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OZURDEX, should not be retreated. In RVO and uveitis there is only very limited information 
on repeat dosing intervals less than 6 months. There is currently no experience of repeat 
administrations in posterior segment non-infectious uveitis or beyond 2 implants in Retinal 
Vein Occlusion. In DME there is no experience of repeat administration beyond 7 implants. 
Patients should be monitored following the injection to permit early treatment if an 
infection or increased intraocular pressure occurs. Single-use intravitreal implant in 
applicator for intravitreal use only. The intravitreal injection procedure should be carried 
out under controlled aseptic conditions as described in the Summary of Product 
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antimicrobial drops daily for 3 days before and after each injection. Contraindications:
Hypersensitivity to the active substance or to any of the excipients. Active or suspected 
ocular or periocular infection including most viral diseases of the cornea and conjunctiva, 
including active epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, 
mycobacterial infections, and fungal diseases. Advanced glaucoma which cannot be 
adequately controlled by medicinal products alone. Aphakic eyes with ruptured posterior 
lens capsule. Eyes with Anterior Chamber Intraocular Lens (ACIOL), iris or transscleral 
� xated intraocular lens and ruptured posterior lens capsule. Warnings/Precautions:
Intravitreous injections, including OZURDEX can be associated with endophthalmitis, 

intraocular in� ammation, increased intraocular pressure and retinal detachment. Proper 
aseptic injection techniques must always be used. Patients should be monitored following 
the injection to permit early treatment if an infection or increased intraocular pressure 
occurs. Monitoring may consist of a check for perfusion of the optic nerve head immediately 
after the injection, tonometry within 30  minutes following the injection, and 
biomicroscopy between two and seven days following the injection. Patients must be 
instructed to report any symptoms suggestive of endophthalmitis or any of the above 
mentioned events without delay. All patients with posterior capsule tear, such as those 
with a posterior lens (e.g. due to cataract surgery), and/or those who have an iris opening 
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feeding unless clearly necessary. Driving/Use of Machines: Patients may experience 
temporarily reduced vision after receiving OZURDEX by intravitreal injection. They should 
not drive or use machines until this has resolved. Adverse E� ects: In clinical trials the 
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(*Adverse reactions considered to be related to the intravitreous injection procedure 
rather than the dexamethasone implant). Please refer to Summary of Product 
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Marketing Authorisation Holder: Allergan Pharmaceuticals Ireland, Castlebar Road, 
Westport, Co. Mayo, Ireland. Legal Category: POM. Date of Preparation: May 2019. 
UK/0288/2019

Adverse events should be reported. Reporting forms and 
information can be found at https://yellowcard.mhra.gov.uk/ 

Adverse events should also be reported to Allergan Ltd. 
UK_Medinfo@allergan.com or 01628 494026

JOB CODE: INT-OZU-2050228
DATE OF PREPARATION: DECEMBER 2020

OZURDEX® (dexamethasone 
intravitreal implant) acts 
fast1,2 and lasts3–5 with 
less treatment visits
compared with anti-VEGFs.5

Effective DME treatment 
doesn’t have to be 
a burden.6

The most commonly reported adverse events reported following treatment with OZURDEX® are those frequently 
observed with ophthalmic steroid treatment or intravitreal injections (elevated IOP, cataract formation and 
conjunctival or vitreal haemorrhage respectively). Less frequently reported, but more serious, adverse reactions 
include endophthalmitis, necrotizing retinitis, retinal detachment and retinal tear.

This advert is consistent with the UK marketing authorisation.
Licences may vary by country, please refer to your local country SmPC.

DME, diabetic macular edema; IOP, intraocular pressure; VEGF, vascular endothelial growth factor.
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S
pring’s first signs of blossoms are 
sure to be in full swing over the 
coming weeks, bringing with them 
the promise of sunnier and warmer 

days ahead.
In the issue feature of this month’s 

Ophthalmology Times Europe®—gene 
therapy and novel drugs research—Dr 
Geeta Lalwani shares how investigators find 
genetic factors that may influence diabetic 
eye disease. Study results, including data 
from approximately 42,000 eyes, found 
diabetic retinopathy severity is a risk factor 
for diabetic eye disease progression. Other 
findings support the idea that genetic 
factors may influence the development of 
proliferative diabetic retinopathy versus 
diabetic macular oedema.

Turning to retina, Dr Anat Loewenstein 
highlights findings from pivotal trials that 
provide hope in addressing anti-VEGF 
therapy burdens. Treatment and monitoring 
advancements could help to reduce the 
number of injections needed. 

We also hear from Dr Carl W. Baker 
about a study that targets strategies for 
centre-involving diabetic macular oedema. 
The trial demonstrates the rationale for 
managing with observation until vision 
worsens, he notes. Dr David Sarraf discusses 
how visualisation with en-face OCT helps 

physicians understand normal and abnormal 
macular anatomy.

In this issue’s cover feature, Editor Caroline 
Richards speaks to glaucoma specialist Dr 
Anthony Khawaja about the exciting realm 
of precision medicine in ophthalmology. 
Moving away from a ‘one size fits all’ 
approach will lead to better outcomes, he 
says. Artificial intelligence and genetic 
testing are expected to facilitate choosing 
the best treatment for each unique glaucoma 
patient within the next decade. This will not 
only lead to the best outcomes for individuals 
but will also spare them the costs and side 
effects of suboptimal treatments.

Next, Dr Brandon Huynh et al. consider 
whether low vitamin D is a risk factor for 
primary open angle glaucoma. Evidence for a 
connection between low vitamin D levels and 
glaucoma is increasing but the link remains 
speculative, and no causal connection has 
been demonstrated.

Turning to cataract and refractive, Prof. 
Brendan James Vote discusses how a 
small-aperture IOL yields high satisfaction 
in a retrospective review. The lens offers 
greater spectacle independence without 
compromising on quality, he adds.

Dr Gregory D. Parkhurst outlines some 
factors for when to consider phakic IOL 
implantation. These lenses give patients an 

option when laser vision correction is not 
recommended, he explains.

In cornea, Prof. Navid Ardjomand 
offers key considerations for how to use 
topography-guided laser procedures to treat 
keratoconus. This is especially, but not 
exclusively, effective in the early stages of 
the condition, where crosslinking might be 
used to halt its progression before the corneal 
refractive procedure is applied. Prof. Carlos 
Vergés, Dr Francesc March de Ribot, Prof. 
José Salgado-Borges and Dr Verónica Ribas 
turn to the role of intense pulsed light in 
the treatment of dry eye disease and ocular 
rosacea. Heat induces ablation of vascular 
structures and decreases inflammation.

Focusing on paediatrics, as we learn 
from Dr David P. Piñero et al., virtual reality 
dichoptic and perceptual learning training 
seem to be a useful therapeutic option for 
achieving successful visual rehabilitation in 
amblyopic patients. 

Lastly, Dr Rachel Curtis shares with us 
how a smartphone direct ophthalmoscope 
attachment makes it possible to examine the 
optic nerve and distinguish whether its state 
of health is normal. Investigators have also 
found the device aids in the instruction of 
medical students.

Remember, this April, hope springs 
eternal! Please continue to stay safe.

Spring signals a new season 
of innovation and hope
Mike Hennessy Sr, Chairman/founder of Ophthalmology Times Europe®’s 
parent company, MJH Life Sciences

chairman’s letterchairman’s letter
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Investigators find genetic factors 
may influence diabetic eye disease
Baseline diabetic retinopathy severity is an important predictor of its progression 

By Cheryl Guttman 
Krader;

Reviewed by  
by Dr Geeta Lalwani

R
esults from a study analysing data from 
real-world patients with diabetes provided 
further evidence that the risk of both diabetic 
retinopathy (DR) progression and diabetic 

macular oedema (DMO) development increase with 
higher DR severity. Investigators also identified the 
existence of three distinct clinical subtypes among 
eyes with DR comprising a group at increased risk 
of clinically significant macular oedema (CSMO), 
a second group at increased risk of proliferative DR 
(PDR), and a third, smaller group at increased risk 
of developing both CSMO and PDR within the same 
observation period of 5 years. 

The same pattern of three distinct progression 
subtypes was present in the overall population, 
as well as in the subsets by DR severity. Dr Geeta 
Lalwani of Rocky Mountain Retina Associates 
in Boulder, Colorado, United States, presented 
the findings at the American Academy of 
Ophthalmology’s 2020 virtual annual meeting. 

“In addition to DR severity, diabetes duration, 
hyperglycaemia, hyperlipidaemia and hypertension 
are major drivers of DR progression,” Dr Lalwani 
said. “However, these factors account for only about 
10% of the risk of DR progression, which points to the 
potential involvement of other risk factors.”

Dr Lalwani said the finding of different clinical 
subtypes among eyes with DR suggests that PDR and 
DMO may represent two distinct disease processes 
driven by distinct genetic factors. “Several candidate 
genes have been associated with DR pathogenesis, 
including those associated with angiogenesis 
and inflammatory pathways, and these appear to 
result in different phenotypes,” she said. “More 
research is needed on the clinical and genetic factors 
responsible for these distinct risks of DMO versus PDR 
development in patients with type 2 diabetes.”

The study was conducted by reviewing clinical 
data and DR severity grades obtained from the 
assessments of seven-field colour fundus photograph 
images collected between 1999 and 2016 in the 
Inoveon database of patients with diabetes who 
participated in a retina screening programme at 

primary clinical centres. Eligible patients selected had 
at least two gradable images in either eye from two 
different time points. 

The severity of DR, graded using the Early 
Treatment Diabetic Retinopathy Study, Diabetic 
Retinopathy Severity Scale (DRSS) and presence of 
CSMO, was assessed by professional graders at a 
centralised reading centre. Approximately 42,000 
eyes of 22,000 patients were included. 

The patients were predominantly male (83%) 
and had type 2 diabetes (94%). Nearly 50% of 
the population was white and Native Americans 
comprised 41% of the group. 

Outcomes data
A Kaplan-Meier analysis of data from the entire 
population showed that 2.7% of eyes developed 
at least a two-step worsening of DRSS by year 2 
and the rate increased to just under 10% by year 5. 
“Consistent with previous literature showing that 
baseline DR severity is an important predictor of DR 
progression, we found distinctly higher proportions 
of patients with higher DR severity at baseline 
developed an at least two-step worsening over time,” 
Dr Lalwani said.

At year 2, the rates of at least a two-step DR 
progression were 3.1% among eyes with mild 
nonproliferative DR (NPDR) at baseline and 8.4% 
to 12.9% for those with moderate to severe NPDR. 
At 5 years, more than 35% of eyes with moderate to 

  Study results, including data from 
approximately 42,000 eyes, found diabetic 
retinopathy severity is a risk factor for 
diabetic eye disease progression. Other 
findings support the idea that genetic 
factors may influence the development of 
proliferative diabetic retinopathy versus 
diabetic macular oedema.

IN SHORT 



severe NPDR at baseline experienced DR 
worsening.

Analysis of time to the first development 
of CSMO and/or PDR showed more eyes 
developed either CSMO or PDR alone 
versus both together. By year 5, the risk 
of developing CSMO alone was 1.24%, 
the risk of developing PDR was just under 
0.5%, and the risk of developing both 
CSMO and PDR was 0.1% in the overall 
diabetes population.

The trend for distinct clinical 
progression subtypes was also observed 
in an analysis focused on subsets of eyes 
by DR severity at baseline, suggesting 
that factors other than DR severity at 
baseline are responsible for the distinct 
progression patterns. Despite the similar 
pattern of clinical subtype progression, as 
expected, the overall rates of CSMO and 
PDR development were much greater in 
the eyes with moderate to severe NPDR 
(DR severity levels 43, 47 and 53) than in 
the overall population. 

By year 4, the risk of developing CSMO 
alone was 18.7% in this group and the 
risk of developing PDR alone was 10%, 
although both CSMO and PDR developed 
in 2.5% of patients. The additional analysis 
investigating the moderately severe and 
severe NPDR (DR severity levels 47 and 
53) subset also found the same pattern 
of clinical progression subtypes in the 
overall diabetes population, with patients 
developing either CSMO or PDR alone, and 
relatively few developing both PDR and 
CSMO. 

As expected, this subset of patients with 
moderately severe and severe NPDR had 
the highest risk of progression; however, 
28.7% progressed to CSMO alone, 19.8% 

progressed to 
PDR alone, and 
6.6% developed both 
CSMO and PDR within the 
same observation period of 4 
years. “Interestingly, these trends were 
also observed in the sham arm of the 
PANORAMA study, where after a shorter 
100-week follow-up (approximately 2 years), 
the majority of patients developed vision-
threatening complications of PDR/anterior 
segment neovascularisation or centre-
involved DMO alone, but not both events 
simultaneously,” Dr Lalwani said. “This 
trend is also consistent with retrospective 
claims-based analysis.”1,2

Dr Lalwani observed that because of 
its nature, the Inoveon study had several 
limitations, including heterogeneous 
screening frequencies. She mentioned that 
results of a retrospective cross-sectional 
study found that the majority of eyes 
with newly diagnosed PDR did not have 
concurrent DMO and the majority of eyes 
with newly diagnosed DMO did not have 
concurrent PDR.3 In addition, Hobbs et al 
reported that several systemic risk factors, 
including sex, age, type of diabetes, glycated 
haemoglobin level, blood pressure and low-
density lipoprotein cholesterol control, had 
no significant effect on the development of 

DMO in eyes with PDR. 
“These findings also suggest that PDR 

and DMO may present two distinct disease 
processes potentially driven by distinct 
genetic risk factors,” Dr Lalwani concluded. 
“Further research, focusing on the clinical 
and genetic factors responsible for distinct 
risks of DMO versus PDR development in 
patients with type 2 diabetes is warranted.” 
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In addition to DR 
severity, diabetes 
duration, hyperglycaemia, 
hyperlipidaemia and 
hypertension are major 
drivers of DR progression.

– Dr Geeta Lalwani
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Pivotal trials provide hope in 
addressing anti-VEGF therapy burdens
Treatment and monitoring advancements could reduce number of injections

By Cheryl Guttman 
Krader;

Reviewed by  
Dr Anat Loewenstein

D
ual inhibition of vascular endothelial 
growth factor-A (VEGF-A) and 
angiopoietin-2 (Ang-2) using intravitreal 
bispecific antibody faricimab (Roche) 

is an effective strategy with promising durability 
for treating both neovascular age-related macular 
degeneration (nAMD) and diabetic macular oedema 
(DME), according to results from four pivotal trials 
reported at the Angiogenesis, Exudation, and 
Degeneration 2021 Virtual Symposium.

Dr Anat Loewenstein discussed the findings from 
data collected during the first year of the studies that 
compared faricimab to aflibercept (Eylea, Regeneron). 
She reported that the trials met their primary 
endpoint, showing non-inferiority of best-corrected 
visual acuity outcomes in patients who were treated 
with faricimab at dosing intervals of up to every 16 
weeks compared with controls receiving aflibercept 
every 8 weeks.

Dr Loewenstein, who is Chair of the Department 
of Ophthalmology at Tel Aviv Medical Center, and 
Vice Dean of Sackler Faculty of Medicine at Tel Aviv 
University, Tel Aviv, Israel, also highlighted evidence 
that supports the feasibility of at-home optical 
coherence tomography (OCT) monitoring for nAMD. 
She said that the collective findings are important for 
addressing the visit and treatment burdens associated 
with anti-VEGF therapy for these retinal diseases.

“Intravitreal anti-VEGF agents have provided us 
with excellent options for treating nAMD and DMO, 
but they are not ideal because in the real-world 
many patients do not adhere with follow-up and 
do not receive the frequent injections that may be 
needed to maintain initial gains in visual acuity,” Dr 
Loewenstein said. “Faricimab, which shows promise 
in providing longer-lasting benefit than aflibercept 
administered every 8 weeks, combined with home 
OCT monitoring, offers the potential for achieving 
better functional outcomes for patients and improving 
their quality of life. In addition, as we anticipate the 
numbers of patients with nAMD and DMO to increase 
in the future because of population ageing and the 
rising prevalence of diabetes, these strategies are also 

welcome for easing demand on healthcare resources 
and enabling the system to accommodate the growing 
need for services.” 

The rationale for targeting Ang-2 in addition to 
VEGF-A for the treatment of nAMD and DMO is 
based on evidence that Ang-2, which is present 
in increased levels in the eye with both diseases, 
promotes vascular leakage and neovascularisation by 
sensitising blood vessels to the effect of VEGF-A, Dr 
Loewenstein explained.

Study designs and further findings
In the two multicentre, double-masked DMO trials, 
Yosemite and Rhine, eligible patients were either 
treatment naïve or had previously received anti-VEGF 
therapy. They were randomised equally into three 
arms to treatment with faricimab 6 mg every 8 weeks, 
faricimab 6 mg according to a personalised treatment 
interval (PTI) determined by disease activity, or 
aflibercept 2 mg every 8 weeks. All groups began 
treatment with a loading dose regimen that consisted 
of between 3 and 6 monthly doses. 

Various secondary endpoints in the trial were 
based on analyses of OCT images. The data showed 
that anatomical outcomes were better in the faricimab 
groups compared with the aflibercept group. Benefits 
of faricimab were seen in analyses of change in 
central subfield thickness (CST), percentage of 
patients with absence of DMO and percentage 
of patients with absence of intraretinal fluid, Dr 
Loewenstein said. 

IN SHORT 
  One-year pivotal trial findings showed that 

faricimab provided longer-lasting benefit 
than aflibercept, offering the potential for 
better functional outcomes for nAMD and 
DMO patients and improving their quality 
of life when combined with home OCT 
monitoring.

Dr Loewenstein



“The advantage in durability potential 
of faricimab was seen among patients 
receiving faricimab PTI. Within this 
treatment arm, 72% of patients maintained 
disease control while receiving retreatments 
no more often than once every 12 weeks 
and 52% needed retreatment just every 16 
weeks,” she added.

In the pivotal nAMD trials, Tenaya and 
Lucerne, patients were randomised to 
receive aflibercept 2 mg every 8 weeks 
following three monthly loading doses or 
PTI faricimab 6 mg up to every 16 weeks 
after four monthly doses. The OCT data 
showed that in the faricimab arm, 45% 
of patients were able to maintain disease 
control with a treatment interval ≥12 weeks 
and 45% of patients needed retreatment 
just every 16 weeks. “With faricimab 
administered just every 16 weeks, in almost 
one half of patients the achieved reductions 
in CST were comparable to those recorded in 

the aflibercept arm,” Dr Loewenstein added. 
Faricimab had a favourable safety 

profile in all the pivotal trials. “Intraocular 
inflammation event rates for faricimab 
were low, 1.3% to 2%, and there were no 
cases of vasculitis or occlusive retinitis,” Dr 
Loewenstein said.

Remote monitoring for nAMD
Dr Loewenstein is the principal investigator 
in a study of home-based monitoring of 
disease activity in patients with nAMD. 
The device under evaluation is an OCT unit 
(Notal Vision Home OCT; Notal Vision) 
capable of acquiring high-quality images 
that are mounted to the cloud. 

Changes in fluid volume are analysed to 
identify treatment response and need for 
retreatment. The images can be analysed 
by artificial intelligence and software is 
designed to generate alerts to the patient and 
physician if retreatment is needed.

Data from the study showed that elderly 
patients with nAMD were able to perform 
the self-imaging and that the quality of the 
images obtained was sufficient to allow 
fluid quantification by human graders and 
an artificial intelligence-based algorithm. 
“Technology such as a home OCT device 
could allow patients to receive treatment 
for active disease in a timely manner while 
avoiding follow-up visits if retreatment 
is not needed. Therefore, it would be a 
valuable adjunct for helping us to achieve 
the goal of decreasing the burden associated 
with frequent in-office visits,” said Dr 
Loewenstein.
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Study targets strategies for CI-DMO
Trial demonstrates rationale for managing with observation until vision worsens

By Cheryl Guttman 
Krader;

Reviewed by  
Dr Carl W. Baker

A 
post hoc analysis of data from the Diabetic 
Retinopathy Clinical Research (DRCR) 
Retina Network Protocol V clinical trial 
provides insight on outcomes when eyes 

with centre-involving diabetic macular oedema 
(CI-DMO) and good visual acuity are managed with 
initial observation and treated with anti-vascular 
endothelial growth factor (anti-VEGF) therapy only 
if vision worsens. The findings were reported in 
a paper published in JAMA Ophthalmology1 and 
reviewed by Dr Carl W. Baker at the American 
Academy of Ophthalmology’s 2020 virtual meeting.

Protocol V randomly assigned eyes with CI-DMO 
and visual acuity (VA) 20/25 to initial management 
with intravitreal aflibercept (Eylea, Regeneron), 

focal grid laser or observation. Eyes in the laser and 
observation arms were to receive aflibercept only if 
they had a decrease in VA meeting protocol-specified 
criteria. 

At the end of the 2-year study, mean VA was 20/20 
in the three randomly assigned arms. Among the 236 
eyes initially randomly assigned to observation, two-
thirds did not require anti-VEGF therapy. Within the 
latter subgroup, median VA at 2 years was also 20/20 
and 31% had spontaneous resolution of their DMO. 
Eyes in the observation group requiring aflibercept 
still achieved good vision at 2 years.

Analyses done to identify baseline characteristics 
associated with receipt of treatment for DMO after 
initial observation identified three factors that 

Dr Baker

(FIGURE 1)   Investigators studied options for centre-involving 
diabetic macular oedema. (Image courtesy of Dr Carl W. Baker)
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related to DMO severity in the study eye, 
retinopathy severity in the study eye and 
need for treatment of DMO in the fellow eye. 

“Based on the primary endpoint results 
from Protocol V that showed no difference 
in vision outcomes between eyes treated 
initially with aflibercept and those with 
treatment withheld until vision worsened, 
many clinicians and patients might choose 
initial observation for eyes with CI-DMO 
and good visual acuity,” said Dr Baker, 
who works in private practice at the Hilton 
Head Retina Institute in Hilton Head, South 
Carolina, United States.

Practical guidance
Dr Baker said the post hoc analysis provides 
more practical guidance for clinicians. 
“The three risk-related baseline factors 
identified by this analysis—higher levels 
of retinopathy, DMO requiring treatment 
in the fellow eye and greater OCT [optical 
coherence tomography] thickness—are 
associated with a potential need for 
injections,” he pointed out. “It can be 
useful when clinicians are deciding which 
treatment strategy may be the best option 
for their DMO patients with good vision.”

Follow-up in Protocol V for eyes in the 
observation arm began with visits at 8 
and 16 weeks and continued at 16-week 
intervals unless VA declined. Treatment 
with aflibercept was initiated if electronic 
Early Treatment Diabetic Retinopathy Study 
(E-ETDRS) VA decreased by ≥10 letters from 

baseline at any visit or by 5–9 letters at two 
consecutive visits 4 weeks apart. 

For eyes showing a 5–9-letter loss at  
one visit that was not sustained at the 
follow-up visit, the follow-up interval 
was decreased to every 8 weeks if central 
subfield thickness (CST) worsened by 
≥10% from the preceding visit or exceeded 
400 µm. If the eye still did not meet the 
VA criteria for initiating aflibercept, the 
follow-up interval was doubled to the 
previous schedule if CST was stable or 
improved and halved again if the CST  
had worsened.

Dr Baker reported that after following 
this DRCR algorithm, two-thirds of the 
observation group did not require injections 
over 2 years and the mean vision was the 
same as that of eyes that were initially 
treated with aflibercept.  

“Even in the eyes that had worsening 
vision to the point of requiring aflibercept 
injections, the median visual acuity was 
20/25 at the 2-year end point of the study,” 
Dr Baker said. “These eyes required fewer 
injections over the 2-year course of the 
study than the group initially randomised 
to aflibercept.”

Dr Baker added that it is not fair to 
compare VA in the subgroups of eyes 
in the observation group that did and 
did not receive aflibercept because the 
eyes that were treated needed to have 
vision loss to qualify for aflibercept. An 
analysis to identify predictors of receiving 
aflibercept among eyes managed initially 
with observation looked at nine baseline 
variables, of which three were found to be 
significant. 

The strongest risk factor was having a 
non-study eye that was receiving or was 
planned to receive treatment for DMO 
within 4 months of study enrollment. A 
total of 92 eyes were in this subgroup and 
they had a 2.55-fold greater likelihood 
of needing aflibercept in the study eye 
compared with eyes that were not receiving 
binocular treatment for DMO (P <0.001).

Eyes with a baseline diabetic retinopathy 
severity score ≥47 (moderate severe 
nonproliferative diabetic retinopathy or 
worse; n = 80) had a 2.22-fold increased 
risk of receiving aflibercept compared with 
eyes entering the study with less severe 

diabetic retinopathy (P <0.001). 
An analysis of the impact of baseline 

CST showed that eyes with a Zeiss-Stratus 
equivalent ≥300 µm were approximately 
twice as likely as eyes with less thickening 
to need aflibercept (P <0.003). Baseline 
factors not associated with receipt of 
aflibercept among the eyes initially 
managed with observation were gender, 
age, race/ethnicity, glycated haemoglobin 
A1C (HbA1c) and VA prior to DMO 
treatment. 

Limitations
Dr Baker outlined several limitations of 
the analyses. He noted that because they 
were conducted post hoc and multiple 
characteristics were evaluated, some of 
the associations between baseline features 
and receipt of aflibercept could have been 
identified due to chance. 

In addition, treatment decisions were 
guided by VA obtained from E-ETDRS 
testing following protocol refraction, which 
could differ from VA measurements taken 
in clinical settings. Finally, the analyses 
did not provide information on the group 
initially treated with laser.
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Among the 236 eyes 
initially randomly 
assigned to observation, 
two-thirds did not require 
anti-VEGF therapy.

IN SHORT 
  Most patients with  

centre-involving DMO do not need 
anti-VEGF therapy for vision loss, 
post hoc study data show.
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Visualisation with en-face OCT offers 
value for ophthalmologists
Technology helps physicians understand normal and abnormal macular anatomy

By Cheryl Guttman 
Krader;

Reviewed by  
Dr David Sarraf

E
n-face optical coherence tomography (OCT) 
is an effective tool that is providing insights 
into macular anatomy and various macular 
disorders, according to Dr David Sarraf, who 

discussed the topic at the American Academy of 
Ophthalmology 2020 virtual meeting. Dr Sarraf is a 
clinical professor of ophthalmology at the Stein Eye 
Institute at the University of California in Los Angeles, 
United States.

He reviewed the principles of en-face OCT and 
how this imaging modality has led to an increased 
understanding of macular anatomy and disease. 
He described various studies that have applied 
en-face OCT to gain insight into the pathoanatomy 
of the fovea and to more precisely characterise 
various macular disorders, including dissociated 
optic nerve fibre layer (DONFL), paracentral acute 
middle maculopathy (PAMM), multiple evanescent 

white dot syndrome (MEWDS), type 1 macular 
neovascularisation and geographic atrophy. 

According to Dr Sarraf, en-face OCT acquires a 
dense volume of cross-sectional B scan data projected 
onto an en-face (coronal) plane. It can display binary 
reflectivity over a flat fundus view and is capable of 
providing segmentation at a given level.

“There are many advantages of en-face OCT 
because it can display the interrelationship and 
pattern of hyper- and hyporeflective OCT lesions over 
a fundus view with depth-resolved segmentation 
capability,” he said.

Clinical examples
Compared with cross-sectional OCT, the en face 
technique greatly enables detection of superficial 
hyperreflective dots within the fovea. Dr Sarraf and 
his colleagues took advantage of this capability to 
quantify these dots in a cohort of eyes and found an 
age-related increase in their number.

“We believe that these hyperreflective dots may 
represent the same entity as the white dot fovea 
seminally described in 1997 by Yokotsuka, Kishi 
et al. using scanning electronic microscopy,” he 
said. “These dots are believed to represent activated 
Müller glial cells breaking through the inner limiting 
membrane.”

En-face OCT has also been used to characterise the 
inner retinal dimples of DONFL. A paper authored 
by Navajas et al. described this application in eyes 
that had undergone epiretinal membrane peeling and 
reported that the dimples increased progressively 
in number 1 month after the surgery and reached a 
plateau at 6 months. 

“The findings are consistent with the idea that 
peeling of the inner limiting membrane avulses 
Müller cell endfeet,” Dr Sarraf said. “Because of 
postoperative oedema in the nerve fibre layer, 
however, the dimples are not fully appreciated for 

Dr Sarraf

 OCT images show an eye with cilioretinal artery 
occlusion that displays a perivenular pattern of PAMM.  
(Image courtesy of Dr David Sarraf)
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several months after the surgery until there 
is resolution of the oedema and nerve fibre 
layer thickening.”

Insight into the varying patterns of 
PAMM lesions is another benefit of the 
application of en face OCT. “PAMM is 
defined by hyperreflective bands in the 
middle retina that may represent infarction 
of the inner nuclear layer,” Dr Sarraf said. 
“With en-face OCT, we can appreciate 
different patterns of PAMM lesions that may 
reflect the progression of ischaemic severity 
referred to as the ischaemic cascade.”

Illustrating his point, Dr Sarraf showed 
en-face OCT images from an eye with 

cilioretinal artery occlusion that displayed 
a perivenular pattern of PAMM that were 
remarkable for the presence of fern-like, 
hyperreflective lesions precisely colocalising 
with the veins but sparing arteries. Then 
he presented a sequence of images from 
the same patient obtained over a 12-hour 
period that showed progression from the 
perivenular fern-like pattern to a diffuse 
globular PAMM pattern, indicating 
progression of the infarction typical of the 
ischaemic cascade.

Serial imaging with en-face OCT in 
eyes with MEWDS has also demonstrated 
temporal changes in the spots and dots 
characteristic of this entity. With en-face 
OCT, the smaller hyperreflective dots in 
the outer nuclear layer align with and 
overlie the larger hyporeflective spots 
that correspond to loss of the ellipsoid 
zone. Successive images from an eye with 
MEWDS showed that the spots resolve first 
and the dots second, Dr Sarraf said.

Another area where en-face OCT may 
be a useful clinical tool is with identifying 

and monitoring progression of geographic 
atrophy in eyes with dry age-related 
macular degeneration (AMD) and in 
eyes with type 1 neovascularisation. 
Representative en-face OCT images from 
a patient with type 1 neovascularisation 
and AMD showed a progressive area of 
atrophy colocalised outside the area of 
neovascularisation, which was identified 
with OCT angiography.

“These findings have been attributed 
to recapitulation of the choriocapillaris 
by the type 1 neovascular lesion that may 
sustain the retinal pigment epithelium and 
photoreceptors and protect these layers from 
atrophy,” Dr Sarraf concluded.

IN SHORT 
  En-face OCT has advantages 

that make it very useful for 
characterising macular anatomy 
and pathologic features of various 
macular disorders.
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has led to an increased 
understanding of macular 
anatomy and disease.
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QA &
By Caroline Richards, editor of 
Ophthalmology Times Europe®

I SPOKE TO GLAUCOMA specialist 
Dr Anthony Khawaja about the 
exciting realm of precision medicine 
in ophthalmology. 

Q. HOW DO YOU DEFINE 
‘PRECISION MANAGEMENT’?

In looking after our patients, most of 
us review the evidence in the literature. 
For example, when considering 
glaucoma patients, I might look at 
the UK glaucoma treatment study 
(UKGTS),1 a randomised controlled trial 
that showed that patients treated with 
a prostaglandin analogue do better on 
average than those who are not treated. 

Evidence-based medicine tells us 
how best to treat people on average, but 
everyone is different. Not everybody in 
the UKGTS who received latanoprost 
necessarily benefited from it; in fact, 
15% of such patients progressed over 2 
years, so they were under-treated. Yet 
three-quarters of the placebo group did 
not progress, so some may have been 
over-treated.

Precision management is about going 
beyond simply what is best for the 
average group of patients and instead 
being able to predict, the first time you 
see a patient, their risk of worsening, 
and then titrating their treatment 
accordingly — maybe starting off more 
intensively in some high-risk patients 
so that you do not have to observe 
further vision loss before stepping up 
treatment. And it is it about choosing 
no treatment at all for other patients. 

This means resources and treatments 

can be directed only to the people who 
will benefit, thus sparing the costs and 
side effects of treatments that will not 
work. The key here is understanding 
that one size does not fit all.

Q.  COULD YOU EXPAND ON WHAT 
THIS WOULD LOOK LIKE FOR 
GLAUCOMA?

One example of where precision 
glaucoma management could be useful 
is trying, the first time you see the 
patient, to make an assessment about 
whether they need treatment or not. 
Take the patient who has high ocular 
pressure but not glaucoma as of yet. We 
know from the Ocular Hypertension 
Treatment Study (OHTS)2 that if you 
treat such patients, they will do better 
on average than people who do not 
receive treatment: fewer of them will 
convert to glaucoma. But we also 
know that most of the group that is not 
treated do not develop glaucoma, so 
some are being treated unnecessarily. 

An OHTS calculator that predicts 
the risk of conversion to glaucoma 
already exists,3 which takes into 
account the age of the patient, baseline 
pressure, corneal thickness, visual field 
mean deviation and cup-disc ratio. 
Unfortunately, this calculator, while 
helpful, does not really go far enough. 

And so what we are looking to do is 
bring in other new technologies using 
genetic information or perhaps artificial 
intelligence (AI) assessments of images 
to help decide whether a patient will 
very likely benefit from treatment or, 
actually, is at such low risk that we 
can save the costs and the hassle of 
treatment. This will in turn also free 

IN SHORT 
  Artificial intelligence and genetic testing are expected to facilitate 

choosing the best treatment for each unique glaucoma patient within 
the next decade. This will not only lead to the best outcomes for 
individuals but will also spare them the costs and side effects of 
suboptimal treatments.

Precision 
management 
to revolutionise 
glaucoma diagnosis 
and treatment
Moving away from ‘one size 
fits all’ approach will lead to 
better outcomes
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up health service resources so that we can 
focus on the patients at highest risk. 

You can apply this to other aspects 
of glaucoma care. For somebody with 
established glaucoma, do you treat or not, 
and how aggressively do you treat? 

Another area which in my opinion 
can really benefit from the precision 
management approach in glaucoma is 
choosing the right treatment. There are 
so many different types of treatments 
available, including four major classes of 
drug, selective laser trabeculoplasty for 
open angle disease, and a whole spectrum 
of surgery from the minimally invasive 
glaucoma surgeries to the traditional 
incisional surgeries such as trabeculectomy 
and tube implants. 

And if we are honest with ourselves, we 
do not know who is going to do well with 
each treatment. As mentioned, some people 
respond very well to latanoprost, but others 
do not respond at all and some experience 
side effects. 

Q. WHERE DOES GENETIC TESTING 
COME IN?

In recent years, we have really started to 
understand what causes glaucoma. In fact, 
glaucoma is one of the most hereditary of 
the common diseases in humans; it is about 
70% heritable. 

This means, in part, that some glaucoma 
is inherited through generations in an 
autosomal dominant fashion due to just 
a single mutation, most commonly in the 
myocilin gene. But this comprises only 
about 4% of primary open angle glaucoma 
(POAG). 

The majority of cases are more complex 
because they are due to a lot of genetic 
effects, each one small and insufficient in 
causing glaucoma on its own but when put 
together cumulatively reach a threshold that 
causes disease. For years we were unable 
to identify these small effects, but recently, 
with large studies, we have been able to 
identify many more. 

For example, 2 years ago, by looking at 
the pressure in the eyes of around 140,000 
people, we identified over 100 points 

in the genetic code that underlie some 
people developing high pressure and then 
glaucoma.4 And what is exciting is that, 
when you combine the genetic information 
at all of these points, you can start to predict 
who is going to get glaucoma, even from the 
point of birth because our genetic code does 
not change after that. 

Given that it has got such a genetic basis, 
what we can start to do next is pick out 
different types of glaucoma, for example, 
which are currently indistinguishable. So, 
POAG to us looks pretty uniform. However, 
genetically speaking there is a subgroup 
that seems to have a problem particularly 
located in Schlemm’s canal and collector 
channels; for another group the problem 
seems to particularly affect the trabecular 
meshwork. 

If we could work out which of these 
patients had primarily a trabecular 
meshwork problem then we would 
know that treatment targeted to the 
trabecular meshwork, such as selective 
laser trabeculoplasty, or the iStent Inject 
(Glaukos) and trabecular bypass procedures 
with microstents (Hydrus), is more likely 
to work. 

Conversely, if the issue is predominantly 
due to a problem with a patient’s collector 
channels and Schlemm’s canal, then 
maybe you are better off not targeting the 
trabecular meshwork. In that way, we can 
start to use genetic risk scores to be able 
not only to tell us about the risk of disease 

Precision 
management 
is about going 
beyond simply 
what is best 
for the average 
group of 
patients.
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progression but also to predict response to 
treatment.

Q. HOW EXACTLY WOULD ARTIFICIAL 
INTELLIGENCE ASSIST?

Well, in terms of personalising care, there 
is an awful lot of information that we collect 
as glaucoma specialists: images that provide 
detailed information and potential patterns 
that we recognise. We learned from our 
training that we can sometimes look at an 
optic nerve and see when there is a lot of 
damage and when a person is at high risk, 
meaning we need to treat them aggressively. 

But there are other times where we just 
get it wrong and do not predict at baseline 
that somebody is at high risk of getting 
worse, and they worsen despite our best 
efforts. Conversely, we might treat other 
people who are at low risk and we can never 
know whether they needed that treatment. 

The real power of AI in medicine so far is 
the ability to classify images, which it can 
do better than any single human grader. AI 
has the potential to see patterns in an image 
that no human being, no matter how expert 
they are, can see: an interesting study that 
supports this concept is one from the Google 
Brain group.5 

They trained an AI algorithm to look at 
photos of the retina of healthy participants 
in a couple of studies, including the UK 
Biobank study, and to predict sex. The 
algorithm is 97% accurate in identifying 
whether a fundus photo is from a man or a 
woman. Is there is one glaucoma specialist 
or retinal specialist or human in the world 
who can do that? 

The enticing thought is that if AI can 
see patterns beyond what humans can 
appreciate currently, it can predict the 
future. I can definitely see AI working 
together with genomics in the future, 
providing much more individualised care.

Q. WHEN WILL THIS ALL BECOME  
A REALITY?

I have set my research group an ambitious 
target: by 4 years’ time we will have 
developed proven algorithms that can 

predict the risk of glaucoma progression 
and response to two different treatments. 
Once we have got this tool, we need to make 
it easily accessible and understandable to 
general glaucoma doctors and physicians, 
and even patients. 

We will need to test it prospectively 
to see whether it does improve decision 
making. Glaucoma trials can take quite a 
long time—at least 2 years—and so I think 
we are looking at an estimated 5 years to get 
the proof of principle and a pilot tool that 
will then need to be proven over a few years 
before something can be rolled out. 

In parallel to this, we need genetic data 
to be available. Currently, most of our 
patients do not come with genetic data, 
although increasing numbers of people are 
obtaining it from direct-to-consumer genetic 
tests. There are already platforms where 
healthcare services can interact with genetic 
databases to pull out the information they 
need, with the patient’s consent. So, this is 
one possibility. 

This type of testing can cost less than £50 
and when done on scale might be nearer 
to £20 per person, which is excellent value. 
And if that one £20 test can tell you whether 
you should be screened for glaucoma, which 
treatment you should have and whether 
you need treatment at all, it could provide a 
similar picture for other diseases. 

For example, it could also tell you, say, 
whether you should take statins if you 
have got high lipid levels. Should you be 
screened for breast cancer or should it be 
delayed? And for prostate cancer? This is 
just scratching the surface. 

The £20 test can inform a whole gamut 
of health-related decisions. It will really 
become a question of when rather than if 
you test and obtaining genetic information 
for all people who interact with healthcare 
services will become routine.

Q. WHAT ARE THE  
MAIN CHALLENGES?

The people in the aforementioned study 
were all of European descent and we can 
predict with a certain degree of accuracy 
someone’s risk of glaucoma if they are 
European. This prediction works quite well 

for Asian people too, but not so well for 
people of African descent.

If we are to develop a new, better way 
of managing glaucoma, which means that 
people get the best treatment for them from 
the get go and that we spare people who do 
not need treatment, can we really offer it if it 
only works in people of certain ethnicities? 
And I think we all know the answer to that 
is no. 

So, one of the challenges is the need 
to make sure that we are getting enough 
data and information on people of all 
ethnicities. And this is why, having started 
the Moorfields Glaucoma BioResource, I am 
pleased to be able to recruit patients from all 
backgrounds due to London’s very diverse 
population. 

The other challenge is to come up with 
a better way of managing glaucoma so 
that expertise is widely distributed and not 
clustered in certain centres of excellence 
where there are genetics experts. Such care 
needs to be delivered by any doctor and to 
an extent that even patients can understand. 

It needs to be accessible and rolled out 
everywhere, equitably, to people of all 
ethnicities and backgrounds. And that is 
the key: we need to make this an equitable 
innovation.
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Is low vitamin D a risk factor for 
primary open angle glaucoma?
Studies point to the vitamin’s potential anti-inflammatory and antioxidant effects 

By Dr Brandon 
Huynh, Prof. Peter 

Shah, Dr Freda Sii, 
Dr Damien Hunter, 

Dr Nicole Carnt and 
Dr Andrew White

A
lthough the exact relationship between 
vitamin D and glaucoma remains uncertain, 
it has increasingly become apparent that 
low systemic levels of the vitamin may be a 

risk factor for primary open angle glaucoma (POAG).1 
Studies to date have not demonstrated a direct link 
between vitamin D deficiency and POAG, with many 
interacting phenotypic, genetic, epigenetic and 
environmental factors likely to be involved. However, 
they have lent significant weight to the pursual of 
further studies in the area. 

When examining the link between vitamin D and 
glaucoma, it is helpful to consider the fact that the 
retinal ganglion cell (RGC) degeneration that occurs  
in the inner retina in POAG has been proposed 
to result from both direct and indirect damage 
from oxidative stress. Various reviews have 
explored oxidative stress and its contribution to the 
pathogenesis of glaucoma.2-4 

Evidence 
Hypotheses for the benefits of vitamin D in glaucoma 
include its role as an antioxidant5 and in suppression 
of genes involved in the determination of intraocular 
pressure.6 Vitamin D has also been shown to regulate 
the functions of neuroprotection in the central 
nervous system, including the optic nerve.7,8 

Treatment with the biologically active form of 
vitamin D, 1,25-dihydroxyvitamin D3, was found to 
ameliorate the effects of oxidative stress in human 
retinal pigment epithelium cells in one study.9 The 
compound led to suppression of oxidative damage 
and inflammation through antioxidant signalling 
pathways and reduced the generation of reactive 
oxygen species (ROS). Human retinal pigment 
epithelium cells also had greater survival rates and 
there was a reduction in the secretion of cytokines 
and vascular endothelial growth factor.9

Ultimately, the multiple complex pathways leading 
to RGC damage under oxidative stress are likely 
varied and overlapping. The apoptotic process itself 
generates ROS and the overall effect is a positive 
feedback cycle whereby excess ROS produce oxidative 

stress that eventually yields more ROS.10 
The relationship between vitamin D and glaucoma 

may also be a consequence of altered vitamin D 
metabolism in affected individuals, or due to low 
vitamin D levels. Observational studies that assessed 
the relationship between low levels of the vitamin 
and POAG found a significant association between 
them. Serum 25(OH)D11-15 and calcitriol16 levels were 
significantly lower in POAG patients than in controls, 
and specific metabolic processes involving vitamin D 
were able to differentiate cases from controls.17 

Although the cross-sectional and case control 
studies all found POAG to be significantly associated 
with low vitamin D status, no causal relationship 
could be established between glaucoma and low 
vitamin D11-15 or calcitriol deficiency.16 On the contrary, 
a meta-analysis18 of three vitamin D and POAG 
studies11,12,16 found no significant difference in serum 
vitamin D levels between POAG patients and controls. 

Nevertheless, there was significant between-
study heterogeneity: one study was cross-sectional 
whereas the other two were case-control studies. 
There were also significant differences in sample size 
and vitamin D measurements, and Lv et al.’s study16 
measured serum calcitriol levels as opposed to serum 
25(OH)D.

Some interventional trials have shown 
promise6,19,20 but results in others are conflicting.21 
Early interventional studies found a reduction in IOP 
with intramuscular administration of vitamin D19 
and intramuscular cod liver oil.20 

Treatment of non-human primates with topical 
vitamin D resulted in a 20% reduction in IOP in both 
eyes without nasolacrimal duct occlusion, a dose-
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but the link remains speculative and no 
causal connection has been demonstrated.
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dependent unilateral IOP response with 
nasolacrimal duct occlusion, and depressed 
expression of several genes associated with 
IOP regulation, though the mechanism for 
this was unclear.6 

In one study, no difference in IOP was 
found with oral supplementation (20,000 
IU twice per week); however, it was noted 
that most participants had IOP within the 
normal range.21 Accordingly, it may be 
beneficial for future interventional clinical 
trials to investigate the link between low 
vitamin D and glaucoma using alternative 
supplementation methods such as 
intramuscular or topical application.

Furthermore, recent genome-wide 
association studies (GWAS) for vitamin 
D levels22,23 in combination with POAG,24 
IOP25 or exfoliation glaucoma have been 
completed.26 GWAS could be used for 
Mendelian randomisation to explore a 
causal effect of vitamin D levels in POAG or 
other types of glaucoma. 

Greater sunshine exposure and lower 
ambient temperatures have been found 
to increase the likelihood of exfoliation 
syndrome, an extracellular deposit disorder 
that is the most common cause of secondary 
open-angle glaucoma.27 However, there 
have been no studies to our knowledge 
investigating the relationship between sun 
exposure and POAG. Prospective cohort 
studies would be beneficial to further 
elucidate this area.

Overall, establishing the relationship 
between vitamin D and POAG might not 
only alter the way that we manage glaucoma 
but also help prevent this sight-threatening 
disease. Discovering other modifiable 
risk factors, particularly those that can be 
inexpensively treated, will have substantial 
outcomes.
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T
he IC-8 IOL from AcuFocus harnesses the 
pinhole principle to extend cataract patients’ 
depth of focus. The lens has a centrally located, 
embedded polyvinylidene difluoride annular 

mask intended to improve near vision based on the 
small-aperture concept. It works by protecting central 
light rays and restricting peripheral light rays that 
may degrade image quality and range of focus.1-3 

The size of the mask is optimised to provide 
excellent quality of vision with a modulation transfer 
function that is superior to that of other multifocal or 
extended depth-of-focus lenses, translating to reports 
of high patient satisfaction. 

Whereas other technology requires more precision 
when it comes to hitting the targeted refractive aim, 
the IC-8 is forgiving to refractive error, tolerating up to 
1.00 D spherical deviation and up to 1.50 D of corneal 
astigmatism.4-6 This degree of astigmatism tolerance 
is important, as we increasingly find biometric errors 
arising from preoperative dry eye and tear film 
irregularity. In studies, the lens has been found to 
provide excellent depth of focus for uncorrected near 
visual acuity and uncorrected intermediate visual 
acuity, compared with monofocal implants.1,7,8

Retrospective review
My colleagues and I undertook a multicentre, 
retrospective chart review of 126 consecutive patients 
implanted with the IC-8 at six Australian sites. We 
evaluated patients’ visual acuity and satisfaction at 
their last visit (average 29 weeks ± 19.8, range 1–75 
weeks; six patients did not attend the final visit).

The patients had a cataract in at least one eye and 
a desire for reduced dependence on glasses. Patients 
were excluded if they had a pupil size >6.0 mm or 
ocular pathology obscuring the central visual axis.

All patients received an IC-8 IOL in one eye, 
typically the nondominant eye. The IOL implanted 
in the fellow eye varied according to physician: 19 
phakic lenses, 52 monofocal, 35 monofocal toric, 19 
multifocal and one IC-8 IOL were used.

Monocularly, in the IC-8 eye, patients achieved 
a mean of 6/9 (J2) uncorrected visual acuity for all 

distances; binocularly, patients gained additional 
lines of acuity from near to far (see Figure 1). Most 
patients achieved complete spectacle independence: 
54% were spectacle independent at near and 91% 
were spectacle independent at far. The average 
satisfaction score (scale, 1–10) at the last postoperative 
visit was 8.1 for near vision and 9.1 for distance.

We also looked at outcomes in 17 patients with 
pre-existing ocular pathology. The IC-8 IOL was 
implanted in each patient’s worse eye, although one 
patient with corneal scarring received the lenses 
bilaterally. A majority of these patients maintained or 
gained distance vision; all gained intermediate and 
near vision.

In this series of patients, the lens reliably extended 
depth of focus. Refractive error can be adjusted to 
address a patient’s visual needs, and the lens can 
be successfully paired with monofocal, toric and 
multifocal IOLs. Patients with mesopic pupil size >6.0 
mm may experience dysphotopsias, to which patients 
typically adapt; however, they should be counselled 
or excluded from consideration. Patients implanted 
with this lens reported high satisfaction and reduced 
dependence on spectacles.

Conclusion
The lens offers greater spectacle independence for 
patients looking to achieve this, especially in outdoor 
tasks and without significant compromise in optical 
quality, coupled with few dysphotopic symptoms such 
as glare and halos. Patients are happy with the lens 
and even those with aberrated corneas can achieve 
good-quality outcomes. 

This lens may play a therapeutic role in eyes with 

Small-aperture IOL yields high 
satisfaction in retrospective review
The lens offers greater spectacle independence without compromising on quality
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concept to extend cataract patients’ depth 
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a variety of pre-existing ocular 
pathologies.9,10 The small aperture 
mitigates both higher and lower order 
aberrations in irregular corneas, 
making the lens a viable option for 
patients who previously had few 
options.
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(FIGURE 1)  Visual acuity with the IC-8 IOL at patients’ last visit. (Figure courtesy of Prof. Brendan James Vote)
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M
yopia is a recognised global epidemic 
expected to affect almost half of the 
world’s population by 2050. The currently 
widely used methods of myopia treatment 

and correction—glasses, contacts or laser vision 
correction—are not ideal for treating patients with 
thin or abnormal corneas, contact lens intolerance or 
anisometropia, according to Dr Gregory D. Parkhurst, 
the CEO of Parkhurst NuVision in San Antonio, Texas, 
United States. Those who are not candidates for laser 
vision correction may benefit most from implantation 
of a phakic IOL.

Dr Parkhurst and colleagues conducted a 
retrospective study1 of phakic IOL implantation 
in military personnel who received the Visian 
Implantable Collamer Lens (ICL; Staar Surgical), and 
in whom laser vision correction was not ideal because 
of abnormal topography, thin predicted residual bed 
and/or dry eye disease. In these patients, refractive 
predictability within 0.5 D with the ICL was seen in 
90% of eyes and 96% achieved 20/20 uncorrected 
vision, he reported.

The objective results are good in a population 
with abnormal corneas, so the obvious next question 
is whether this technology should be limited to 
individuals who are not considered candidates for 
laser vision correction. One study2 supported the idea 
that phakic IOLs provide the best quality-of-life scores 
compared with other refractive surgeries such as laser 
vision correction. In addition, Dr Parkhurst reported 
results that showed night vision was superior in 
patients with phakic IOLs compared with those who 
underwent wavefront-optimised LASIK even for 
moderate levels of myopia.3

One advantage associated with phakic IOLs is 
the relatively small learning curve to overcome for 
experienced anterior segment lens surgeons and the 
fact that the surgical technology is less expensive to 
access than laser equipment, which can cost several 
hundred thousand dollars to acquire. All a surgeon 
really needs is an operating microscope, a basic 
cataract set and a few special forceps to get started. In 
addition, the postoperative care is very similar to that 
associated with cataract and refractive lens surgery 
with the important addition of monitoring the vault of 
the phakic IOL, Dr Parkhurst pointed out. 

Risks
As with any surgical procedure (or nonsurgical 
treatment of myopia), there are risks associated 
with phakic IOL implantation. Endophthalmitis is 
associated with the performance of any intraocular 
procedure and the rate associated with phakic 
IOL implantation is 0.017% (1 in 6,000 cases). 
Postoperative intraocular pressure (IOP) spikes that 
require intervention occur in 3.2% and the risk of 
pupillary block after implantation of the ICL is 0.7%, 
Dr Parkhurst noted.

Development of cataracts is another risk associated 
with implantation of phakic IOLs. Seven reports of 3 
to 7 years of follow-up after phakic IOL implantation 
noted clinically relevant cataracts with incidence rates 
of less than 2%; one report cited a much higher risk of 
cataracts in patients with very high myopia and older 
age. In contrast, endothelial cell loss over time has not 
been a clinically significant problem with the ICL.

Future of ICLs
The future of phakic IOLs may include further 
improvements in safety resulting from better ways 
to size the ICL, Dr Parkhurst said, as well as minor 
design modifications, diagnostics and improvements 
in the sizing nomograms. “The sulcus distance is 
highly variable in eyes; accommodation plays a role 
as do the shape and anterior lens rise of the human 
crystalline lens,” he said.

Future developments in the ICL platform include 
the availability of presbyopia-correcting models. 
In addition, development of a lens with a central 
fenestration that was used in Europe resulted in fewer 
IOP spikes and no cataract development, possibly due 
to increased flow of aqueous over the anterior lens 
epithelial cells.

An important consideration for Dr Parkhurst, 
considering the good safety profile of the Visian ICL 
and the demand for refractive surgery, is use of a 

When to consider phakic IOL implantation 
Lenses give patients an option when laser vision correction is not recommended
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  Phakic IOL implantation offers a number 
of benefits for patients with myopia who are 
not candidates for laser vision correction.
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phakic IOL to preserve the cornea 
and lens for the future. When the 
cornea is borderline, he explained, 
the question that must be asked by 
surgeons is whether they would 
rather implant a phakic IOL and leave 
open all options for presbyopia and 
cataract correction, or potentially 
risk the integrity of the cornea 
with the associated risk of corneal 
transplantation or need for cross-
linking. He often opts to implant a 
phakic IOL.

“As surgeons we must help our 

patients balance the risks, benefits 
and alternatives of all options to treat 
myopia,” Dr Parkhurst concluded. 
“Modern phakic IOLs offer high-
quality vision, a low-risk profile and 
preserve the cornea and lens for the 
future, and can be an important tool 
for the comprehensive refractive 
surgeon.”
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Image D shows the ICL as seen at the slit lamp. Images A, B and C show the implantation of the ICL.  
(Images courtesy of Dr Gregory D. Parkhurst)
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How to use topography-guided laser 
procedures to treat keratoconus 
Treatment should be approached with caution after considering several factors

T
here are many conditions that can cause 
irregular corneal surfaces, one of which 
is keratoconus. Surgeons looking for new 
approaches to treat keratoconus and improve 

patients’ vision should consider topography-guided 
treatment in combination with crosslinking. This is 
especially, but not exclusively, effective in the early 
stages of the condition, where crosslinking might 
be used to halt its progression before the corneal 
refractive procedure is applied. 

Key considerations
It should be noted that treating patients with 
keratoconus using laser-vision correction is an off-
label procedure that should be approached with 
caution and only after taking into consideration many 
factors, discussed as follows.

PATIENT AGE
If a patient is older than 40 years, I do not primarily 
offer crosslinking because nature itself performs 
crosslinking once a person reaches a certain 
age.1,2 Such patients can undergo photorefractive 
keratectomy (PRK) or topography-guided PRK 
without crosslinking to achieve stable results without 
any progression of keratoconus if they are followed up 
for 12 months with stable topography.1

The refraction will not be fully altered down to 
zero because the regularity must come before the 
refraction. In keratoconus patients the refraction is not 
usually the main problem.

CORNEAL THICKNESS
If the cornea is too thin or too steep, for example with 
a reading of 65 K, topography-guided treatment for 
the keratoconus procedure is not effective. To be a 
suitable candidate, a patient must have a calculated 
corneal thickness of at least 400 µm at the thinnest 
point after the topography-guided treatment.

For example, if a patient has a corneal thickness 
of 470 µm and receives the treatment for 70 µm, that 
leaves another 400 µm of residual tissue following the 
laser treatment. I can then feel save in the knowledge 

the patient will be okay postoperatively. 

STAGE OF KERATOCONUS
Typically, the early stages of keratoconus are in 
younger patients and the condition is progressive 
until the age of 30.2 For patients aged 25–30 years, I 
do a combination topography-guided session, which 
means I perform a topography-guided treatment and 
then crosslinking immediately afterwards.

Patients aged over 40 years can start to experience 
a decrease in vision because they no longer tolerate 
contact lenses. In these patients, I am happy to 
perform topography-guided treatment without 
crosslinking. However, I would need to follow up with 
these patients every 6 months and I would perform 
crosslinking in cases of progression.

Other considerations
A high number of patients with keratoconus also 
suffer from atopic disease and do not tolerate rigid 
gas-permeable contact lenses. 

Laser vision correction is not an ideal approach for 
treating keratoconus but might provide an alternative 
to corneal transplantation. Vision in patients with 
corneal transplants is limited to irregular astigmatism 
and they have a lifetime risk for corneal graft rejection 
in cases of penetrating transplantations.

Screening patients
The main reason I screen patients for topography-
guided treatment to treat keratoconus is because they 
are unhappy with their best corrected spectacles 
visual acuity or do not tolerate their contact lenses. 
First, I consider the patient’s age. If the patient is 
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the addition of corneal crosslinking, can 
improve visual acuity and quality in patients 
with keratoconus.
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the ‘topo smooth’ software of the 
CRS-Master (Carl Zeiss Meditec). This 
has the advantage that you do not 
need to perform any calculations. It is 
just a ‘one click’ process. 

If the patient is highly myopic, one 
can just reduce the sphere by 1–2 D 
but should not add astigmatism to 
the refraction because this can result 
in a refractive surprise. The optical 
zone should not be too big because 
the laser increases the treatment zone 
up to 9 mm including the transition 
zone. The optical zone should be 6 to 
no more than 6.5 mm, depending on 
how much tissue ablation is needed.

I also use a treatment-planning 
device (the Cirrus HD-OCT 5000, Carl 
Zeiss Meditec) for epithelial mapping 
to assess how thick the corneal 
epithelium is. If the patient has an 
epithelial thickness of, say, 45 µm, 
I can add 45 µm in the calculation. 
Then I can perform a trans 
topography-guided PRK with the Mel 
90 Excimer laser (Carl Zeiss Meditec) 
in one step, which makes it all easier.

All topography-guided PRKs in 
patients with keratoconus must 
be performed as transepithelial 
procedures. Also, 0.02% mitomycin 
should be applied to the treated area 
for 60–80 seconds to inhibit the 
development of corneal haze.
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young and does not achieve good vision with 
glasses, I recommend topography-guided 
treatment plus crosslinking. 

If the patient is 40 years or older, then I 
consider corneal thickness, corneal steepening 
and how happy or unhappy the patient is with 
his or her visual acuity. If the visual acuity is 
better than 20/30, I do nothing. 

If the visual acuity is less than 20/40, then 
I move forward with the procedure. The K 
reading must be 60 D or less and the corneal 
thickness must be at least 450 µm.

Case study
An adult refugee from Iran presented to me 
with keratoconus. He was referred to me by 
chance because I can speak Farsi.

He had undergone crosslinking to stop the 
progression of keratoconus, in Iran, at the 
age of 32. His preoperative visual acuity was 

only 20/100 (Figure 1). His vision could not be 
increased with refraction and he was unable to 
tolerate contact lenses. 

He said that he could not read and was 
having trouble learning the German language 
because the courses he was undertaking 
were in German and he was unable to see 
anything. He was the first patient I treated with 
topography-guided PRK because he had been 
crosslinked 4 years earlier. 

Three months postoperatively, his vision 
had increased from 20/100 to 20/25 unaided. 
The difference map on the Pentacam (Oculus) 
was identical to the calculated ablation pattern 
(Figure 1). Four months later, I performed the 
same procedure on his second eye.

Surgical pearls
For surgeons who are new to topography-
guided treatment, I recommend starting with 

(FIGURE 1) An adult refugee from Iran presented 
with keratoconus. Three months postoperatively, 
his vision had increased from 20/100 to 20/25 
unaided. The difference map was identical to 
the calculated ablation pattern.  
(Images courtesy of Prof. Navid Ardjomand)
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Intense pulsed light in the treatment 
of dry eye disease and ocular rosacea
Heat induces ablation of vascular structures and decreases inflammation

I
ntense pulsed light (IPL) is a relatively new 
treatment for evaporative dry eye and rosacea. 
The technology uses a high-powered pulse of 
light and various cut-off filters to target specific 

areas of the face.
The light is converted to heat, which induces 

ablation of vascular structures and decreases 
inflammatory mediators. Micro-pulses of millisecond 
duration allow the epidermis cells and smaller 
vessels to cool down between pulses, protecting 
the structures, and the heat is retained in the larger 
vessels, resulting in selective damage.

Treatment procedure
The new Thermaeye Plus device (Deka Mela Srl and 
MDS Medical Technologies SL) uses a wavelength 
range of 610–1,200 nm. The intensity of the treatment 
may be adjusted to 10 J/cm2, on a 48 × 13 mm (6.2 
cm2) contact surface of cool sapphire, representing 
an energy density of 62 J per flash. The number and 
size of micropulses and the time interval between 
them may be adjusted according to the degree of skin 
pigmentation.

The procedure begins by protecting the eyes 
with opaque goggles and applying ultrasound gel 
on the patient’s periocular area, eyelids (canthus to 
canthus) and facial cheek area to spread the energy 
and conduct the light, providing a high degree of 
protection and efficacy. The IPL treatment is carried 
out on the periocular and cheek areas, as follows.

> For the periocular area, six flashes are ap-
plied to each eye as shown in Figure 1(A): 

three to the skin of the lower eyelid (position 
1) and three to the canthal area (position 2), 
taking care to avoid overlapping the flashes 
and alternating between positions 1 and 2;
> For the cheek area, flashes are applied in 
the positions shown in Figure 1(B), from posi-
tions 1 to 4, also avoiding overlap, and then re-
peated once again from positions 1 to 4.

The same procedure is performed on both sides 
of the face. At the end of each session, the protective 
goggles and gel are removed. 

Mechanical expression of the meibomian glands 
may be performed. With the patient sitting at the slit 
lamp, the meibomian glands of the lower and upper 
eyelids are squeezed towards the eyelid margin, using 
a cotton swab, until meibum release is observed.

Finally, sun protection cream is applied for the 
first 48 hours. The subjects may receive four separate 
treatment sessions: day 1 (D1), after 14 days (D14), 
after 28 days (D28) and after 49 days (D49).

Evaluation of IPL in dry eye 
Meibomian gland dysfunction (MGD) is a common 
condition associated with dry eye disease (DED), 
representing the leading cause of evaporative 
DED. The pathogenesis of MGD and DED has been 
described as a vicious cycle in which inflammation is 
the essential factor.1

Different treatments are available: preservative-free 
artificial tears, anti-inflammatories and cyclosporine; 
antibiotics to control the ocular surface microbiota or 
the presence of Demodex mites; dietary supplements 
with omega-3 fatty acids to improve the lipid 

IN SHORT 
  IPL has shown excellent results in treating 

dry-eye disease and rosacea, in all skin 
pigmentation types, with no complications. 
Improvement is maintained for 4–6 months.
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as a vicious cycle in which 
inflammation is the essential 
factor.
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composition of the meibomian glands 
and tear film; warm compresses and 
lid hygiene; and radiofrequency to 
decrease the viscosity of the meibum, 
mechanical expression of the 
Meibomian glands and intraductal 
probing.2–5

IPL can successfully treat DED 
symptoms and signs by decreasing 
symptoms of MGD, tear film 
abnormalities and tear inflammatory 
markers.6,7 The procedure 
improves the dysfunction of the 
meibomian glands through different 
mechanisms:

> Warming the meibomian 
glands to facilitate the ex-
pression and release of the 
meibum inside;5

> Improving the function of the 

meibomian glands;8

> Inducing intravascular throm-
bosis of the small blood ves-
sels surrounding the meibo-
mian glands and telangiectasia 
of the eyelid margin, reducing 
the levels of proinflammatory 
mediators that contribute to 
dry eye;9,10

> Reducing tear osmolarity, 
helping to control the inflam-
mation of the ocular surface, 
which is one of the key factors 
in dry eye pathogenesis;6,10–12

> Reducing the load of  
Demodex mites that stimulate 
secondary inflammation;13

> Improving cellular functions 
such as collagen synthesis,  
fibroblast regeneration and 

motility in immunoregulatory 
cells;14,15 and
> Inducing a neurotrophic effect 
on the cornea and ocular  
surface and a neuroimmuno-
modulatory effect on the  
meibomian glands.16,17

IPL for the treatment of dry 
eye has been studied widely. 
Toyos and Briscoe11 showed IPL 
induced improvement of DED 
symptomatology in 93% of cases 
and clinical signs in 87%. Vora and 
Gupta18 reported improved lid-margin 
oedema and meibum quality score, 
finding a significant increase in the 
oil flow score and tear film break-up 
time and a decrease in ocular surface 
disease index scoring. Craig et al.19 

(FIGURE 1) IPL treatment zone.  
A. Periocular zone, with position 
1 below the lower eyelid and over 
the orbital arch and position 2 in 
the area of the canthus.  B. Facial 
treatment showing positions 1 to 4 
where the handpiece is applied to 
the skin. (Figure courtesy of Prof. Carlos 
Vergés, Prof. José Salgado-Borges, Dr Francesc 
March de Ribot and Dr Verónica Ribas)
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demonstrated that IPL alone was effective 
in improving the lipid layer and patient 
symptoms.

Vegunta et al.20 showed that the 
combination of IPL and meibomian gland 
expression improved dry eye symptoms 
in 89% of patients and meibomian gland 
function in 77% of patients. Arita et al.5 
showed that the combination of IPL and 
meibomian gland expression improved the 
homeostasis of the tear film and ameliorated 
ocular symptoms in patients with refractory 
MGD, compared with a control group that 
received meibomian gland expression alone.

Karaca et al.21 observed amelioration 
of symptoms just 2 hours after IPL and 
speculated about a neurological effect of 
IPL. Cheng et al.22 described good results 
after IPL treatment, showing with in 
vivo non-invasive confocal microscopy 
that the improvement was related to the 
microstructures of the meibomian glands.

In a similar study23 we analysed 88 eyes 
(44 patients) with MGD and DED, obtaining 
a significant improvement in symptoms in 
80.9% of the patients after four sessions of 
IPL. This study used a new IPL that allows 
the treatment to be carried out even on 
highly pigmented skin, up to grade VI on the 
Fitzpatrick scale.

Evaluation of IPL in rosacea 
Rosacea is a common chronic skin disease 
that affects the central face, including 
cheeks, nose, chin and forehead.24 
Manifestations include persistent facial 
erythema, papules, pustules, telangiectasia 
and repetitive flushing. Ocular rosacea, 
affecting the eyes, is estimated to occur 
in up to three-quarters of patients with 
rosacea.

There are many treatment options, such 
as topical metronidazole, azelaic acid 
cream, non-irritating benzoyl peroxide or 
the systemic oral antibiotics tetracyclines, 
doxycycline and minocycline. However, 
there is a need for alternative treatments 
because of antibiotic resistance, irritation 
after the use of topical treatments25 and the 
fact that telangiectasia and centrofacial 
erythema are unlikely to be reduced.26,27

IPL can successfully treat rosacea’s 
clinical manifestations that fail to respond to 
medical therapies, resolving telangiectasia 

and erythema28 and decreasing symptoms 
due to MGD, tear film abnormality and tear 
inflammatory markers.6 IPL is also used to 
treat facial skin damage, including wrinkles, 
coarseness, laxity and dyspigmentation: 
it increases the synthesis of collagen and 
elastin, supporting the role of IPL in dermal 
collagen remodelling and improving skin 
texture.29

IPL improves the dysfunction of the 
meibomian glands and dry eye,6,11,12,19,20,30,31 
clearing telangiectasia and reducing 
erythema.10,15,32–37 It is considered to have a 
mixed effect on the inflammatory status and 
the skin’s microcirculation.

The evidence for the efficacy of 
IPL in rosacea has been studied by 
ophthalmologists and dermatologists. 
Seo et al.38 analysed 17 patients suffering 
from MGD due to facial rosacea who were 
treated with IPL and meibomian gland 
expression with a follow-up of 12 months. 
Four sessions were carried out at intervals of 
3 weeks, showing a significant improvement 
in ocular symptoms that started 3 weeks 
after the first IPL session and that was 
maintained until the last control after 12 
months.

Patients in the study improved 
significantly from the initial phases of 
treatment at the third or fourth week after 
the first IPL session, progressing to day 49, 
which was the fourth and last IPL session. 
Improvement was maintained until the end 
of the study, after almost 8 months. This 
means that this type of treatment has an 
acceptable duration and there is no need to 
repeat IPL sessions frequently, which would 
be a major drawback, as has been pointed 
out by other authors.18–20

Schroeter et al.39 reported a 75–87% 
clearance of facial telangiectases with an 
average of 4.1 treatments in 60 patients. 
Angermeier40 described 153 patients with 

75–100% clearance of facial veins (primarily 
telangiectasia), facial haemangiomas, 
rosacea and port wine stains 2 months after 
one to four treatment sessions. 

Taub41 reported an 83% redness 
reduction, a 75% flushing reduction, 
improved skin texture and a 64% reduction 
in acneiform breakouts with an average 
of 3.6 IPL treatment sessions at 3-week 
intervals. Mark et al.28 presented a 30% 
reduction of blood flow, 21% reduction of 
erythema intensity and 29% reduction in 
telangiectasia after five IPL sessions.

Take-home message
IPL has shown excellent results in treating 
DED and ocular rosacea, meibomian 
gland dysfunction and blepharitis. The 
use of micro-pulses and low energy allows 
this treatment to be applied to all skin 
pigmentation types, with no complications 
to the eye or the periocular and facial skin. 
It is an effective and safe treatment that 
shows improvement from the second week 
of treatment that is maintained 4–6 months 
after the last IPL session.
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Virtual reality training in amblyopia 
Video games with visual and perceptual tasks may support other treatments

By Dr David P. Piñero,  
Dr María B Coco-Martin,  

Mr Luis Leal-Vega,  
Mr Carlos J. Hernández-

Rodríguez and Dr Ainhoa 
Molina-Martín

A
mblyopia is a visual developmental disorder 
consisting of a reduced best-corrected visual 
acuity in one or, rarely, both eyes without 
the presence of any ocular pathology1. 

The aetiology is often a high refractive error, 
anisometropia, strabismus or a combination of these 
factors. 

Neurological research in recent years has led 
to a better understanding as to the mechanisms 
underlying the visual loss in this condition1. 
Specifically, many monocular and binocular visual 
deficits have been shown to be the consequence of the 
anomalies in the visual pathway of the amblyopes, 
mainly in the striate and extra-striate cortex2. 

Amblyopic eyes showed worse neural adaptation 
in V1, V2, V3, V3a, Vp and V4; decreased neural 
response assessed by functional magnetic resonance 
imaging;3 and worse effective connectivity between 
the implied brain regions4. For this reason, visual 
training has been investigated in recent years to 
confirm whether it might be an effective option for 
restoring vision in amblyopic patients5, including 
computer-based active visual training, such as the 
use of perceptual learning environments, dichoptic 
stimulation and virtual reality (VR)1. 

Several validated video games have been developed 
that use visual and perceptual tasks, such as 
orientation discrimination or letter recognition, among 
others, to cause a response in neuro-modulatory 
pathways and the enhancement of attentional skills, 
according to neurophysiological studies1. These 
options may support and optimise treatments with 
spectacles, patching and penalisation. 

Benefits of virtual reality
Among the more recent products resulting from 
the evolution of digital technology, VR has become 
increasingly entrenched in the field of visual training, 
emerging as a safe, effective and very attractive 
tool that promotes treatment compliance6. VR 
consists of the presentation of computer-generated 
3D environments, enabling users to become fully 
immersed in a simulated world in which they can 
interact via multiple sensory channels: visual, 
auditory or haptic7. 

Using VR, visual stimuli can be presented to 
the user in two ways: on a monitor screen or in 

a fully immersive environment generated using 
technological equipment such as head mounted 
displays (HMDs) and motion capture systems. 
Treating amblyopia with a combination of different 
serious games based on perceptual learning 
environments for distinct VR interfaces has shown 
to be a useful therapeutic approach for enhancing 
visual impairments that occur in amblyopia even 
after the critical period of visual development6. Table 
1 summarises key findings from the clinical studies 
reported to date using this therapeutic approach.

Dichoptic stimulation approach
Some of the first authors to explore the use of VR 
in amblyopia were the I-BiT system group, who 
developed an interactive VR-based binocular system 
to treat amblyopia via participation in interactive 
computer games or viewing 3D DVD footage with 
3D shutter glasses. With this system, specially 
configured software is used to preferentially stimulate 
the amblyopic eye without compromising the vision 
of the unaffected (dichoptic stimulation). The 
potential of this technology to improve visual acuity 
in amblyopia has been proven in different age ranges 
both when the therapy was applied in isolation8-10 and 
in combination with patching11. 

A randomised clinical trial was conducted to 
validate this technology with a sample of 75 amblyopic 
children aged 4–8 years12, obtaining a visual acuity 
improvement of the amblyopic eye of approximately 
0.07 logMAR at 6 weeks of treatment. These authors 
confirmed that the treatment did not induce any 
adverse effects among the participants, so dichoptic 
stimulation using 3D shutter glasses technology can 
be considered a safe alternative to provide immersive 
sensory feedback to amblyopic patients.

In 2017, a pilot study was conducted to evaluate 
the effectiveness of dichoptic visual training 

  Virtual reality dichoptic and perceptual 
learning training seem to be a useful 
therapeutic option for achieving successful 
visual rehabilitation in amblyopic patients.
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Table 1.  Key findings from virtual reality studies
AUTHOR 
(YEAR) N AGE 

(YEARS)
TYPE OF 

AMBLYOPIA TECHNOLOGY USED RESULTS FOLLOW-UP

Waddingham 
et al. (2006)

7 
children

3–7 Residual 
amblyopia (AAmb 
or SAmb with 
previous failed 
treatments)

I-BiT system: dichoptic games 
and movie clips

VA improvement from pre 
6/12-6/120 to post 6/7.5-
6/24;
Total treatment time: 4.4 
hours;
VA improvement in 5 out of 7 
patients

7–15 sessions

Cleary et al. 
(2009)

12 
children

6.1–11.4 5 SAmb or 
MAmb;
7 AAmb 

I-BiT system: dichoptic driving 
game and video clip;

8 sessions, 25 min/session

Sustained improvements in 
HCVA: 58%;
Improvement in LCVA: 67%;
Amblyopia elimination: 2 
patients;
VA 6/12 or better at 6 months 
after stopping treatment: 5 
children;
HCVA improvement: 4 
sessions;
LCVA improvement: 7 sessions

18 weeks

Herbison et 
al. (2013)

10 
children

Mean 
5.4

3 SAmb;
4 AAmb;
3 MAmb

I-BiT system: dichoptic Nux 
game and video clip;

6 weekly sessions, 30 min/
session

VA improvement: 78%;
Clinically significant increase 
in VA of ≥0.125: 67%;
Mean change from baseline to 
follow-up 0.13 ± 0.14 logMAR

10 weeks

Herbison et 
al. (2016)

75 
children

4–8 67 residual 
amblyopes; 
70 SAmb

RCT with 3 arms: 
• DVD footage shown to the AE 

and common background to 
both (I-BiT DVD);

• Modified shooter game, 
Nux, with sprite and targets 
presented to the AE (I-BiT 
game);

• Both background and 
foreground presented to both 
eyes (non-I-BiT games)

VA improvement in all three 
arms by approx 0.07 logMAR;
No difference between I-BiT 
DVD and non-I-BiT games 
compared with I-BiT games in 
terms of gain in vision

10 weeks

Ziak et al. 
(2017)

17 
adults

17–69 Anisometropic Diplopia Game + Oculus Rift OC 
DK2 head mounted display;

8 sessions, 40 min/session, 
twice per week

Mean BCVA in AE improved 
from 0.58 ± 0.35 pre to 0.43 
± 0.38 post (P <0.01);
Mean stereoacuity changed 
from 263.3 ± 135.1 seconds 
of arc pre to 176.7 ± 152.4 
seconds of arc post (P <0.01);
47.1% before dichoptic 
treatment had unmeasurable 
stereoacuity while this only 
occurred in 11.8% after 
training

1 month

AAmb: anisometropic amblyopia; SAmb: strabismic amblyopia; MAmb: mixed amblyopia; VA: visual acuity; BCVA: best corrected visual acuity; HCVA: high contrast visual acuity; LCVA: low 
contrast visual acuity; RCT: randomised clinical trial; AE: amblyopic eye
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(Diplopia game, Vivid Vision) using a VR 
HMD (Oculus Rift OC DK2) in a sample 
of 17 anisometropic amblyopic adults13. 
Visual acuity and stereopsis changes 
were evaluated after eight sessions of 40 
minutes each, showing a significant visual 
improvement and change in stereopsis. 
Specifically, a total of eight patients 
(47.1%) had unmeasurable stereoacuity 
before dichoptic treatment, while this only 
occurred in two patients (11.8%) after 
training. 

Further approaches
Other VR-based systems have been 
developed to treat amblyopia, but there 
have been no clinical data reported to date 
in the peer-reviewed literature. Qiu and 
colleagues14 proposed a full-field vision 
system designed to provide interactive VR 
computer games for binocular treatment 
of amblyopia, the Viston-VR system. This 
system uses two dissociated optical systems 
to provide independent displaying contents 
for each eye, and consequently each eye can 
be stimulated by viewing different cartoon 
films or playing interactive VR games by 
means of specially devised glasses. 

An initial evaluation of this system in 
the Second Affiliated Hospital Zhejiang 
University School of Medicine, China, 
revealed that a weekly treatment 
consisting of watching cartoon films for 
10 minutes and playing VR games for 
20 minutes daily generated a significant 
improvement of patients’ visual acuity 
function, shortening the treatment period 
compared to the traditional treatment14. 
Rastegarpour described in 2011 another 
anaglyphic VR-based system that has the 
potential of being an option for amblyopia 
management15. The prototype of the system, 
the ABG InSight, presents the visual stimuli 
to the patient by means of a pair of glasses 
with two colour filters and software for use 
on a personal computer. 

VR-based training with this technology 
is based on forcing the patient to use both 
eyes, and specifically the amblyopic eye, 
while playing computer games. Cepeda-
Zapata et al.16 proposed a system for 
performing conventional visual therapy 
exercises (Brock cord, approach technique 
or convergence-divergence stimulation) 

into VR environments, validating it in a 
sample of 45 non-amblyopic students who 
confirmed its simplicity and versatility. 

Conclusions and future 
perspectives
VR dichoptic and perceptual learning 
training seems to be a useful therapeutic 
option for achieving a successful visual 
rehabilitation in amblyopic patients, 
allowing the clinicians to control changes in 
interocular suppression, which is considered 
one the main factors leading to cortical 
alterations in amblyopia17. The promising 
results of VR-based training in amblyopia 
should be confirmed in more studies, 
including randomised clinical trials. 

Specifically, it is necessary to conduct 
comparative trials to evaluate the potential 
benefit of VR-based training in amblyopia 
over conventional approaches, perceptual 
learning or dichoptic training in non-VR 
environments. Furthermore, these 
technologies are mostly well tolerated by 
users during short time exposures and do 
not cause significant side-effects, but this 
should be investigated in the long term. 

It should be noted that the use of HMDs 
has been occasionally associated with 
problems, ranging from visual disturbances, 
dizziness and nausea6. Some authors pointed 
out the vergence-accommodation conflict 
as the main cause of the visual discomfort 
associated with the use of VR HMDs.18
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Smartphone direct ophthalmoscope 
tech helps visualise optic disc
Investigators found the device aids in the instruction of medical students

By Louise Gagnon;

Reviewed by  
Dr Rachel Curtis A 

smartphone direct ophthalmoscope 
attachment (D-EYE) has proven easy to use 
and successful in visualising the optic disc 
compared with the direct ophthalmoscope 

(DO), according to research presented at the virtual 
annual meeting of the Canadian Ophthalmological 
Society. Data from the prospective, randomly 
assigned, crossover, educational trial involved 44 first-
year medical students not familiar with this type of 
examination, who looked at measurements such as 
vertical cup-to-disc ratio, fundus matching using an 
online programme and identifying whether the state 
of health of the optic nerve was normal or abnormal, 
according to Dr Rachel Curtis, an ophthalmology 
resident at Queen’s University in Kingston, Ontario, 
Canada, and the study’s presenting author.

“There is a big push for new technologies and 
new ways of delivering medical teaching,” Dr Curtis 
told Ophthalmology Times® during an interview. 
“The whole concept is finding new technologies to 
teach medical students [how to examine the optic 
nerve] and ways to integrate these technologies into 
practice.”

The smartphone DO attachment lets physicians 
record the picture or video and show the anatomy, 
Dr Curtis said. “It can improve continuity of care 
by documenting serial exams,” she explained. “It 
also helps students identify what they are seeing on 
examination. Your student or ophthalmology resident 
can show it to your preceptor. Another advantage is 
that the images or a video can be uploaded into an 
electronic medical record.”

Dr Curtis noted that a competent fundus 
examination is often part of routine clinical 
evaluation in family practice, the emergency 
department and inpatient wards, and is a duty of 
care in many clinical situations. She added that 
there has been a decrease in confidence and use 
of ophthalmoscopy among medical students and 
physicians.1,2

“It is a difficult skill to use a direct ophthalmoscope 
and it is generally not well taught in medical schools. 
This [D-EYE] is a fairly intuitive technology.”

Comparing devices
In the study, a fundus photo matching programme 
was utilised to compare the performance of the D-EYE 
with that of the DO. Students were randomised to 
initiate the examination with the D-EYE or the DO. 

The two cohorts studied over 2 consecutive years—
one had 26 students and the other had 18—were 
similar in terms of mean age and gender distribution. 
Students were given 10 minutes to examine both eyes 
of one patient, with one eye of each pair dilated. They 
examined multiple patients. 

After the examination, students were asked 
to match the patient’s optic nerve to the fundus 
photograph that was found in a nine-photo collage 
that had been randomly generated. They could make 
multiple attempts and would receive a message under 
the image telling them whether their choice was 
correct or incorrect. If it was incorrect, they would 
receive a message telling them to try again.

Students were asked to complete a form to indicate 
their perception of “ease of use” of the device and their 
confidence in using the device. They were also asked 
to document the vertical cup-to-disc ratio of each eye 
and to report whether the disc’s state of health overall 
was normal or abnormal.

Dr Curtis and colleagues found students using the 
DO needed more attempts (3.57 vs 2.69, P = 0.010) 

There has been a decrease in 
use of ophthalmoscopy among 
medical students and physicians.

IN SHORT 
  A smartphone direct ophthalmoscope 

attachment makes it possible to examine 
the optic nerve and distinguish whether its 
state of health is normal or abnormal.

Dr Curtis



to match the patient’s fundus to the 
correct photograph and more time 
(197.00 vs 168.02 seconds, P = 0.043) 
to correctly choose the proper fundus 
photograph, when compared with 
the D-EYE device. These results 
were discussed at the Canadian 
Ophthalmological Society annual 
meeting as part of a paper abstract 
presentation, which won a third-
prize award. 

“The difference was both 
statistically significant and clinically 
relevant,” said Dr Curtis. “It took 30 
seconds more to identify the correct 
nerve with the DO. Thirty seconds 
does not seem like a lot, but in a 
busy ward or clinic, it does make a 
difference in efficiency. We found 
that there was not only less time to 
match the optic nerve, but it took 
them less matching [fewer attempts] 
and there was less  
guessing involved.” 

The investigators observed  
no statistically significant  
difference in the accuracy of 
estimating vertical cup-to-disc ratio 
in either the right or the left eye, 
which was the primary outcome 
of the study, using D-EYE vs DO. 
Medical students reported greater 
ease of use with the D-EYE (6.40 vs 
4.79, P <0.001) as well as overall 
confidence in the examination  
(5.65 vs 4.49, P = 0.003).

The technology facilitates 
examining the optic nerve and 
is able to distinguish whether its 
state of health is grossly normal 
or grossly abnormal, Dr Curtis 
emphasised. “This is arguably the 
most clinically relevant outcome,” 
she said. “If you are going to send 
[the patient] off for referral or make 
an appropriate consult, the thing you 
need to be able to do is to recognise 
whether or not this nerve needs to 
be looked at by an ophthalmologist,” 
she added.

In the time of the COVID-19 
pandemic, the use of the smartphone 
and DO attachment lets clinicians 
be more physically distant from a 

patient when performing the examination and 
adhere to infection-minded prevention. “With 
the direct ophthalmoscope, you have to be 
very close to the patient to get a good view,” 
Dr Curtis concluded. “In an infection-minded 
environment, you may want a larger buffer 
between you and the patient. This [smartphone 
and direct ophthalmoscope attachment] is a 
good arm’s-length distance between you and 
the patient’s eye.” 
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Treatment options that retina specialists select for patients with 
age-related macular degeneration and diabetic macular edema 
are adequate—but not ideal, as required levels of monitoring and 
frequency of injections can lead to undertreatment. How near to the 
horizon are therapies with potential for improved outcomes through 
extended durability and superior safety and efficacy?

In this Rapid Readout video series by Modern Retina™ and 
Ophthalmology Times Europe®, Dr. Anat Loewenstein discusses 
insights and data from YOSEMITE, RHINE, TENAYA and LUCERNE, 
recent phase 3 trials in synergistic therapeutic effects of dual 
Angiopoietin-2/VEGF-A inhibition.

europe.ophthalmologytimes.com/ang2-inhibitionWatch now at

https://europe.ophthalmologytimes.com/view/rapid-readout-angiopoietin-2-ang2-inhibition-in-the-treatment-of-diabetic-macular-edema-and-exudative-amd-?seriesVid=1


DISCOVER
OPHTHALMOLOGY.

AGAIN.AGAIN.

© 2020 F. Hoffmann-La Roche Ltd M-XX-00002756 DATE OF PREPARATION: OCTOBER 2020

We all know that more can and should be done to treat
the leading causes of vision loss and impairment.

Join us as we open the window to
new innovations in ophthalmology.

Step into the future with Roche at
futureofvision.global

68011_Roche_Ophthalmology_267hX197w.indd   168011_Roche_Ophthalmology_267hX197w.indd   1 13/10/2020   17:3113/10/2020   17:31

https://futureofvision.global



