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

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

Prescribing information can be found overleaf.
OZURDEX® is indicated for the treatment of adult patients with visual impairment due to diabetic macular oedema 
(DME) who are pseudophakic or who are considered insuffi ciently responsive to, or unsuitable for non-corticosteroid 
therapy; macular oedema following either Branch Retinal Vein Occlusion (BRVO) or Central Retinal Vein Occlusion 
(CRVO); infl ammation of the posterior segment of the eye presenting as non-infectious uveitis.

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

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

DME, diabetic macular edema; IOP, intraocular pressure; VEGF, vascular endothelial growth factor.
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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 (DME) 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 DME there is no experience of repeat administration beyond 
7 implants. Patients should be monitored following the injection to permit early 
treatment if an infection or increased intraocular pressure occurs. Single-use 
intravitreal implant in applicator for intravitreal use only. The intravitreal injection 
procedure should be carried out under controlled aseptic conditions as described 
in the Summary of Product 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 DME 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. UK/0288/2019

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

Adverse events should also be reported to Allergan Ltd. 
UK_Medinfo@allergan.com or 01628 494026
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I
f anything, the role of science and 
technology has taken on greater 
significance amid the global pandemic 
and even offers a glimpse at how the 

future of ophthalmology make look. Take, 
for instance, the issue feature in this month’s 
Ophthalmology Times Europe®, where we 
learn about recent advancements in corneal 
therapies and surgery. Dr Anoud Al Saati 
talks about posterior corneal elevation and 
whether there is a role for premium IOLs. If 
implanted with caution, trifocal IOLs can be 
suitable for patients with keratoconus, she 
explains.

In our cover story, editor Caroline 
Richards interviews Dr Konstantinos 
Balaskas about the applications of artificial 
intelligence (AI) in ophthalmology. The 
opportunities for patients and healthcare 
professionals alike are great, but hurdles 

remain before AI can be fully integrated in 
real life. Also in this issue, we hear from Dr 
Lydia Sauer on how colourful FLIO imaging 
revelations can shed light on Stargardt 
disease. 

Though endophthalmitis following 
cataract surgery can lead to serious vision 
outcomes, Dr Marco Coassin tells our editor 
in another interview how there are ways 
of minimising the risks whilst also being 
mindful of antimicrobial resistance.

Patient-reported outcomes are critical 
to gaining an understanding of patient 
experience after laser vision correction 
(LVC). Dr Julie Schallhorn speaks to the 
need for an appropriate way to measure 
patient perceptions given the frequent loss to 
follow-up of those who have undergone LVC. 

Dr Lisa Park discusses how phaco power 
modulation boosts safety and efficacy in 
cataract surgery. Developments in timing 
and power delivery give surgeons greater 
precision and control.

Focusing on glaucoma, Dr Paul Palmberg 
provides pearls for eliminating the potential 
land mines in surgery and further details his 
preferred technique to avoid complications. 
Dr Gordana Sunaric Mégevand and Dr Alain 
Bron offer current perspectives in glaucoma 
surgery. MIGS has brought hope for some 
patients, but surgical decisions should be 

evidence-based, they suggest.
Next, Dr Manuele Michelessi and Dr Sara 

Giammaria point to using pivotal study data 
to guide glaucoma patient management 
decisions. Randomised controlled trials can 
pinpoint progression factors that enable 
treatment to be individualised.

Turning to paediatrics, Dr Amy K. 
Hutchinson highlights how myopia 
progression can be slowed with multifocal 
and orthokeratology lenses. These lenses 
eliminate peripheral hyperopic defocus and 
induce peripheral myopic defocus.

In gene therapy research, several clinical 
trials for retinal diseases are enrolling or 
have recently been completed. Dr Isabelle 
Audo highlights therapies that involve 
sub-retinal gene delivery, optogenetics, 
antisense oligonucleotide and clustered 
regularly interspaced short palindromic 
repeat (CRISPR) Cas9.

We also learn how telemedicine is 
ushering a new chapter in eyecare. Research 
teams in various countries are pioneering 
different methods of data processing and 
deep-learning AI to create new models of 
care.

Finally, Dr Fasika A. Woreta presents 
pearls for managing the iris during open 
globe repair and reconstructing it following 
trauma. As always, thanks for reading.

Science and technology poised 
for life beyond pandemic
Mike Hennessy Sr, Chairman/founder of Ophthalmology Times Europe®’s 
parent company, MJH Life Sciences

MIGS has brought 
hope for some 
patients, but surgical 
decisions should be 
evidenced-based.

“

chairman’s letterchairman’s letter
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Posterior corneal elevation:  
Is there a role for premium IOLs?
Trifocal IOLs can, if implanted with caution, be suitable for keratoconus patients 

By Dr Anoud  
Al Saati P

remium IOLs have a very high-tech 
and sophisticated optical system that 
works excellently when the cornea is in 
perfect condition. Therefore, they are 

contraindicated in patients who have corneal haze, 
scar or oedema. 

A patient who has a posterior corneal elevation 
is susceptible to high-order aberrations (HOAs) or 
early keratoconus. Consequently, many surgeons 
will refrain from using premium IOLs in such cases. 
As one of the first surgeons in Saudi Arabia to use a 
trifocal lens, I meticulously select my patients.

Addressing the challenge
In Saudi Arabia, keratoconus is prevalent due 
to the dry atmosphere, seasonal allergies and 
consanguinity. However, not all patients have 
the same severity of disease. Some patients live 
their entire lives without knowing that they have 
keratoconus or without signs of the condition. Others 

present early with signs and symptoms.
Many patients who present to me with the desire 

to be spectacle-free have questionable corneal 
tomography images. The first keratoconus patient I 
treated with a trifocal lens (AT LISA tri toric 939 M/
MP, Zeiss) was one of my colleagues, a 52-year-old 
physician with a mild but stable form of keratoconus. 

Her central cornea seemed to be normal and the 
steepening was at the inferior part of the cornea, 
sparing the central 5-mm zone. The HOA at the 6-mm 
zone was 1.2 μm, outside the normally accepted range 
of up to 0.5 μm. 

The patient was keen to try trifocal lenses, so 

  With care, premium IOLs can be 
implanted in keratoconus patients.

IN SHORT 

Dr Al Saati
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after long discussion and counselling the 
procedure was undertaken. Postoperatively, 
she was incredibly happy, with uncorrected 
visual acuity of 6/6 at near, distance and 
intermediate. She had no visually disturbing 
aberrations.

I then performed the same procedure 
on her sister, who suffers from subclinical 
keratoconus, and who also responded 
very well. That is when I began to 
consider premium IOLs for certain cases of 
keratoconus patients. I developed my own 
criteria for selection and, so far, patients 
have been very satisfied. 

I have performed this procedure on 
four patients (eight eyes) with different 
categories of keratoconus but who all share 
one thing in common – the central 5-mm 
zone with an accepted range of HOA. It is 
not extremely high, but it is apparent that 
they do not have a normal posterior cornea.

Diagnosing keratoconus
During diagnosis, all patients undergo a 
routine, complete ophthalmic examination, 
which includes dry and wet refraction. 
Patients also undergo a meticulous clinical 
assessment and detailed history-taking, 
including family history, previous trauma, 
allergies, any spectacles changes and the 
frequency of these changes, and contact lens 
use. Next, we perform corneal tomography, 
which is key for diagnosing keratoconus 
and precisely shows both the anterior 
corneal curvature and the posterior corneal 
curvature. 

Using four-maps analysis, I perform the 
Belin Ambrosio Enhanced Ectasia analysis 
and I study them carefully. Then I check the 
elevation maps, both in the forms of best-fit 
sphere and the best-fit toric ellipsoid. 

I compare the maps and see if the patient 
has good spectacle correction. If the patient 
does not have high central aberration, I then 
consider implanting a trifocal lens.

I speak with the patients about HOA 
photic phenomena and explain that they 
should anticipate some glare and halos over 
time. I even show them a picture of what 
glare and halo will look like so that they 
know what to expect in the coming weeks. I 
also discuss mental adaptation and tell them 
how their vision might be adapted to some 
aberration. 

The good thing about keratoconus 
patients is that they are already used to 
a minimum amount of light, glare and 
halos. If their central vision is okay, it is not 
exaggerated by premium lenses. In all my 
cases, glare and halos have turned out to be 
benign; however, I still like to set realistic 
expectations. 

I perform a routine phacoemulsification 
and painstakingly centre the IOL. The plate 
haptic design IOL centres itself easily and 
this is a strong point in favour of this design. 

I like to place one suture to be sure that 
the lens does not move, especially if ectatic 
corneas have delayed healing or might have 
microleaks and fluctuation in eye pressure, 
which can change the lens position. If the 
patient is receiving a toric lens, I ensure that 
the anterior chamber maintains its stability. 

The postoperative regimen is similar to 
that of a routine phaco procedure. I examine 
the patient and remove the suture within the 
first week and no later than 2 weeks from 
surgery. Then I reassess the patient’s vision 
at 2 weeks, 6 weeks and 3 months. 

One step of utmost importance is assuring 
the patient that the lens is removable if he 
or she is not happy. I offer patients a lens 
removal within the first 6 weeks if the 
aberration is higher than anticipated, and 
this provides them with some reassurance.

Case studies
A 56-year-old breast cancer survivor with 
subclinical keratoconus wanted to treat 
herself after surviving her cancer by getting 
her eyesight back. She had heard about 
premium lenses and presented to me with a 
specific interest in trying them. 

Considering her condition, I conducted an 
examination and determined that she was 
fine to move forward with the procedure. 
She told me afterwards that she felt reborn 
after both recovering from breast cancer 
and being spectacle-free for the first time in 
her life.

A 48-year-old man in a sensitive 
diplomatic position presented to me and 
shared that his use of spectacles was 
causing some embarrassment because 
there were times when he was unable to 
wear them but still required to read things 
and he felt that this was disabling him. He 
was considering leaving his job due to his 

inability to focus. 
He had posterior corneal elevation. The 

procedure was successful, and he has 
returned to work without anyone knowing 
that he had undergone the procedure.

Conclusion
Sometimes, surgeons can be afraid of 
technology because we do not know what 
is hidden behind it, and we refrain from 
exploring new advancements because 
we do not want our patients to have an 
unsatisfactory experience. 

Given my recent experience with 
implanting premium lenses in challenging 
cases, I have changed my perspective and 
now view these opportunities as another 
way to give my patients a chance. With the 
confidence that I can exchange the lens 
with minimum complications as a backup 
plan and considering that there is no cost to 
the patient because I work in a government 
hospital, I have to ask myself why not. 

In the end, the keratoconus patients 
who have received premium lenses are the 
happiest patients I have. This is probably 
because they are used to some amount of 
HOA so they adapt to their new IOLs faster 
and have higher tolerance than people with 
normal eyes.

Keratoconus patients 
are already used to a 
minimum amount of light, 
glare and halos.

recent advancements in corneal therapies and surgery
I S S U E  F E A T U R E
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By Caroline Richards, editor of 
Ophthalmology Times Europe®

I INTERVIEWED RETINA EXPERT 
Dr Konstantinos Balaskas about 
the applications of artificial 
intelligence (AI) in ophthalmology. 
The opportunities for patients and 
healthcare professionals alike are 
great, but hurdles remain before AI 
can be fully integrated in real life: 
economic, ethical and data-privacy 
issues to name but a few.

Q. HOW CAN AI BE APPLIED TO 
RETINAL DISEASES?

Well, I think AI is quite a broad term. 
The type of AI that has generated a lot 
of excitement in recent years is called 
‘deep learning’. This is a process by 
which software programs learn to 
perform certain tasks by processing 
large quantities of data. 

Deep learning is what has made 
ophthalmology a pioneer in the field 
of implementing AI in medicine, 
because we are increasingly reliant on 
imaging tests to monitor our patients. 
Particularly in my subspecialty of 
interest, medical retina, imaging tests 
such as optical coherence tomography 
(OCT) are performed very frequently 
and have provided the material to 
train and test and then apply AI 
decision support systems. 

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

An example is the AI decision 
support system that was developed in a 
collaboration between Moorfields Eye 
Hospital, where I am based, and Google 
DeepMind. It is able to read OCT scans, 

interpret them, provide a diagnosis and 
make management recommendations. 
The other area where AI shows promise 
is in the development of personalised 
treatment plans for patients by being 
able to predict their response to 
treatment and their visual outcomes 
over a period of time.

Q. WHAT DO YOU SEE AS THE 
GREATEST OPPORTUNITIES FOR 
REAL-LIFE IMPLEMENTATION 
THAT CAN IMPROVE CLINICAL 
OUTCOMES? 

Referring again to those common 
conditions that threaten vision, such as 
AMD and DR, AI decision support tools, 
once validated and once they have 
gained regulatory approval as medical 
devices, can help improve access to 
care. They can, for example, assist 
health practitioners in the community 
in diagnosing diseases early. 

In the United Kingdom, where OCT 
scans are widely available at high street 
optician practices, an AI tool would 
be particularly useful to assist them to 
interpret scans correctly and identify 
disease at an early stage. Similarly, 
in DR, where patients require regular 
screening and monitoring of their 
disease, AI tools can significantly 
increase the efficiency of the screening 
programmes. 

Some such applications already 
exist, particularly in DR – they can 
be of particular use for DR screening 
programmes, such as in under-
resourced healthcare settings. Other 
indications for the application of AI 
monitoring, such as AMD, are in 
advanced stages of development, but 
have not yet been implemented in  
real life.

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

QA &
KONSTANTINOS 
BALASKAS, MB, 
BS, MD, FEBO, 
MRCOPHTH

IN SHORT 
  Ophthalmology, with its heavy 

reliance on imaging, is an 
innovator in the field of artificial 
intelligence in medicine.

Dr Balaskas is a retinal expert at Moorfields Eye Hospital, 
London, UK, and director of the Moorfields Ophthalmic 
Reading Centre and AI Analytics Hub. He has a keen 
academic interest in new ways of delivering care in 
ophthalmology, including tele-medicine, ‘virtual’ clinics, 
remote monitoring and AI decision support. He has no 
financial disclosures. 

e: k.balaskas@nhs.net
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Q. ARE THERE ANY CHALLENGES 
WITH INTEGRATING AI INTO RETINA 
DIAGNOSTICS AND TREATMENTS?

Definitely – there are quite a few. I have a 
personal academic interest in a field called 
implementation science, which looks at the 
gap between developing a medical device 
such as an AI decision support tool and 
actually deploying it in real-life clinical 
practice.1 

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

The next consideration is human factors, 
particularly how these models of care that 
rely on AI are perceived and accepted by 
patients and practitioners; what is the level 
of trust in these technologies? And what 
level of education of patients and the general 
public is required to build confidence in 
their use? Then there are considerations 
around training and the technical 
infrastructure to support these tools. 

Ethical and data-privacy issues, as well 
as medico-legal considerations, are also 

important: who is responsible for decisions 
made by an AI algorithm rather than a 
human? How do these tools affect the way 
healthcare professionals diagnose and 
manage disease? 

There is a phenomenon called automation 
bias, where practitioners are sometimes 
more likely to defer to the recommendation 
of the AI tool, even perhaps against 
their better judgement. And there is the 
issue of interpretability—the ‘black box’ 
phenomenon—in many instances these AI 
tools are opaque in their functioning. 

We do not fully understand how a 
specific recommendation is reached, 
whether that is a diagnosis or a 
management recommendation, and that 
lack of transparency can exacerbate the 
medical, legal and ethical issues that were 
mentioned earlier. In summary, there are 
several hurdles to overcome before AI tools 
can be deployed in real life in a way that is 
safe and will improve clinical outcomes.

Q. HOW DO YOU ENVISAGE LIFE WILL 
CHANGE FOR OPHTHALMOLOGISTS 
IN THE FUTURE?

This is an interesting question. I share a 
positive optimistic vision of AI in medical 
practice. Our field is becoming increasingly 
complex and we need to process data from 
various sources when we are assessing 

our patients: data from the many imaging 
modalities, genetic data and the various 
types of omics, such as proteomics and the 
emerging field of oculomics, where features 
on the eye examination can be indicative of 
problems with systemic health. Even data 
from home vision monitoring devices will 
become increasingly available. 

Processing and making sense of all this 
data in order to develop a personalised 
treatment plan for each individual patient 
can be a daunting task. AI could become 
a very useful aid and, as described in the 
Topol review on AI commissioned by Health 
Education England, provide the gift of 
time to patients and practitioners, giving 
them the chance to discuss and decide 
together what the optimal treatment plan 
is, informed by the processing of high-
dimensional complex data sources.

REFERENCE
1. Campbell JP, Mathenge C, Cherwek H, et al. AI 

to reduce ocular health disparities: moving from 
concept to implementation. Trans Vis Sci Tech. 
2021;10:19.

AI could 
provide the 

gift of time to 
patients and 
practitioners.
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Colourful FLIO imaging technology 
sheds light on Stargardt disease 
Autofluorescence method provides faster and more accurate diagnoses

By Lynda Charters;

Reviewed by  
Dr Shawn Kavoussi F

luorescence lifetime imaging 
ophthalmoscopy (FLIO) is a rapid, non-
invasive autofluorescence imaging modality. 
Using FLIO lifetimes—that is, the rates of 

autofluorescence decay—different autofluorescence 
patterns can be discerned in affected eyes with 
various retinal diseases. This innovation casts a 
new light on fundus imaging by providing different 
colourful perspectives of retinal diseases that were 
not available previously, and all in about 2 minutes. 

“This novel technology detects the in vivo 
autofluorescence lifetimes at the back of the eye,” 
said Dr Lydia Sauer, from the Department of 
Ophthalmology and Visual Sciences at the Moran 
Eye Center, University of Utah School of Medicine, 
Salt Lake City, Utah, United States. Healthy eyes, she 
explained, exhibit the same characteristic pattern 
of short FLIO lifetimes in the foveal centre and long 
lifetimes at the optic nerve. In contrast, eyes with 
retinal diseases are characterised by numerous 
different autofluorescence patterns depending on the 
disease. 

Dr Sauer and colleagues studied the phenotypes, 
genotypes and longitudinal changes in Stargardt 
disease in 45 genetically characterised patients (mean 
age 39 years), of whom 35 had the ABCA4-associated 
STGD1, three had ELOVL4-associated STGD3, and 
seven had PRPH2/RDS-associated macular dystrophy. 
Ten patients were followed longitudinally for a mean 
of 19 months.

Phenotypes
Three phenotypes have been identified in patients 
with Stargardt disease, ABCA4-associated STGD1. 
Type 1 is characterised by only a central lesion, type 
2 by flecks across the macula and type 3 comprises 
large atrophic areas. 

Imaging technology has taken a step forward 
with the advent of FLIO, which shows these lesions. 
However, as Dr Sauer noted, it also demonstrates 
both significantly different lifetimes among the three 
phenotypes and that the lifetimes in the foveal centre 
are correlated significantly with the best-corrected 

visual acuity. 
Dr Sauer and her colleagues reported a particularly 

important finding:1 that is, FLIO demonstrated that 
the geographic atrophy secondary to age-related 
macular degeneration (AMD) has a markedly 
different appearance from the retinal atrophy 
associated with Stargardt disease. In contrast, the 
two diseases can appear very similar when using 
autofluorescence intensity imaging. 

The investigators also reported previously that 
eyes with AMD were characterised by a ring with 
prolonged lifetimes that are seen as a shift to blue 
at the fundus; in contrast, this pattern is not seen in 
eyes with Stargardt disease. This pattern difference 
facilitates easy differentiation of the two diseases.

Dr Sauer is also studying the different genotypes 
in patients with ABCA4-related Stargardt disease. 
“We believe that FLIO imaging can show differences 
among the many different genetic subtypes,” she said.

Longitudinal analysis
Another area of research interest is evaluation of the 
details in eyes with ELOVL4-associated STGD3 and 
PRPH2/RDS-associated macular dystrophy, which 
are Stargardt-like dystrophies. “It is very interesting 
that all eyes with PRPH2/RDS-associated macular 

Eyes with retinal diseases are 
characterised by numerous 
different autofluorescence 
patterns.

IN SHORT 
  According to researchers, fluorescence 

lifetime imaging ophthalmoscopy reveals 
disease-related patterns not visible with 
other imaging modalities.

Dr Sauer



dystrophy showed flecks of short 
FLIO lifetimes,” Dr Sauer noted.

This is noteworthy because the 
baseline FLIO image showed some 
flecks of short FLIO lifetimes that 
were not visible on the baseline 
autofluorescence intensity image 
but only appeared 1 year later on a 
follow-up image. “At that time, the 
FLIO lifetimes are prolonged from 
short to long, and the patient we 
examined reported a new central 
scotoma where an area of markedly 
prolonged FLIO lifetimes was seen on 
the follow-up image,” she said.

Dr Sauer explained that the 
relevance of this research is that 
the short FLIO flecks appear before 
changes seen on other imaging 
modalities including optical 
coherence tomography (OCT). The 
researchers believe that when the 

short FLIO lifetimes are seen,  
the changes may be reversible 
because they precede structural 
retinal changes. However, by the time 
the changes appear on other imaging 
modalities, reversing them may be 
impossible. 

These flecks also appear in some 
patients with Stargardt disease, and 
Dr Sauer noted that they behave the 
same as in PRPH2/RDS-associated 
macular dystrophy. FLIO lifetimes 
show a characteristic pattern in 
Stargardt disease, and different 
phenotypes can be identified. 

Different genotypes have 
characteristic FLIO findings. “The 
most important finding is that 
short flecks initially identified by 
FLIO imaging prolong over time, 
and these changes seen on FLIO 
imaging are visible before appearing 

on OCT images and other imaging 
modalities,” Dr Sauer concluded. 

REFERENCE
1. Sauer L, Gensure RH, Andersen KM, et 

al. Patterns of fundus autofluorescence 
lifetimes in eyes of individuals with 
nonexudative age-related macular 
degeneration. Invest Ophthalmol Vis Sci. 
2018;59:AMD65-AMD77.
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By Caroline Richards, editor of 
Ophthalmology Times Europe®

CATARACT SURGERY IS 
PERFORMED more often than 
any other surgery in Europe, 
with the use of prophylactic 
antibiotics procedures being 
commonplace. Whilst such 
drugs are vital for preventing 
and treating infection, the 
antimicrobial resistance crisis 
threatens to undermine the 
progress that has been made in 

preventing deaths from infection 
and has become an urgent 
healthcare priority.

I asked ophthalmologist Dr 
Marco Coassin to tell me more 
about endophthalmitis, a type 
of inflammation of the internal 
eye tissues that can occur due 
to infection, and the delicate 
balance between minimising the 
risk of postoperative infection 
and taking responsibility for 
helping to manage and reduce 
antibiotic resistance.

QA &

IN SHORT 
  Whilst endophthalmitis following cataract surgery can lead to 

serious vision outcomes, there are ways of minimising the risk 
of it occurring whilst also being mindful of the need to prescribe 
antibiotics in a way that does not worsen antimicrobial resistance.

MARCO COASSIN, MD, PHD
Dr Coassin is an associate professor of 
ophthalmology at the University Campus 
Bio-Medico in Rome, Italy. He receives 
lecture fees from Bausch & Lomb, 
GlaxoSmithKline and Santen, and clinical 
research grants from Bausch & Lomb, 
NTC, Santen, Sintetica and Thea.
           e: m.coassin@unicampus.it

Considering 
antibiotics use 
in postoperative 
endophthalmitis 

Ophthalmologists have a 
key role to play in helping reduce 

antimicrobial resistance
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Q. SHOULD PATIENTS BE MADE 
AWARE THAT THEY COULD DEVELOP 
ENDOPHTHALMITIS FOLLOWING 
CATARACT SURGERY?

Whilst I do not believe that patients 
should be worried about developing 
endophthalmitis, they do need to be aware 
of this sight-threating disease, even if the 
chances of developing it after cataract 
surgery are statistically low. According 
to various reports, the incidence of 
postoperative endophthalmitis is in the 
range of 0.03–0.7%: as a surgeon, I might 
see one endophthalmitis case per every 
1,000 cataracts I operate on. 

The problem is that patients are often 
unaware that, even if rare, endophthalmitis 
might occur in perfectly operated eyes – 
and be devastating for their vision. This 
may be due to the unwillingness of doctors 
to worry their patients before an otherwise 
straightforward surgery. 

A surgeon’s overconfidence may play a 
role too: a “this is not going to happen to 
me” kind of attitude is not uncommon for 
those who perform hundreds of operations 
each year. This pairs with the very high 
expectations that patients now have 
towards modern cataract surgery. They 
expect a rapid, simple procedure, resulting 
in crystal clear postoperative vision.

Q. WHAT ARE THE CAUSES, 
CHARACTERISTICS AND  
OUTCOMES OF THE CONDITION?

The main causative agents in post-
cataract endophthalmitis are common 
bacteria that may normally be found in the 
ocular surface and periocular tissues. They 
may enter the eye through the surgical 
incision used to remove the cataract and 
cause massive, uncontrollable intraocular 
inflammation. 

Gram-positive bacteria such as 
Staphylococci account for up to 94% of 
the cases. Symptoms may start within 3 
days after the surgery and include rapid 
worsening of visual acuity, ocular pain 
and discharge. Signs include conjunctival 
hyperaemia, corneal oedema, anterior and 
posterior intraocular inflammation with 
hypopyon, vitritis and retinal alterations. 

Diagnosis may be cumbersome and 
requires invasive procedures for collecting 
specimens for microbiologic cultures. And 
treatment may be painful and require 
intraocular injections or vitreoretinal 
surgery.

The outcomes can be quite dramatic. 
Only half of the infected eyes retain a 
visual acuity of better than 20/40 and up 
to one third will end up with extremely 
poor vision (worse than 20/200). We know 
that certain pathogens, such as Streptococci 
and Gram-negative bacteria, are related to 
worse visual outcomes. Older individuals, 
patients with diabetes or those with other 

severe systemic comorbidities usually have 
the poorest prognosis.

Q. WHAT CAN BE DONE TO AVOID THE 
CHANCES OF INFECTION?

There are four approaches I take to 
reduce the chance of endophthalmitis 
occurring in my cataract patients. 
Firstly, I rely on pharmacological 
prophylaxis: the ESCRS endophthalmitis 
study1 demonstrated that intracameral 
cefuroxime at the end of surgery 
dramatically reduces the risk of 
intraocular infection. The addition of 
postoperative antibiotics in the form of 
eye drops can help lower the incidence of 
endophthalmitis even further. 

Secondly, since corneal wound leakage 
is a leading factor for postoperative 
infection, I am very meticulous in correctly 
shaping corneal incisions and in carefully 

sealing them at the end of cataract surgery. 
Thirdly, I identify patients who might be 
at higher risk for infection, such as those 
with immunosuppression, diabetes or 
intraoperative complications. And finally, 
I carefully monitor patients’ postoperative 
behaviour.

Q. WHAT CAN YOU AS AN 
OPHTHALMOLOGIST DO TO 
HELP PREVENT ANTIMICROBIAL 
RESISTANCE FROM DEVELOPING?

We need to be aware that our small 
actions—routinely prescribing antibiotic 
eye drops after cataract surgery—may have 
a huge impact in terms of global health. 
More than 4 million cataract surgeries 
are performed each year in Europe. Since 
virtually all cataract surgeons use intra- or 
postoperative antibiotics, it is calculated 
that this amounts to more than 60 million 
days per year of antibiotic exposure. If the 
way we use antibiotics does not improve, it 
has been estimated that 10 million people 
will die as a consequence of antimicrobial 
resistance by 2050.

We should use the antibiotic that has the 
largest spectrum of action and prescribe 
the shortest duration of therapy. Efficiently 
and rapidly eliminating the pathogen 
reduces the risk of developing resistance. 
I personally use levofloxacin four 
times a day for 1 week, usually in fixed 
combination with dexamethasone. 

After 1 week, I then prescribe 
dexamethasone alone or a different 
anti-inflammatory eye drop. You do not 
need more than 1 week of antibiotic after 
surgery and tapering the antibiotic does 
not make any sense: it just increases the 
risk of resistance.

REFERENCE
1. ESCRS Endophthalmitis Study Group. J Cataract 

Refract Surg. 2007;33:978–988

Since virtually all cataract surgeons use intra- or 
postoperative antibiotics, this amounts to more than  
60 million days per year of antibiotic exposure.
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P
atient-reported outcomes (PROs) are critical 
to gaining an understanding of patient 
experience after laser vision correction 
(LVC), with the way the patient perceives 

the surgical outcome being just as important as 
the postoperative measurement of visual acuity 
(VA). Dr Julie Schallhorn, an associate professor of 
ophthalmology at the University of California, San 
Francisco, United States, pointed out the need for an 
appropriate way to measure patient perceptions given 
the frequent loss to follow-up of the patients who 
underwent LVC.

To address this need, Dr Schallhorn and her 
colleagues conducted a retrospective analysis of 
patients who underwent a primary bilateral LASIK or 
PRK procedure with targeted emmetropia between 
July 2014 and June 2016. The investigators analysed 
the demographic, refractive and PRO data obtained 
preoperatively and at months 1 and 3 postoperatively. 
She explained that the goal was to identify factors 
associated with loss to follow-up, patient satisfaction 
and completion of the PRO measure.

Data from about 37,000 patients who underwent 
a primary LVC were included. Of those, about 68% 
completed the PRO measure; the percentage at the 
1-month visit was 54% and there was a 15% loss to 
follow-up, and the numbers at 3 months were 28% 
and 51%. 

Data analysis showed that patients who returned 
for follow-up and completed the PRO measure were 
more likely to be women. In addition, patients 
who underwent a PRK and had higher amounts of 
preoperative ametropia were more likely to return for 
follow-up and complete the PRO measure. 

When this information was combined in a 
multivariant logistic regression model, at month 
1, older age (P < 0.001), female sex (P < 0.001), 
PRK (P < 0.001) and higher amounts of myopic/
hyperopic corrections (P = 0.003) were all associated 
significantly with completion of the PRO measure. 
“All of that is only important if it affects the patient 
satisfaction. If those variables have no effect on this, 
we would not expect them to alter our observations, 
regardless of loss to follow-up,” Dr Schallhorn said. 

The investigators then conducted an analysis 
of the patient-reported satisfaction in relation to 

the variables predictive of loss to follow-up and 
completion of the PRO measure. “At 1 month, 
myopia/hyperopia, gender, age, procedure and 
the postoperative binocular uncorrected VA/line 
below 20/16 all affected the patient satisfaction,” 
Dr Schallhorn said. By 3 months, all remained 
significant except for the procedure. 

A closer look
Regarding age, at both months 1 and 3, the older 
patients were more likely both to complete the 
PRO measure and to be dissatisfied with their VA. 
The preoperative manifest spherical equivalent 
at 1 month showed no association between the 
spherical equivalent and completion of the PRO 
measure; however, at 3 months, patients with higher 
preoperative myopia and hyperopia were more likely 
to complete the PRO measure. 

“Most importantly, the postoperative VA was 
predictive of both PRO completion and patient 
satisfaction,” Dr Schallhorn said. “Patients with worse 
VA were more likely to complete the PRO measure 
and much less likely to be satisfied with their VA.”

Based on this analysis, she concluded that age, sex, 
preoperative refractive error and postoperative VA all 
predict patient-reported satisfaction after LASIK and 
PRK, and all except the last predicted follow-up at 1 
and 3 months. “Among the patients who completed 
the follow-up evaluations, the postoperative vision 
was strongly predictive of patient satisfaction and 
completion of the PRO measure,” she said. 

Dr Schallhorn noted that ophthalmologists cannot 
view PRO measures as a simple outcome of surgery 
and must take a more nuanced view. “Patients who 
undergo surgery have a visual outcome, and factors 
from both the visual outcome and intrinsic factors 
present preoperatively result in either the patients 
being lost to follow-up or the decision to complete 
their PRO. The PRO data collection is heavily 
dependent on factors that influence the outcome”.

Predicting laser vision correction results
Investigators analyse factors associated with patient satisfaction after surgery

By Lynda Charters;

Reviewed by  
Dr Julie M. Schallhorn

Dr Schallhorn

JULIE M. SCHALLHORN, MD
e: julie.schallhorn@ucsf.edu
This article is adapted from Dr Schallhorn’s presentation at the American Academy of 
Ophthalmology’s 2020 virtual annual meeting. Dr Schallhorn is a consultant to Carl Zeiss 
Meditec and Vanda Pharmaceuticals and holds equity in Long Bridge Medical. 
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T
he goal in cataract surgery is perfection in 
nuclear disassembly, performed with just the 
right amount of phaco energy—not too much, 
not too little—according to Dr Lisa Park, 

associate professor at Columbia University Vagelos 
College of Physicians and Surgeons in New York, 
United States. 

Excessive ultrasound can result in endothelial cell 
loss, corneal oedema and corneal wound burn. Too 
little energy can result in movement of the capsular 
bag or zonular stress, difficult nuclear disassembly, 
over-use of irrigation fluid and long surgical times.

Transversal and torsional phaco
Traditional longitudinal phaco is a powerful 
technology designed to break up very dense nuclei 
using a back-and-forth jackhammer motion, but it 
comes with disadvantages. Dr Park explained that 
the procedure, with its long stroke length and high 
power, can result in repulsion of nuclear fragments 
at the phaco tip and no cutting performed during the 
backward movement of the tip. 

In addition, it is important to limit the power 
settings to avoid excessive heat build-up, which can 
potentially damage ocular tissues. New developments 
in phaco technology involve delivery of power 
using lateral and rotational motions, referred to as 
transversal and torsional phaco. 

In contrast to the jackhammer effect of longitudinal 
phaco, a combination approach combines 
simultaneous back-and-forth motion with transversal 
movement in an elliptical path. “This adds to the 
cutting efficiency because the nuclear material is 
emulsified in more than one direction,” Dr Park said. 

In torsional phaco, the tip oscillates in a rotational 
path along its primary axis, to provide an additional 
cutting movement through the nucleus. Dr Park 
explained that this procedure works best with an 
angled phaco needle. The primary advantage is an 
increase in energy efficiency, with minimal repulsion 
at the tip; the disadvantages are that a curved phaco 
tip can be difficult to move through a dense nucleus 
and there is significant movement of the tip.

Phaco timing
The timing of power delivery can be modified to 
increase phaco efficiency. The basic settings are for 
continuous, pulse and burst power. When power 
is continuous, power delivery is controlled by 
depressing the foot pedal; the power increases with 
the degree of depression of the foot pedal. 

The amount of power delivered can be limited by 
using phaco pulse mode. After each pulse, there is a 
period of time in which no energy is delivered. These 
rest periods allow for cooling of the phaco needle and 
reduce the heat and energy delivered to the eye. 

The on-and-off periods in pulse mode are referred 
to as the duty cycle. Standard pulse has a 50% duty 
cycle, during which the ultrasound is on half of the 
time no matter how many pulses per second are 
delivered. The duty cycle can be altered to change the 
ratio of on to off time. For example, a 20% duty cycle 
results in 20 milliseconds on and 80 milliseconds off 
per cycle.

Higher or lower duty cycles are used for different 
purposes. During sculpting, energy is needed to 
create a groove in the lens, so higher rates work better 
because the shorter time between pulses results in 
smoother delivery of energy. When nuclear quadrants 
are being removed, a lower duty cycle is better 

In contrast to the jackhammer 
effect of longitudinal phaco, a 
combination approach combines 
back-and-forth motion.

Phaco power modulation boosts 
safety, efficacy in cataract surgery
Developments in timing and power delivery give surgeons greater precision

By Lynda Charters

Dr Park

  Surgeons now have an increasing range of 
technologies for modulating phaco power to 
achieve the best results in cataract surgery. 
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because the long interval between 
the pulses facilitates emulsification 
and aspiration of the fragments.

Finally, using burst mode, each 
burst has the same power, but the 
interval between them decreases 
with foot-pedal depression: the 
more the foot pedal is depressed, 
the shorter the off time is between 
bursts. “The identical bursts of 
energy are delivered more and more 
rapidly with foot-pedal depression; 
with maximal depression, the time 
interval between bursts is very 
small, making for continuous energy 
delivery,” Dr Park said. 

Burst mode allows for true phaco-
assisted aspiration of the nucleus; the 
fluidics and vacuum can be used for 
aspiration and give small bursts of 
power as needed. Lower phaco power 
settings should be used in burst mode 
compared with pulse or continuous 
mode because of the absence of linear 
control at the phaco power level.

Regarding the choice of these three 
modes, Dr Park noted that the ability 
to programme timing and duration, 
combined with the directional 
modes (i.e., transverse and torsional 

phaco), allow the surgeon to have 
“highly elegant control and precise 
ultrasound power delivery”.

Femtosecond approach 
Femtosecond laser-assisted cataract 
surgery (FLACS) is another 
technology that has resulted in 
increased efficiency in nuclear 
disassembly: the method works 
through photodisruption, which 
vaporises the targeted tissues. This is 
similar to the mechanism of phaco, 
but it occurs at the near-infrared 
wavelength, which is not absorbed by 
optically clear tissues. 

The laser is focused to 3 microns 
and is especially useful for targeting 
specific depths. The waves dissipate 
approximately 100 microns 
from the targeted tissue, and the 
endothelium is not affected. Dr Park 
explained that femtosecond pre-
treatment significantly reduces the 
effective phaco time compared with 
conventional phaco surgery, thus 
reducing loss of endothelial cells and 
allowing faster visual rehabilitation.

FLACS allows the surgeon 
to decide the pattern of lens 

fragmentation. Using this technology 
to create the quadrants, there is 
no need to use phaco to sculpt the 
lens; the surgeon can go directly 
to removal of the quadrants after 
nuclear disassembly along the lines 
created by the laser. As a result, 
lower total energy is used in the eye, 
making nuclear removal easier.

The disadvantages of FLACS for 
experienced high-volume surgeons 
are the cost, increased surgical time 
and minimal long-term enhanced 
visual outcome. However, FLACS 
may be advantageous for use on 
brunescent cataracts in patients with 
Fuchs’ dystrophy. “There are many 
means of modulating phaco power 
to achieve outstanding results in 
cataract surgery and provide the best 
patient care,” Dr Park concluded.

cataract & refractive
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Eliminating the potential land mines 
in glaucoma surgery
Ophthalmologist details his preferred technique to avoid complications

By Lynda Charters;

Reviewed by  
Dr Kuldev Singh W

hen performing glaucoma surgeries, 
considering slightly different twists to 
the procedure may help avoid potential 
complications. Dr Paul Palmberg, a 

professor of ophthalmology at Bascom Palmer Eye 
Institute at the University of Miami Miller School of 
Medicine in Florida, United States, shared his view of 
the ocular anatomy, which he said helps him to avoid 
pitfalls and increase patient comfort.

Avoidance of bleeding
When considering the conjunctiva, Tenon’s capsule 
and the sclera, careful techniques can be performed 
to avoid limbal leaks and bleeding in the conjunctival 
flap. Dr Palmberg explained that the ocular tissues 
are not islands but are attached to each other (i.e., 
the conjunctiva is attached to the limbus at the 
edge of the cornea and Tenon’s capsule is attached 
approximately 1–2 mm further to the posterior). 
He reminded surgeons of the blood supply in the 
conjunctiva and blood vessels on Tenon’s capsule and 
the scleral surface.

Bleeding inside Tenon’s capsule in the bleb can be 
avoided if incisions are made only at the insertions of 
the conjunctiva and Tenon’s capsule. The best route is 
to get under Tenon’s capsule and not inside it. 

Dr Palmberg noted that the capsule is thicker at 
the 10 o’clock to 2 o’clock and 4 o’clock to 8 o’clock 
positions. When starting a surgery, he advised  
using a lateral incision through the conjunctiva and 
Tenon’s capsule and everting the tissues so that the 
tips of the scissors can be positioned sufficiently far 
from the limbus; this facilitates getting under both the 
conjunctiva and Tenon’s capsule and down to the bare 
sclera to take a bite with a suture.

As the operation progresses, the surgeon can 
continue around, everting the conjunctiva and 
Tenon’s capsule. “The scissors are passing through 
the potential space under Tenon’s capsule all the way 
around,” Dr Palmberg said.

A radial incision then can be made at the side 
and spread back through the intermuscular septum 
to each side of the superior rectus muscle. Sponges 

soaked with mitomycin C (MMC) can be placed 
through the openings in the intermuscular septum 
and along the limbus to apply the MMC widely and 
facilitate extensive spreading of the drug.   

Avoidance of bleb issues
The technique described was developed by Prof. 
Sir Peng Khaw, who saw a marked decrease in bleb 
problems in paediatric cases (from 20% to 0%). He 
used the fornix flap with wide MMC application 
instead of a limbus-based flap with local MMC 
application. 

“The limbus-based procedure resulted in a focal, 
highly elevated, thin and highly vulnerable bleb,” 
Dr Palmberg said. He added that, following his 
use of the fornix-based procedure, his bleb-related 
complications decreased from approximately 8% to 
1% at 5-year follow-up.

Another advantage of the fornix-based procedure 
involves aqueous drainage through Tenon’s capsule 
on each side of the superior rectus muscle; because 
the fluid can drain much more freely through 
lymphatics in the conjunctiva and Tenon’s capsule 
further back, a much more comfortable bleb forms. 

In contrast, when a limbus-based flap is created, 
scars form at the incisions in the conjunctiva and 
Tenon’s capsule – the so-called ‘ring of steel’ that 
blocks posterior drainage. “Wide application of the 
MMC under a fornix flap avoids a ‘ring of steel’: that 
is, scarring, which can delimit the bleb posteriorly,” 
Dr Palmberg said. 

Avoiding a leaky conjunctival closure
Dr Palmberg uses 10-0 nylon to make a bite 
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immediately peripheral  
to the cornea, down through 
the sclera and across and 
upwards; he also closes 
each side with a bite in the 
sclera and up through the 
conjunctiva (square wave 
bites). He pulls tightly down 
on this to impale over the 
needle, comes back out and 
takes another bite that is tied 
down under the conjunctiva 
and run out to the tip, and 
then takes a bite at the 
apex and passes it back 
underneath, tying a knot that 
is buried under the flap. 

He repeats the same 
process on the other side. “In 
this way, the vector forces 
in this area are pulling to 
the sides—but not across 
where the conjunctiva 
should balloon up—without 
compressing Tenon’s 
capsule,” he said. “Fluid 
then can flow [backwards] 
through Tenon’s capsule.”

The manner with which 
the bites are made in the 
sclera is not to be taken 
lightly; these are square wave 
bites and not skimming bites. 
A vertical bite should be 
taken down with 10-0 nylon, 
moved across, and then 
brought back up as vertically 
as possible through the 
conjunctiva and down, with 
the knot tied underneath. 

“The needle should not 
be parallel to the surface as 
it enters the sclera, because 
this is a skimming bite that 
is shallow upon entrance 
and exit,” Dr Palmberg said. 
“This puts tension on the thin 
sclera on the two sides and 
eventually tears and loosens, 
all of which cause leaking 
blebs 3 days postoperatively.”

Avoiding hypotony
Using a valve-like 

trabeculectomy with MMC 
can help avoid hypotony in 
the early and late phases 
postoperatively, when sutures 
dissolve. A valve-like incision 
when possible, and/or the 
scleral flap resistance, can be 
adjusted intraoperatively to 
set the intraocular pressure at 
equilibrium flow. 

In this technique, 
Dr Palmberg makes a 
3-mm-wide tunnel incision 
out to 1 mm in the cornea 
and then uses a Kelly 
Descemet Membrane Punch 
0.75 mm to make a canal 
in the tunnel. He checks 
the pressure at equilibrium 
flow by filling the anterior 
chamber with balanced salt 
solution. At equilibrium, the 
pressure is approximately 
4 to 6 mmHg, which is 
estimated by pushing on 
the cornea with a 30-gauge 
cannula. 

After two 10-0 nylon 
stitches are placed in the 
flap and the flow is at 
equilibrium, the cornea 
is pressed again, and the 
pressure is approximately 
8 to 12 mmHg. This avoids 
hypotony early and late 
when the sutures dissolve 
and avoids the need for an 
iridectomy. Additionally, 
there is less astigmatism 
because the sutures in the 
flap are not tight, there is no 
cost to the procedure and 
there is no net visual field 
loss.
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Current perspectives in glaucoma surgery
MIGS has brought hope, but surgical decisions should be evidence-based

By Dr Gordana 
Sunaric Mégevand 
and Dr Alain Bron W

hen Cairns and Watson first described 
trabeculectomy in 1968, it was the only 
surgical procedure on offer for patients 
with progressive glaucoma or those 

unable to use topical medication.1 In recent years, 
precision—or personalised—medicine has emerged 
as a new and appealing concept to meet the need for 
individualised patient management that integrates 
a patient’s specific data such as clinical, lifestyle, 
genetic and other biomarker information. 

With respect to glaucoma surgery, the concept 
of personalised management is extremely relevant 
because we have to adapt not only to different 
patients—their age and life expectancy, potential 
systemic diseases, psychological state and social 
environment—but also to each individual eye with 
its specific stage of disease, the initial untreated 
intraocular pressure (IOP), optic nerve susceptibility 
and the presence of other potentially relevant risk 
factors.2 Today, we have a wide range of different 
procedures that can be adapted to a patient’s 
individual profile and to the surgeon’s experience.

Recent research has focused on combining deep 
clinical phenotyping with genomics, proteomics and 
metabolomics in order to find new biomarkers that 
could help stratify patients at risk of scarring.3 This 
approach is promising and will certainly bring new 
opportunities to the personalisation and choice of 
surgical therapy.4

Successes and risks with trabeculectomy
Over the years, trabeculectomy has evolved in 
terms of safety and efficacy, particularly with the 
use of antimetabolites, representing today the gold 
standard to which all other surgeries are compared. 
Well-performed trabeculectomy with antifibrotics 
reaches an overall success rate of 87% at 2 years5 
and performs better than tubes as primary surgery.6 
When reaching postoperative IOPs in the low teens, 
levels targeted in particular for advanced disease, 
the technique has been reported to reduce the rate of 
progression on longer follow-up.7,8

However, there are cases with a higher risk of 
failure or complications following trabeculectomy, 
particularly with the use of mitomycin-C or 
5-fluorouracil. Patients with multiple operations, 

secondary glaucoma or complex anterior segment 
dysgenesis as well as aphakia would be better 
candidates for tubes,6 whereas cases with advanced 
glaucoma or highly myopic eyes or young male 
patients with myopia should be offered a less-invasive 
approach in order to reduce complication rates. 

Non-penetrating surgery is a reasonable alternative 
to trabeculectomy for primary and secondary open-
angle glaucoma. It significantly reduces postoperative 
complications while providing good long-term IOP 
control.9,10 

Deep sclerectomy and canaloplasty with 360° 
probing of the Schlemm’s canal can be performed as 
standalone procedures or in combination; however, 
in general these interventions are performed by 
only a handful of surgeons because of their surgical 
complexity or difficulty and the long learning curve 
needed to master the techniques. In addition, these 
procedures are rather time consuming in the learning 
phase, which is usually not compatible with a busy 
outpatient surgical theatre.

Considerations with MIGS
A new group of very heterogeneous surgical 
modalities has emerged recently: minimally 
invasive glaucoma surgery (MIGS) is supposed to be 
minimally or micro-invasive, thus safer and quicker 
than conventional glaucoma surgery. This makes 
these procedures particularly appealing for early and 
moderate disease and for younger patients who seek 
few complications and a quick recovery. In addition, 
MIGS is supposed to lower the burden of medication, 
which appears to be an important factor for most 
patients with mild to moderate glaucoma, for whom 
most MIGS devices are approved.11

Although the hope generated by these innovations 
for both patients and surgeons is indisputable, there 
should be a clear definition of the real value, position 
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and indication of these new techniques 
based on scientific, medical and economic 
arguments, and we are not there yet. There 
are several unmet needs with MIGS and 
other devices that are often wrongly referred 
to MIGS, discussed as follows.

LACK OF CLEAR DEFINITION
Different devices and techniques are 
coined MIGS although each has physical 
and surgical particularities that affect the 
associated learning curve, the invasiveness 
of the procedure and, of course, its safety 
and efficacy. The term ‘micro-invasive or 
minimally invasive’ is based on the notion 
of the extent of conjunctival dissection: only 
techniques and devices with minimal scleral 
and conjunctival manipulation should be 
named MIGS. 

Devices that need substantial 
conjunctival preparation, additional use 
of high concentrations of mitomycin C 
or invasive postoperative manipulation 
performed in operating rooms should 
not be named MIGS. This is in line with  
the fifth edition of the EGS Guidelines: 
MIGS devices are defined as those that 
enter the anterior chamber, targeting the 
trabecular meshwork, Schlemm’s canal or 
subchoroidal space without manipulating 
the conjunctiva and sclera. Thus, the Xen gel 
stent (Allergan)and PreserFlo microshunt 
(Santen) devices are excluded.12

PUBLICATION QUALITY
We need more robust studies to compare 
MIGS techniques and devices with 
conventional surgeries and with one 
other. MIGS devices have been used in 
combination with cataract surgery in some 
studies, thereby confounding the IOP-
lowering effect of the device and the effect 
of phacoemulsification. Others carry  
biases that range from conflict of interest,  
selection and performance bias to detection, 
attrition and reporting biases.13 

Contradictory results reported in some 
publications may affect the credibility of 
the authors and companies: in one article in 
which the authors report 22 cases (11.9%) 
of reformation of the anterior chamber, they 
state that only three cases had hypotonia and 
no cases had a narrow anterior chamber.14 

In addition, only a minority of the 

published studies on MIGS respect the 
World Glaucoma Association guidelines for 
reporting results in relation to compliance, 
methodology, ethics and statistical reporting. 
A recent publication in a journal with a high 
impact factor reported the pleasant sensation 
of the ocular surface stated by the five 
patients included in the trial but omitted to 
mention postoperative IOP as one of the most 
important endpoints.15

A POORLY ESTABLISHED COST-
EFFECTIVENESS BALANCE
The author of a recent publication stated 
that some devices increase the cost of 
cataract surgery without any benefit, and 
that phacoemulsification alone is better than 
most MIGS in early-stage glaucoma, giving a 
drop in IOP that can last for several years.16 
The cost of MIGS devices in most European 
countries is around 1,000 Euros, far higher 
than the usual cost of surgical glaucoma 
management. 

MIGS and other new devices would be 
cost-effective in cases where they would 
allow for complete and prolonged cessation 
of topical drugs. Two recent Cochrane 
reviews stated that the iStent (Glaukos) 
and Hydrus MIGS devices reduce the need 
for drugs to some extent but do not erase 
the need for medication completely.17,18 In 
addition, the number of postoperative visits 

and manipulations as well as reoperations is 
not reduced, in particular for those devices 
relaying on subconjunctival blebs (Xen and 
PreserFlo).14

CONFLICTS OF INTEREST
It is common and highly desirable in our 
profession for key opinion leaders (KOLs) 
and societies to advise companies on 
new developments and to promote their 
utilisation. However, some suspicion can 
arise when, during industry-sponsored 
meetings or publications, a KOL praises 
devices/MIGS from different manufacturers 
with the same enthusiasm: this may 
raise the question of interests other than 
scientific. Transparency at all levels is of the 
utmost importance for the sake of scientific 
rigour and patient safety.

UNCERTAIN INDICATIONS
The pseudo-ease of the technique praised 
by the manufacturer, in particular when 
combined with phacoemulsification, may 
lead to misinterpretation by ophthalmologists 
and bring confusion between treating a 
disease (glaucoma) and treating its risk 
factor, ocular hypertension. Most MIGS and 
subconjunctival devices lower IOP to the 
mid-teens and are therefore indicated for 
early or moderate glaucoma. However, in 
many such cases, instead of the combined 

CONSIDERATIONS TO MAKE WHEN 
SELECTING GLAUCOMA TREATMENT
1 Surgical treatment should be selected 

according to the stage of the disease, the 
patient’s life expectancy, the presence of 
particular conditions or risk factors and 
patient expectations.

2 Trabeculectomy is still the gold standard 
procedure to which all other surgeries are 
compared. Trabeculectomy provides low 
postoperative IOP, which is of particular 
benefit for advanced disease.

3 Although MIGS research has produced 
a lot of data, a more evidence-based 
approach and better transparency  
are needed for the long-term success  
of MIGS.

4 Despite the market withdrawals of several 
devices and their current limitations, 
MIGS still represents a reasonable hope 
for some glaucoma patients with well-
defined indications.
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phaco-MIGS surgery, a simple lens extraction 
would have been sufficient to lower the IOP. 

Indeed, a recent article based on Medicare 
data reported that 41.2% of the operated 
patients had not received IOP-lowering 
treatment before the combined phaco-
MIGS surgery and 29.5% had received only 
monotherapy.19 This seems to disregard the 
usual algorithm that indicates combined 
surgery when the IOP is not well controlled 
with topical treatment, the disease is 
advanced or progressing, or the patient is 
tolerant to topical medication. 

It would be of interest to know whether 
the 70.7% of these reported combined 
procedures had solid indications. It is a fact 
that fees for surgery in different countries 
and continents vary significantly when 
MIGS is added to cataract surgery. On the 
other hand, it will be of interest to establish 
whether MIGS in the long run will be able to 
lower the rate of progression of the disease 
while reducing IOP only marginally.

Although innovation goes along with 
anecdotal reports, it is important to validate 
the technique in a controlled manner before 
accepting the results. One example is the 
association of a Xen device with a traditional 
tube in cases of congenital glaucoma.20 
Further studies are needed.

Conclusion
We are certainly advancing in the process 
of a personalised approach to glaucoma 
surgery; one size cannot fit all. The many 
options available today allow us to better 
stratify surgical treatment according to the 
stage of the disease, the age of the patient 
and the presence of other systemic and/or 
local conditions as well as the expectations 
of each patient. 

Although the hopes of the patients and 
the target of the clinician are the same, the 
expression of the requirements may differ. 
For a patient, the main priorities may include 
keeping their independence and their driving 
license as well as using the least possible 
topical medication, whereas the surgeon’s 
priorities are target IOP, reduced disease 
progression and the safety of the procedure. 

The aims are complementary and it 
should be possible to achieve both in 
a particular patient via a customised 
intervention. However, the choice of surgical 

treatment should be evidence-based, 
in particular with new techniques, and 
this can only be achieved by performing 
robust randomised controlled trials as 
well as analysing patient-related outcomes 
to confirm the validity and indication of 
each of the new techniques compared with 
conventional glaucoma surgery.

Despite the disappointments, market 
withdrawals of several devices and their 
current limitations, MIGS still represents a 
reasonable hope for some glaucoma patients 
with well-defined indications. Indeed, MIGS 
has brought new options to the management 
of glaucoma and has revived interest in the 
disease not only for glaucoma specialists but 
also for general ophthalmologists. 

However, we should not sacrifice good 
practice and evidence for misplaced interest 
or misjudgement. For our patients, we must 
retain evidence and transparency; although 
all innovation is paved with difficulty, the 
effort is worthwhile.

Further steps to improve precision in 
surgical management of glaucoma may come 
with new diagnostic assessment tools of the 
outflow pathways, with better knowledge of 
genetic influence of the healing process as 
well as with the use of big data and artificial 
intelligence. However, although fascinating 
and expanding, these novelties are not yet 
designed for daily clinical practice.
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Using pivotal study data to guide glaucoma 
patient management decisions
Trials can pinpoint progression factors that enable treatment to be individualised

By Dr Manuele 
Michelessi and Dr 
Sara Giammaria I

n order to improve patient care, guidelines for 
clinical and therapeutic management should be 
based on high quality scientific evidence, such 
as the fifth edition of the European Glaucoma 

Society guidelines,1 which contains only references 
from high quality systematic reviews, landmark 
glaucoma trials and population-based studies. 
Randomised controlled trials (RCTs) are one the most 
reliable sources of this type of evidence because, 
if well conducted, they can produce unbiased and 
generalisable data on diagnosis and therapy, giving 
fundamental insights into patient management.

The Early Manifest Glaucoma Trial (EMGT) and the 
United Kingdom Glaucoma Treatment Study (UKGTS) 
are two prospective RCTs comparing treatment versus 
no treatment in glaucoma patients. Taken together, 
the results from these trials help us to answer the 
question of what we should do after diagnosing 
glaucoma in a patient.

The Early Manifest Glaucoma Trial 
The EMGT investigated the effects of medical 
treatment and laser treatment on glaucoma 
progression. Two hundred and fifty-five patients were 
recruited between 1993 and 1997 on a population-
screening basis and followed until 2013. 

Previously untreated glaucoma patients with 
repeatable visual field (VF) defect and corresponding 
optic nerve damage in at least one eye were enrolled, 
including those with primary open angle glaucoma 
(POAG), normal tension glaucoma (NTG) and pseudo-
exfoliative (PXF) glaucoma. Patients with advanced 
VF damage and high intraocular pressure (mean IOP 
>30 mmHg or IOP >35 mmHg in at least one eye) 
were excluded. 

Participants were randomly allocated to treatment 
or no treatment. Treatment consisted of a combination 
of laser trabeculoplasty and topical betaxolol. 
The primary outcome was glaucoma progression, 
measured quantitatively by VF deterioration or optic 
nerve head changes. Mean baseline IOP was 20.7 
mmHg and VF mean deviation (MD) was −4.7 dB. 

The IOP trend during follow-up was different 

between the two groups. In the treated arm, IOP 
decreased from 20.6 to 15.5 mmHg at 3 months, 
corresponding to a 25% reduction from baseline; this 
was maintained throughout the follow-up period. No 
IOP changes were observed in the untreated arm.

Survival analysis showed that the differences 
in VF progression between groups arose early and 
were maintained for the entire follow-up period. 
Progression was more frequent in the control group 
at any time point, occurred earlier in controls and 
increased over time in both arms. 

The first analysis (in 2001) showed significantly 
differently progression in the two groups: 62% in the 
control group and 45% in the treatment group.2 At the 
end of the study, progression was detected in 59% of 
treated participants compared with 76% of control 
participants, with a hazard ratio of 0.6.

An IOP of >21 mmHg, PXF syndrome, glaucoma  
in both eyes, worse median baseline MD and older age 
were significantly associated with risk of progression. 
Among the longitudinal factors, progression was 
strongly associated with the magnitude of initial IOP 
change, IOP at 3 months of treatment and mean  
IOP during follow-up.3 Disc haemorrhages and  
lower central corneal thickness (CCT) were also 
associated with risk of progression but the latter only 
in patients with higher baseline IOP.4

Alongside the valuable data about the impact of 
treatment on glaucoma progression gained from this 
study, the untreated group allowed us to follow the 
natural course of the disease. By analysing data from 
untreated patients who were followed for at least 6 
years, Heijl et al. showed that the majority of subjects 

IN SHORT 
  Two randomised controlled trials, EMGT 

and UKGTS, have examined the factors 
affecting the risk of glaucoma progression. 
Targeting a particular IOP is not the best 
option for all patients.
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experienced minimal yearly IOP 
changes, with larger IOP changes in 
those with PXF glaucoma.5 Overall, 
IOP did not increase in the untreated 
arm and 68% of patients showed 
glaucoma progression. 

Rate of progression, as well 
as median time to progression, 
was higher in patients with PXF 
syndrome, followed by high tension 
glaucoma and NTG (−3.13 dB/year 
compared with −1.31 dB/year in 
high tension glaucoma and −0.36 
dB/year in NTG).5 Accordingly, 
PXF glaucoma has a higher risk of 
progression if untreated.

The United Kingdom 
Glaucoma Treatment Study
The UKGTS was conducted in 2014. 
It was designed to have several 
similarities to the EMGT (e.g., 

By combining  
the results from 

EMGT and UKGTS, 
common conclusions 

can be drawn and 
translated to  

clinical practice.

“
inclusion criteria), to make the 
results as comparable as possible. 
The UKGTS was the first multicentre 
RCT to evaluate treatment with 
latanoprost (Xalatan, Pfizer) 0.005% 
versus placebo in glaucoma patients 
(POAG, NTG and PXF glaucoma). 

Patients were enrolled 
consecutively between 2007 and 
2010 and the primary outcome was 
VF deterioration within 24 months. 
Such a short observational period 
was possible because the frequency 
interval of VF was clustered at the 
beginning and the end of the trial, 
to maximise the power to detect 
progression. 

As in EMGT, enrolled subjects 
had newly diagnosed and untreated 
glaucoma, defined by VF defect 
and corresponding damage to the 
optic nerve head. Patients with 
moderate-to-advanced VF damage 
were excluded, as well as those with 
elevated IOP (>35 mmHg on two 

consecutive occasions in either eye or 
mean baseline IOP of ≥30 mmHg). 

Mean IOP was 20.1 mmHg and 
19.6 mmHg in the placebo and 
treated group, respectively. The 
median MD at baseline was 2.9 dB, 
which means the glaucoma tended 
to be at an earlier stage than in the 
EMGT (median EMGT MD was −4.1 
dB).6,7

Mean IOP reduction from baseline 
was 5 mmHg (20%) in the treated 
group and 1.4 mmHg in the  
placebo group. The strongest initial 
response was slightly reduced at 6 
months and then remained stable 
during the rest of the study.

At 24 months, the percentage of 
patients who reached the primary 
endpoint was significantly different 
between arms: 25.6% of patients in 
the placebo group compared with 
15.2% in the treatment group. Time 
to deterioration was also significantly 
longer in the treated group with So
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consequently longer VF preservation 
and a hazard ratio of 0.44. These 
differences were already evident at 12 
and 18 months.

Increased risk of progression 
was associated with treatment 
allocation, glaucoma in both eyes, 
higher mean baseline IOP and disc 
haemorrhages at the baseline visit. 
History of heart attack and smoking 
habits were associated with risk of 
progression. Unlike in EMGT, age, 
CCT and severity of VF loss were not 
associated with risk of progression.7

By combining the results from 
EMGT and UKGTS, common 
conclusions can be drawn and 
translated to clinical practice. 
Lowering IOP is effective in reducing 
disease progression in previously 
untreated patients with POAG, NTG 
and PXF glaucoma; the treatment’s 
efficacy depends on the patient’s pre-
treatment IOP, with a stronger effect 
on higher baseline IOP values. 

The rate of reduction is also 
crucial: each mmHg of IOP reduction 
decreases the risk of progression by 
a specific percentage. The lower the 
IOP reached—not only immediately 
after starting therapy but also during 
follow-up—the better the outcome. 

When we analyse the results from 
RCTs, the statistical variability of 
data must be taken into account. We 
strongly need summary measures 
to draw overall conclusions and 
mean values of different parameters 
(such as mean annual IOP change, 
mean MD change, mean rate of 
progression), which represent the 

average behaviour of all participants, 
are usually reported. 

However, there is a certain amount 
of variability around this value, 
corresponding to participants who 
have shown results that differ from 
the mean. Translating this statistical 
variability into clinical practice 
means that one must remember 
that any patient could be near the 
average or could be an outlier, 
showing a different behaviour from 
that expected, with regard to IOP 
changes, rate of progression and 
other parameters. 

The EMGT and UKGTS trials 
provided extensive information on 
the natural history of glaucoma. 
When we look at survival analysis, 
we generally focus on differences 
between treated subjects and 
controls, but it also shows patients 
who progress despite treatment and 
controls who do not progress despite 
remaining untreated.

In the UKGTS, two-thirds of 
participants in the placebo group 
showed no VF deterioration during 
24 months of follow-up and the 
same happened in 38% of untreated 
patients in EMGT.2,6 This suggests 
that patients with slight VF loss at 
baseline could be followed without 
treatment for a period. Then it 
becomes critical to assess the risk of 
progression of each patient, keeping 
in mind that the pattern could be 
difficult to predict and that the rate 
of progression may change over the 
period of observation. 

In summary, besides highlighting 
the importance of IOP reduction in 
preventing glaucoma progression, 
EMGT and UKGTS have shown that 
different factors affect the risk of 
disease progression. Looking for a 
particular target IOP or percentage 
IOP reduction is not the best option 
for all glaucoma subjects. Each 
patient must be considered as unique; 
only by quantifying the individual 
risk will it be possible to best tailor 
treatments.
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Lenses eliminate peripheral hyperopic defocus, induce peripheral myopic defocus

By Lynda Charters;

Reviewed by  
Dr Amy K. Hutchinson A

s myopia rates continue to soar to epidemic 
levels worldwide, research has found that 
the use of orthokeratology and multifocal 
contact lenses provide clinically meaningful 

reductions in progression of the refractive error. 
Ophthalmologist Dr Amy K. Hutchinson recently 
commented on this. “Both lens types are thought to 
have a similar mechanism of action to slow myopic 
progression, and that mechanism is to eliminate 
peripheral hyperopic defocus and induce peripheral 
myopic defocus,” she said. 

Peripheral hyperopic defocus occurs when myopia 
is corrected by monovision glasses or contact lenses. 
The central light rays focus on the fovea and provide a 
clear image, but peripheral light rays focus behind the 
plane of the retina, which is thought to play a role in 
myopia progression, she explained.

According to Dr Hutchinson, in support of this, 
clinical observations show a “significant reduction in 
myopia progression when bifocal glasses, multifocal 
contact lenses or overnight orthokeratology lenses 

are used to reduce the peripheral hyperopic defocus”. 
When measuring myopia progression, the result  
is expressed as the percentage of the changes in 
dioptric progression or axial lengthening between 
a treatment and control group; a 50% slowing is 
considered ideal and over 30% acceptable. 

Multifocal contact lenses
The centre distance design is used most often in 
multifocal lenses, in which the central area of the 

  Orthokeratology and multifocal contact 
lenses provide clinically meaningful 
reductions in progression of myopia, 
research shows, but some questions, such 
as the ideal treatment duration, remain 
unanswered.

IN SHORT 

Myopia progression can be slowed with 
multifocal and orthokeratology lenses 
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lens focuses the image on the fovea. “The 
peripheral area has a more positive power 
resulting from either distinct concentric 
rings or a gradual progressive increase 
toward the periphery,” Dr Hutchinson 
explained. This design provides the 
wearer with clear central vision and both 
eliminates the peripheral hyperopic defocus 
and introduces peripheral myopic defocus, 
which decreases the stimulus for myopic 
progression associated with monovision 
glasses and contact lenses. 

Currently, the MiSight multifocal contact 
lens by Cooper Vision is the only United 
States Food and Drug Administration-
approved contact lens for myopia control. It 
has concentric peripheral rings that include 
a +2.00 D add. In a 3-year study, the lens 
slowed myopia progression in children (aged 
8-12 years; refractive errors up to -4.0 D) by 
59% and axial elongation by 52% compared 
with age-matched control children. 

Other spherical and toric multifocal 
lenses are available for off-label use. 
Dr Hutchinson noted that evidence has 
suggested that higher add powers may result 
in better control of myopia progression. 
These lenses have been shown to slow 
myopia progression by -9.7–70% and slow 
axial elongation by 0–79%.

Orthokeratology
Orthokeratology lenses are worn overnight 
and temporarily reshape the cornea. “This 
technology uses a reverse-geometry rigid 
gas-permeable contact lens in which the 
base curve radius is flatter than the central 
corneal curvature, and the secondary curve 
is steeper than the base curve radius,” said 
Dr Hutchinson.

The central corneal flattening focuses the 
image on the fovea and eliminates the need 
for the patient to wear correction during the 
day. The lens steepens the mid-peripheral 
cornea and induces myopic defocus on 
the peripheral retina, thus controlling the 
myopia. 

The lenses, which are most useful for 
patients with low to moderate myopia, 
have demonstrated a 30–80% slowing of 
axial elongation. Slowing of the dioptric 
progression is not usually reported because 
the lenses cause a temporary shift in the 
refractive shift. There is some evidence 
that these lenses might be useful to treat 
anisometropia as well.

In the US, orthokeratology lenses are 
approved for wear overnight but not 
for myopia control, whilst in Europe, 
the Menicon Bloom lens (Menicon) is 
CE-marked for the control of myopia 

progression, one version being for nightly 
use and a second type designed for daily 
wear.

However, safety with overnight contact 
lens wear has been a pervasive concern. 
There has only been one large retrospective 
study to estimate the incidence of microbial 
keratitis associated with overnight 
orthokeratology lens wear.

Based on the upper confidence interval 
of this study, the expected incidence of 
microbial keratitis is no more than 50 per 
10,000 patient years, or 1 in 200 years of 
wear. However, avoiding the use of tap 
water is recommended. Overall, despite the 
reported success with contact lens wear to 
slow myopia progression, questions remain 
unanswered, including the ideal time to 
begin treatment, recommended treatment 
duration and what the rate of rebound 
myopia is with discontinuation of contact 
lens wear.
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R
esearch into gene therapy has increased 
exponentially in recent years and several 
gene therapy clinical trials for retinal 
diseases are open, enrolling or have recently 

been completed. Dr Isabelle Audo recently described 
the highlights in therapies that involve sub-retinal 
gene delivery, optogenetics, antisense oligonucleotide 
(AON) and clustered regularly interspaced short 
palindromic repeat (CRISPR) Cas9. Dr Audo is a 
professor of ophthalmology in the Department of 
Genetics at Institut de la Vision, CHNO des Quinze-
Vingts in Paris, France. 

Sub-retinal gene therapy
Choroideraemia, which involves damage to the 
blood vessels of the choroid and degeneration of the 
photoreceptor cells, is an X-linked disorder that has a 
frequency of about 1/50,000 individuals. The disorder 
is linked to a mutation in the CHM gene. 

Several studies have been performed to evaluate 
gene replacement therapy using vectors designed for 
subretinal delivery to treat this disease. One Phase 1/2 
study conducted by Spark Therapeutics is evaluating 
sub-retinal injection of the adeno-associated virus 
(AAV2) vector; no results have been forthcoming. 

A few Phase 1/2 studies have been conducted 
in Europe and the United States. One such 
study, conducted by Biogen (formerly NightStar 
Therapeutics) in the United Kingdom, reported results 
obtained with a sub-retinal injection of a low-dose 
vector (AAV2) to treat six patients. The investigators 
reported a mean visual gain of 3.8 letters and a dark-
adapted increase in sensitivity of 2.3 dB with no 
significant visual loss.1 

Longer follow-up at 3–5 years in the six patients 
showed improved vision by 21 and 18 letters in two 
patients and stable vision in three patients. One 
patient treated with the lowest study dose lost 29 
letters in the treated eye and 18 letters in the fellow 
eye.2,3

Three studies of choroideraemia are ongoing. The 
Phase 2 REGENERATE trial in the UK includes 30 
patients with early-stage disease, with normal vision 

and large areas of preserved central retina. The study 
is testing the long-term efficacy of the AAV2-REP1 
vector in two patient cohorts. 

The multicentre Phase 2 GEMINI trial in Europe 
and the US is evaluating the safety and efficacy of 
treatment and includes 15 patients treated bilaterally. 
The Phase 3 STAR trial includes 140 patients with 
more advanced choroideraemia who received low 
or high doses or remained untreated; the primary 
endpoint is the best-corrected visual acuity (BCVA) at 
1 year, and the secondary endpoints are the status of 
the functional and structural parameters. 

Intravitreal delivery
OPTOGENETICS
Retinitis pigmentosa (RP) treatment is being 
evaluated in two studies in which gene therapy 
is used to induce a new function in the cells 
(optogenetics). Dr Audo explained that the idea 
behind this technology is to transform the relatively 
well-preserved bipolar and mainly retinal ganglion 
cells into photoreceptor cells using a very basic 
photopigment that upon activation can change the 
polarity of the cells. 

Two studies are currently testing the safety and 
efficacy of this approach. In the first, a Phase 1/2 
non-randomised dose-escalation study, Allergan, 
in conjunction with RetroSense Therapeutics, is 
testing one injection of three doses of AAV2 vector 
into the vitreous cavity in 21 patients; the vector is 
over-expressing a channelrhodopsin that is sensitive 
to a short wavelength of light. The primary outcome 
in this ongoing trial is safety; no results have been 
released.

GenSight Biologics is conducting a second ongoing 

Dr Audo
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Studies are uncovering a range of potential treatments for genetic disorders
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Phase 1/2a non-randomised dose-escalation 
study of one intravitreal injection of the 
rAAV2.7m8 vector, which over-expresses 
channelrhodopsin in a long wavelength  
of light. Patients wear goggles that amplify 
light to increase the sensitivity and the effect 
of the opsin used to transduce the ganglion 
cells. Thus far, no major side effects have 
been reported in either study.

AON THERAPY
Patients are currently being enrolled in 
studies of RP, RP in Usher syndrome and 
Leber congenital amaurosis (LCA) in 
which AON therapy is being evaluated. 
As Dr Audo explained, this technology, 
which specifically targets gene defects, 
uses small RNA molecules that can target 
a specific sequence and hybridise to the 
messenger RNA (mRNA), which results in 
either masking or silencing of a mutation 
or modifying the splicing of the mRNA to 
produce an exon skip.4 

Several studies evaluating this technology 
are ongoing. The trials address the CEP290 
deep intronic mutation, which is a common 
mutation between exons 26 and 27 that 
leads to LCA. The mutation produces a mis-
splicing of the gene, resulting in truncation 
of the protein. The goal of AON therapy is 
silencing of the mutation, thus restoring the 
normal splicing and protein.

One Phase 1/2, multiple-dose dose-
escalation study has been completed. The 
study5 included adult and paediatric cohorts 
treated with low and medium doses. The 
main adverse events included development 
of cataract, cystoid macular oedema and 

retinal thinning. The investigators reported 
functional efficacy resulting from delivery 
of the AON with improvement in the BCVA, 
retinal sensitivity and mobility tests in 
patients with LCA.

The ILLUMINATE study is a Phase 2b/3 
trial that involves multiple sequential 
injections in one eye of sepofarsen (ProQR 
Therapeutics), with the second eye treated 
after 1 year, in patients with LCA. Two 
doses of sepofarsen are being evaluated and 
compared with sham dosing. Recruitment is 
completed; results are not expected until 1 
year after the first injection.

Another AON study conducted by 
ProQR Therapeutics, the STELLAR study, 
is evaluating the technology to treat RP 
in Usher syndrome by triggering USH2A 
mRNA. Exon 13 is the site of very frequently 
occurring mutations. “With delivery of AON 
therapy QR-421, the idea is to modify the 
splicing of exon 13 to cause the exon to be 
skipped and therefore avoid its mutation,” 
Dr Audo reported.

Using this technology, some functional 
recovery has been reported in a zebrafish 
model (unpublished data). In the ongoing 
Phase 1/2 STELLAR clinical trial involving 
patients with Usher 2a, patients are 
receiving one low, medium or high dose 
and the results are being compared to sham 
treatment. Patient enrolment is completed 
and results are expected at the end of 2021.

Another ongoing study by ProQR 
Therapeutics triggers the most common 
mutation in the US in autosomic-dominant 
RP and the rhodopsin gene: the P23H 
mutation. The goal is to inactivate  

this mutation, which is responsible for  
a dominant negative effect.

CRISPR/CAS9
This technology is used to correct the 
genomic sequence. The BRILLIANCE study, 
conducted by Editas Medicine and Allergan, 
is using AV vectors to deliver CRISPR to 
trigger a deep intronic mutation on the 
CEP290 gene. The goal is to create a specific 
double-strand break that will silence or 
correct the mutation. This is the first human 
trial to use CRISPR/Cas9 in vivo. “This is a 
very exciting moment,” Dr Audo said.
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linked to a mutation 

in the CHM gene.
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Telemedicine ushers in new chapter 
New technologies are making eyecare more cost-effective and accessible

By Lynda Charters;

Reviewed by  
Thulasiraj Ravilla and 

Dr Angus Turner
N

ew image analysis and artificial 
intelligence (AI) technologies have 
dramatically increased the options for 
opthalmological diagnosis and care in 

different settings, from cities to the most remote 
communities. Dr Mingguang He, a professor of 
ophthalmic epidemiology at the University of 
Melbourne in Australia, has described his work in 
deploying AI in a telemedicine service to provide 
clinical care. 

“Ophthalmology is a highly image-driven 
specialty,” he said, adding that it lends itself to 
telemedicine and AI platforms. Dr He used about 
70,000 images to train a neuron algorithm that 
focuses on identifying diabetic retinopathy (DR), age-
related macular degeneration (AMD) and glaucoma. 
Establishing the AI platform involved data harvesting 
images and labelling diseases and their severity in 
those images.

Regarding the DR screening classification, internal 
data validation indicated that the accuracy of the AI 
algorithm was good; validation of the accuracy in 
multiple ethnic groups was also very impressive.1 The 
team repeated this work for glaucoma classification2 
and achieved excellent accuracy. They also achieved 
very good accuracy for AMD.3

A heat map study4 of deep-learning technology 
proved that AI can accurately classify diseases based 
on similar features used by clinicians. Dr He’s team 
then established websites to which clinicians could 
upload clinical images with diagnosed diseases to see 
how well AI did in identifying them. 

“Most studies reported robust accuracy of the AI 
classification. Many require real-world validation,” 
Dr He explained. “The current project targets four 
major diseases, and many are trying to create more 
algorithms to make the diagnosis more accurate or 
include more diseases.”

He continued: “Another area of interest is making 
an automated care model. Deploying AI in the real 

world in medicine is challenging and involves more 
than the neural network, such as many medicolegal 
issues and patient and doctor interactions.”

Singapore: new models of care
Dr Gavin Tan, associate professor at Duke-NUS 
Medical School, Singapore National Eye Center, 
Singapore, has created a new model of care for DR 
screening. “In ophthalmology, [we have embraced] 
multimodal digital imaging: that is, fundus and slit-
lamp imaging and optical coherence tomography, 
all of which can be delivered remotely to facilitate 
decision making,” Dr Tan said.

Dr Tan and his team combined teleophthalmology, 
AI and standard fundus cameras to evolve from the 
traditional prints or slides to digital media. As he 
described, the DR diagnosis did not require additional 
clinical data, the technology provided robust 
outcomes and cost-effectiveness, and there was less 
resistance to change by ophthalmologists. In addition, 
the AI training was easy because of the extensive 
available clinical data.

The Singapore Integrated DR Programme, 
the bones of which were image capture sites, 
transmission to a reading centre for grading and the 
sending of reports to primary care physicians, covers 
150,000 diabetic patients. All the image data collected 
were used as a basis for the AI program, which 
was seen to make its decisions in a similar way to 
clinicians, Dr Tan said, with an accuracy of 93.6%.5 

The AI program was integrated into the team’s 
clinical screening system. The primary grading 
system is currently being replaced with the AI linear 
system (SELENA), although the images belonging 
to patients who are being referred for care are still 
graded by human evaluators, to maintain the highest 
sensitivity and specificity.

In addition to screening, the programme includes 

The AI system can be better 
than physicians in identifying 
peripheral pathologies.

IN SHORT 
  Research teams in various countries 

are pioneering different methods of data 
processing and deep-learning AI to create 
new models of care. 

Dr Turner



two-way video consults; one-way virtual 
clinics in which physicians can review notes 
and future management is implemented 
if needed; and home-monitoring devices 
used by patients to cut travel time and make 
appointments as needed.

Dr Tan’s group has also established 
a virtual clinic to monitor stable retinal 
disease that has blossomed as a result of 
COVID-19. Patients are classified as having 
high-intensity active disease requiring 
monthly treatment, or as having stable 
disease – the latter representing 30–50% 
of the population. The virtual clinic 
allows history taking, visual acuity (VA) 
measurements, and imaging remotely, 
followed by review by technicians and by 
physicians for management if needed.

The AI system, in many cases, can 
be better than physicians in identifying 
peripheral pathologies such as proliferative 
DR. In addition, the imaging clinics can be 
combined with video consultations, as Dr 
Tan did with the glaucoma service at the 
Singapore National Eye Center. 

Looking to the future, Dr Tan and 
his colleagues are looking to start trials 
whereby patients’ VA can be measured 
using mobile applications. They have also 
started home-monitoring applications 
that do not require patients to travel for 
evaluation. 

An application called Alleye (Oculocare 
Medical Inc.) is a pilot home-monitoring 

device that lets patients determine whether 
their VA has deteriorated asymptomatically, 
facilitating early recognition of recurrent 
disease. Alleye was tested in about 700 
patients with several diseases. Over 6 
months, 33 patients had triggers, seven of 
which were significant, and five had disease 
progression.

Dr Tan concluded, “Digital technology 
can transform eye care. Telehealth and AI 
are highly connected, synergistic technology 
platforms. Teleophthalmology is successful 
in screening for DR. AI in ophthalmology 
shows good performance for specific tasks.” 

He added: “Real-world application 
requires further development and 
integration. Mobile devices and home 
monitoring have long-term potential in 
future eye care.” 

India: Telemedicine to service 
millions
Thulasiraj Ravilla, director of operations 
for Aravind Eye Care System (AECS) in 
Madurai, India, has described how he and 
his team used telemedicine to provide 
eyecare to millions of Indian patients. 
“Eyecare services tend to be urban-centric; 
our challenge was to bridge the divide to 
reach patients everywhere,” he said.

Mr Ravilla developed a four-pronged 
approach to achieve his goal: focus on 
community need, comprehensive and high-
quality eye examinations, closing the care 

loop to ensure appropriate intervention, and 
remote management. “We see three roles for 
technology: support the caregiving process, 
manage all associated processes from 
finance to human resources and monitor the 
entire process,” he said.

AECS first built an electronic medical 
record (EMR) in the cloud for simultaneous 
collaboration between ophthalmologists 
and the remote vision technicians in rural 
vision centres. All patient information, 
including history and investigations, is 
entered live into the EMR. This information, 
combined with real-time conversation 
with the technician and patient through a 
telemedicine link, facilitates diagnosis and 
enables the ophthalmologist to generate the 
appropriate prescription for spectacles or 
medicines.

“This technology-supported design 
closes the care loop within the local setting, 
and thus enables better adherence by the 
patients,” Mr Ravilla said. The vision centres 
also use AI in the system: a retinal image 
is uploaded into the cloud and a reading is 
generated in seconds, giving the severity of 
the diabetic retinopathy. This technology, 
as it evolves, can also be used to monitor 
chronic disease progression.

Mr Ravilla estimated that the network 
of 79 vision centres covers 6.9 million 
people. In addition, AECS also has a mobile 
screening van with a RetCam Shuttle 
(Clarity Medical Systems, Inc.) to screen for 
retinopathy of prematurity; using custom-
built software, the images are uploaded to 
the base hospital for review.

“Technology is emerging as a great 
enabler and makes it possible for millions of 
people to get good eyecare locally. However, 
the technology needs to be robust, reliable, 
simple to learn and use, and inexpensive, 
in order to make financial sense in rural 
remote settings, where the scale is low,” he 
emphasised. 

Western Australia: accessing 
remote Indigenous communities
Western Australia has a sparse population 
spread over vast distances, with some 
patients travelling 10 hours to obtain 
surgical services, said Dr Angus Turner, of 
the Lions Eye Institute in Perth, Australia. 
Dr Turner stressed the challenge of 

Team has established five 
AI systems to aid in healthcare: 
· An online fundus photo management AI-assisted reading 

centre in China to support telemedicine, by which AI captured 
about 90% of normal patients;  

· An offline point-of-care AI screening model that transfers 
images from a fundus camera to the AI system; 

· An offline automated, operator-free decision support that helps 
optometrists determine who needs visual field testing and 
generates reports for review;  

· A hardware and software AI booth to allow patient self-
screening; and

· A new AI algorithm to detect 139 eye diseases.
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accessing these individuals, who have the 
same needs as everyone elsewhere but with 
higher prevalence of disorders because of 
the gaps in services.

The traditional service had patients 
travelling hours to reach a specialist for a 
diagnosis of a cataract, for example, then 
returning home and waiting 1–2 years 
for a cataract procedure. Eliminating the 
preoperative and postoperative visits in this 
scenario was key to patients obtaining the 
needed services.

Optometry and ophthalmology work 
hand-in-hand in Western Australia. The 
optometry service is extensive in the 
Indigenous population and optometrists 
visit the primary care settings. “This is key 
to our telehealth service. The optometrists 
perform the evaluations and provide the 
intimate knowledge about what I need to 
do surgically or what is required to manage 
individual patients,” Dr Turner said.

Telehealth in Australia has focused on 
diabetic retinal screening for decades and 
has more recently introduced real-time 
video consultations. A mobile van service 
provides specialist outreach services, and 
the examination equipment is carried from 
place to place to facilitate those services.

The video consultations began in 2011 
as a result of the Medicare Initiative and 

optometry was included in 2015. The system 
allows the optometrist to evaluate the 
patient at one end with the video running 
with the specialist viewing it at the other 
end.

Dr Turner noted that the initial barriers 
to the consultation were not technology and 
cost, but rather the availability of an on-call 
specialist, the scheduling of two health 
professionals and the patient in a room at 
the same time, and the alignment of the 
EMR and the images.

COVID-19 has presented a complication, 
with travel restrictions imposed during the 
pandemic. Resident optometrists have set 
up clinics in hospitals and used the dormant 
equipment, while telephone interviews, 
especially for blind patients, have been used 
more. As a result, consultations during 2020 
increased by 47% with telehealth.
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of deep-learning 

technology proved 
that AI can accurately 

classify diseases.
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W
hen confronted with injuries to the iris, 
which in many cases can be complex, 
certain steps help ensure successful 
outcomes, according to Dr Fasika A. 

Woreta, an assistant professor of ophthalmology 
and director of the Eye Trauma Center at Wilmer 
Eye Institute, Johns Hopkins Medicine in Baltimore, 
Maryland, United States. In this article, Dr Woreta 
presents her pearls for managing the iris during open 
globe repair and reconstructing it following trauma. 

Iris prolapse
In cases of open globe injuries when there is iris 
prolapse, Dr Woreta advises making a paracentesis 
opposite to the area of the prolapse; this is followed by 
injection of a minimal amount of a viscoelastic and 
gentle repositioning of the iris using an iris sweep. 
Injecting excessive viscoelastic can result in increased 
pressure and additional iris prolapse. 

“An important point in such cases is to avoid 
inadvertent incarceration of the iris into the suture 
as well as to avoid cutting the iris, except in cases in 
which it is frankly necrotic or epithelialised, because 
the iris tissue can be used for future reconstruction,” 
said Dr Woreta. 

She described a case in which a 30-year-old police 
officer was hit in the eye by a stray bullet at a shooting 
range. The patient sustained a full-thickness corneal 
laceration at the limbus with iris prolapse.

The reparative steps in this case followed those 
mentioned previously: creation of a paracentesis 
opposite the area of prolapse, injection of minimal 
viscoelastic and iris sweep (see Figure 1). Before any 
corneal sutures are placed, the iris may prolapse 
again after the sweep, so placing a few sutures before 
sweeping may be necessary. 

Iris reconstruction 
TRAUMATIC MYDRIASIS  
This can result from open or closed globe injuries. Dr 
Woreta described a case with an iris sphincter tear—a 
superior iridodialysis, which is defined as separation 
of the iris from its attachment to the ciliary body—
and a traumatic cataract. Diffuse dilation can also 
occur following trauma (see Figure 2). 

“In these cases, if the patient is symptomatic, 

surgical repair can be performed at the time of the 
cataract surgery,” Dr Woreta said. “The repair process 
is by pupilloplasty with an internal Siepser sliding 
knot.”

When performing a pupilloplasty, a 9-0 or 10-0 
Prolene suture on a long CTC needle is first passed 
through a paracentesis at the limbus. It is important 
to move the needle side to side in the paracentesis to 
ensure that no cornea tissue has been inadvertently 
caught. MaxGrip forceps through a paracentesis can 
be used to stabilise the iris for passage of the suture. 

A loop is then externalised through the 
paracentesis and a Siepser knot is tied. If the iris 
assumes a keyhole appearance, a second bite may 
be necessary to eliminate the small second created 
opening.

IRIDODIALYSIS 
Dr Woreta described a patient with a superior 

Managing the iris following trauma
The type of injury sustained determines best way to handle damage during repair

By Lynda Charters; 

Reviewed by  
Dr Fasika A. Woreta

IN SHORT 
  One ophthalmologist provides her pearls 

for managing cases of prolapsed iris and 
reconstructing it following trauma.

PRINCIPLES OF 
IRIS MANAGEMENT
 Make a paracentesis opposite the area 

of the iris prolapse;

 Inject the minimal amount of viscoelastic 
and gently reposition the iris using an iris 
sweep;

 Avoid inadvertent incarceration of iris 
into the suture; and

 Avoid cutting iris unless frankly necrotic 
or epithelialised.
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flap; 9-0 or 10-0 Prolene sutures on 
double-armed Drews needles are 
passed through a paracentesis created 
on the side opposite to the site of the 
iridodialysis. 

The sutures are threaded internally 
in the eye using a 27-gauge needle 
to dock and externalise the sutures, 
which then are tied under the scleral 
flap. The second approach is to 
perform the surgery using a Hoffman 
pocket to avoid creation of a peritomy. 

ANIRIDIA 
In cases of extensive traumatic 
aniridia, implantation of an artificial 
iris (Customflex artificial iris; 
HumanOptics) may be possible. This 
device, approved by the United States 
Food and Drug Administration, is 12.8 
mm in diameter with a pupil diameter 
of about 3.35 mm. 

The device is customised to match 
the colour of the patient’s fellow eye. 
The device can be trephined to ensure 
a perfect fit in the patient’s eye. 

Currently, the cost of the device 
can be prohibitive, which is the main 
disadvantage, and it is not covered by 
insurance in the US in all cases. 

iridodialysis that extended 
several clock hours. In 
some cases, an iridodialysis 
may be small, cause no 
symptoms and be obscured 
by the superior eyelid. 
An iridodialysis that is 
symptomatic can cause 
diplopia or polycoria, glare 
or photophobia requiring 
surgery. 

According to Dr Woreta, 
when surgery is required, 
there are two ways to 
proceed. In the first case, 
the iridodialysis can be 
corrected by creating a scleral 

(FIGURE 1)   In one case, a 30-year-old 
police officer was injured at a shooting 
range with a stray bullet fragment to 
the eye.

(FIGURE 2)   Traumatic 
mydriasis can result from 
open or closed globe injuries. 
The repair process is by 
pupilloplasty with an internal 
Siepser sliding knot. (Images 
courtesy of Dr Fasika A. Woreta)

In cases of extensive 
traumatic aniridia, 
implantation of an 
artificial iris may be 
possible. 
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