
Prescribing information and adverse events reporting information printed overleaf.  
OZURDEX® is indicated for the treatment of adult patients with visual impairment due to diabetic macular oedema (DMO) who are pseudophakic or who are considered 
insufficiently responsive to, or unsuitable for non-corticosteroid therapy.1 
Real world evidence is collected outside of controlled clinical trials and has inherent limitations including a lesser ability to control for confounding factors. 
1. OZURDEX®. Summary of Product Characteristics. Available at: [https://www.medicines.org.uk/emc/product/5654.] (accessed: January 2022). 2. Boyer D et al. Ophthalmology 
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IS IT TIME TO TREAD A DIFFERENT PATH?

Choose OZURDEX® (dexamethasone intravitreal implant) 
0.7mg for suitable naïve DMO patients or those with 
insufficient response to anti-VEGF.1 With a MOA shown 
to inhibit multiple inflammatory processes, OZURDEX® 
may help suitable DMO patients achieve real world visual 
acuity gains with fewer injections vs anti-VEGF.1-5
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OZURDEX® (Dexamethasone 700 micrograms intravitreal implant in applicator) 

Abbreviated Prescribing Information. Presentation: Intravitreal implant in applicator. 
One implant contains 700 micrograms of dexamethasone. Disposable injection device, 
containing a rod-shaped implant which is not visible. The implant is approximately 0.46 
mm in diameter and 6 mm in length. Indications: Treatment of adult patients: with 
macular oedema following either Branch Retinal Vein Occlusion (BRVO) or Central Retinal 
Vein Occlusion (CRVO), inflammation of the posterior segment of the eye presenting as 
non-infectious uveitis and visual impairment due to diabetic macular oedema (DMO) who 
are pseudophakic or who are considered insufficiently responsive to, or unsuitable for 
non-corticosteroid therapy. Dosage and Administration: Please refer to the Summary 
of Product Characteristics before prescribing for full information. OZURDEX must be 
administered by a qualified ophthalmologist experienced in intravitreal injections. The 
recommended dose is one OZURDEX implant to be administered intra-vitreally to the 
affected eye. Administration to both eyes concurrently is not recommended. Repeat 
doses should be considered when a patient experiences a response to treatment followed 
subsequently by a loss in visual acuity and in the physician’s opinion may benefit from 
retreatment without being exposed to significant risk. Patients who experience and 
retain improved vision should not be retreated. Patients who experience a deterioration 
in vision, which is not slowed by 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 DMO 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 Characteristics. The patient should 
be instructed to self-administer broad spectrum 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 fixated intraocular lens 
and ruptured posterior lens capsule. Warnings/Precautions: Intravitreous injections, 
including OZURDEX can be associated with endophthalmitis, intraocular inflammation, 
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 to the vitreous cavity (e.g. due 
to iridectomy) with or without a history of vitrectomy, are at risk of implant migration 
into the anterior chamber. Implant migration to the anterior chamber may lead to corneal 
oedema. Persistent severe corneal oedema could progress to the need for corneal 
transplantation. Other than those patients contraindicated where OZURDEX should not 
be used, OZURDEX should be used with caution and only following a careful risk benefit 
assessment. These patients should be closely monitored to allow for early diagnosis and 
management of device migration. Use of corticosteroids, including OZURDEX, may induce 

cataracts (including posterior subcapsular cataracts), increased IOP, steroid induced 
glaucoma and may result in secondary ocular infections. The rise in IOP is normally 
manageable with IOP lowering medication. Corticosteroids should be used cautiously in 
patients with a history of ocular herpes simplex and not be used in active ocular herpes 
simplex. OZURDEX is not recommended in patients with macular oedema secondary to 
RVO with significant retinal ischemia. OZURDEX should be used with caution in patients 
taking anti-coagulant or anti-platelet medicinal products. OZURDEX administration to 
both eyes concurrently is not recommended. Visual disturbance may be reported with 
systemic and topical corticosteroid use. If a patient presents with symptoms such as 
blurred vision or other visual disturbances, consider evaluating for possible causes which 
may include cataract, glaucoma or rare diseases such as central serous chorioretinopathy 
(CSCR) which have been reported after use of systemic and topical corticosteroids. 
Interactions: No interaction studies have been performed. Systemic absorption is 
minimal and no interactions are anticipated. Pregnancy: There are no adequate data 
from the use of intravitreally administered dexamethasone in pregnant women. OZURDEX 
is not recommended during pregnancy unless the potential benefit justifies the potential 
risk to the foetus. Lactation: Dexamethasone is excreted in breast milk. No effects on 
the child are anticipated due to the route of administration and the resulting systemic 
levels. However OZURDEX is not recommended during breast-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 Effects: In clinical trials the most frequently 
reported adverse events were increased intraocular pressure (IOP), cataract and 
conjunctival haemorrhage*. Increased IOP with OZURDEX peaked at day 60 and returned 
to baseline levels by day 180. The majority of elevations of IOP either did not require 
treatment or were managed with the temporary use of topical IOP-lowering medicinal 
products. 1% of patients (4/347 in DMO and 3/421 in RVO) had surgical procedures in the 
study eye for the treatment of IOP elevation. The following adverse events were reported: 
Very Common (≥ 1/10): IOP increased, cataract, conjunctival haemorrhage*. Common 
(≥1/100 to <1/10): headache, ocular hypertension, cataract subcapsular, vitreous 
haemorrhage*, visual acuity reduced*, visual impairment/disturbance, vitreous 
detachment*, vitreous floaters*, vitreous opacities*, blepharitis, eye pain*, photopsia*, 
conjunctival oedema*, conjunctival hyperaemia. Uncommon (≥1/1,000 to <1/100): migraine, 
necrotizing retinitis, endophthalmitis*, glaucoma, retinal detachment*, retinal tear*, 
hypotony of the eye*, anterior chamber inflammation*, anterior chamber cells/flares*, 
abnormal sensation in eye*, eyelids pruritus, scleral hyperaemia*, device dislocation* 
(migration of implant) with or without corneal oedema , complication of device insertion 
resulting in ocular tissue injury* (implant misplacement). (*Adverse reactions considered 
to be related to the intravitreous injection procedure rather than the dexamethasone 
implant). Please refer to Summary of Product Characteristics for full information on side 
effects. Basic NHS Price: £870 (ex VAT) per pack containing 1 implant. Marketing 
Authorisation Number: EU/1/10/638/001. Marketing Authorisation Holder: Allergan 
Pharmaceuticals Ireland, Castlebar Road, Westport, Co. Mayo, Ireland. Legal Category: 
POM. Date of Preparation: May 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.
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ANTERION®  is the first all-in-one solution that combines biometry, 
IOL-calculation, cornea diagnostics and anterior chamber metrics 
based on high-resolution swept-source OCT. New clinical features 
make it a truly complete platform.

Benefit from precise epithelial thickness measurements, and explore 
the new ectasia dashboard – including the intuitive SCORE analyzer 
for easy keratoconus evaluation and monitoring.

Reduce surprises with ANTERION, for better patient outcomes.

Uncover ANTERION: www.anterion.com
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publisher's note

WHAT’S TRENDING
See what the ophthalmic community is reading on Europe.OphthalmologyTimes.com

RegeneRx, HLB 
Therapeutics sign 
letter of intent for 
Phase 3 clinical trials 
in neurotrophic 
keratitis

Leveraging UVC 
light for infection 
prevention in 
ophthalmology 
and beyond

As the summer sun sizzles, this July/August issue of 

Ophthalmology Times Europe® is red hot with cut-

ting-edge advancements across the subspecialties. 

We invite you to find a comfortable spot under the 

shade and enjoy.

In our issue feature, editor Caroline Richards 

checks in with Dr Anthony Khawaja to discuss the 

latest promising research in precision medicine for 

ophthalmology, especially glaucoma. A genotyping 

study and research on caffeine may help patients to 

manage risk (page 7).

Turning to retina, Caberry Weiyang Yu discusses 

how bariatric surgery may result in less sight- 

threatening diabetic retinopathy. Patients with 

milder form of the disease at baseline fare better, 

research shows (page 10). Next, Dr Johannes von 

Lintig, PhD, shares new insights into macular carot-

enoid accumulation and transport. Aster proteins 

have been found to mediate pigment metabolism in 

the retina (page 12).

Taking a deeper dive into glaucoma, Kristen 

Harmon Ingenito provides a snapshot of how novel 

devices and drugs are triggering a rapid market ex-

pansion. The industry is focused on the innovations 

that will provide more choice (page 14).

In the realm of cataract and refractive surgery, 

Dr Imran Masood suggests some pearls for averting 

zonular crises in different types of patients. Zonulop-

athy can be challenging but there are solutions, and 

outcomes can be good (page 16).

Shifting our focus to cornea, we consider the 

pathophysiology and pathomorphology of corneal 

ectasia. As we learn from Prof. Renato Ambrosio Jr, 

multimodal imaging techniques yield vital screening 

and diagnostics data (page 18). Next, Dr Dagny Zhu 

explains that seasonal allergies can be a common 

trigger for dry eye flares. However, short-term 

corticosteroid use can provide rapid relief of allergy 

symptoms in patients (page 24).

In our cover story, we hear from Dr Maximilian 

J. Gerhardt and co-authors, who weigh in on the 

first-ever retinal gene therapy, asking the question: 

does real-world experience back its use? Recent 

reports of retinal atrophy have raised concerns on its 

potential long-term safety (page 27).

Lastly, Dr Lotfi Merabet takes a look at cerebral 

visual impairment in terms of getting to the heart of 

paediatric vision loss (page 31).

Thanks, as always, for reading. 

Mike Hennessy jr,  
President and CEO of MJH Life Sciences®, 
Parent company of Ophthalmology Times Europe®

SOAKING UP A SUMMER OF INNOVATION

Loss of PEDF 
may prompt 
ageing in the eye, 
finds NEI study
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Q&A
issue feature

BRINGING PRECISION MEDICINE 
TO OPHTHALMOLOGY

Why is there a need for precision
medicine in ophthalmology?

Because the way we currently practice medicine is very 
much evidence-based, which, as I will describe, has 
its shortcomings. We all know that the highest quality 
evidence comes from randomised controlled trials. 
For example, the ocular hypertension treatment study 
randomised people with ocular hypertension who did 
not have glaucoma to eye pressure lowering or no eye 
pressure lowering.2

Those whose eye pressure was lowered had a dra-
matically reduced chance of converting to glaucoma 
over the subsequent 5 years. This means that if we treat 
everybody with ocular hypertension, fewer people will 
convert to glaucoma.

However, around 90% of untreated people did not 
convert to glaucoma. Therefore, if we treated everybody 
with ocular hypertension, as the randomised controlled 
trial might suggest is a good idea, then we would be 
treating many people unnecessarily: some would bene-
fi t but others would receive treatment they did not need.

And, of course, some people will develop side eff ects 
to the treatment, and treatments have costs to the 
healthcare providers and to the patients, depending on 
the healthcare setting.

Another similar example is the UK glaucoma treat-
ment study (UKGTS), which showed that treatment 
with latanoprost can halve the chance of established 
open-angle glaucoma getting worse, compared with 
placebo.3 This, again, suggests that if all patients were 
the same—if everyone was average—then treating them 
would be a good idea. 

But not everybody is the same and three-quarters 
of people in the placebo group in this study did not 
measurably progress over the 2-year study period. This 
suggests that some people who fulfi l our diagnostic 
criteria for glaucoma might not actually need treatment.

On the fl ip side of that, 15% of the people who 
received latanoprost progressed, meaning that they per-
haps needed a diff erent treatment or a more intensive 
treatment strategy.

The overall message here is that evidence-based 
medicine is great to tell us what is best to do on av-

Q

The need for precision management in 
glaucoma moves field forward

Genotyping study and research on ca� eine may help patients manage risk

with Dr Anthony Khawaja

By Caroline Richards, editor, Ophthalmology Times Europe®

After my � rst interview with glaucoma specialist Dr Anthony Khawaja published in the April issue of
Ophthalmology Times Europe® last year,1 I was keen to revisit the rapidly developing � eld of precision 

medicine with him to discuss the latest promising research.
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erage, but not what is best for an 
individual patient. 

There is a great picture of Barack 
Obama from when he was launch-
ing the Precision Medicine Initiative 
in 2015.4 He stood by a model of 
DNA, the double helix, since one of 
the key enablers for personalising 
our approach to managing patients 
lies in genetics and genomics: 
leveraging an individual patient’s 
genetic code to better understand 
how they will individually respond 
to different treatment strategies.

One reason that this is an exciting 
time for personalised or precision 
medicine is that measuring the 
genetic code has become so cheap: 
you can have it done at a local high 
street pharmacy in the UK for less 
than £150.

One genotyping study that is 
going to start in the UK soon, called 
the Our Future Health study,5 will 
measure common variations in the 
genetic code in 5 million adults at 
a cost of around £20 each. This one 
test can inform us about how best 
to manage people at risk of not only 
common blinding eye conditions 
but also cardiovascular disease, 
dementia, breast cancer, prostate 
cancer and almost any medical 
condition you can think of.

This demonstrates that we are 
at a very exciting point in time in 
precision medicine and I think we 
are going to see big changes within 
the next decade.

What specific 
benefits can 
precision medicine 

bring to glaucoma patients?

We usually assess a person’s person-
al risk according to how bad their 

glaucoma is when they first present, 
but we tend to have to monitor them 
for at least a couple of years before 
we can fully or better understand 
that risk.
Genetics will help us stratify our pa-
tients right from the outset, to better 
identify those who will be on a down-
ward trajectory in 5 years’ time, so 
we can treat them better, and those 
who will have barely changed in 5 
years—the really low-risk patients 
who we can spare the costs and side 
effects of treatment, freeing up pre-
cious healthcare resources and giving 
the glaucoma specialist time to focus 
on patients who have much higher 
risk of going blind.

Given the rapidly increasing 
number of glaucoma patients 
and our limited healthcare re-
sources, we need these kinds of 
innovations. This is not a hope but 
an absolute must. Secondly, we 
have so many different glaucoma 
treatments now: many classes of 
drops, different forms of laser, 
different forms of surgery from 
very minimally invasive to highly 
effective-but-much-more-invasive 
and risky. 

However, we are not very good at 
predicting who will respond well, 
and we tend to treat patients in a 
trial-and-error manner. It is rare 
that a patient comes to severe long-
term harm from this—side effects 
are often temporary—but it does 
not provide patients with a great 
experience and is also a massive 
waste of resources.

There is growing evidence to 
suggest we can predict, using 
genomics, who will respond well 
to treatment such as selective laser 
trabeculoplasty. Work is currently 
ongoing, so watch this space!

What research are 
you most excited 
about at present?

I am really excited about genetic 
data, not just from patients with  
glaucoma versus patients without, 
but also from patients with estab-
lished glaucoma, where we know 
what their treatment pathway has 
been, their response to treatments 
and their vision loss trajectory. Once 
we have these large datasets, we  
can start to accurately validate pre-
diction algorithms that incorporate 
genetics for clinically meaningful 
outcomes such as risk of progression, 
rate of progression and response to 
different treatments.

Another exciting area is modifiable 
risk factors for glaucoma. Knowing 
which lifestyle factors influence 
glaucoma risk has been a challenge 
as studies have tended to be small 
and results inconsistent. But now, 
with large studies such as the UK 
Biobank,6 we are better able to ask 
these questions.

We recently brought together 
a multidisciplinary collaboration 
of nutritionists, nutritional epide-
miologists, statistical geneticists, 
ophthalmic epidemiologists and 
glaucoma specialists from multi-
ple institutions around the world, 
such as Harvard, Mount Sinai, the 
Pasteur Institute and beyond.

The first thing we looked at was 
caffeine, partly because all the inves-
tigators enjoy consuming caffeine! 
We were interested to know whether 
it influences the pressure in the eye 
and the chances of having glaucoma.

A high genetic risk of glaucoma 
is in some ways a proxy for how 
well developed the aqueous fluid 
outflow channels are: if they are not 

Q

Q
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adequately developed, such that they 
are starting to fail at an older age, 
then the outflow channels cannot 
handle the additional aqueous that 
is produced as a result of consuming 
more caffeine. This pushes up the 
pressure and increases the chance of 
developing glaucoma.

Interestingly, we found that 
there does not seem to be a strong 
association in the population overall, 
other than when you focus on people 
at high genetic risk of glaucoma. So 
only in the high-risk people, who 
can be determined with inexpensive 
genotyping tests, does high caffeine 
intake associate with a higher eye 
pressure and a greater chance of 
having glaucoma.

What does this mean for patients? 
Currently, if a patient’s glaucoma is 
well controlled, I certainly would not 
advise them to stop consuming caf-
feine or reduce their caffeine intake.

But if a patient is getting worse 
despite best medical or surgical 
treatment, then I think they need to 
know this information. I would say 
that, although it is not proven, if you 
do consume a lot of caffeine, you 
may wish to consider reducing or 
stopping, given what we know.

It may work; it may not work, but 
certainly if I was a patient and I was 
getting worse despite all best efforts, 
this is the type of information I would 
like to know. In the future, I think we 
will be giving people lifestyle advice 
according to their genotype.

Where does 
artificial intelligence 
fit in?

We have used AI to look at retinal 
photographs of patients in the UK 
Biobank. Doing this, we processed 

around 80,000 photographs in 
less than a day, assessing whether 
there are features of glaucoma and 
measuring the vertical cup disc ratio. 
This is something which would 
take a decade for human graders to 
undertake.

Genetic data are available for 
everyone in the UK Biobank, so this 
allowed us to carry out the largest 
genome-wide association study for 
vertical cup disc ratio,7 identifying 
many new genetic markers for 
glaucoma. These genetic markers 
were very predictive for glaucoma 
prevalence in the independent EPIC 
Norfolk Study.8 

AI will also complement genetic 
prediction models. Currently, using 
all our clinical skills, OCT scans and 
visual fields, we can only phenotype 
a patient so far. There are extra clues 
in their genetic markers that will tell 
us about that patient’s profile, their 
prognosis, their susceptibility to dis-
ease and their response to different 
treatments.

There are also hidden signatures 
that humans cannot currently 
interpret, while AI can. And so I 
think that AI assessment of imaging 
in particular is going to give us some 
extra clues that can further help per-
sonalise the care of our patients.

Where will we be 10 
years from now?

I think we will have started pilot 
programmes in which healthcare 
users meeting quite broad criteria 
are genotyped, which will inform 
personalised care strategies. For 
glaucoma, it might be a person-
alised screening strategy.
For example, patients with the top 
10% risk of glaucoma might be 

advised to start having annual eye 
checks at the age of 40, whereas 
the bottom 10% will not have any 
specific eye tests and will just go to 
the optometrist opportunistically. 
People who are somewhere in the 
middle might start at the age of 50 
and be screened every 2 years.
In 10 years’ time, the best manage-
ment is going to be an intersection 
of genomic prediction models and 
AI models. 

Anthony Khawaja, MA (Cantab), 
PhD, FRCOphth
E: anthony.khawaja@gmail.com
Dr Khawaja is associate professor at 
University College London Institute of 
Ophthalmology and honorary consul-
tant ophthalmic surgeon at Moorfields 
Eye Hospital NHS Foundation Trust, 
London, UK. He is supported by a UK 
Research and Innovation Future Lead-
ers Fellowship and an Alcon Research 
Institute Young Investigator Award. He 
reports acting as consultant to Aerie, 
Allergan, Google Health, Novartis, 
Reichert and Santen and has received 
lecturing fees from Grafton Optical and 
travel support from Thea.
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retina

By Lynda Charters; 
Reviewed by Caberry Weiyang Yu

Diabetic retinopathy (DR) is a threat 
to vision in patients with type 2 
diabetes and a source of worry for 
ophthalmologists. One bright spot, 
however, is that bariatric surgery can 
induce remission of the diabetes and 
reduce microvascular complications, 
according to Dr Caberry Weiyang Yu 
of the Division of Ophthalmology, 
Department of Surgery at McMaster 
University in Toronto, Canada.

It has been suggested that DR 
can actually worsen after bariatric 
surgery as a result of the rapid 
improvement in hyperglycaemia. In 
light of this possible drawback, Dr 
Yu and her colleagues performed a 
systematic review and meta-analysis 
to determine the impact of bariatric 
surgery on DR for an obese diabetic 
population, compared with controls 
treated with medical therapy.

The investigators conducted a 
search of the MEDLINE, Embase, 
Cochrane Library and Web of 
Science databases up until March 
2020, for studies that compared pa-
tients with DR who had undergone 
bariatric surgery with those treated 
medically. The primary outcomes 
were the prevalence rates of all 
cases of DR and sight-threatening DR 
postoperatively; the secondary out-
comes were worsening of DR within 
12 months and thereafter. 

Sight-threatening DR was defined 

as proliferative or pre-proliferative 
DR or diabetic maculopathy or se-
vere non-proliferative DR. A total of 
14 studies, which included 110,300 
surgical patients and 252,289 
control patients, were identified; all 
studies had a low risk of bias. 

Almost three-quarters of the 
patients with type 2 diabetes were 
women (mean age, 42.6 years; mean 
body mass indices [BMIs] preop-
eratively and postoperatively, 44.8 
and 30.5 kg/m2, respectively). The 
difference in preoperative BMIs 
compared with postoperative BMIs 
was a reduction of 31.9%.

Four types of bariatric surgery 
were performed in the identi- 
fied studies: Roux-en-Y gastric 
bypass, laparoscopic sleeve gas-
trectomy, laparoscopic adjustable 
gastric bypass and biliopancreatic 
diversion.

At follow-up, Dr Yu reported that 
the DR prevalence rates were 0.45% 
in patients who underwent bariatric 
surgery and 1.03% in patients who 
had medical management only. “The 
risk of having any DR for the surgical 
patients was 83% lower compared 
with non-surgical patients at a medi-
an follow-up of 8 years,” she stated.

Moreover, undergoing bariatric 
surgery was seen to reduce the 
prevalence of sight-threatening DR 
by 53% at the median follow-up of 4 
years compared with patients treated 
medically. Regarding the risk of early 
progression of DR, particularly within 

12 months and associated with bar-
iatric surgery, Dr Yu reported that the 
condition progressed to sight-threat-
ening DR more often in patients 
whose DR was severe at baseline. 

In patients with baseline non-pro-
liferative DR, early progression of all 
DR did not differ between the two 
study groups, occurring in about one 
in seven patients. However, in those 
who had existing proliferative DR 
at baseline, complications such as 
intraocular haemorrhage developed 
in four out of five patients during the 
first year.

After the 12-month time point, 
significantly fewer patients (71%) 
who underwent bariatric surgery had 
worsening of DR at a median of 5 
years. Progression occurred in up to 
8% of patients followed for between 
2 and 13 years postoperatively.

“In obese patients with type 2 
diabetes, bariatric surgery was asso-
ciated with fewer cases of all DR,” Dr 
Yu concluded. “The severity of the 
baseline DR was an important sign 
of early worsening of DR postoper-
atively. Early screening for patients 
with existing sight-threatening DR 
who undergo bariatric surgery is 
needed.” 

Caberry Weiyang Yu, MD
E: wyu@qmed.ca
This article is adapted from Dr Yu’s presenta-
tion at the American Academy of Ophthalmol-
ogy annual meeting on 13 November 2021, in 
New Orleans, Louisiana, United States. Dr Yu 
has no financial interest in this subject matter.

Bariatric surgery may result in less 
sight-threatening diabetic retinopathy
Patients with milder form of the disease at baseline fare better, research shows
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retina

By Lynda Charters; 
Reviewed by Dr
Johannes von Lintig, PhD

As well as providing the red-to-
orange colours of many fruits and 
vegetables, naturally-occurring ca-
rotenoids have important functions 
in the eye. One such carotenoid, 
beta-carotene, is an essential 
nutrient and the major precursor 
of vitamin A. 

Beta-carotene is converted in the 
human body to two metabolites: 
11-cis-retinal and all-trans retinoic 
acid. Through those molecules, 
it aff ects major physiological 
functions (vision, cellular diff erenti-
ation, metabolic control, reproduc-
tion and embryonic development 
and organogenesis), according to Dr 
Johannes von Lintig, a professor in 
the Department of Pharmacology 
at Case Western Reserve University, 
Cleveland, Ohio, United States.

In addition to (pro)vitamin A, oth-
er carotenoids are absorbed and ac-
cumulated in the central retina (the 
macula lutea) of the eyes, namely 
lutein, zeaxanthin and meso-zea-
xanthin. All of these substances 
reduce chromatic aberrations, 
increase visual acuity and prevent 
oxidative stress to photoreceptors. 

The most important research 
fi nding regarding carotenoid and 
vitamin A metabolism is the asso-
ciation with numerous diseases, 

such as xerophthalmia; age-related 
macular degeneration; micro-oph-
thalmic syndromes; retinitis 
pigmentosa; and iris, retinal and 
choroidal coloboma.

An unanswered question
Although a great deal is known 
about vitamin A metabolism in the 
retina, Dr von Lintig was interested 
in the mechanism of carotenoid 
accumulation in the macula. His 
laboratory identifi ed a carotenoid 
scavenger gene, beta-carotene-oxy-
genase 2 (BCO2), which encodes a 
mitochondrial enzyme expressed 
in the inner membrane of the 
mitochondria that breaks down 
carotenoids, such as zeaxanthin, 
into smaller entities.

The enzyme is important in pro-
ducing the colours seen in nature. 
As Dr von Lintig and colleagues 
from Columbia University, New 
York, US, recently demonstrated, 
it is responsible for, among other 
things, the colours in betta fi sh. In 
addition, investigators showed that 
genetic variation in the BCO2 gene 
infl uences the colours of feathers 
and skin in several bird species. 

These genetic investigations 

have also been conducted in 
human eyes, where carotenoids 
accumulate in distinct patterns. 
BCO2 expression is high in the 
peripheral retina, where there are 
no carotenoids, and low in the cen-
tral fovea, where the carotenoids 
accumulate. This is refl ected in 
single-cell sequencing.

The research into cone photo-
receptors showed some surprising 
fi ndings. The photoreceptors are 
rich in mitochondria, which is sur-
prising because they rely on glycoly-
sis rather than respiration mediated 
by these powerhouses of the cell. 

“Based on our research, we 
propose that photoreceptors are 
rich in mitochondria because, in 
the peripheral retina, BCO2-de-
pendent carotenoid breakdown 
takes place in these organelles. In 
the central retina, the carotenoids 
are amassed in the mitochondria 
because of the absence of BCO2,” 
Dr von Lintig said.

However, an unresolved ques-
tion is how the carotenoids enter 
the mitochondria. Dr von Lintig 
pointed out that carotenoids are 
lipids and cannot simply diff use in 
an aqueous environment as sugars 
or amino acids do. They need 
specifi c transport proteins to move 
from one membrane to the other. 

Aster-B
Dr von Lintig looked for candidate 

New insights into macular carotenoid 
accumulation and transport
Aster proteins have been found to mediate pigment metabolism in the retina

Carotenoids reduce 
chromatic aberrations, 
increase visual acuity and 
prevent oxidative stress.
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transport 
proteins that are 

expressed in the photoreceptors 
and found that the one with the 
highest expression in photorecep-
tors is Aster-B. “Aster-B was recent-
ly characterised in the context of 
cholesterol metabolism and trans-
ports cholesterol to mitochondria 
for steroid hormone production in 
the adrenal gland,” Dr von Lintig 
said. The next question addressed 
was whether Aster-B was really 
expressed in the retina. 

To answer this question, the in-
vestigators analysed eye samples to 
determine whether Aster-B helped 
the carotenoids access the mito-
chondria. Interestingly, opposite 
expression patterns of BCO2 and 
Aster-B were found in the retina 

of human donor eyes. Immuno-
histochemistry showed Aster-B 
expression in the inner and outer 
segments of the photoreceptors.

Dr von Lintig also reported that 
Aster-B proteins, which constitute 
a novel family of lipid transfer pro-
teins, have a domain-like structure. 
The proteins have a transmembrane 
domain in the endoplasmic reticu-
lum, a lipid-binding domain and a 
phosphatidylserine-binding domain 
that connects them to another mem-
brane. Aster-B proteins resemble 
bridges that catalyse the movement 
of lipids, such as cholesterol, from 
one membrane to the other.

To determine whether the Aster 
proteins perform the same task 
with carotenoids, Dr von Lintig and 
colleagues invented a novel test 

system for which they 
bioengineered a new 
strain of bacteria that 
produced carotenoids. 

They expected that 
recombinant Aster proteins 

should extract the pigments from 
membranes when expressed in this 
bacterial strain. 

“That is exactly what they did,” 
he said. “Molecular modelling 
showed that the bulky carotenoid 
molecules fi t perfectly into the 
binding cavity of Aster proteins.”

The investigators concluded that 
BCO2, which metabolises carot-
enoids and expresses in the pe-
ripheral retina, and Aster-B, which 
transports proteins, are important 
players in macula pigment metab-
olism and are responsible for the 
distinct pattern of accumulation of 
the pigments in the human retina. 

Johannes von Lintig, PhD
E: Johannes.vonlintig@case.edu

This article is adapted from 
Dr von Lintig’s presen-

tation at Cleveland Eye 
Bank Foundation’s 
2022 Virtual Vision Re-

search Symposium. He 
has no � nancial interest in 

this subject matter.
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The Association for Research in 
Vision and Ophthalmology (ARVO) 
2022 annual meeting took place in 
Denver, Colorado, on May 1 to 5. 
At the conference, presenters re-
vealed a variety of advancements in 
diabetic macular edema therapies, 
drug delivery technology, prog-
nostic testing for uveal melanoma, 
machine learning, and pivotal trials 
for AMD and DME.
Check out our ARVO roundup for 

more information on PEACHTREE 
and AZAELA, diabetic retinopathy 
PRO data, 2-year YOSEMITE and 
RHINE results, a cell therapy trial 
for the treatment of dry AMD and 
geographic atrophy and more.

ARVO
2022

Recap SCAN TO
READ MORE



14 Cutting-edge AdvancementsJuly/August 2022

glaucoma

By Ms Ingenito

The glaucoma market seems to 
be in an expansion phase, as 
evidenced by the explosion in the 
number of new pharmaceutical 
and surgical options entering the 
marketplace. The availability of 
new devices is possibly the single 
most influential factor currently 
driving the growth.

“The introduction of microin-
vasive glaucoma surgery (MIGS) 
devices, especially, has resulted 
in the opening up of the market 
to a new group of surgeons, with 
cataract surgeons now performing 
combination procedures,” said 
Kristen Harmon Ingenito, vice 
president of Market Scope in St 
Louis, Missouri, United States, 
speaking at the Glaucoma 360 
New Horizons Forum that took 
place earlier in 2022. 

Ms Ingenito pointed out that 
the interest in MIGS has been 
increasing since this development. 
“The new devices are resulting 
in increases in both the number 
of doctors performing glaucoma 
procedures and the number of pa-
tients [who] benefit from [them].”

One big pie
The current global glaucoma prod-
uct market is estimated to reach 
$6.1 billion, with pharmaceuticals 
commanding 80% of the pie. Of 

that segment, fixed-combination 
drugs account for 29%; branded 
and generic prostaglandins are at 
12% each; beta-blockers, carbonic 
anhydrase inhibitors and alpha 
agonists are at 7% each; and mis-
cellaneous drugs are at 5%. 

Glaucoma devices represent 
13% of the market, with the 
biggest share (6%) held by MIGS 
devices. The remainder of that 
segment consists of canal surgery 
devices, tube shunts and lasers, all 
at 2% each, and other devices at 
1%. These percentages divided up 
among several treatment options 
satisfy surgeons’ desire for a vari-
ety of treatment options. 

“[Although] the standard of 
care clearly remains the pharma-
ceutical option, surgeons want a 
variety of other options to facilitate 
treating different patients in the 
best way possible on an individual 
level,” Ms Ingenito said. “They do 
not all respond well to the same 
treatment option.”

The surgical device segment 
is currently exhibiting a “very 
healthy” growth phase, a great deal 
of which is the result of treatment 
options (i.e., rho kinase inhibitors 
and canal surgery devices) that are 
still relatively new. 

“I am seeing a great deal of 
openness and willingness to 
accept new and novel technologies 
within the glaucoma space,” Ms In-

genito said. “This is very exciting, 
considering all the new products 
on the horizon. Surgeons are 
willing to try new products to see 
[whether] they can realise a benefit 
for their patients and integrate 
them into their practices.”

Ms Ingenito said that she views 
the expansion of MIGS devices as 
somewhat of a surprise. The MIGS 
device segment of the market 
is currently enjoying an annual 
growth rate of 29%, which is sur-
passing rates for the other devices, 
fixed-combination drugs and 
branded prostaglandins thus far. 

This growth was driven by both 
cataract and glaucoma specialists 
at all stages of their careers. In 
addition, the safety profile and 

Novel devices and drugs trigger 
rapid glaucoma market expansion
The industry is focused on the innovations that will provide more patient choice

The current 
global glaucoma 
product market is 

estimated to reach 
$6.1 billion, with 
pharmaceuticals 

commanding 

80% OF  
THE PIE
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minimally invasive nature of MIGS 
devices appeal to many surgeons.

As with most other segments 
of the economy, the increase in 
volume of glaucoma procedures 
was interrupted by the pandemic, 
resulting in a 24% decrease from 
forecasts for 2020 and a decrease 
of approximately 12% from 2019. 
Pharmaceuticals were not im-
pacted in the same way because 
patients continued to order and 
instill their anti-glaucoma drugs. 
However, as Ms Ingenito explained, 
the impact of the pandemic  
on the volume of glaucoma proce-
dures performed is short-term and 
already starting to rebound.

Growth of glaucoma 
disease population
The number of patients affected by 
glaucoma is increasing. In 2021, a 
total of 145.9 million people were 
estimated to be affected. By 2026, 
that number is projected to be 166 
million, representing a combined 
annual growth rate of 2.6%. 

“The bulk of patients have prima-
ry open-angle glaucoma and exfoli-
ation glaucoma, constituting 67% of 
the population, and that percentage 
will increase to 77.1% by 2026, 
largely because of ageing of the 
population,” Ms Ingenito said.

Another consideration is the 
substantial number of patients 
with glaucoma who are presently 
undiagnosed and untreated. There 
is substantial room for growth in 
disease screening and staging; in 
gaining a better understanding 
as to which patients to treat and 
when to treat; in the choice of the 
best individual treatments; and in 
maintaining patients’ compliance 
with pharmaceuticals.

Future excitement
The enthusiasm in the glaucoma 
pipeline lies in a few areas, includ-
ing the following:
 Artificial intelligence (AI) has 

the potential to enable a better 
understanding of the disease and 
improve the glaucoma diagnostic 
capabilities of physicians. This 
technology will produce home-
based diagnostic and monitoring 
options in the form of headsets 
for testing, objective testing and 
AI-aided disease screening, stag-
ing and monitoring of progression. 

“AI screening will expand patient 
access to care, which can then 
incorporate primary care or geri-
atric care doctors in the screening 
process to identify patients with un-
diagnosed glaucoma. AI also may 
become a tool to help doctors who 
may not have a firm background 
in glaucoma to determine when to 
refer patients and be more effective 
in doing so,” Ms Ingenito said.
 Many sustained-release 

technologies are in the pipeline, 
with the goal of improving efficacy 
and longevity of treatment. The 
impact on the market of durable 
drug options, Ms Ingenito noted, 
will largely be determined by 
the technology that enters the 
market—that is, the safety, efficacy 
and duration of effect.
 Expansion of treatments of 

severe disease while maintaining 
the safety profile of MIGS devices 
and stents is expected. These in-
clude PreserFlo (Santen); MINIject 
(iSTAR); iStent Supra and iStent 
Infinite (Glaukos); XEN (Allergan) 
ab externo; and titratable proce-
dure options that can be mixed 
and matched to address individual 
patient needs. 

 Regulatory and reimbursement 
efforts are ongoing. Stand-alone 
procedures will allow more flex-
ibility and address patients with 
pseudophakia. 

Emerging companies
In 2021, 60 new companies an-
nounced their intention to enter 
the ophthalmic market, but they 
currently have no ophthalmic 
products. Ten of the 60 companies 
were specifically focused on glau-
coma, and most were investigating 
pharmaceuticals or combination 
devices. There is also consider-
able interest in gene therapy, as it 
affects glaucoma and diagnostics. 
“I am very excited to see where all 
these innovations are going,” Ms 
Ingenito said.

The bottom line is that industry 
is showing a great deal of interest in 
glaucoma. Ms Ingenito concluded 
that the specialty has a large and 
growing patient population, that 
new market segments are being 
established and that the market is 
accepting novel treatments. She 
added that there is a continuing 
demand for flexible and varying 
treatment options, whilst research 
into disease stages and diagnoses is 
ongoing. However, reimbursement 
continues to be challenging. 

Kristen Harmon Ingenito, MBA
E: kristen@market-scope.com
Ms Ingenito has no financial disclo-
sures related to this content. 
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cataract & refractive

By Dr Imran Masood 

The condition zonulopathy can 
result from a number of situations. 
In the case of pre-existing pathol-
ogy, the patient may have had 
trauma or pseudoexfoliation syn-
drome, which causes progressive 
zonulopathy. This can lead to IOL 
subluxation and, indeed, disloca-
tion years later. 

High myopia is another risk 
factor, whilst syndromic prob-
lems such as Marfan syndrome, 
homocystinuria and ectopia 
lentis also need to be considered. 
Intraoperative problems can arise 
with zonules: either iatrogenic or a 
pre-existing zonulopathy that had 
been undiscovered in the preoper-
ative examination. 

When managing cases with 
zonular compromise, one has to 
assess the degree of zonulopathy, 
however, a lot of other factors 
also need to be considered. One 
of the problems when looking for 
zonulopathy is that, if you dilate 
the pupil, the ciliary body or the 
ciliary ring is put under tension 
and subtle degrees of phacodone-
sis can be missed. 

Increasing numbers of cataract 
clinics take place with pupils 
pre-dilated, but I think it is our 
duty to look for signs of phacodo-
nesis and iridodonesis. I always 
tell my juniors that if they see a 

male patient with a unilateral cata-
ract, they should consider trauma.

It is also important to be aware 
of the degree of clock hours of 
zonulopathy, presence of vitre-
ous in the anterior chamber and, 
particularly in trauma eyes, IOP. In 
addition, the patient should be as-
sessed in the supine position. This 
is because sometimes, a subluxed 
cataract, with the patient in the 
supine position, may appear to be 
in a totally diff erent position from 
where it was viewed on the slit 
lamp. This can be unnerving.

Challenging cases
Case study 1: Small pupil, 
brunescent cataract, pseudo-
exfoliation with phacodonesis
In cases like this I shake the eye to 
ascertain the degree of phacodene-
sis before making a temporal inci-
sion. Before mechanically dilating 
the pupil with the Malyugin Ring 
(MicroSurgical Technology; MST), 
I inject Viscoat dispersive ophthal-
mic viscosurgical device (Alcon) to 
protect the cornea. 

I then create a capsulorhexis, 
painting trypan blue onto the 
capsule before starting it. When this 
is done, I hook the capsule using 
capsule retractors (MST), which are 
really good for dealing with diffi  cult 
cases and essentially give you four-
point broad fi xation. 

In this case, the lens is fairly 

dense. I like to debulk these lenses 
centrally and then use a shelf at the 
end to do a phaco chop manoeuvre.

I then insert the capsular tension 
ring. I like to do all these manoeu-
vres, which can put torque and ten-
sion on the remaining zonules, with 
the capsule retractors on; in fact, I 
keep them on right until the lens is 
in, and then I remove them. Then 
you remove the Malyugin Ring and 
the case is completed.

Case study 2: Ectopia lentis
This case was a monocular patient 
in her 40s. Rather than referring the 
patient to a vitreoretinal depart-
ment for vitreolensectomy, a better 
tactic is to approach from the an-
terior segment because there is no 
vitreous in the anterior chamber.

You can actually perform a 
capsulorhexis on the subluxed lens. 
You have to centre the capsulor-
hexis on the lens and not on the 
pupil. Once you have completed 
the capsulorhexis, you will be 
surprised how much strength these 
few zonules still give you.

I put a couple of iris hooks on 
just to support the area of zonular 
weakness and then carry out the 
hydrodissection, prolapsing the 
lens out of the bag into the anterior 
chamber. Phaco then proceeds 
relatively easily.

It is important that the cham-
ber does not collapse, so I use 

Averting zonular crises in 
different types of patients
Zonulopathy can be challenging but there are solutions, and outcomes can be good
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viscoelastic solution to pump up 
the anterior chamber, pushing the 
capsule back and preventing vitre-
ous prolapse. Once the cataract has 
been removed, the bag is fi xated 
to the sclera using a capsular ten-
sion segment. 

I make a mark a couple of milli-
metres back from the limbus and 
put the tension segment into the 
eye to fi xate the capsular bag to the 
sclera. I use an 8/0 Gore-Tex suture 
(WL Gore & Associates), which is 
passed through the eyelet and then 
docked with a needle on the other 
side using the 23g MST micro-hold-
ing forceps (MST). 

I then pull the suture through. 
Once I have got it through the 
eyelet, placing the second needle is 

relatively easy because I am operat-
ing outside of the eyelet. I end up 
with a loop of Gore-Tex around the 
eyelets of the segment and pull the 
lens into the capsular bag in a more 
central position. 

I tie the Gore-Tex off  with a 
couple of slip knots and put a cap-
sular tension ring in for circumfer-
ential support of the zonules of the 
capsular complex. Then I place 
the IOL into the capsular bag and 
fi nally lock the knot on the suture 
once I am happy with the position 
of the lens.

This patient has done very well 
and ended up with 6/6 vision 
unaided, without going into the 
vitreous cavity.

Conclusion
Zonular crises can occur due to 
many diff erent aetiologies, but we 
have multiple tools at our disposal 
to solve complex problems, and ex-
cellent outcomes are achievable. 
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There have been many advancements 
in investigative technologies in corneal 
refractive screening and diagnostics 
over the past twenty years. Different 
multimodal imaging approaches can 
provide important information on the 
state of the cornea. In his presentation 
at the 29th Cologne Adventsympo-
sium, Prof. Ambrósio explained that 
applications for corneal ectasia include 
screening and early diagnosis, progno-
sis, classifying and staging the disease. 

He stated that when contemplating 
treatment, auxiliary tests are relevant for 
optimising manifest refraction, contact 
lens fitting, customised surgical planning 
and for detailed follow-up post surgery. 
The data are also crucial for patient orien-
tation, education and treatment guidance.

In diagnosing ectasia, Prof. Ambrósio 
believes it is important to think ahead. 
For example, monitoring corneal topog-
raphy enables subclinical ectasia to be 
detected prior to the development of 
slit-lamp signs and loss of distance-cor-
rected vision.1 However, to enhance the 
sensitivity further, there is a need for 
more advanced techniques for three-di-

mensional tomography and biomechan-
ical assessments of the cornea.

Prof. Ambrósio pointed out that, 
when it comes to the available technol-
ogy platforms, some of the diagnostic 
approaches for ectasia are integrated 
in the same machine. For example, the 
Oculus Pentacam is a rotating Scheimp-
flug corneal and anterior segment 
tomography device; newer models 
include optical biometry for measuring 
the axial length and ocular wavefront. 

Thereby, anterior chamber depth and 
volume; anterior and posterior corneal 
elevation; corneal thickness mapping; 
total corneal and corneal surface refrac-
tive power; and corneal aberrometry 
can be combined with the measure-
ment of axial length in the Pentacam 
AXL for enhancing IOL planning.

Furthermore, Prof. Ambrósio de-
scribed that such data can be inte-
grated with the ocular wavefront in 
the Pentacam AXL-Wave to provide a 
complete understanding of the optical 
properties of the eye. He added that 
these data are essential for detecting 
other issues besides corneal ectasias, 

By Lisa Stewart, PhD; 
Reviewed by Dr Omid 
Kermani and Prof. 
Renato Ambrósio Jr.

The pathophysiology and 
pathomorphology of corneal ectasia
Part 2: Multimodal imaging techniques yield vital screening and diagnostics data

This series of articles summarises an afternoon of presentations, plus a debate, on the topic of corneal 
ectasia that was held as part of the 29th Cologne Adventsymposium, a meeting organised by Laser-
forum e.V. and recently held in Cologne, Germany. Chaired by Drs Omid Kermani and Georg Gerten, 
the presentations each considered the condition from a different perspective and are available online 
(https://www.youtube.com/watch?v=q3pnda2SndI).

Part 1, published in the June 2022 issue of Ophthalmology Times Europe®, considered the contribution 
of eye rubbing to the development of keratoconus. In this second instalment, we look at developments 
in diagnostics and classification methods for ectatic corneal diseases. This is based on the presentation 
that ophthalmologist Prof. Renato Ambrósio Jr. gave during the one-day event.
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such as angle-closure glaucoma, 
and are necessary for making clini-
cal decisions such as whether to 
proceed with lens surgery.

For diagnosing keratoconus 
and screening for ectasia specifi -
cally, Prof. Ambrósio pointed out, 
the Pentacam Belin/Ambrósio 
display (BAD) characterises the 
deviation from normality in the 
standard and enhanced elevation 
of the front and back surfaces, 
along with the thickness spatial 
profi le. The BAD also includes a 
fi nal “D value,” based on a linear 

regression analysis, to enhance the 
accuracy of ectasia detection even 
in subclinical cases.

Classifying keratoconus
Next, Prof. Ambrósio moved on 
to discussing forme fruste. There 
is no consensus on the defi nition 
of forme fruste.2 Prof. Ambrósio 
referred to a systematic review of 
the literature, which revealed that 
there is also tremendous variability 
in the criteria for defi ning forme 
fruste keratoconus and keratoconus 
suspect based on topography.3

He said that in a very asym-
metric ectasia case, the clinically 
normal eye is often considered 
forme fruste keratoconus. Many 
studies have addressed such cases 
when developing and testing novel 
diagnostic approaches for detect-
ing mild or subclinical ectasia.4

Nevertheless, Prof. Ambrósio be-
lieves it is vital to understand that 
topographic criteria are insuffi  cient 
to separate forme fruste from a 
normal eye (Figure 1).

He added that it is essential 
to have an objective means of 

FIGURE 1. Topographic signs of keratoconus. (Reproduced with permission from www.gatinel.com/
recherche-formation/keratocone-2/indices-and-screening-tests-for-subclinical-keratoconus/)
Abbreviation: KC, keratoconus
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distinguishing normal and kera-
toconus eyes. Subclinical cases 
fall in between the two extremes, 
and corneal topography is not yet 
suffi  cient to distinguish.

Prof. Ambrósio’s opinion is that 
forme fruste keratoconus should 
not be defi ned as a topometric 
criterion but rather as a high sus-
ceptibility for ectasia development 
and progression. This was present-
ed for the fi rst time at the Ameri-
can Academy of Ophthalmology’s 
annual meeting in 2008.5

Segmental tomography and AI
Prof. Ambrósio also discussed 
distinguishing normal from kerato-
conus eyes through segmental 
or micro-layer tomography. He 
explained that this is possible with 
very-high-frequency ultrasound 
(VHFUS) and spectral domain op-
tical coherence tomography (OCT) 
and allows ophthalmologists to 
visualise structures such as the ep-

ithelium, the fl ap, the endothelium 
and the Bowman’s layer as well 
as identifying thinning patterns in 
the cornea.6

He spoke of the various AI 
algorithms that are available to 
examine epithelial thickness. The 
Artemis software for analysing arc 
scan data with VHFUS includes 
an algorithm developed by Dr Dan 
Reinstein and coworkers;7 analysis 
of OCT epithelial pattern deviation 
can distinguish keratoconic cor-
neas from contact lens warpage.8

Another useful tool, according 
to Prof. Ambrósio, is the ultra-
high-speed Scheimpfl ug imaging 
from the Oculus Corvis ST, which 
can generate data to separate a 
normal cornea from a weaker one, 
measuring stiff ness by deforma-
tion response. He said that current 
work combines tomography and 
biomechanics, using AI. 

The tomography and biome-
chanical index (TBI) is a parameter 

that characterises biomechanical 
susceptibility directly, Prof. Am-
brósio explained. For example, in 
a case with typical topography and 
relatively normal BAD-D, an ab-
normal TBI means that the patient 
is highly susceptible to developing 
corneal ectasia. 

He went on to discuss the 
original TBI study, which included 
94 cases with typical topography 
based on strict criteria from very 
asymmetric ectasia cases along 
with the unoperated ectatic eyes 
from 72 of these cases.9 In some 
cases, the fellow eye had received 
cross-linking, rings or transplants.

Eyes randomly selected from 
480 normal subjects and from 204 
keratoconus patients (one eye per 
subject) were also analysed. The 
TBI had near-perfect accuracy 
(AUC=1) for detecting ectasia in the 
frank ectatic cases (72 unoperated 
ectatic eyes + 204 keratoconic) 
and a sensitivity higher than 90% 
for detecting abnormalities in the 
normal eyes of very asymmetric 
ectasia patients, while optimising 
the cutoff  criteria with a specifi city 
higher than 95%.

Bilateral forme fruste was possi-
ble, Prof. Ambrósio explained, as 
demonstrated in a report of twin 
sisters,10 only one of whom had 
clinical keratoconus in one eye 
while the TBI was abnormal in all 
four eyes. However, ectasia can 
also occur in one eye only, as in 
one patient (Figure 2) who was 
followed after having a corneal 
ring procedure.11 The left eye 
was normal, even when analysed 
using VHFUS for epithelial thick-
ness and the Saad–Gatinel score 
from the Bausch Lomb Orbscan. 
Interestingly, the TBI was normal.
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Multimodal imaging for 
corneal ectasia requires 
the combination of 
AI and ancient 
intelligence.
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Prof. Ambrósio stated that this 
case supports the global consensus 
that ectasia can occur unilaterally 
due to mechanical forces whereas 
keratoconus is a bilateral disease. 
In other words, true unilateral 
keratoconus does not exist.

Rounding up his talk, Prof. 
Ambrósio emphasised that 
multimodal imaging for corneal 
ectasia requires the combination 
of AI and ancient intelligence to 
provide a customised evaluation of 
biomechanical susceptibility and 
for diagnostic applications such 
as screening, staging, prognosing, 
classifying and monitoring pro-
gression, and planning individual-
ised treatments.

The debate
Prof. Ambrósio’s presentation was 

debated with the other present-
ers—Prof. Damien Gatinel (France), 
Prof. Dan Reinstein (UK), Dr Tim 
Archer (UK) and Prof. Farhad Hafezi 
(Switzerland)—and with members 
of the online audience.

Dr Kermani: 
Biomechanics is a controversial 
topic. How specifi c and sensitive 
is the biomechanical analysis 
of the cornea and how do you see 
the future of biomechanics in the 
diagnostics of keratoconus?

Prof. Ambrósio:
Imaging will defi nitely evolve 
more and more, and biomechanics 
provides very relevant data. OCT 
can provide information about 
corneal properties and reveal the 
segmental layer shape.

I look forward to the develop-
ment of novel imaging tools for 
biomechanical assessment, such 
as OCT elastography, which may 
be less impacted by IOP. It is key 
to recognise that IOP infl uences 
biomechanical measurements of 
the cornea and impacts the defor-
mation response. 

We also know that the opposite 
is true: corneal properties aff ect 
IOP measurements. I also believe 
that corneal properties may refl ect 
scleral properties and thereby 
the optic nerve’s susceptibility to 
glaucoma progression.

Eventually, corneal properties 
can also translate to the risk of 
peripheral retinal disease because, 
if you think about the very thin 
sclera, the extraocular muscles 
may lead to more pressure inside 

FIGURE 2. A con� rmed case of unilateral ectasia.
(Image courtesy of Prof. Renato Ambrósio)

Unilateral Ectasia characterised by Advanced 
Diagnostic Tests

Confi rm Unilateral Ectasia in VAE-NT
(normal topography eye from very asymmetric ectasia)
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the eye and then you can have 
more issues with the peripheral 
retina or retinal detachment.

These are things that we are 
looking at in prospective studies, 
and I think integrated multimodal 
imaging is the future; rather than 
it being that one technique will 
replace everything.

Epithelial thickness is signif-
icant for any refractive surgery, 
for pre- and postoperative analy-
sis. The epithelium reacts to the 
corneal shape so, with reference 
to the evolution of keratoconus, 
there is a biomechanical sus-
ceptibility that is triggered by 
genetics and the environment. Of 
course, all this is linked to chang-
es in the stroma, which reflect on 
the epithelium.

The beauty of modern technol-
ogy is that we can help patients in 
an unprecedented way. In the past 
we were only able to do a trans-
plant, but now we have cross-link-
ing rings and many other proce-
dures that can rehabilitate vision 
and stop progression.

Today I consider keratoconus to 
be a specialty for refractive surgeons 
and part of the refractive surgery 
world. The major paradigm shift is 
that we think not only about the re-
habilitation of vision but also about 
the progression of the disease.

Dr Kermani:
To ask our other speakers: Farhad, 
Damien, Timothy, do you use 
biomechanics diagnostics in your 
keratoconus patients or is this is 
not yet a practical diagnostic tool in 
your offi  ce?

Dr Archer:
We have had the Corvis ST in the 

clinic for 4 or 5 months now, and 
I think that what Renato has said 
is the key, in that all the informa-
tion these devices can add is help-
ing us detect more cases. Indeed, 
adding biomechanical data will 
help; it is noisier than some of the 
other variables that we use, but it 
does contribute.

I wanted to comment on some-
thing else that Renato said about 
the epithelium being reactive 
to the stroma. I totally agree. The 
great thing about the epithelium is 
that it is so sensitive because it is a 
thin layer, 50 microns or so. Such 
a thin layer easily reveals those 
very small (1–3 micron) changes 
that are harder to see on the stro-
mal surface, which makes epitheli-
al mapping a sensitive method for 
detecting things early.

Prof. Gatinel:
I use biomechanics for refractive 
surgery evaluation more than for 
keratoconus follow-up. It provides a 
tie-breaker when you have topogra-
phies resembling forme fruste.

I use the optical response 
analyser (ORA) system, which I 
like, and I look more at the signal 
shape than at the actual numbers, 
which are infl uenced by IOP. 
When it shows low and irregular 
peaks, this may be indicative of 
a soft cornea. This reinforces my 
need to persuade the patient to 
stop rubbing their eyes and avoid 
sleeping on their face.

I think those two things 
signifi cantly reduce the risk of 
ectasia post-LASIK or PRK, so I 
use biomechanics, but not for 
keratoconus because by the time 
keratoconus has developed it is 
too late.

Dr Kermani:
Farhad, I know that you are more 
interested in keratoconus than in 
refractive surgery but is biome-
chanical analysis a helpful tool in 
keratoconus assessment in the very 
early stages or in progression?

Prof. Hafezi:
Yes, I strongly believe it is. The 
question is, how reliable is the 
technology that we have now? And 
how is it evolving?

I used the ORA for 3 or 4 years, 
and since 2014 I have been using 
the Corvis. I do not base my fi nal 
clinical assessment on Corvis data 
for either refractive surgery plan-
ning or keratoconus assessment, 
but, frankly, sometimes I am puz-
zled when I put together topogra-
phy, tomography and biomechanics 
data as delivered by the Corvis.

Where I use biomechanic mea-
surements, a lot is for screening. I 
ask every adult keratoconus patient 
to bring their children if they have 
any. I fi nd it highly interesting to 
see an 8-year-old with quasi-nor-
mal tomography but with a highly 
relevant pathological CBI. 

I think the next step might be 
Brillouin or OCT-based elastogra-
phy and very soon we will do the 
fi rst OCT elastography measure-
ment in humans, which should be 
an order of magnitude more precise 
than a Corvis ST measurement.

Dr Kermani:
With the increasing sensitivity of 
biomechanics, new devices could 
provide helpful screening in chil-
dren and young adults, particularly 
those with keratoconus in the family 
or with allergies that are accompa-
nied by chronic eye rubbing. 
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By Dr Dagny Zhu 

Dry eye disease (DED) is a 
multifactorial condition, 
with the two main path-
ways being decreased 
healthy tear production 
or increased tear evap-
oration from the ocular 
surface. If any one of 
several instigating factors 
is collectively added, a heightened 
infl ammatory response on the 
ocular surface can occur, which can 
aff ect both DED pathways and lead 
to the exacerbation of DED.1-4

A dry eye fl are is defi ned as 
an acute episode of worsening 
symptoms characterised by 
infl ammation that has disrupted 
the homeostatic balance within the 
tear fi lm. This acute worsening of 
symptoms can last from a few days 
to a few weeks. Most commonly, a 
dry eye fl are is caused by a trigger 
that activates a pro-infl ammatory 
cascade on the ocular surface.1-4

Seasonal allergies are likely to 
trigger an exacerbation or fl are of 
DED symptoms. These patients 
often complain of runny or teary 
eyes, redness, itchiness, burning 
and a gritty sensation, as well as 
symptoms that aff ect the adjacent 
regions such as sinus tenderness 
and a stuff y, runny nose. 

In my clinical experience, most 
people have these allergy-induced 

dry eye fl ares during the spring 
and summer when pollen, 

the biggest inciting factor, 
is being dispersed by 
blooming fl owers and 
trees. Along with seasonal 
allergies, other triggers 
include perennial aller-
gens (such as pet dander, 

dust and mould); excessive screen 
time; excessive wearing of contact 
lenses; and vented air from heat or 
air conditioning.5-13

Dry eye � are: What to look for
When I educate patients about dry 
eye fl ares, I let them know that a 
fl are is a symptomatic acute epi-
sode during a previously quies-
cent period. Many of my patients 
with more severe dry eye are on 
baseline therapy such as ciclo-
sporin or lifi tegrast ophthalmic 
solution (Xiidra, Novartis), and 
for the most part, their symptoms 
are well controlled. 

However, when a trigger 
such as seasonal allergy induces 
a pro-infl ammatory state, they 
develop a sudden onset of acute 
symptoms. In other words, these 
patients are quite miserable. They 
do not say: “Doctor, I think I’m 
experiencing a dry eye fl are,” but 

they do say “My medications don’t 
seem to be working any more, and 
I’m getting these symptoms again.” 
So, I take the opportunity to ed-
ucate them, reminding them that 
although there is no cure for DED, 
we can manage it with therapy 
and that it is normal to experience 
fl uctuations in symptoms. 

I say: “Your seasonal aller-
gies are pushing your eyes into 
overdrive or a pro-infl ammatory 
state, and medication is needed to 
control this acute fl are.” Treatment 
with an approved, fast-acting, 
low-dose topical corticosteroid can 
provide rapid relief of symptoms—
exactly what these patients are 
looking for.

How to treat this
Loteprednol etabonate ophthalmic 
suspension 0.25% (Eysuvis, Kala 
Pharmaceuticals) is the fi rst United 
States Food and Drug Administra-
tion-approved corticosteroid for 
short-term treatment of the signs 

Seasonal allergies:
A common trigger for dry eye flares
Short-term corticosteroid use can provide rapid relief of allergy symptoms in DED

Dr Dagny Zhu

It is normal 
for patients to 
experience multiple 
flares throughout 
the year. 

“
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and symptoms associated with 
DED. The drop has a novel formu-
lation that utilises Ampplify, Kala’s 
proprietary mucus-penetrating 
particle technology. 

Nanoparticles of approximately 
300 nm in diameter are coated to 
facilitate their penetration through 
the mucus barrier. This controlled 
delivery system enables the drop 
to spread more uniformly across 
the ocular surface.

I like to use this drop in patients 
with DED because the quick 
onset of action means noticeable, 
rapid relief, plus the patients only 
need to use it for a short period 
of time—no more than 2 weeks. 
Those patients with DED who are 
on chronic medication can con-

tinue while supplementing with 
loteprednol etabonate ophthalmic 
suspension 0.25%. 

Patients should be educated that 
seasonal changes or other triggers 
mentioned earlier may cause them 
to have recurrent episodes of dry 
eye flares that need to be treated 
with a short course of a low-dose 
corticosteroid. Many of us worry 
about intraocular pressure (IOP) 
elevation secondary to corticoste-
roid use. I reassure patients that 
the drop has a favourable adverse 
effect profile and that because 
of its low concentration, I am 
comfortable with episodic dosing 
throughout the year. 

In fact, loteprednol etabonate 
ophthalmic suspension 0.25% was 

studied in more than 2,800 pa-
tients with DED.14-16 The drop was 
well tolerated and, similar to the 
vehicle, illustrated a low incidence 
of IOP increase. 

In the treatment and vehicle 
groups, respectively, 0.2% and 
0% of subjects experienced an 
equal-to or greater-than-10 mm Hg 
increase from baseline, resulting 
in an IOP measurement of equal-to 
or greater-than 21 mm Hg at any 
post-baseline visit up to 29 days. 
These IOP safety data provide 
me with a boost in confidence to 
prescribe this drop to my patients 
with DED.

For compliant patients with 
DED who have a good understand-
ing of the disease, I have them 
keep their loteprednol etabonate 
ophthalmic suspension 0.25% 
handy and I advise them to re-start 
it for a short course when they 
notice a dry eye flare. 

It is normal for patients to expe-
rience multiple flares throughout 
the year. For some, it may be more 
(or less) frequent. These inflamma-
tory spikes of acute exacerbation 
occur in approximately eight out 
of ten patients with dry eye, and 
approximately half of patients 
with DED experience flares only, 
without continuous symptoms, 
four to six times per year.17-20

Antihistamine use and 
contact lens wear
Many allergy patients are taking 
oral antihistamines. If I see that they 
are having signs and symptoms of 
ocular surface disease, I tell them to 
hold off on their oral antihistamine 
because the drug can worsen DED. 

Depending on the severity of 
their systemic allergy symptoms,  

For patients with dry eye disease, it is important to manage symptoms.
(Image courtesy of Dr Dagny Zhu)



26 Cutting-edge AdvancementsJuly/August 2022

cornea

I may talk to their allergy special- 
ist to determine if they can switch 
to a nasal decongestant or other 
non-systemic therapy. The best 
solution, though, is always to avoid 
the allergy trigger and make other 
appropriate environmental and/or 
lifestyle changes.

I advise contact lens wearers to 
discontinue use when they are ex-
periencing a dry eye flare. I prefer 
that they do not use eye drops with 
contact lenses, to avoid problems 
such as build-up, debris or denatur-
ing of the lens material. In addition, 
lens wear can add to, or be a culprit 
of, their dry eye flare due to the 
mechanical rubbing on their eyes 
and oxygen deprivation. 

While they take a contact lens 
holiday, they can also start a short 
course of loteprednol etabonate 
ophthalmic suspension 0.25% for 
rapid relief of their symptoms. 
They can then consider slowly 
going back to using their contact 
lenses; however, I recommend de-
creasing wear time as much as pos-
sible (so that it totals no more than 
8 hours per day). In addition, we 
should always ensure that patients 
are wearing lenses with optimal 
oxygen permeability, with daily 
disposables as an ideal option.

Stay ahead of the game
For most of our patients with DED, 
it is not a matter of if, but when, 
they will have an acute exacerba-
tion of symptoms—dry eye flares. 
Fortunately, we have a fast-acting 
treatment to lessen their misery. 

Dagny Zhu, MD
T: 001-626-854-0148
E: dagny.zhu@nvisioncenters.com
Dr Dagny Zhu is a cornea, cataract and 

refractive surgeon and medical director 
and partner at Nvision Eye Center in 
Rowland Heights, California, US. Her 
website is www.dzeyemd.com. Dr Zhu 
declared that she has no financial 
interest in the products or companies 
mentioned.
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By Dr Maximilian J. Gerhardt, 
Prof. Stylianos Michalakis, Prof. 
Günther Rudolph, PD Dr Claudia 
Priglinger and Prof. Siegfried 
Priglinger1

Voretigene neparvovec (Luxturna, 
Spark Therapeutics) is the 
fi rst causal treatment for bi-
allelic RPE65 mutation-as-
sociated retinal disease, 
which regularly progresses 
to legal blindness. The one-
time gene therapy aims to 
deliver the correct coding 
sequence of the human 
RPE65 gene to the retinal 
pigment epithelium and 
is performed via subret-
inal injection following 
vitrectomy. 

The therapy was 
approved by both the Eu-
ropean Medicines Agency 
(in 2018) and United 
States Food and Drug Administra-
tion (in 2017) after the supporting 
pivotal Phase III study revealed 
statistically signifi cant functional 
vision improvement in patients in 
terms of increased light sensitivity 
(FST) as well as improved ability 
to navigate a mobility course at 
diff erent levels of environmental 
illumination (MLMT). 

New gene therapies like these 
raise the hope of treating a previous-
ly incurable disease with a favour-
able side eff ect profi le. However, as 

with any new therapeutic product, 
there is limited real-world data, and 
so it is natural that uncertainties 
regarding the durability and bene-
fi t-risk ratio exist. 

Recent reports of retinal atrophy 
development in the postoper-

ative course of the disease 
have led to concerns that 
voretigene neparvovec 
could lead to potentially 

devastating consequences 
in the long term. It is there-
fore necessary to closely 
follow up treated patients 
with multimodal imaging 

approaches in order to 
assess retinal morphol-
ogy and gain further 

knowledge on the factors 
contributing to the devel-
opment of the atrophy. 

RPE65 mutation-
associated disease
The RPE65 gene encodes a key 
enzyme in the retinoid cycle 
and is responsible for the regener-
ation of the light-sensitive com-
ponent of rhodopsin, our visual 
purple.1 When light enters the eye, 
it hits the photoreceptors in the 
retina leading to its conversion 
into a chemical signal.2

This so-called photoisomeriza-
tion of the vitamin A derivative 
11-cis-retinal (to all-trans-retinal) 
cannot take place unless there is 

suffi  cient functional 11-cis-retinal 
available. Since 11-cis-retinal 
decays after initiation of the visual 
process, it must be perpetually 
regenerated by specifi c metabolic 
processes in the retinal pigment 
epithelium in order to initiate and 
maintain the visual process.3

Mutations in the RPE65 gene 
result in defi ciency or severely 
functionally impaired isomerohy-
drolase activity, causing a severe 
rod-cone dystrophy.4 The clinical 
courses of RPE65-associated reti-
nal dystrophy are thought to result 
from diff erent residual activity of 
the enzyme. 

Clinically, the two most common 
forms of RPE65-related retinal 
disease are Leber congenital amau-
rosis (LCA) and early-onset severe 
retinal dystrophy (EOSRD). In both 
forms, visual impairment is fi rst 
noticed at birth and during the fi rst 
years of life, respectively, which 
worsens over time eventually lead-
ing to complete blindness.5

LCA is considered the most 
severe form of early childhood 
blindness and was fi rst described 
by Theodor Leber in 1869.6 Aff ected 
infants usually show lack of eye 
contact and nystagmus and/or pres-
ent with conspicuous pressing of 
their eyeballs with fi ngers, fi sts or 
toys (oculo-digital phenomenon). 

Parents may report that their 
child frequently trips over objects 

First-ever retinal gene therapy:
Does real-world experience back its use?
Recent reports of retinal atrophy have raised concerns on potential long-term safety 
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or bumps into obstacles, espe-
cially in dim light. EOSRD which 
manifests after infancy has also a 
very poor prognosis and, like LCA, 
usually leads to blindness in the 
third to fi fth decade of life. 

To date, it is known that LCA 
can be caused not only by alter-
ations in the RPE65 gene, but also 
by mutations in a further 24 genes 
(see: https://sph.uth.edu/retnet/
sum-dis.htm#A-genes). However, 

mutations in RPE65 might also 
manifest in the form of retinopath-
ia pigmentosa 20 (RP20).7

In the subtype of RP20, a notice-
able deterioration of visual acuity 
usually occurs in young adulthood 
or adolescence while concentric 
loss of visual fi eld is already 
advanced.7 Common to all forms of 
RPE65-mutation associated retinal 
disease is a pronounced night 
blindness which presents as one 
of the earliest and most character-
istic symptoms of the disease, and 
a progressive irreversible retinal 
degeneration. 

The night blindness can be 
explained by the functional 
impairment of the rods, which 
are already aff ected at the earliest 
disease stages. Rods, unlike cones, 
are completely dependent on 
11-cis-retinal regeneration through 
the retinoid cycle of the retinal 
pigment epithelium. Cones are 
less aff ected in early stages of the 
disease because they can rely on 
11-cis-retinal from other sources, 
such as Müller cells, which ex-
plains their better function in early 
disease stages.8-10

Gene therapy surgery and 
mechanism of action 
Voretigene neparvovec consists of 
the capsid of an adeno-associated 
viral vector serotype 2 (AAV2) con-
taining a correct coding sequence 
(cDNA) of the human RPE65 gene 
and regulatory elements.11 This is 
provided in the form of frozen con-
centrate, which must be prepared 
into a vector solution by trained 
personnel. 

Subsequently, the therapy is 
provided in a syringe containing 
the vector solution which must 

FIGURE 1. Principle of application of gene therapy with voretigene 
neparvovec.  
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FIGURE 2. Mode of action of AAV-mediated gene therapy.
(Images courtesy of LMU Eye Hospital) 
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be applied within 4 hours after 
preparation. Following vitrectomy, 
delivery of the vector solution is 
performed by using a small injec-
tion cannula by placing it onto the 
retina and applying slight pressure 
to create a retinotomy through 
which the fluid can pass into the 
subretinal space (see Figure 1). 

The injection may be performed 
manually with the help of an assist-
ing surgeon or using a foot-pedal 
controlled injection device. Patients 
receive a single dose of 1.5x1011 
vector genomes voretigene nepar-
vovec in each eye; the intended 
target volume is 300 µl. 

The injection forms one or more 
fluid-filled bubbles under the retina 
(blebs) which are reabsorbed within 
24–48h after subretinal delivery, as 
the drug is taken up by the target 
cells, the retinal pigment epitheli-
um. Uptake into the target cells is 
receptor-mediated. 

Once in the nucleus, the sin-
gle-stranded DNA is transcribed 
into double-stranded DNA, and the 
mRNA is subsequently translated in 
the cytosol into the functional pro-
tein, the enzyme isomerohydrolase 
(illustrated in Figure 2). 

Reports of atrophy 
development
The clinical studies leading to 
approval of voretigene neparvovec 
showed that there are certain risks 
associated with the gene therapy 
procedure. However, most of the 
treatment-related adverse events 
were transient and mild. These 
included elevated intraocular 
pressure (18%), cataract formation 
(18%), ocular inflammation (8%), 
retinal tears (8%), dellen (8%)  
and retinal deposits (8%).12, 13 

The previously undescribed com-
plication of chorioretinal atrophy 
development following treatment 
with voretigene neparvovec was 
recently reported by ophthalmol-
ogist Dr William S. Gange and 
colleagues.14 Eighteen eyes of 10 
patients developed perifoveal 
chorioretinal atrophy; in 80% of the 
cases this was seen bilaterally. 

Atrophy was first identifiable 
anywhere between 1 week and 1 
year postoperatively at an average 
of 4.7 months after treatment (the 
follow-up period ranged from 4 to 
18 months). In 10 eyes, the atrophy 
occurred within and outside the 
area of the subretinal bleb, whereas 
in seven eyes, it formed exclusively 
within the bleb’s area. 

One eye showed atrophy only 
outside the bleb area. Despite at-
rophy development, functional re-
sults remained stable or improved 
in the majority of patients. Twelve 
of 18 eyes showed improved visual 
acuity (VA), whereas in three of the 
eyes VA did not change. 

VA decreased in a further three 
eyes. After statistical analysis, no 
significant change in mean VA was 
found pre- versus postoperatively 
(P = 0.45). While all 13 eyes with 
reliable Goldmann visuals showed 
improvement (expansion or gain 
of isopters), paracentral scotomas 
caused by the atrophy were seen in 
three eyes. 

Another recent publication 
reported progressive atrophy 
development in 13 eyes of eight 
patients.15 All eyes were found to 
develop atrophy within the bleb 
area and three patients additionally 
developed atrophic changes outside 
the bleb. 

The mean duration of the patients’ 

follow-up period was 15.3 months 
(ranging from 6 to 27 months). First 
signs of developing atrophy as de-
tected by reduced autofluorescence 
were identifiable in five of eight eyes 
as early as 2 weeks after treatment 
which represented the earliest post-
operative visit. 

At Month 3 following therapy, 
all 13 eyes showed areas of retinal 
atrophy. Notably, the atrophy area 
enlarged over time and in six of sev-
en eyes with existing follow-up data 
after 1 year, atrophy development 
progressed even after 1 year. Func-
tional improvement shown by FST 
and perimetry seemed to be overall 
stable over the observational period 
despite atrophy development. 

What could be the cause of 
atrophy? 
Possible explanations for the devel-
opment of atrophy include immune 
reactions against the vector genome 
(e.g., promotor sequence as the CAG 
promotor in voretigene neparvovec, 
the expressed transgene or manufac-
turing-related impurities) or against 
the capsid. Manufacturing-related 
factors could also include subtle 
deviations in the preparation of the 
gene therapy shortly before therapy 
administration at the respective 
treatment centre. 

Surgical factors may also play an 
important role. Mechanical stress 
and/or damage at the injection site 
as well as shear stress within the 
bleb may directly lead to damage of 
the retina or may trigger deleterious 
stress responses. 

This may be particularly relevant 
in the setting of RPE65-related reti-
nal disease and other inherited reti-
nal dystrophies in which dystrophic 
changes and a more fragile, thinned 
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retina may predispose to damage. 
Patient-related factors should be 
considered as well. Age, gender, 
stage of the disease and immune 
status of the individual patient could 
influence the functional outcome 
and morphological state of the reti-
na after treatment. 

Conclusion
Early detection of inherited retinal 
diseases (IRD) is becoming increas-
ingly important, as earlier diagno-
ses enable more timely initiations 
of therapy, and thus potentially 
lead to a better prognoses for 
affected patients. Symptoms such 
as increased sensitivity to light 
(photophobia), night blindness or 
nystagmus may indicate an IRD 
and require a thorough ophthalmo-
logical work-up within a specialised 
ophthalmogenetic department. 

If there is reasonable suspicion, 
molecular genetic testing should 
be carried out. This is crucial to 
determine whether therapy with 
voretigene neparvovec is appli-
cable. Gene therapy with this 
product must only be performed in 
individuals with confirmed biallelic 
RPE65-mutation-associated retinal 
dystrophy and sufficient viable 
retinal cells. 

Limited real-world data initial-
ly confirmed the tolerable safety 
profile seen in marketing authori-
sation trials.16 However, the recent 
reports of progressive atrophy 
development following therapy are 
undoubtedly of great concern.

In summary, currently available 
data is insufficient to draw definite 
conclusions about the causes of 
atrophy development and their 
functional consequences in the 
long-term. Experiences of other 

treatment centres, including reports 
of the exact surgical procedure and 
patient details as well as longer 
follow up periods are necessary to 
reach a more accurate picture on 
possible long-term effects of the 
therapy. This could have important 
implications for the selection of 
patients and will help predicting 
the expectable treatment benefit for 
eligible patients. 
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Cerebral visual impairment (CVI; also 
called cortical visual impairment) is 
a condition related to brain injury 
and results from damage to the visual 
pathways in the brain. Unfortunately, 
CVI is all too common, although not as 
commonly diagnosed. And therein lies 
the problem.

CVI is the primary cause of paedi-
atric visual impairment and blindness 
in developed countries worldwide,1

according to Dr Lotfi  Merabet, an as-
sociate professor of ophthalmology at 
Harvard Medical School and director 
of the Laboratory for Visual Neuro-
plasticity at Schepens Eye Research 
Institute and Massachusetts Eye and 
Ear in Boston, Massachusetts, United 
States. Dr Merabet is also on the board 
of directors, education committee and 
CVI steering committee of the Perkins 
School for the Blind in Watertown, MA. 

“There has been a fundamental 
shift in the clinical profi le of visual 
impairment in paediatric populations, 
and the Perkins population mirrors 
this perfectly,” he commented. He 
explained that from the 1950s to 
1980s, children enrolled in the school 
were typically profoundly blind due 
to a disease or pathology at the ocular 

level: infection, inherited disease or 
retinopathy of prematurity. 

Over the past couple of decades, 
however, a shift occurred, with chil-
dren presenting with a more complex 
profi le—they were visually impaired 
and often had learning disabilities and 
motor and/or language issues. 

“This diff erence in paediatric blind-
ness is important both from clinical 
and scientifi c standpoints as well as an 
educational standpoint,” Dr Merabet 
emphasised.

Recognition of the source of the 
brain-based visual disabilities is the 
key to early intervention in aff ect-
ed children. In light of this fact, Dr 
Merabet and other researchers are 
attempting to determine the inherent 
diff erences in these children—specif-
ically, how visual impairment caused 
by damage to the brain is diff erent 
from visual impairment at the level of 
the eye.

Current understanding of CVI 
What has been determined with CVI 
is that aff ected children may have 
sustained a neurological complication 
or brain injury during the time of the 
brain’s development: that is, around the 
time of birth or shortly thereafter. Some 
children may have had a stroke in utero
or were born prematurely. Other causes 
include seizure disorder, trauma and 
genetic or metabolic disorders. 

Because of medical advancements 
in neonatal care, many more of these 

in short:
It is vital to think beyond the eye in the 
presence of visual impairment and blindness.
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children are surviving today than in 
the mid-20th century. In addition, 
today there is greater recognition of 
their perceptual and learning issues 
at the research level, and increasing 
numbers of clinics are starting to 
recognise CVI.

In a typical scenario, parents 
may report that their child cannot 
locate a favourite toy or cross the 
street, or becomes overwhelmed 
in crowds or a busy classroom. In 
contrast, the child’s vision may be 
only moderately impaired or even 
normal based on a Snellen chart 

 FIGURE. White matter 
reconstruction (shown in sagittal 
view) of three main pathways 
involved in the processing of 
visual information: namely, the SLF 
(the neuroanatomical correlate 
of the dorsal visual processing 
stream), the ILF (the ventral visual 
processing stream) and the IFOF 
(mediating visual attention and 
orienting). The three white matter 
pathways are reconstructed in 
(A) in a normal sighted/developed 
control, (B) in an early ocular blind 
person and (C) in CVI in a person 
with associated periventricular 
leukomalacia. The ILF, SLF and 
IFOF are fully reconstructed in the 
control and early ocular blindness. 
In contrast, the SLF and ILF are 
sparser, and the IFOF would not 
be reconstructed, in the individual 
with CVI. These differences in the 
structural integrity along these 
major white matter pathways may be 
related to observed cognitive visual 
dysfunctions in CVI.2  
Abbreviations: IFOF, inferior fronto-
occipital fasciculus; ILF, inferior 
longitudinal fasciculus; SLF, superior 
longi-tudinal fasciculusB. Ocular blind

C. CVI

A. Sighted control

SLF

IFOF

ILF
Occipital

cortex
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evaluation or visual perimetry, and 
the eyes appear to be healthy on slit-
lamp evaluation. 

When the clinician does not 
recognise that the visual impair-
ment is localised to the brain, it 
can often lead the parents into the 
weeds, with suggestions of possi-
ble diagnoses including autism, 
development delays or psychi-
atric issues. This is the point at 
which these children begin to fall 
through the cracks.

CVI study
Dr Merabet and his colleagues, in 
collaboration with Boston Chil-
dren’s Hospital, Perkins School for 
the Blind and Boston Medical 
Center, are currently studying 
the brain scans of children 
with CVI to correlate any iden-
tified structural changes in the 
brain to the manifesting de-
velopmental and behavioural 
deficits, and comparing the 
scans to those obtained from 
children with normal vision 
and those with other forms of 
ocular blindness (see Figure).2 
In their study, children are 
divided based on age: 7 years and 
older and 14 years and older. 

For the younger group, virtual 
reality and eye tracking are being 
used to obtain an idea of their vi-
sual perceptual abilities by assess-
ing functional vision. In this group, 
the children are tasked with, for 
example, finding a certain toy in a 
toy box or a particular person in a 
crowded hallway, and the com-
plexity of the environment and the 
child’s reaction to it is assessed. As 
the environment increases in com-
plexity, despite good visual acuity, 
the children’s vision becomes a 

very confusing swirl of colours 
that prevents the differentiation of 
objects/persons.

Dr Merabet uses virtual reality 
to create functional vision as-
sessment tools that surpass the 
standard eye chart and tests per-
formed in an ophthalmology or 
optometry clinic. “We found that 
the children are very sensitive to 
clutter, crowding, complex motion 
and, more interestingly, to visual 
demands. As the task becomes 
much more difficult—that is, as 
we make the assessment harder—
their visual system breaks down,” 
he explained.

This point is important because, 
although a visual assessment 
during a standard vision test indi-
cates that these children may have 
normal visual acuity, when put 
into a situation in which the visual 
system is taxed, the system can 
break down and the hidden visual 
impairment manifests itself.

“This breaking down of the vi-
sual system in the setting of high 
visual demands and complexity 
is the tell-tale sign of CVI and 
highlights the difference between 
visual function and functional 
vision. We need to gain a better 

understanding of how these chil-
dren use their vision in the real 
world,” Dr Merabet said. 

The children who are 14 years 
and older undergo MRIs of the 
brain to see how their brains are 
“wired” (i.e., white matter connec-
tivity) and how they activate as a 
function of performing virtual reali-
ty tasks. “We found that their brains 
are very different from children 
with typical neurological develop-
ment and from those who are blind 
from other causes, emphasising the 
need for education,” he said.

Another factor under inves-
tigation is why some children 
benefit from intervention and 

others do not, and the timeline 
of improvement. Part of the 
challenge here is determining 
how the cause of the CVI—
brain injury, trauma, infec-
tion, seizure or a genetic or 
metabolic disorder—relates to 
underlying visual impairment. 
“This makes for a complicat-
ed patient profile, and every 
child is unique in terms of 
their challenges,” Dr Merabet 
pointed out.

Intervention and beyond
No specific treatment currently 
exists for CVI. Early diagnosis of 
brain-based visual impairment 
and implementation of strategies 
to promote maximal brain devel-
opment are the current focus, but 
there is no strong evidence yet to 
support what does and does not 
benefit these patients. 

“This is a great challenge be-
cause much more than vision can 
be involved. It is important to use 
a multi-level approach that does 
not just consider vision, but also 

When put into a situation 
in which the visual system 

is taxed, the system 
can break down and the 

hidden visual impairment 
manifests itself.
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language and increasing cognitive 
function and self-awareness in 
general. The goal is to promote 
as much brain development as 
possible,” Dr Merabet advised.

In his laboratory, the research-
ers are attempting to develop 
novel assessment tools and 
compensatory strategies to better 
understand the diffi  culties that the 
children face and to work around 
their challenges.

Meanwhile, Perkins has 
created the CVI Center with the 
aim of providing resources for 
researchers, educators, medical 
professionals and parents on the 
importance of recognising paedi-
atric brain impairment as quickly 
as possible and ensuring that 
such children have access to the 
eff ective interventions they need, 
while driving research in the fi eld. 
Resources are being focused on 
how to assess and educate chil-
dren with CVI and how to identify 
the ways in which this disorder is 
fundamentally diff erent from eye-
based visual impairment. 

Perkins Protocol
Fifty-two percent of the Perkins 
population has CVI, but there is a 

huge gap around CVI knowledge 
and diagnosis, and the condition 
is a problem approaching epi-
demic proportions that is largely 
unknown even by experts in visual 
impairment. This recognition has 
given rise to a comprehensive, dig-
ital CVI assessment system called 
the Perkins CVI Protocol. 

This tool is designed to provide 
more of a “whole child” diagnostic 
assessment of CVI than previ-
ously available and to identify 
children who may not have been 
previously diagnosed. As part of 
the system, an anonymous data 
medical fi le review compiles all 
the basic information about each 
patient. This review facilitates the 
gathering of demographic infor-
mation in the database that can 
be shared with researchers. 

From this database, a lengthy 
list of questions was compiled to 
be used with parents. The ques-
tions cover 16 visual behaviours; 
the result is a functional visional 
assessment (customised student 
sketch) of the individual’s visual 
behaviours, what the experi-
enced behaviours may mean, and 
recommendations for that patient. 

The tool includes links to 

videos/articles about the visual 
behaviors as well as scientifi c 
reports, tutorials and lists of 
online learning courses. A letter 
can also be generated, to be sent 
to patients’ eyecare providers to 
include them in the assessment of 
possible CVI.

An education roadmap that will 
also form part of the CVI Protocol 
is currently under development 
and is expected to be rolled out 
in early 2023. It will create a 
series of recommendations in the 
form of in-depth reports that help 
school teams develop educational 
programmes for their students 
with CVI. 

“The goal is to identify and 
diagnose these children earlier 
and follow them closely to obtain 
the best benefi t,” Dr Merabet 
said. “Identifying them when 
they are in their teens may mean 
that valuable time has been lost, 
although it is never too late.” 

Lotfi Merabet, OD, 
PhD, MPH
E: lot� _merabet@
meei.harvard.edu

Dr Merabet has no � nancial interest in 
this subject matter. 
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