

82 Year Old Male

Previous IVT, n* 19

IVT in Last 12 Months, n 9

OCT scans and treatment intervals from 
most recent 5 anti-VEGF injections visits 
prior to OPTIC 

–10 weeks

–15 weeks

–20 weeks

–25 weeks

–30 weeks

Aflibercept injections

Weeks Prior to 
ADVM-022

* Excluding the aflibercept injection received at the Screening visit
IVT, intravitreal therapy; OCT, optical coherence tomography;
VEGF, vascular endothelial growth factor

INFINITY Trial of ADVM-022 for DME: 
TRIAL UNMASKED TO INVESTIGATE HYPOTONY IN 1 STUDY PATIENT

BY LYNDA CHARTERS

ADVERUM BIOTECHNOLOGIES announced a 
sudden unexpected serious adverse reaction of 
hypotony in 1 patient in the INFINITY phase 2 
clinical trial evaluating ADVM-022 gene therapy 
for diabetic macular edema (DME).

The hypotony along with panuveitis and visual 
loss in the eye developed 30 weeks after the patient 

was treated with 1 injection of the high dose of 
the therapy (6 x 1011 vg/eye) being evaluated.

In the name of safety, Adverum is immediately 
unmasking the phase 2 trial to gain an under-
standing of this serious event as well as manage 
any similar risk potential for the other patients. 
Laurent Fischer, MD, chief executive officer of 
Adverum, emphasized the company’s full commit-
ment to a thorough investigation of the case, con-

tinued monitoring of the affected patients and all 
patients in the trial in conjunction with the study 
investigators, data monitoring committee, scien-
tific advisory board, and health care authorities. 

The INFINITY study enrolled 36 patients with 
DME to show superior control of the disease in 
patients assigned to 1 of 2 doses of ADVM-022, the 
highest and lowest doses, compared with afliber-
cept (Eylea, Regeneron Pharmaceuticals). ■ kt
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models are deployed for clinical use. 
This work is a first step, Wang pointed 

out. Future work may include collabo-
rating with other clinical centers, incor-
porating imaging into the predictive 
models, and using more sophisticated 
representation methods for text, such 
as transformer-based models. Addi-
tionally, named entity recognition sys-
tems to produce features from the text 

and investigations of performance in 
subgroups of patients based on phy-
sician and race or ethnicity may also 
be used in future work. ■

A
dvances in the use of           
artificial intelligence 
(AI) may be useful in 
treating patients with                    
g l auc om a be c au se 
of the unpredictable                       
nature of the disease. 

Machine learning models that use elec-
tronic health records (EHRs) have tried 

to predict the disease 
course, but it was not 
clear whether adding 
text data from clin-
ical notes would be 
helpful in any way, 
according to Sophia 
Y. Wang, MD, an                 

assistant professor of ophthalmology 
at Byers Eye Institute, Stanford Uni-
versity in California.

“There are so many clinical details 
that are stored in the free-text clinical 
progress notes that are very difficult 
to access and compute over,” she said.

However, Wang and Benjamin Tseng, 
AB, also from Byers Eye Institute, did 
just that. They found that the addition of 
textual clinical notes contained highly 
valuable information that helped better 
predict the course of glaucoma that may 
ultimately require surgery in patients. 

H O W  T H E Y  D I D  I T
The investigators used the clinical notes 
of glaucoma patients obtained from the 
EHRs. They included demographic data, 
diagnosis codes, surgical history, infor-
mation about intraocular pressure, vi-
sual acuity, and central corneal thick-
ness. Then, “the words from the pa-
tients’ 120 days of notes were mapped 
into the ophthalmology domain-specific 
neural work embeddings, a natural lan-
guage processing technique in which the 
word meanings are encoded in the vec-
tor space. …Once the words are mapped 
to the numeric vectors, they can more 
easily be used in deep-learning predic-

tive models,” Wang explained. 
She and Tseng compared this dual-

input model with one that used only 
structured input data and one that con-
tained only text inputs. Patients were 
included who had (n = 748) and had 
not (n = 3764) undergone an incisional 
glaucoma surgery. All patient data were 
from the Stanford University repository 
data from 2008 to 2020.

W H A T  T H E Y  F O U N D
Wang noted that deep learning models 
developed using EHR data can surpass 
human performance in predicting whether 
glaucoma patients will need surgery. 

“Incorporating free-text data appeared 
to improve performance compared with 
utilizing only structured inputs,” she said. 

Wang showed the receiver operating 
curve results for the combination model 
(area = 0.731) were slightly better than 
those of the text curve (area = 0.697) 
and the structured curve (area = 0.658).

All the models outperformed a review 
of 300 charts, the notes by an ophthal-
mologist to determine the human-level 
predictive value of the charts, and notes 
for determining which patients would 
ultimately need surgery. 

The precision recall curves showed 
that the text model (area = 0.431) showed 
slightly better precision recall than the 
structured (area = 0.284) and combi-
nation (area = 0.392) models. 

“Using word embeddings to repre-
sent clinical notes, deep learning models 
could predict whether glaucoma patients 
would need a future glaucoma surgery 
at a performance level better than an 
ophthalmologist’s review of the same 
notes,” Wang said. She also noted that 
predictive models can be helpful in clin-
ical decision support or for automati-
cally identifying high-risk patients for 
clinical trials. However, she offered the 
caveat that more work needs to be done 
to improve the performance before the 

AI predictive ability benefits 
from free text data in EHRs
Physicians are finding a wealth of information that is readily available 
By Lynda Charters; Reviewed by Sophia Y. Wang, MD

SOPHIA Y. WANG, MD
e: sywang@stanford.edu
This article is adapted from Wang’s presentation at the 
American Glaucoma Society’s 2021 virtual annual meeting. 
She has no financial interest in this subject matter.
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Before the pandemic, long office wait times for 
patients were commonplace for routine follow-up 
visits. Because of the pandemic, she pointed out, 
testing and visits were separated and testing cen-
ters were designated in some facilities. 

Regarding VF testing, requirements were imple-
mented for cleaning of equipment and time between 
patients after each VF test, which resulted in pro-
longed delays in the office. In an effort to reduce 
the wait times, virtual VF testing and home VF tests 
were implemented.

“When considering perimetry needs,” she said, 
“a number of factors are considered that include 
the reliability, reproducibility, and quantitativeness 
of the test; the efficiency and safety for physicians 
and patients; affordability; comfort; and ease of 
both use and cleaning. Virtual reality and home 
VF tests meet some of those criteria.”

A V A I L A B L E  T E C H N O L O G Y
Various devices are available commercially and       
include head-mounted devices, referred to as vir-
tual reality perimetry, such as the VisuALL S for 
office use and the VisuALL H for home use (both 
from Olleyes), IMO (Crewt Medical Systems), and 
the C3 Field Analyzer (Remidio). 

VF testing is available in different strategies; the 
visual acuity assessment is usually included in most 
available systems, as is threshold/suprathresold test-
ing. The size V stimulus test is not currently avail-
able. Adult and pediatric tests are available in spe-
cific devices. 

The Olleyes VisuALL System has the advantages 
of being lightweight and portable; it offers goggle 
technology with a flat screen with each eye stim-
ulated by an individual screen and threshold and 
suprathreshold strategies. 

Smith recounted a recent study that compared the 
Olleyes VisuALL with standard automated perimetry.1 
The study included 102 eyes of 25 healthy patients 
and 26 patients with mild to moderate glaucoma. 
All participants were evaluated with both tests. 

The authors reported that the test time was lon-
ger than with the Humphrey Field Analyzer (HFA) 
for both the normal subjects (6.13 minutes) and 
patients (9.28 minutes) (P = 0.02 and P < .001, 
respectively). The investigators found a significant 
correlation of the global mean sensitivity of the HFA 
and VisuALL in normal subjects (P = .001) and 
patients (P < .001). The VisuALL mean sensitivity 
had a greater receiver operating characteristic curve 
than the HFA mean sensitivity for discriminating 
normal eyes from glaucomatous eyes (P = .06).

Smith said the VisuALL system had lower peak 
brightness and lower background illumination than 
the HFA and an eye tracker that was similar in tech-

nology to the Octopus 600 (Haag-Streit). It provided 
full threshold testing vs standard automated perim-
etry testing but required more time than the HFA 
because of the absence of a normal database and a 
frequency-of-seeing curve. 

The printout of the VisuALL sys-
tem is formatted like that of the HFA 
printouts. Using the VisuALL system, 
1 eye can be tested, or both eyes 
simultaneously. The system provides 
a full threshold test, which the IMO 
does not; the IMO has a special algo-
rithm that helps improve the accu-
racy and speed of testing. 

Studies to determine patient          
preference for the tests, repeat test 
performance, clinical utility, and 
normal database are underway.

The devices are easy to clean after each use and 
multiple devices can be used at the same time. A 
technician is not necessary to monitor use of the 
device but is available if needed. The testing can 
be performed in any position and location. Impor-
tantly, ease of use facilitates more frequent testing, 
which can rapidly detect VF progression.

The VisuALL H system is a head-mounted device 
that can be bought or rented. The web-based test is 
similar to the in-office test. Patient instruction and 
training are required.

The important advantages of virtual reality field 
tests are efficiency, safety, the ability to be worn 
over glasses, and ease of use; the major disadvan-
tages include the potential for patient disorienta-
tion when wearing the goggle headset, preference 
for standard perimetry, possible high cost, and the 
fact that more clinical studies are needed to test 
the device with advanced glaucoma and with size 
V test objects. 

The Melbourne Rapid Fields (MRF) device (M&S 
Technologies) provides portable tablet-based perimetry.

When using the MRF, the patient can wear their 
own glasses. The software includes fixation and 
fast thresholding using Bayes logic. This perime-
try device is available for use in the office and for 
home VF testing.

The MRF provides a printout similar to the HFA, 
1 or both eyes can be tested at the same time, the 
stimulus size, ranging from the equivalent of size 
III to size IV depending on the degree of eccentric-
ity, is adjustable during testing to allow for the tan-
gent effect of a planar screen, and the test requires 
that the patient maintain a certain distance from 
the screen. 

A study2 that included 12 normal eyes and 78 
eyes with glaucoma and compared the MRF with 
the HFA in glaucoma patients found a high corre-
lation between the 2 devices and comparable test-
retest reliability.

Another study3 that compared the MRF and the 
HFA in 60 patients with stable glaucoma or ocu-
lar hypertension over 6 months reported that the 
2 were strongly correlated with each other over 4 
visits and had good test-retest reliability.

The MRF designed for home testing sends a link 
to the patients and allows testing to be performed 
on the patients’ own devices. Some calibration is 
required and testing is performed from a specific 
distance from the screen. There is a slight learn-

ing curve associated with this test.
The greatest advantage of portable 

tablet VF testing is that the home test 
can be performed on the patient’s 
own tablet or computer. The disad-
vantages are that the size V stimu-
lus test is not available, there is some 
patient discomfort with the position-
ing required, and a home test is tech-
nically more challenging to perform 
because of the required calibration.

Smith explained that the virtual 
reality fields and home VFs are valu-

able additions to the future of office perimetry, tele-
medicine, remote patient monitoring, and screening. 

“The devices have been correlated with the estab-
lished perimetry method, the Humphrey VF test,” 
she concluded. “There is need for improvement in 
the diagnostic and disease progression monitoring 
capabilities, and validation of use for more advanced 
disease is ongoing for the devices commercially in 
the US. Home monitoring VF devices may identify 
rapid VF progression.” ■
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I
nfectious keratitis is a “bugaboo” associated with 
implantation of the Boston Type I Keratoprosthe-
sis (KPro), the most widely used artificial cor-
nea worldwide, and develops in approximately 
17% of cases, according to Anthony J. Aldave, 
MD, professor of Ophthalmology and chief of 
the Cornea and Uveitis Division at UCLA’s Stein 

Eye Institute in Los Angeles California. 
Considering the potentially devas-

tating effects of infectious keratitis, 
Aldave and colleagues looked ret-
rospectively at patients who under-
went KPro implantation at Stein 
Eye Institute and the Centre Hos-
pitalier of the University of Mon-
treal between May 1, 2004, and 
December 31, 2018. They sought 

to determine the incidence, associated organisms, 
risk factors, and clinical course of infectious keratitis 
after KPro implantation and develop evidence-based 
guidelines for postoperative patient management.

P O S T O P E R A T I V E 
A N T I B I O T I C  R E G I M E N

All procedures had been performed by Aldave In Los 
Angeles and Mona Harissi-Dagher, MD, in Montreal. 
Slightly different postoperative antimicrobial regimens 
were used at the 2 surgical sites: topical fourth-gen-
eration fluoroquinolones 4 times daily indefinitely 
(and vancomycin 4 times daily for approximately 
4 months before 2013) in Los Angeles and topical 
fourth-generation fluoroquinolones 4 times daily and 
tapered to once or twice daily indefinitely in Mon-
treal. No topical antifungal prophylaxis was used. 

At both institutions, the postoperative regimen 
included a topical steroid (prednisolone acetate) used 
between 4 times daily and every 2 hours and then 
tapered to once or twice daily; this was stopped when 
no intraocular or ocular surface inflammation was 
present. A therapeutic soft contact lens was used 
postoperatively when needed to keep the corneal 
epithelium intact, relieve discomfort, or maintain 
sufficient quality of vision. The lens was replaced 
every 1 to 3 months and discontinued when an indi-
cation was no longer present or if the lens could not 
be maintained on the eye, Aldave explained.

R E S U L T S
The KPro was implanted during 349 procedures in 
295 eyes of 268 patients (mean age, 62.7 years; mean 
follow-up, 51.6 months). 

Graft failure was the primary indication for the 
initial KPro procedure and was a significantly more 
frequent indication in Los Angeles than in Montreal 
(64.7% vs 46.4%, respectively; P < .01). Significantly 
more patients in Los Angeles underwent repeated 
implantations compared with those in Montreal (21.0% 
vs 9.6%, respectively; P = .005). Familial aniridia 
was present significantly more often in Montreal 
(15.2%) compared with Los Angeles (3.1%; P < .01) 
as the indication for the KPro implantation, he said.

“Fifty-seven cases of presumed infectious kera-
titis developed after 53 procedures (15.2%) in 50 
eyes (16.9%) of 49 patients (18.3%). This equates to 
an annual incidence of 0.035 cases per year, with 
annual incidence of culture-positive bacterial kera-
titis of 0.014 and culture-positive fungal keratitis of 
0.004,” Aldave said.

The annual incidence of presumed infectious 
keratitis corresponded to development of 1 case of 
infectious keratitis each 29 years of follow-up. The 
incidence of bacterial keratitis corresponded to 1 
case per 71 years of follow-up and was significantly 
higher than that of fungal keratitis, which corre-
sponded to 1 case for every 250 years of follow-up.

The mean time to development of infectious ker-
atitis was 20.4 months (15.3 months in Los Angeles 
vs 33.5 months in Montreal; P < .01). No significant 
difference was seen between the 2 sites in the time 
to development of bacterial keratitis (average time, 
15.5 months) or to the time to development of fun-
gal keratitis (mean time, 38.2 months). The annual 
incidence of infectious keratitis was highest during 
the first and second years postoperatively.

C L I N I C A L  P R E S E N T A T I O N
“The typical presentation of a corneal infiltrate in 
patients with a KPro is the presence of an opacity 
under the edge of the front plate next to the optic 
in 78% of cases,” Aldave said. “The donor cor-
nea peripheral to the edge of the front plate was              
involved in 63%, and the infiltrate was confined to 
under the edge of the front plate in 14%.”

Bacterial keratitis developed more often than fun-

gal keratitis at both institutions, with bacterial ker-
atitis seen in 43% and 44%, respectively, in Los 
Angeles and Montreal, and fungal keratitis in 14% 
and 6%, respectively.

The most common bacteria were coagulase-nega-
tive Staphylococcus and Streptococcus species at both 
centers, at 68.4% and 87.5%, respectively. The most 
common fungal isolates were Candida parapsilosis 
and Alternaria, in 15.8% and 12.5%, respectively. 

The demographic risk factors for infectious keratitis 
were location (with a lower incidence in Montreal) 
and cicatricial disease. Postoperative risk factors for 
presumed infectious keratitis overall and culture-
positive bacterial keratitis and fungal keratitis evalu-
ated separately included development of a persistent 
corneal epithelial defect (P < .01 for all compari-
sons). Prolonged topical steroid use was associated 
with a significantly decreased risk of development 
of infectious keratitis overall and when bacterial and 
fungal keratitis were evaluated separately (P < .01 
for all comparisons). 

Topical vancomycin resulted in a higher incidence 
of fungal keratitis (P < .01). Contact lens use was not 
associated with bacterial or fungal keratitis; how-
ever, prolonged use was associated with a decreased 
risk of infectious keratitis.

M A N A G E M E N T  O F  I N F E C T I O N S
Medical management was successful for the bulk 
of the cases (34 of 53 cases), with an average time 
to infection resolution of 3.1 months. In 30 cases for 
which the visual outcomes were known, 9 eyes lost 
2 or more lines of corrected distance vision.

Surgical management was needed in 19 cases: 11 
underwent penetrating keratoplasty, 6 KPro removal 
and replacement, and 2 evisceration. 

“Infectious keratitis was associated with a signif-
icantly increased risk of KPro explanation, with a 
mean time to removal of 2.3 months after diagnosis 
of infectious keratitis,” Aldave said.

Infectious keratitis was associated with a signifi-
cantly increased incidence of endophthalmitis, idio-
pathic vitritis, corneal stromal necrosis, retroprosthetic 
membrane formation, retinal detachment, hypotony, 
and cystoid macular edema compared with eyes in 
which infectious keratitis did not develop.

Postop management with long-term topical antibiotics is critical to successful device retention 
By Lynda Charters; Reviewed by Anthony J. Aldave, MD

Aldave

Artificial cornea implantation: 
High postop infectious keratitis rate

Continues on page 23 : Artificial

clinical diagnosisclinical diagnosis
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FIRST AND ONLY 
FDA-APPROVED TREATMENT 
FOR THYROID EYE DISEASE

TEPEZZA signifi cantly decreased proptosis, one 
of the most disfi guring symptoms of TED1,2,5,6

TEPEZZA and the HORIZON logo are trademarks owned by or licensed to Horizon. 
© 2021 Horizon Therapeutics plc P-TEP-00887-A 02/21
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TEPEZZA is proven to1-4:
  Decrease proptosis1

  Improve diplopia1

   Reduce orbital pain, redness, and swelling2,3

   Improve functional vision and patient appearance2,3

…in patients with TED, without concomitant steroids 
(vs placebo at Week 24).2-4

INDICATION

TEPEZZA is indicated for the treatment of Thyroid Eye Disease.

IMPORTANT SAFETY INFORMATION

Warnings and Precautions

Infusion Reactions: TEPEZZA may cause infusion reactions. Infusion reactions have been reported in approximately 4% of patients 
treated with TEPEZZA. Reported infusion reactions have usually been mild or moderate in severity. Signs and symptoms may 
include transient increases in blood pressure, feeling hot, tachycardia, dyspnea, headache, and muscular pain. Infusion reactions 
may occur during an infusion or within 1.5 hours after an infusion. In patients who experience an infusion reaction, consideration 
should be given to premedicating with an antihistamine, antipyretic, or corticosteroid and/or administering all subsequent infusions 
at a slower infusion rate.

Preexisting Infl ammatory Bowel Disease: TEPEZZA may cause an exacerbation of preexisting infl ammatory bowel disease (IBD). 
Monitor patients with IBD for fl are of disease. If IBD exacerbation is suspected, consider discontinuation of TEPEZZA.

Hyperglycemia: Increased blood glucose or hyperglycemia may occur in patients treated with TEPEZZA. In clinical trials, 10% of 
patients (two-thirds of whom had preexisting diabetes or impaired glucose tolerance) experienced hyperglycemia. Hyperglycemic 
events should be managed with medications for glycemic control, if necessary. Monitor patients for elevated blood glucose and 
symptoms of hyperglycemia while on treatment with TEPEZZA. Patients with preexisting diabetes should be under appropriate 
glycemic control before receiving TEPEZZA.

Adverse Reactions

The most common adverse reactions (incidence ≥5% and greater than placebo) are muscle spasm, nausea, alopecia, diarrhea, fatigue, 
hyperglycemia, hearing impairment, dysgeusia, headache, and dry skin.

Please see Brief Summary of Prescribing Information for TEPEZZA on following page.

In the treatment of Thyroid Eye Disease (TED),

FIRST AND ONLY 
FDA-APPROVED TREATMENT 
FOR THYROID EYE DISEASE

SEE THE TEPEZZA DIFFERENCE7*
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Proptosis: 19 mm OD, 20.5 mm OS

OD, oculus dexter; OS, oculus sinister.

WEEK 21: ON DAY OF 8TH INFUSION
Proptosis: 17 mm OD, 18 mm OS

* Real patient treated with TEPEZZA. Individual results may vary for patients 
treated with TEPEZZA.

† Both the safety and e®  cacy of TEPEZZA were evaluated in 2 randomized, 
double-masked, placebo-controlled clinical trials (Studies 1 and 2) 
consisting of 171 patients with TED (84 were randomized to TEPEZZA 
and 87 to placebo). The primary endpoint in Studies 1 and 2 was proptosis 
responder rate, defi ned as having a ≥2-mm reduction from baseline in 
proptosis in the study eye at Week 24 without deterioration (≥2-mm 
increase in proptosis) in the non-study eye.1
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(vs placebo at Week 24).2-4
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may occur during an infusion or within 1.5 hours after an infusion. In patients who experience an infusion reaction, consideration 
should be given to premedicating with an antihistamine, antipyretic, or corticosteroid and/or administering all subsequent infusions 
at a slower infusion rate.

Preexisting Infl ammatory Bowel Disease: TEPEZZA may cause an exacerbation of preexisting infl ammatory bowel disease (IBD). 
Monitor patients with IBD for fl are of disease. If IBD exacerbation is suspected, consider discontinuation of TEPEZZA.

Hyperglycemia: Increased blood glucose or hyperglycemia may occur in patients treated with TEPEZZA. In clinical trials, 10% of 
patients (two-thirds of whom had preexisting diabetes or impaired glucose tolerance) experienced hyperglycemia. Hyperglycemic 
events should be managed with medications for glycemic control, if necessary. Monitor patients for elevated blood glucose and 
symptoms of hyperglycemia while on treatment with TEPEZZA. Patients with preexisting diabetes should be under appropriate 
glycemic control before receiving TEPEZZA.

Adverse Reactions

The most common adverse reactions (incidence ≥5% and greater than placebo) are muscle spasm, nausea, alopecia, diarrhea, fatigue, 
hyperglycemia, hearing impairment, dysgeusia, headache, and dry skin.

Please see Brief Summary of Prescribing Information for TEPEZZA on following page.

In the treatment of Thyroid Eye Disease (TED),

FIRST AND ONLY 
FDA-APPROVED TREATMENT 
FOR THYROID EYE DISEASE

SEE THE TEPEZZA DIFFERENCE7*

BASELINE
Proptosis: 19 mm OD, 20.5 mm OS

OD, oculus dexter; OS, oculus sinister.

WEEK 21: ON DAY OF 8TH INFUSION
Proptosis: 17 mm OD, 18 mm OS

* Real patient treated with TEPEZZA. Individual results may vary for patients 
treated with TEPEZZA.

† Both the safety and e®  cacy of TEPEZZA were evaluated in 2 randomized, 
double-masked, placebo-controlled clinical trials (Studies 1 and 2) 
consisting of 171 patients with TED (84 were randomized to TEPEZZA 
and 87 to placebo). The primary endpoint in Studies 1 and 2 was proptosis 
responder rate, defi ned as having a ≥2-mm reduction from baseline in 
proptosis in the study eye at Week 24 without deterioration (≥2-mm 
increase in proptosis) in the non-study eye.1

vs83%
TEPEZZA

TEPEZZA (n=41)
P<0.001 at Week 24

10%
Placebo

Placebo (n=42)

Signifi cantly greater proptosis responder rate† (Study 2)1,2

See more before and after photos
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INDICATIONS AND USAGE
TEPEZZA is indicated for the treatment of  
Thyroid Eye Disease.
WARNINGS AND PRECAUTIONS
Infusion Reactions
TEPEZZA may cause infusion reactions. Infusion reactions 
have been reported in approximately 4% of patients treated 
with TEPEZZA. Signs and symptoms of infusion-related 
reactions include transient increases in blood pressure, 
feeling hot, tachycardia, dyspnea, headache and muscular 
pain. Infusion reactions may occur during any of the infusions 
or within 1.5 hours after an infusion. Reported infusion 
reactions are usually mild or moderate in severity and can 
usually be successfully managed with corticosteroids and 
antihistamines. In patients who experience an infusion 
reaction, consideration should be given to pre-medicating 
with an antihistamine, antipyretic, corticosteroid and/
or administering all subsequent infusions at a slower 
infusion rate.
Exacerbation of Preexisting Inflammatory Bowel Disease
TEPEZZA may cause an exacerbation of preexisting 
inflammatory bowel disease (IBD). Monitor patients with 
IBD for flare of disease. If IBD exacerbation is suspected, 
consider discontinuation of TEPEZZA.
Hyperglycemia
Hyperglycemia or increased blood glucose may occur in 
patients treated with TEPEZZA. In clinical trials, 10% of 
patients (two-thirds of whom had preexisting diabetes or 
impaired glucose tolerance) experienced hyperglycemia. 
Hyperglycemic events should be controlled with 
medications for glycemic control, if necessary.
Monitor patients for elevated blood glucose and symptoms 
of hyperglycemia while on treatment with TEPEZZA. 
Patients with preexisting diabetes should be under 
appropriate glycemic control before receiving TEPEZZA. 

ADVERSE REACTIONS
The following clinically significant adverse reactions are 
described elsewhere in the labeling:

• Infusion Reactions [see Warnings and Precautions]
•  Exacerbation of Inflammatory Bowel Disease 

[see Warnings and Precautions]
• Hyperglycemia [see Warnings and Precautions]

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.
The safety of TEPEZZA was evaluated in two randomized, 
double-masked, placebo-controlled clinical studies 
(Study 1 [NCT:01868997] and Study 2 [NCT:03298867]) 
consisting of 170 patients with Thyroid Eye Disease (84 
received TEPEZZA and 86 received placebo). Patients 
were treated with TEPEZZA (10 mg/kg for first infusion and 
20 mg/kg for the remaining 7 infusions) or placebo given 
as an intravenous infusion every 3 weeks for a total of 8 
infusions. The majority of patients completed 8 infusions 
(89% of TEPEZZA patients and 93% of placebo patients).
The most common adverse reactions (≥5%) that occurred 
at greater incidence in the TEPEZZA group than in the 
control group during the treatment period of Studies 1 
and 2 are summarized in Table 1.

Table 1. Adverse Reactions Occurring in 5% or More of 
Patients Treated with TEPEZZA and Greater Incidence 
than Placebo

a - Fatigue includes asthenia
b - Hyperglycemia includes blood glucose increase 
c - Hearing impairment (includes deafness, eustachian 
tube dysfunction, hyperacusis, hypoacusis and autophony)
Immunogenicity
As with all therapeutic proteins, there is potential for 
immunogenicity. The detection of antibody formation is highly 
dependent on the sensitivity and specificity of the assay.
In a placebo-controlled study with TEPEZZA, 1 of 42 
patients treated with placebo had detectable levels of 
antidrug antibodies in serum. In the same study, none 
of the 41 patients treated with TEPEZZA had detectable 
levels of antidrug antibodies in serum.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary 
Based on findings in animals and its mechanism of action 
inhibiting insulin-like growth factor-1 receptor (IGF-1R), 
TEPEZZA may cause fetal harm when administered to a 
pregnant woman. Adequate and well-controlled studies 
with TEPEZZA have not been conducted in pregnant 
women. There is insufficient data with TEPEZZA use in 
pregnant women to inform any drug associated risks for 
adverse developmental outcomes. In utero teprotumumab 
exposure in cynomolgus monkeys dosed once weekly 
with teprotumumab throughout pregnancy resulted in 
external and skeletal abnormalities. Teprotumumab 
exposure may lead to an increase in fetal loss [see Data]. 
Therefore, TEPEZZA should not be used in pregnancy, 
and appropriate forms of contraception should be 
implemented prior to initiation, during treatment and for  
6 months following the last dose of TEPEZZA. 
If the patient becomes pregnant during treatment, 
TEPEZZA should be discontinued and the patient advised 
of the potential risk to the fetus.
The background rate of major birth defects and miscarriage 
is unknown for the indicated population. In the U.S. 
general population, the estimated background risks of 
major birth defects and miscarriage in clinically recognized 
pregnancies are 2-4% and 15-20%, respectively.
Data
Animal Data 
In an abridged pilot embryofetal development study, seven 
pregnant cynomolgus monkeys were dosed intravenously 
at one dose level of teprotumumab, 75 mg/kg (2.8-fold 
the maximum recommended human dose [MRHD] based 
on AUC) once weekly from gestation day 20 through the 
end of gestation. The incidence of abortion was higher for 
the teprotumumab treated group compared to the control 
group. Teprotumumab caused decreased fetal growth 
during pregnancy, decreased fetal size and weight at 
caesarean section, decreased placental weight and size, 
and decreased amniotic fluid volume. Multiple external 
and skeletal abnormalities were observed in each 
exposed fetus, including: misshapen cranium, closely set 
eyes, micrognathia, pointing and narrowing of the nose, 
and ossification abnormalities of skull bones, sternebrae, 
carpals, tarsals and teeth. The test dose, 75 mg/kg of 

teprotumumab, was the maternal no observed adverse 
effect level (NOAEL).
Based on mechanism of action inhibiting IGF-1R, 
postnatal exposure to teprotumumab may cause harm.
Lactation 
Risk Summary 
There is no information regarding the presence of 
TEPEZZA in human milk, the effects on the breastfed 
infant or the effects on milk production.
Females and Males of Reproductive Potential 
Contraception
Females 
Based on its mechanism of action inhibiting IGF-1R, 
TEPEZZA may cause fetal harm when administered to 
a pregnant woman (see Use in Specific Populations). 
Advise females of reproductive potential to use effective 
contraception prior to initiation, during treatment with 
TEPEZZA and for 6 months after the last dose of TEPEZZA.
Pediatric Use
Safety and effectiveness have not been established in 
pediatric patients. 
Geriatric Use
Of the 171 patients in the two randomized trials, 15% 
were 65 years of age or older; the number of patients  
65 years or older was similar between treatment groups. 
No overall differences in efficacy or safety were observed 
between patients 65 years or older and younger patients 
(less than 65 years of age).

OVERDOSAGE 
No information is available for patients who have received 
an overdosage.

PATIENT COUNSELING INFORMATION
Embryo-Fetal Toxicity
Advise females of reproductive potential that TEPEZZA 
can cause harm to a fetus and to inform their healthcare 
provider of a known or suspected pregnancy. 
Educate and counsel females of reproductive potential 
about the need to use effective contraception prior  
to initiation, during treatment with TEPEZZA and for  
6 months after the last dose of TEPEZZA.
Infusion-Related Reactions
Advise patients that TEPEZZA may cause infusion 
reactions that can occur at any time. Instruct patients to 
recognize the signs and symptoms of infusion reaction 
and to contact their healthcare provider immediately for 
signs or symptoms of potential infusion-related reactions.
Exacerbation of Inflammatory Bowel Disease
Advise patients on the risk of inflammatory bowel disease 
(IBD) and to seek medical advice immediately if they 
experience diarrhea, with or without blood or rectal 
bleeding, associated with abdominal pain or cramping/
colic, urgency, tenesmus or incontinence.
Hyperglycemia
Advise patients on the risk of hyperglycemia and,  
if diabetic, discuss with healthcare provider to  
adjust glycemic control medications as appropriate. 
Encourage compliance with glycemic control.
Manufactured by: 
Horizon Therapeutics Ireland DAC 
Dublin, Ireland
U.S. License No. 2022
Distributed by:
Horizon Therapeutics USA, Inc.
Lake Forest, IL 60045
TEPEZZA and the HORIZON logo are trademarks owned 
by or licensed to Horizon.
© 2020 Horizon Therapeutics plc L-TEP-00018 03/20

For injection, for intravenous use

Brief Summary - Please see the TEPEZZA package 
insert for full prescribing information.

Adverse 
Reactions

TEPEZZA 
N=84 
N (%)

Placebo 
N=86 
N (%)

Muscle spasms 21 (25%) 6 (7%)
Nausea 14 (17%) 8 (9%)
Alopecia 11 (13%) 7 (8%)
Diarrhea 10 (12%) 7 (8%)
Fatiguea 10 (12%) 6 (7%)
Hyperglycemiab 8 (10%) 1 (1%)
Hearing impairmentc 8 (10%) 0
Dysgeusia 7 (8%) 0
Headache 7 (8%) 6 (7%)
Dry skin 7 (8%) 0
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Home IOP monitoring may be 
aftereffect of COVID-19 pandemic
Option could prove to enhance safety for both patients and staff
By Lynda Charters; Reviewed by Erika Moxley, MS, and Ze Zhang, MD

OPHTHALMOLOGISTS, LIKE MANY 
physicians and surgeons worldwide, had their prac-
tices dramatically affected during the COVID-19 pan-
demic. The greatest roadblock was that telemedicine 
is limited within ophthalmology, leading to a reduc-
tion in the in-person examinations required to en-
sure the best possible patient care. 

A survey of members of the 
American Glaucoma Society (AGS) 
showed that glaucoma specialists 
must recognize the changes in 
response to COVID-19 and mod-
ify practices to improve patient out-
comes and keep patient and staff 
safe. Under these circumstances, 
using devices in the home to mon-
itor IOP may facilitate more vir-
tual visits and decrease the risk 
of exposure for patients and phy-
sicians, according to Erika Moxley, 
MS, a medical student at Tulane 
University School of Medicine, and 
Ze Zhang, MD, assistant profes-
sor at Tulane University School of 

Medicine’s Department of Ophthalmology in New 
Orleans, Louisiana.

T H E  S U R V E Y
The investigators conducted a cross-sectional, anon-
ymous survey of the AGS membership in the United 
States and Canada to assess the changes in patient 
volume and patient care, including the adoption of 
telemedicine, during the pandemic and to determine 

how patients with glaucoma can be served better in 
future similar situations. 

The survey was disseminated using the AGS list-
serv in May 2020. Glaucoma specialists were asked 
about their practice patterns and changes in prac-
tice since the start of the pandemic.

The authors reported that 57 practices completed 
the survey, 71% of which were from private practices, 
27% from a university-based medical 
center, and 2% from a managed care 
hospital, for about a 10% response rate. 
Most respondents were in the North-
eastern US, followed by the South, 
Midwest, West, and Canada. The phy-
sicians reported that three-quarters 
of their practices were involved in 
glaucoma management. 

Survey results reflected dramatic 
decreases in weekly clinical volume by 
78% and in surgical volume by 70%.

The authors reported that from 
March 18 to May 2020, “63% of respondents had 
not performed any cataract surgeries, 74% had not 
performed any minimally invasive glaucoma surger-
ies, 50% had not performed any trabeculectomies 
and 11% had performed more than 5,  70% had per-
formed at least 1 tube shunt, 39% performed at least 1 
cyclophotocoagulation procedure, 30% had changed 
the types of surgeries they performed due to limita-
tions of follow-up and risk of exposure for patients, 
and 18% believed that they would make changes.”

By May 2020, telemedicine was being incorpo-
rated into practice by a majority of the physicians. 

In addition, approximately 50% of the physicians 
indicated that to ensure patient and staff safety 
they were not going to abandon the implemented 
practice and surgical changes any time soon.

The survey results emphasized how quickly and 
dramatically the physicians implemented changes 
in their practices. 

“Surgeons surveyed were more likely to per-
form glaucoma surgeries than cata-
ract surgeries during the pandemic, 
likely due to the vision-threatening 
nature of glaucoma,” the investiga-
tors commented. “When choosing 
procedures for glaucoma, surgeons 
reported preferring procedures with 
a lower risk profile and the need for 
fewer follow-up visits during the 
pandemic. It remains to be seen 
how long-term patient outcomes 
have been affected.”

They urged physicians to modify 
their practices with the goal of improving patient 
outcomes and ensuring safety. 

“Home IOP monitoring devices may be helpful 
in allowing more virtual visits, decreasing risk of 
exposure for all,” the investigators said. ■

Moxley

Ze Zhang

 ◗ Investigators are 
urging physicians 
to adjust their 
practices with the 
intent of improving 
patient outcomes and 
ensuring safety.

TAKE-HOME 

ZE ZHANG, MD
e: zzhang9@tulane.edu
This article is adapted from a presentation at the American Glaucoma Society’s 2021 
virtual annual meeting. The authors have no financial interest in this subject matter.

ANTHONY J. ALDAVE, MD
e: aldave@jsei.ucla.edu 
This article is adapted from Aldave’s presentation during Subspecialty Day at the 
American Academy of Ophthalmology 2020 virtual annual meeting. He has no financial 
interest in this subject matter. 

What follows are take-home messages from the 
findings:

> Infectious keratitis is one of the most common com-
plications following KPro implantation, developing in 
approximately 17% of eyes, with an annual incidence 
rate of 0.035 per year. 
> A preoperative history of cicatrizing conjunctivitis and 
development of persistent epithelial defects following 

surgery are risk factors for infectious keratitis after 
KPro implantation. 
> Bacterial keratitis caused by Streptococcus and Staph-
ylococcus species is more common than fungal kera-
titis, which results most often from Candida species. 
> Failed medical therapy required explanation of the 
KPro in approximately one-third of cases. 
> Infectious keratitis is associated with increased in-
cidence rates of postoperative complications, includ-
ing endophthalmitis, idiopathic vitritis, corneal stromal   
necrosis, retinal detachment, and hypotony.
> The significantly increased risk of KPro retention fail-

ure and complications associated with infectious kera-
titis underscore the importance of topical antimicro-
bial prophylaxis, aggressive management of persistent 
corneal epithelial defects, and prompt diagnosis and 
treatment of suspected infectious keratitis. ■

ARTIFICIAL
( Continued from page 19 )
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Research: Treatment 
targets steroid-induced OHT
Measurements from multiple studies show benefits of rho-kinase inhibition
By Cheryl Guttman Krader; Reviewed by W. Daniel Stamer, PhD

F
indings from a series of preclinical and 
retrospective clinical studies suggest the 
rho-kinase inhibitor (ROCKi) netarsudil 
(Rhopressa; Aerie Pharmaceuticals) may 
be the preferred treatment for steroid-in-
duced ocular hypertension (OHT). 

As reported in a recently published 
article [Li G, et al. Elife. 2021Mar 30;10:e60831], 
the research showed that netarsudil effectively pre-
vented and reduced steroid-induced OHT in an ani-
mal model. In addition, analyses of in vivo spectral 
domain optical coherence tomography (SD-OCT) 
images and from histologic examination of tissue 
from sacrificed animals revealed that the ROCKi 
attenuated steroid-induced pathologic changes in 
the conventional outflow pathway. 

The benefits observed in the animal model were 
corroborated by the results of retrospective clinical 
studies showing reductions of IOP were achieved 
upon initiation of netarsudil among 2 independent 
cohorts of patients with steroid-induced OHT that 
was refractory to standard glaucoma medications.  

W. Daniel Stamer, PhD, is a pro-
fessor of ophthalmology at Duke 
University in Durham, North Car-
olina, where he directs a research 
laboratory focusing on the patho-
biology of OHT in glaucoma. 

“It is well known that steroids 
interfere with aqueous outflow 

through the conventional pathway by increasing 
extracellular matrix deposition, cell contractility, 
and tissue stiffness,” he said. “Now our group has 
shown for the first time that it is possible to reverse 
those changes using a medication that directly tar-
gets cells in the conventional outflow pathway.” 

Pratap Challa, MD, a glaucoma specialist and 
associate professor of ophthalmology, Duke Uni-
versity, said the studies show that netarsudil has 
strong potential to treat steroid-induced glaucoma, 
particularly because steroids increase outflow resis-
tance at the level of the trabecular meshwork and 
netarsudil acts directly on this tissue.

“Ideally, a benefit of netarsudil for treating or 
preventing steroid-induced OHT should be estab-
lished based on randomized prospective clinical tri-
als,” Challa said. “It seems reasonable based on the 
available evidence, however, that clinicians might 

strongly consider using netarsudil for IOP lowering 
in patients who are steroid responders.”

L A B O R A T O R Y  R E S E A R C H
Stamer and colleagues conducted their preclinical 
studies using a mouse model of steroid-induced 
OHT in which an implant containing dexametha-
sone-loaded nanoparticles is injected subconjuncti-
vally. “We demonstrated previously that this treat-
ment predictably results in IOP elevation and in the 
same characteristic morphological changes that are 
seen in human eyes with steroid-induced OHT,” 
Stamer said.

The activity of netarsudil for countering steroid-
induced IOP elevations was shown in 2 experiments. 
In one study, netarsudil or placebo was administered 
as a preventive intervention beginning 1 day prior 
to steroid delivery and continued for 4 weeks to 
cover the duration of steroid exposure from implant 
release. The second study investigated netarsudil 
as a therapeutic modality to reverse steroid-induced 
changes. In this second experiment, netarsudil or 
placebo were started 3 weeks after steroid delivery. 

Tissue effects of netarsudil treatment were investi-
gated in the latter group of animals and demonstrated 
reversal of the outflow dysfunction and associated 
extracellular matrix deposition and fibrotic changes. 
These studies included a novel approach for esti-
mating trabecular meshwork stiffness that applied 
inverse finite element modeling to SD-OCT images. 
The findings were confirmed through direct mea-
surements obtained using atomic force microscopy. 

“It was especially noteworthy that the trabec-
ular meshwork regained normal biomechanical 
properties and exhibited significant improvement 
in extracellular matrix morphology within 4 days 
after the animals were started on netarsudil treat-
ment,” Stamer said.

C L I N I C A L  B E N E F I T S
The activity of netarsudil as treatment for steroid-
induced OHT was investigated by identifying co-
horts of patients who were refractory to conven-
tional IOP-lowering medications. The first series 
of patients was identified through a retrospective 
search of the electronic medical record system at 
the Duke Eye Center. It included 21 eyes of 19 pa-
tients whose steroid-induced OHT failed to respond 

to aqueous humor suppressors (carbonic anhydrase 
inhibitors and/or adrenergics) and in some cases, 
prostaglandin analogue treatment as well. 

Mean IOP at baseline (prior to starting netar-
sudil) was 24.3 mm Hg. At 1 month after starting 
netarsudil and without any tapering of the ste-
roid dose, mean IOP decreased to 16.4 mm Hg. 
The second cohort of patients was derived from a 
retrospective chart review of patients seen by glau-
coma specialist John R. Samples, MD, wi th NVI-
SION Eye Center in Portland, Oregon. It included 
11 eyes of 8 patients. Mean IOP in this group was 
26.5 mm Hg prior to starting netarsudil, and it was 
reduced to 19.5 mm Hg with the use of netarsudil.  

P R O M I S I N G  D I A G N O S T I C 
T E C H N O L O G Y

Going forward, Stamer and colleagues are collabo-
rating with Felipe Medeiros, MD, PhD, professor of 
ophthalmology at Duke University, and Ross Ethier, 
PhD, professor of biomedical engineering at Geor-
gia Tech, to develop the SD-OCT imaging-based 
approach as a clinical tool for functional evalua-
tion of the conventional outflow system in patients 
with POAG.

“With steroid-induced OHT, we know that it might 
be possible to intervene with medication before 
the steroid-induced fibrotic changes become per-
manent, but the status of the conventional outflow 
pathway is more of an unknown in the larger pop-
ulation of patients with POAG,” Stamer concluded. 
“A method for assessing the function of the conven-
tional outflow system might help clinicians indi-
vidualize treatment decisions with regard to a role 
for ROCKi treatment and it could also be used for 
monitoring treatment.” ■

Challa

W. DANIEL STAMER, PHD  
e: dan.stamer@duke.edu
Stamer has received research support from Aerie Pharmaceuticals, Aerpio, Allergan, 
Bausch + Lomb, Broadwing Bio, Editas Medicine, and Regeneron, serves on scientific 
advisory boards for Aerpio, Broadwing Bio, Glauconix, and Qlaris, and has stock options 
in Glauconix and Qlaris. 

PRATAP CHALLA, MD 
e: Pratap.challa@duke.edu
Challa owns equity in Aerie Pharmaceuticals. 
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Quest continues for topical 
treatments for posterior segment
Novel treatments are now shifting paradigm in care of retinal diseases
By Ramin Tadayoni, MD, PhD; Special to Ophthalmology Times®

INTRAVITREAL TREATMENTS HAVE 
revolutionized the treatment of retinal diseases, 
enabling drugs to bypass the many barriers that 
protect the eye and be delivered where they are 
needed. However, they come with a significant 
treatment burden for the patient and potentially 
also for the patient’s caregivers.

It has been demonstrated in clinical practice that 
patients with diabetic macular edema (DME) undergo 
fewer anti-VEGF injections and exhibit worse visual 
gains in the real world compared with patients in 
randomly assigned clinical trials. Over time, some 

patients become anxious about their injections, which 
may lead to poor adherence. Others may not have 
easy access to current treatments due to reimburse-
ment issues with the particular health care system 
in their country of residence.

There can also be logistical challenges for patients, 
such as the need to find somebody to drive them to 
the clinic to have their injections or not being able 
to afford to take a day off work. All these factors 
mean that even when patients are vigilant about 
clinic visits, some do not benefit fully from intra-
vitreal injections and have either ongoing vision 

loss and/or poor anatomic responses.
An eye drop that could deliver treatment to the 

posterior segment would be a way to alleviate some 
of these challenges. This ever-elusive treatment 
remains the holy grail of ocular drug delivery as 
the search for less-invasive treatment methods con-
tinues. A topical, noninvasive, self-administered 
treatment would undoubtedly expand the propor-
tion of diagnosed patients being treated as well as 
the number of ophthalmologists who could pro-
vide treatment.

Continues on page 26 : Topical
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R E C E N T - O N S E T  D M E
Diabetes and one of its complications, diabetic reti-
nopathy, are ongoing public health issues that show 
no sign of abating. There is little debate that intra-
vitreal injections of steroids and anti-VEGF treat-
ments have improved vision and anatomic outcomes 
for many with DME.

Clinicians tend to observe patients with early dis-
ease until clinically significant visual impairment 
occurs, and only then do is their vision restored, 
often partially, with intravitreal injections. Since 
these treatments are invasive and not without their 
own challenges, the benefit/risk ratio may not be 
justified in earlier stages of the disease.

A topical eye drop may present new possibilities, 
particularly for patients with recent-onset DME who 
still have good vision. Indeed, there is the possibil-
ity that by using a topical treatment in lieu of an 
invasive one, patients can start treatment earlier. 
The ability to vary the dose by varying the number 
of drops is an additional benefit.

The reduced treatment burden would be attrac-
tive to patients, who would still need to be moni-
tored for disease progression but could look forward 
to fewer and less painful visits. And topical medi-
cations also would reduce negative psychosocial 
impacts associated with injection fears or phobias.

From the clinician’s point of view, patients would 
now only need to be requested to refill prescriptions 
and remember to instill drops, an easier request 

than asking them to attend clinics for injections. 
Furthermore, it would reduce the reliance on retina 
specialists or trained ophthalmologists to admin-
ister the treatment.

Since patients would be motivated to reduce their 
need for intravitreal injections, in addition to pre-
serving and/or improving their vision, a topical 
treatment for posterior segment diseases should have 
a much higher adherence rate than treatment for 
glaucoma, which is often asymptomatic.1–3 

Topical treatments past and present
Unfortunately for those with retinal disorders, 

despite all the obvious benefits of topical treatments, 
delivery of therapeutics to the posterior segment is 
still not possible. The obstacles to reaching the ret-
ina with a topical treatment are numerous: limited 
solubility of lipophilic drugs in aqueous eye drops 
and the tear film, short contact time on the surface, 
and lipid membrane barriers. (See "Recent unsuc-
cessful attempts," Page 27.)

These barriers have not stopped investigators from 
trying. However, until recently, attempts have been 
unsuccessful. Scientists are working on ways to over-
come the issues with topical delivery of therapeutics 
to the posterior segment, and they are starting to 
have some success. One therapeutic in development 
for DME, OCS-01 (Oculis), is a high concentration of 
dexamethasone in a solubilizing nanoparticle (SNP) 
aggregate formulation. Novel SNP-based formula-
tions have been shown to achieve better penetra-
tion over longer periods of time by creating smartly 
crafted drug-cyclodextrin complexes that create a 
highly concentrated drug suspension able to deliver 
the drug for a prolonged period.11,12

Dugel et al13 recently presented positive data from 

a phase 2 study that evaluated 144 patients ran-
domly assigned to either OCS-01 or vehicle. Mean 
central macular thickness (CMT) showed a greater 
decrease from baseline in the OCS-01 group than the 
vehicle arm at week 12 (−53.6 μm vs −16.8 μm, P 
= 0.0115). Mean CMT also showed significant dif-
ferences between groups in favor of OCS-01 at all 
visits from week 2 to week 12.

Mean change in Early Treatment Diabetic Reti-
nopathy Study letter score from baseline to week 
12 was higher in the OCS-01 group than the vehicle 
group (+2.62 letters vs 1.04 letters, P = 0.125). P 
values met the prespecified criteria in the protocol 
for statistically significant superiority of OCS-01 
versus vehicle, and the compound is now moving 
into phase 3 studies.

In the case of OCS-01, we know from other com-
mercialized products that dexamethasone is an effec-
tive anti-inflammatory agent, so this is a test for the 
eye drop administration route. Although OCS-01 is 
the furthest along and shows the most promise (to 
date) as a topical treatment for DME, there are also 
other agents in earlier phases of development that 
may prove equally efficacious in the future, ranging 
from topical nonsteroidals and corticosteroids14 to 
cell-penetrating peptides,15 and even a Rho-associ-
ated coiled-coil containing protein kinase (ROCK) 
inhibitor already approved for the treatment of glau-
coma and ocular hypertension.16
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P R O S P E C T S
If any of these topical treatments is successful in 
later-stage studies, the potential is great. Topical 
drops may let clinicians delay initiating anti-VEGF 
injections and/or more invasive treatments or pro-
long the time to next injection for those already 
undergoing intravitreal treatment. Clinicians may 
even be able to better jointly treat patients with 
other health care providers because there would 
be no need for specialized training beyond proper 
candidate screening.

I continue to look forward to the day when our 
armamentarium for posterior segment disorders 
includes topical treatments that are efficacious and 
safe, that substantially reduce treatment burden for 
both the clinician and the patient, and that can be 
widely adapted across all socioeconomic and geo-
graphic boundaries. ■
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 In the phase 3 MAKO trial, topical squalamine (Ohr Pharmaceutical Inc) failed 
to demonstrate a mean visual acuity gain in patients with age-related macular 
degeneration when added to ranibizumab (Lucentis, Genentech) injections4;

 Integrins (and in particular αvβ3) are being evaluated for intravitreal dosing 5, 
but topical dosing has not moved beyond a phase 1/2 study 6;

 Lifitegrast (approved as dry-eye treatment Xiidra; Novartis) showed promise as 
a treatment for DME in a rat model7,8 but was not pursued further;

 Topical nepafenac 0.1% (Nevanac, Alcon) was found not to have a meaningful 
effect on optical coherence tomography-measured retinal thickness in a 
DRCR.net study9; and

 Topical mecamylamine (CoMentis), a nonspecific nicotinic acetylcholine 
receptor blocker, did not progress beyond a phase 1/2 study.10

RECENT UNSUCCESSFUL ATTEMPTS:
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Ophthalmology: 
A pioneer in the field 
of artificial intelligence
Retinal imaging tests are providing material to train and test decision-support systems

By Caroline Richards; Reviewed by Konstantinos Balaskas, MD, FEBO, MRCOphth

O
phthalmology, with its heavy reli-
ance on imaging, is an innovator 
in the field of artificial intelligence 
(AI) in medicine. 

Although the opportunities for 
patients and health care profession-
als are great, hurdles to fully inte-

grating AI remain, including economic, ethical, 
and data-privacy issues.

D E E P  L E A R N I N G
According to Konstantinos Balaskas, MD, FEBO, 
MRCOphth, a retinal expert at Moorfields Eye Hos-
pital, London, United Kingdom, and director of the 
Moorfields Ophthalmic Reading Centre and AI Ana-
lytics Hub, AI is a broad term. “The type of AI that 
has generated a lot of excitement in recent years is 
called ‘deep learning,’ ” he said. “This is a process 
by which software programs learn to perform cer-
tain tasks by processing large quantities of data.” 

Deep learning is what has made ophthalmology 

a pioneer in the field of implementing AI in medi-
cine, because we are increasingly reliant on imag-
ing tests to monitor our patients. “Particularly in 
my subspecialty of interest, medical retina, imaging 
tests such as optical coherence tomography (OCT) 
are performed very frequently and have provided 
the material to train, test, and then apply AI deci-
sion support systems,” Balaskas noted. 

In retina particularly, some of the most common 
causes of visual loss in the Western world—such as 
age-related macular degeneration (AMD) and dia-
betic retinopathy—require early detection, prompt 
initiation of treatment, and regular monitoring to 
preserve vision. Balaskas said this is where AI 
decision support systems can help improve access 
to care and ensure optimal clinical outcomes for 
patients. 

Balaskas cited the AI decision support system 
developed in collaboration between Moorfields Eye 
Hospital, where he is based, and Google DeepMind. 
“It is able to read OCT scans, interpret them, pro-

vide a diagnosis, and make management recom-
mendations,” he said. “The other area where AI 
shows promise is in the development of personal-
ized treatment plans for patients by being able to 
predict their response to treatment and their visual 
outcomes over a period of time.”

S U P P O R T  T O O L S
When considering common conditions that threaten 
vision, such as AMD and diabetic retinopathy, Bal-
askas says AI decision support tools—once validated 
and once they have gained regulatory approval as 
medical devices—can help improve access to care. 
“They can, for example, assist health practitioners 
in the community in diagnosing diseases early,” he 
explained. “In the United Kingdom, where OCT scans 
are widely available in high street optician prac-
tices, an AI tool would be particularly useful to as-
sist them to interpret scans correctly and identify 
disease at an early stage.”

Similarly, in diabetic retinopathy, where patients 

imagingimaging
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require regular screening and monitoring, 
AI tools can significantly increase efficiency 
of screening programs. Balaskas pointed out 
that such applications already exist and can 
be of particular use in diabetic retinopathy 
screening programs such as in underresourced 
health care settings. “Other 
indications for the applica-
tion of AI monitoring, like 
AMD, are in advanced stages 
of development but have not 
yet been implemented in real 
life,” he added. 

Balaskas said there are 
challenges with integrating 
AI into retina diagnostics and 
treatments. He noted that he 
has a personal academic inter-
est in implementation science, 
which looks at the gap between 
developing a medical device such as an AI 
decision support tool and deploying it in 
clinical practice.1 

“The potential barriers that we need to 
overcome for the tool to be deployed in a 
meaningful way to improve outcomes for our 
patients go beyond testing and validation,” he 
said. “These include economic evaluations: 
how would such an automated decision sup-
port model affect the finances of a health 
care system, so that it could provide good 
value for money or achieve cost savings?”

H U M A N  F A C T O R S
The next consideration is human factors, par-
ticularly how these models of care that rely 
on AI are perceived and accepted by patients 
and practitioners. What is the level of trust 
in these technologies? What level of informa-
tion and education of patients and the pub-
lic is required to build confidence in their 
use? Then there are considerations regard-
ing training and technical infrastructure to 
support these tools. 

Balaskas notes that ethical and data-privacy 
issues, as well as medicolegal considerations, 
are also important. Who is responsible for 
decisions made by an AI algorithm rather 
than a human? How do these tools affect 
the way health care professionals diagnose 
and treat disease? “There is a phenomenon 
called automation bias, where practitioners 
are sometimes more likely to defer to the 
recommendation of the AI tool—even per-
haps against their better judgement,” he said. 

I N T E R P R E T A B I L I T Y
Balaskas notes the issue of interpretability—
that in many instances these AI tools are 
opaque in their functioning. 

“We do not fully understand how a specific 
recommendation is reached, whether that is 

a diagnosis or a management 
recommendation, and that lack 
of transparency can exacer-
bate the medical, legal, and 
ethical issues that were men-
tioned earlier,” he pointed out. 
“In summary, we have found 
that there are several hurdles 
to overcome before AI tools 
can be deployed in real life 
in a way that is safe and will 
improve clinical outcomes.”

Moreover, Balaskas notes 
that life could change for oph-

thalmologists in the future, and he has a 
optimistic vision of AI in medical practice. 

“Our field is becoming increasingly com-
plex and we need to process data from various 
sources when we are assessing our patients: 
data from the many imaging modalities, genetic 
data and the various types of omics, such as 
proteomics and the emerging field of oculo-
mics, where features on the eye examination 
can be indicative of problems with systemic 
health,” he said. 

Balaskas also noted that data from home 
vision monitoring devices will become increas-
ingly available.

However, Balaskas noted that making sense 
of all this data in order to develop a person-
alized treatment plan for each patient can 
be daunting. “AI could become a very useful 
aid and, as described in the Topol Review 
on AI commissioned by Health Education 
England, provide the gift of time to patients 
and practitioners, giving them the chance to 
discuss and decide together what the opti-
mal treatment plan is, informed by the pro-
cessing of high-dimensional complex data 
sources,” he concluded. ■
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 ◗ Ophthalmology 
continues to be 
fertile ground for 
advancements in 
artificial intelligence, 
providing a range 
of opportunities for 
patients and health 
care professionals. 

TAKE-HOME 

KONSTANTINOS BALASKAS, MD, FEBO, MRCOPHTH
e: k.balaskas@nhs.net
Balaskas has an academic interest in new ways of delivering care in ophthalmology, including telemedicine, virtual 
clinics, remote monitoring, and AI decision support. He has no financial disclosures. 

Subscribe to our 
eNewsletter to get 
our latest articles 

29

imaging
JUNE 1, 2021 :: Ophthalmology Times®

https://maineeyemds.com


CONTINUING MEDICAL EDUCATION

Follow-Up

VISIT
from

        

M
ore than 100 million North Americans 
are estimated to have presbyopia, though 
relatively few individuals in more affluent 
areas have vision impairment due to 

uncorrected presbyopia. However, current approaches to 
presbyopia management have a variety of limitations.1,2 
Here are 3 things you should know about presbyopia.

1 Dry eyes and fall risk can 
hinder presbyopia 
management. 

Factors that may contribute to falls and 
other accidents in older adults include image jump when 
bifocal wearers shift their gaze, or peripheral distortion 
related to progressive lenses.3 In a study of 606 multifocal 
spectacle wearers aged 65 years and older, subjects were 
randomly assigned to receive single-lens distance glasses 
with instructions to wear them during most walking and 
standing activities, or to wear their multifocal glasses as 
usual.4 Among those receiving the single-lens glasses, 
those who regularly took part in outdoor activities had a 
significantly lower risk of falls than those who continued 
to wear multifocal glasses (incidence rate ratio, 0.60; 95% 
CI, 0.42-0.87).

A potential barrier to contact lens use for presby-
opia is dry eye disease, which becomes more prevalent 
with age.5 Dryness is a common reason for contact lens 
discontinuation, and age is an important factor affecting 
contact lens retention. Contact lens options that may be 
particularly acceptable to patients with presbyopia and 
dry eye concerns include hydrogel daily disposable lenses 
and scleral lenses, the latter of which avoid contact with 
the cornea and can seal in hydration.5

2 Glare and halos may 
accompany intraocular 
lenses. 

In patients undergoing cataract removal, 
the use of intraocular lenses (IOLs) to increase the range 
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Things You Should Know  
About Presbyopia3

Factors contributing 
to falls in older 
adults include:

 ɋ Image jump when shifting 
gaze with bifocals

 ɋ Peripheral distortion related 
to progressive lenses
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1  Phase 3 clinical trials of a topical pupillary miotic therapy containing 1.25% pilocarpine demonstrated which of the following 30-day outcomes? 

A.	 Greater	proportion	of	subjects	gaining	≥	3	lines	in	mesopic,	high-contrast	binocular	distance-corrected	near	visual	acuity	versus	placebo
B.	 Significant	improvements	in	both	mean	uncorrected	distance	visual	acuity	and	uncorrected	near	visual	acuity	versus	placebo-treated	patients
C. Pupil size reduction from 4.2 mm to 2.8 mm 
D.	 Trend	toward	significant	increase	in	mean	depth	of	focus	compared	with	placebo-treated	patients

2 	 Which	of	the	following	outcomes	has	been	associated	with	the	use	of	multifocal	intraocular	lenses	(IOLs)	compared	with	monofocal	IOL	monovision	 
in patients with presbyopia?

A.	 Better	uncorrected	distance	visual	acuity
B. Higher rates of spectacle independence 

C.	 Better	uncorrected	near	visual	acuity
D. Lower rates of glares and halos 

3 	 EV06,	a	topical	lipoic	acid	choline	ester,	is	intended	to	treat	presbyopia	via	which	mechanism	of	action?

A. Temporarily contracting zonules
B.	 Reducing	inflammation	in	the	anterior	uveal	tract	

C.	 Reducing	disulfide	bonds	between	lens	proteins
D. Inducing miosis and ciliary body contraction

Claim Your CE Credit at: 
gotoper.com/go/cb-presbyopia21ot-printCME POST-TEST QUESTIONS

of vision to reduce the need for glasses and/or contact 
lenses for both distance and near activities is becoming 
more common.6

Creating monovision, which produces myopia in one 
eye for near or intermediate vision, is appropriate for 
selected patients, although it is associated with reduced 
stereoacuity and aniseikonia.6 A Cochrane review found 
greater spectacle independence, though with greater risk 
of glare and halos, in patients receiving multifocal versus 
monofocal IOLs, and a meta-analysis found similar 
outcomes with these options in terms of uncorrected 
distance, intermediate, and near visual acuity.6,7,8 How-
ever, the latter paper was limited by scarce data, short 
follow-up, and questionable power at the study level.

3 Topical drops to treat 
presbyopia are in trials. 

Investigational pharmaceutical agents 
in development for the treatment of 

presbyopia fall under two general mechanisms of action: 
softening the lens and inducing pupillary miosis.9

Lens protein oxidation, which cross-links adjacent 
proteins with disulfide bonds, is a contributor to the 
increased lens stiffness that underlies presbyopia.9 The 
investigational agent EV06 (UNR844), a lipoic acid cho-
line ester, crosses the cornea, where it is metabolized into 
choline and lipoic acid. In the lens, lipoic acid is reduced 
to dihydrolipoic acid, which lessens the disulfide bonds, 
thereby reducing lens stiffness.

In a randomized, placebo-controlled, phase 2 study 
of UNR844, adults aged 45 to 65 years received 1.5% 
UNR844 or placebo drops twice daily for 3 months.10 The 
groups had no significant difference in the primary end 
point (mean change in distance-corrected near visual acu-
ity [DCNVA]), and similar ocular and systemic adverse 
effects. Due to higher variability of DCNVA in the placebo 

group, a post hoc analysis was performed, showing a 
4-letter trend in median difference between the groups (P 
= .092) that was more in alignment with phase 1/2 results.

Pilocarpine, a muscarinic agonist, causes miosis and 
ciliary muscle contraction, resulting in increased depth of 
focus (DOF) and a mild to modest amount of accomoda-
tion.9 A new drug application was filed in February 2021 
for the investigational topical miotic agent AGN-190584, 
containing pilocarpine 1.25%, based on the phase 3 GEM-
INI 1 and GEMINI 2 studies. The agent was given once 
daily bilaterally for 30 days.11 According to topline data, 
the agent met its primary end point of gain of 3 or more 
lines of mesopic high-contrast binocular distance-correct-
ed near visual acuity on day 30 versus placebo (GEMINI 
1), without loss of more than 5 letters in corrected distance 
visual acuity with the same refraction (GEMINI 2).12 The 
most common treatment emergent adverse events in at 
least 3% of AGN-190584–treated patients were headache, 
conjunctival hyperemia, blurred vision, and eye pain.

CSF-1, a proprietary combination of components 
with a miotic mechanism of action, will be investigated 
in the phase 3 NEAR-1 and NEAR-2 studies.13,14 In phase 
2b testing, in which twice-daily dosing of CSF-1 was 
compared with the same dosing of 2 of its individual 
components, it reportedly met its primary end point of 3 
line or greater gain in best corrected visual acuity.15,16

Another investigational agent, PRX-100, is a combi-
nation of aceclidine and tropicamide. In phase 2b testing, 
two investigational PRX candidates reportedly met the 
efficacy end point of 3 line or greater improvement in 
monocular distance-corrected near acuity for up to 7 
hours with no serious adverse events.17

Topical drops that 
soften the lens or 
induce pupillary 
miosis are under 

investigation 
for presbyopia.
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“As far as the dysphotopsias, the glare and the halos that are associated with 
diffractive optics and extended depth of focus lenses, we just don’t know 
who’s going to be the patient who notices or complains about them; there 
aren’t tests we can do prior to the surgery to predict who’s going to be a 
happy patient with these intraocular lens technologies.”

—Francis Mah, MD
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Anterior segment ischemia following 
three-muscle strabismus surgery 
Case of anterior segment ischemia involves young adult with prior carotid artery injury 
By Olivia J. Killeen, MD

Ophthalmology Times® is pleased to announce 
that Olivia J. Killeen, MD, a resident at Kellogg Eye Center, 
Department of Ophthalmology and Visual Sciences, Uni-
versity of Michigan with faculty mentors Adam Jacobson, 
MD, and Monte Del Monte, MD, is the third-place winner 
of the 2020 Resident Writers Award Program, sponsored 
by Allergan. Jin’s entry is featured here.

A B S T R A C T 
Anterior segment ischemia (ASI) is a rare but vision-
threatening complication of strabismus surgery. We 
present a case of ASI following three-muscle stra-
bismus surgery in a young, healthy woman with 
a history of mild left carotid artery injury second-
ary to head trauma. Three weeks after left medial 
rectus recession and total transposition of the left                         
superior and inferior recti to the left lateral rectus to 
treat a traumatic left sixth nerve palsy, she had left 
pupil peaking and inferonasal iris atrophy. She had 
no change in visual acuity and no anterior segment 
inflammation. Iris fluorescein angiography demon-
strated delayed filling and neovascularization of the 
superotemporal iris. She received a diagnosis of ASI 
and was treated with prednisolone acetate 1% four 
times dayily in the left eye. Her exam was stable over 
the next month. To our knowledge, this is the first 
report of ASI after 3-muscle strabismus surgery in a 
young patient with prior mild unilateral carotid injury. 

H I S T O R Y 
A 27-year-old woman presented to a pediatric ophthal-
mologist complaining of constant diplopia 8 months 
after suffering a traumatic brain injury (TBI) from 
being struck by a vehicle while riding a bicycle. Rel-
evant injuries included a basilar skull fracture, sub-
dural hematoma, and brainstem and subarachnoid 
hemorrhages. An MRA of the head and neck follow-
ing her accident showed luminal narrowing and ir-
regularity of the left carotid artery at the proximal 
petrous and petrous-cavernous junction. 

E X A M I N A T I O N 
Her visual acuity was 20/100 in the right eye and 
20/70 in the left. Her intraocular pressure was 10 
in both eyes. She had no afferent pupillary defect. 
She had incomplete blink in the right eye. The infe-
rior one-third of the right cornea had an irregular 
surface with neovascularization. Her right optic 
disc had mild pallor. Her slit lamp exam and di-
lated fundus exam were otherwise normal. The 
sensorimotor exam showed limited abduction of 
both eyes and limited supraduction, adduction, 
and infraduction of the right eye. She had an 85 
prism diopter esotropia in primary gaze and near 
and a 35 prism diopter left hypertropia. She had 
increased adduction on attempted elevation and de-
pression of the right eye. She received a diagnosis 
of esotropia and right hypotropia from traumatic 
bilateral sixth nerve palsy and right third nerve 
palsy with aberrant regeneration of the right su-
perior rectus to the right medial rectus. Surgery 
to center the left eye was planned, followed later 
by surgery to align her right eye. 

S U R G I C A L  C O U R S E 
Utilizing 3 fornix incisions to preserve the lim-
bal conjunctival circulation, she underwent a 6.5 
mm left medial rectus recession on the adjustable 
suture and total transposition of the left superior 
rectus and inferior rectus to the left lateral rectus, 
with a 3 mm resection of both vertical recti. In 
the initial week postoperatively, she complained 
of refractory left retrobulbar pain. On her first fol-
low-up visit 3 weeks after surgery, she had supe-
rotemporal left pupil peaking and inferonasal iris 
atrophy (Figure 1 on Page 33). Her best-corrected 
visual acuity was stable and she had no anterior 
chamber cell or flare. As expected, she had re-
sidual esotropia and left hypertropia in primary 
gaze. Iris fluorescein angiography demonstrated 
delayed filling and neovascularization of the su-
perotemporal iris (Figure 2 om Page 33). She re-
ceived a diagnosis of ASI and started on prednis-
olone acetate 1% four times a day in the left eye. 
Her exam remained stable over the next month. 

Four months after initial left eye surgery, she 
underwent total transposition of right superior 
rectus to lateral rectus with a 3 mm resection to 
correct the left hypotropia and total transposi-
tion of the right inferior rectus to the lateral rec-
tus. Right medial rectus recession was avoided 

to decrease the risk of ASI. She had no evidence 
of ASI after this procedure. 

D I S C U S S I O N  A N D  D I A G N O S I S 
ASI is a rare but vision-threatening complication 
of strabismus surgery. ASI occurs in approximately 
1 out of 13,000 strabismus operations.1 ASI com-
monly presents with pupillary changes and an-
terior chamber cell and flare and can rarely lead 
to phthisis bulbi.2 

Patient-related risk factors for ASI include age, 
compromised anterior segment circulation, hema-
tologic disorders, atherosclerosis, and thyroid eye 
disease.2 In this otherwise healthy young woman, 
carotid artery injury was the only patient risk 
factor. She suffered a left carotid artery injury 
14 months before her initial left eye strabismus 
surgery, but she showed no clinical signs of left 
carotid insufficiency. 

Greater numbers of muscles operated on are a 
risk factor for ASI. The simultaneous recession 
of 2 to 3 recti muscles in primates occasionally 
produced transient ASI, whereas simultaneous 
recession of all 4 recti muscles produced seri-
ous, permanent ASI.3 In adult humans, there is 
an additive effect on anterior segment circula-
tion disruption when more than 1 rectus muscle 
is disrupted.4 Fornix incisions may decrease but 
do not eliminate the risk of ASI.2,5 

Vertical rectus muscle disruption impacts ante-
rior segment circulation more than horizontal 
rectus surgery. In one study, all 17 adults who 
underwent primary vertical rectus surgery had 
angiographic ASI on postoperative day 1, and 6 
had signs of ASI on slit lamp exam. In contrast, 
there were no angiographic or clinical signs of 
ischemia in the 15 patients who underwent sec-
ondary vertical rectus or primary or secondary 
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“In patients with head 
trauma, anterior segment  
imaging may help guide 
surgical planning.” 

— Olivia J. Killeen, MD



Topical steroids are a common 
treatment for ASI, but it is unknown 
whether treatment changes the natu-
ral history.2 Clinical signs typically 
resolve over time. 

Occasionally, iris atrophy and pupil 
changes persist.9 Final visual acuity 
is typically unchanged from preopera-
tive visual acuity.1 

To our knowledge, this is the first 
report of ASI in a young, healthy 
patient with prior unilateral carotid 
injury undergoing three-muscle stra-
bismus surgery. 

However, ASI following strabismus 
surgery was reported in a young man 
with prior left internal carotid artery 
ligation.10 He underwent left medial 
rectus recession and left lateral rectus 
resection for a sixth nerve palsy fol-
lowed by lateral transposition of the 
vertical recti 9 years later. The patient 
developed ASI after the transposition. 

Another healthy young man with 
abducens palsy following TBI developed 
severe ASI after medial rectus recession 
combined with temporal transposition 
of both vertical recti.9 That patient 
had no history of carotid disruption, 
but given his lack of other risk factors, 
it is possible that his trauma caused 
undiagnosed carotid injury. 

Our case demonstrates that ASI can 
occur in a healthy patient with mild 

carotid disease after three-muscle stra-
bismus surgery. 

This case highlights the importance 
of obtaining complete records follow-
ing traumas to identify ASI risk factors 
preoperatively. It is possible that pre-
operative iris angiography or OCT-A 
could have prompted modifications to 
this surgical plan.11 The surgery could 
have been performed in a staged fash-
ion, which may have decreased the 
risk of ASI.2 

Alternatively, we could have pre-
served the anterior ciliary vessels or 
considered ciliary sparing augmented 
adjustable transposition surgery to 
reduce the likelihood of ischemia.2,12 

C O N C L U S I O N 
ASI can occur in a healthy, young               
patient with mild carotid injury un-
dergoing three-muscle strabismus sur-
gery, even using fornix incisions. In  
patients with head trauma, anterior 
segment imaging may help guide sur-
gical planning. ■horizontal rectus surgery.6 Results from another study of anterior seg-

ment indocyanine green angiography (ICGA) after strabismus surgery 
found filling delays in all primary vertical recti surgeries but no delays 
after primary horizontal recti surgery.7 

We confirmed the diagnosis of ASI in this patient using iris fluores-
cein angiography. Iris vasculature can also be visualized using ICGA 
or optical coherence tomography angiography (OCT-A).7,8 Angiographic 
abnormalities often improve or resolve weeks to months after surgery, 
but they can persist years later.6,7  

(FIGURE 1)   The left superotemporal 
pupil peaking and inferonasal iris 
atrophy 3 weeks after three-muscle 
surgery on the left eye.

(FIGURE 2)   Iris fluorescein 
angiography demonstrating delayed 
filling and neovascularization of 
the superotemporal iris 3 weeks 
after muscle surgery on the left eye. 
(Images courtesy of  Olivia J. Killeen, MD)
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Focused Medical Billing is a full service medical billing firm 
servicing all specialties of Ophthalmology. With our firm our 
focus is to maximize our client’s revenue and dramatically 
decrease denials by utilizing 30 years of Ophthalmology 
billing/coding experience and expertise. Our firm provides 
accurate clean claim submissions on first submissions with 
relentless A/R follow up to obtain a 98% collection rate that 
so many of our clients enjoy.

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

  A/R Clean Up and analysis
  Patient Billing
  Posting of all Explanation of benefits
  Credentialing & Re-Credentialing
  Eligibility
  Fee Schedule Analysis
  Monthly Reports
  No long term commitment or contract required
  100% HIPAA Compliant
  Stellar letters of reference

 
Call us today for your free, no obligation consultation

“You’re focused on your patients, we’re focused on you”

Ph: 855-EYE-BILL ext. 802
Email: amay@focusedmedicalbilling.com

Web: www.focusedmedicalbilling.com

America’s leading ophthalmology billers for over twenty 
years and counting!

ü 100% onshore, full-service medical billing by certified 
ophthalmology technicians and coders

ü Proficiency in 35+practice management and erm systems
ü Long-standing relationships with insurance companies
ü Executive consultants of the AAO
ü Credentialing services
ü Practice consulting and forensic billing services to 

maximize office efficiencies and increase revenues
ü Offices in New York and Florida

Telehealth and MIPS expertise to maintain 
practice profitability.
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Call or e-mail today for a FFRREEEE  PPRRAACCTTIICCEE  AANNAALLYYSSIISS
O: 516-922-9571 • C: 516-830-1500 • info@pmbiller.com • www.pmbiller.com
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Work For You!

 
Reach highly-targeted, market-specific 

business professionals, industry experts and 
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SPACE TO SHARE

Ophthalmologist to share offices with 
long-established ophthalmologist in 

Danbury, CT 06811. OCT, 
Zeiss Fieldmaster etc

$1850/mo 
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203-545-3539 or 203-748-2020
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FUNDUS PHOTO, LLC 
   +1 314 533 6000   fundusphoto.com       

Sustaining Member - Ophthalmic Photographers Society

Visit our website to learn why we care about your business!

FDA Cleared, CE Europe, Study Certified, CMS Qualified

Easy to use - Easy to own

FDA 510(k) cleared in the US and CE in Europe/UK

Reading Center Study Certified, CMS Qualified for reimbursement

NewVision Ophthalmic Imaging Software in DICOM for PACS integration

Exclusive Universal Auto Transfer to any EHR/PACS  
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professional ophthalmic practice:
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placing your ad here!

PRACTICE OPPORTUNITY IN A COMMUNITY ON THE CHESAPEAKE BAY 
OLD DOMINION EYE CARE
KILMARNOCK, VIRGINIA

Established 30 year solo General Ophthalmologist has  
an opportunity for a BC/BE Ophthalmologist with interest  

in Cataract, Glaucoma and Laser procedures

 Unlimited operating room time 5 days a week
 Beautiful area for hunting, fishing and water sports in the  

rolling hills of the Northern Neck, the historic heart of Virginia

hauser2020@gmail.com 
(804-435-0547)CONTACT:

SSaannffoorrdd  EEyyee  CCeenntteerr  is seeking a BC/BE Ophthalmologist to add to its current group of 4 
ophthalmologists and 5 optometrists, with one physician focusing on pediatric patients.
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 Competitive compensation and comprehensive benefit package
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cost of living is competitive and South Dakota has no state income tax. Sioux Falls offers amenities 
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THE UNIVERSITY OF TEXAS SOUTHWESTERN 
MEDICAL CENTER DEPARTMENT OF OPHTHALMOLOGY 

HAS THE FOLLOWING POSITIONS AVAILABLE:

For more than 40 years, the Department of Ophthalmology at 
UT Southwestern Medical Center has received national and 
international acclaim for its clinical practice and patient care, 
research and physician training.

The Department of Ophthalmology offers the most compre-
hensive ophthalmic care in Texas. Our faculty members’ spe-
cialties cover all vision and eye problems and procedures 
including cornea, external disease, refractive and cataract 

surgery, glaucoma, macular degeneration, neuro-ophthalmol-
ogy, ocular pathology, oculoplastic and orbital surgery, on-
cology, adult strabismus, retinal and vitreous disorders, and 
pediatric ophthalmology.

Our mission is to provide excellence in clinical care of patients 
with diseases of the eyes, to advance medical knowledge of 
the causes and treatments of such diseases, and to instruct 
and educate physicians in the practice of ophthalmology. 

UT Southwestern Medical Center is committed to an educational and working environment that provides equal opportunity to all members 
of the University community. In accordance with federal and state law, the University prohibits unlawful discrimination, including harassment, 
on the basis of: race; color; religion; national origin; gender, including sexual harassment; age; disability; citizenship; and veteran status. In 
addition, it is UT Southwestern policy to prohibit discrimination on the basis of sexual orientation, gender identity, or gender expression.
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Southwestern Medical Center 
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