
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.

1. Lo Giudice G et al. Eur J Ophthalmol 2018;28(1):74–79. 2. Veritti D et al. Ophthalmologica 2017;238
(1–2):100–105. 3. Escobar-Barranco JJ et al. Ophthalmologica 2015;233(3–4):176–185. 4. Allergan. 
OZURDEX® Summary of Product Characteristics. 5. Kodjikian L et al. Biomed Res Int 2018:8289253. 
6. Boyer DS et al. Ophthalmology 2014;121:(10):1904–1914.
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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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A
s we begin the month of October, 
the pace of the world always seems 
to accelerate with a renewed 
intensity to finish out the year 

strong. In ophthalmology, acceleration of 
innovative techniques and technologies is 
something we all see year-round. 

Retina developments are the focus of this 
month’s issue feature. We begin with a look 
at how ultra-widefield imaging (page 6) 
improves line of sight in patients implanted 
with a keratoprosthesis. 

Dr Arshad M. Khanani (page 7) 
highlights how an investigative antibody 
shows sustained efficacy in retinal disease 
studies and hints at decreased treatment 
burden for patients. Dr Philip J. Rosenfeld 
(page 10) points to how swept-source OCT 
angiography may aid in the detection of dry 
age-related macular degeneration. 

In gene therapy, we hear from Dr David 
S. Boyer (page 12) that targeting human 
retinal progenitor cell injections for retinitis 
pigmentosa improves vision and visual 
fields in some patients.

Turning to cataract and refractive 
surgery, real-world outcomes can help 
validate intraocular drug delivery systems. 
Dr Michael Savetsky (page 14) shares 
how ophthalmologists are exploring 
new methods to control postoperative 
inflammation.

Though investigators have found 
little difference in visual outcomes and 
complications between IOL replacement and 
rescue for sutureless intrascleral fixation 
of dislocated IOLs, the choice remains 
debatable (page 18). As a result, surgeons 
must determine which option is likely to 
provide the best outcome for a patient —  
Dr Jingyi Ma breaks it down.

Dr Ben LaHood begins a three-part 
series (page 20) on toric IOLs in cataract 
surgery to help familiarise readers with this 
technology. It is aimed at cataract surgeons 
who would like to get started with using 
toric IOLs, however, it should also be useful 
for anyone wishing to optimise their toric 
IOL outcomes or feel more comfortable with 
treating astigmatism. The first part looks at 

patient selection and optimising biometry.
Dr Oluwatosin U. Smith (page 26) 

provides an update on how the glaucoma 
subspecialty is taking a step forward in 
diagnostic testing and monitoring. Virtual 
reality and home visual field testing are 
among the newer options.

In paediatrics, investigators are finding 
ways to finesse eye examinations for 
patients, says orthoptist Jeff Locke (page 
28). “We can streamline things and make 
the examination 1% better by being more 
competent in assessing visual acuity, 
checking for binocular single vision and 
knowing what visual electrophysiology can 
do in this age group,” he says. 

In our focal points section, Dr Ciara 
O’Byrne and Prof. Pearse Keane (page 30) 
explain that over the past decade it has 
become increasingly clear that artificial 
intelligence is poised to transform the clinical 
landscape. Enter code-free deep learning.

Dr Theo G. Seiler, Jr (page 34) shares 
some pearls for maximising corneal 
crosslinking effectiveness. An ex vivo 
experiment identifies a potential benefit for 
supplementary oxygen.

These are all examples of how 
ophthalmology continues to innovate day in 
and day out. As always, thanks for reading!

Innovation lives on constantly  
in ophthalmology
Mike Hennessy Sr, Chairman/founder of Ophthalmology Times Europe®’s 
parent company, MJH Life Sciences

Dr Theo G. Seiler, Jr 
shares some pearls 
for maximising corneal 
crosslinking effectiveness.

“
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Ultra-widefield imaging improves line 
of sight in keratoprosthesis patients
Scanning laser ophthalmoscopy offers an improved view of the posterior segment

By Lynda Charters;

Reviewed by  
Mr William R. Bloom 

and Dr Colleen M. 
Cebulla

T
he posterior segment is not readily visible in 
patients implanted with a Boston type I or 
type II keratoprosthesis (KPro, Massachusetts 
Eye and Ear) when using standard fundus 

examination and photography. However, ultra-
widefield imaging scanning laser ophthalmoscopy 
seems to have remedied this problem, according to 
Mr William Bloom and Dr Colleen Cebulla of the 
Department of Ophthalmology and Visual Sciences at 
The Ohio State University Wexner Medical 
Center in Columbus, Ohio, United 
States. 

This imaging procedure 
facilitates non-invasive 
monitoring of retinal and 
optic nerve pathologies. The 
investigators conducted a 
retrospective chart review 
of 15 eyes  of 14 patients 
who received either the  
Boston type I (n = 14 eyes) 
or type II (n = 1 eye) KPro 
between 2009 and 2020 at the 
Wexner Medical Center. 

The Optos ultra-widefield 
imaging system was used during 
35 patient visits. A single masked reader 
graded image quality as poor, fair, good or very 
good. Images were assessed for clinical pathologies of 
the retina and optic nerve. 

Image quality 
The image quality assessed was as follows: one out of 
35 images (2.9%) was considered poor and provided 
no visualisation of posterior segment structures; 34 
out of 35 images (97.1%) were assessed as fair, good or 
very good and provided at least some clinical utility.  

Images that were clinically useful were obtained in 
the presence of both KPro models. Both the optic nerve 
and the macula were visible in 33 out of 35 images 
(94.3%). Clinical pathologies in the study eyes included 
glaucoma, macular degeneration and patients who had 
undergone repaired retinal detachment. 

Mr Bloom said that in four of the eyes, ultra-
widefield imaging was performed serially at multiple 
visits (range: 3–9 individual visits), allowing for 
longitudinal follow-up (range: 3–46 months). The 
investigators pointed out that clinically useful images 

were obtained despite poor visual acuity. 
“This ability allowed for 
longitudinal monitoring of 

insidious ocular clinical 
pathology, such as age-related 

macular degeneration and 
glaucoma,” the investigators 
wrote. “The ultra-widefield 
imaging provided clinically 
meaningful visualisation 
of the optic nerve and 
anterior retina in most 
patients.”
The investigators also 

noted that, in the presence of 
a retroprosthetic membrane, the 

image quality was affected, and it 
was difficult to image the anterior retina 

in all four quadrants simultaneously. Based on 
the results, ultra-widefield imaging was considered 
to be valuable because it can be performed rapidly 
and reliably to image the posterior segment compared 
with the standard technologies. 

Clinically useful images were 
obtained despite poor visual acuity.

97.1%
fair/good/
very good

poor/
no visual 2.9%

IMAGE QUALITY 

WILLIAM R. BLOOM 
E: William.Bloom@osumc.edu
This article is adapted from Mr Bloom’s presentation at the Association for Research in 
Vision and Ophthalmology 2021 annual meeting, held virtually. He has no financial interest 
in this subject matter. 

 
COLLEEN M. CEBULLA, MD, PHD
E: colleen.cebulla@osumc.edu
Dr Cebulla has no financial interest in this subject matter.
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Investigative antibody shows sustained 
efficacy in retinal disease studies
Dual Ang-2/VEGF-A inhibitor hints at decreased treatment burden for patients 

By Rod McNeil;

Reviewed by Dr Arshad 
M. Khanani E

xtensive preclinical data show that inhibition 
of the protein angiopoietin-2 (Ang-2) 
can lead to reduced endothelial barrier 
breakdown, vascular leakage, inflammatory 

responses and neovascularisation, as well as 
increased pericyte coverage.1,2 An investigational 
bispecific antibody, faricimab (Roche), works by 
neutralising Ang-2 and vascular endothelial growth 
factor A (VEGF-A) via simultaneous and independent 
binding. This dual approach might offer benefits 
beyond anti-VEGF monotherapy in the management 
of chronic retinal disease. 

Primary 1-year results from global Phase 
3 comparator-controlled trials investigating 

faricimab in diabetic macular oedema (DMO) and 
neovascular age-related macular degeneration 
(nAMD) were presented during Bascom Palmer 
Eye Institute’s Angiogenesis, Exudation and 
Degeneration 2021 Meeting and further reviewed 
in presentations at The Association for Research in 
Vision and Ophthalmology (ARVO) 2021 Annual 
Meeting. 

The drug candidate demonstrated sustained 
efficacy and the potential for extended durability, 
with the majority of participants on treatment 
intervals of at least every 12 weeks at 1 year (Table 
1).3-6 The studies supporting these findings are 
discussed as follows.

Dr Khanani

TABLE 1. FARICIMAB: PIVOTAL PHASE 3 STUDY DATA FOR DMO AND nAMD.

DMO
YOSEMITE/ RHINE

nAMD
TENAYA/ LUCERNE

Primary endpoint

BCVA change from baseline1:
Non-inferiority achieved for faricimab up 
to Q16W over aflibercept dosed Q8W.

BCVA change from baseline2:
Non-inferiority achieved for faricimab up 
to Q16W over aflibercept dosed Q8W.

• Results consistent between both sets of studies: YOSEMITE/ RHINE and TENAYA/ 
LUCERNE;
• Secondary analysis results consistent with main analysis.

Secondary endpoint: 
durability

• ~50% PTI patients on Q16W.
• ~70% PTI patients on ≥Q12W.

• ~45% patients on Q16W.
• ~80% patients on ≥Q12W.

Safety

• Faricimab was generally well tolerated, with no new or unexpected safety signals 
identified;
• Intraocular inflammation event rates were low and on average reported in 1.3% and 
0.6% of patients for faricimab and aflibercept, respectively, in YOSEMITE/ RHINE, and 
2.0% and 1.2% for faricimab and aflibercept, respectively, in TENAYA/ LUCERNE;
• No cases of vasculitis or occlusive retinitis were reported.

1Averaged over Weeks 48, 52, 56;
2Averaged over Weeks 40, 44, 48; 
Data quality and integrity were of acceptable standard for filing despite COVID-19 pandemic.
Abbreviations: BCVA, best corrected visual acuity; DMO, diabetic macular oedema; nAMD, neovascular age-related macular degeneration; PTI, 
personalised treatment interval; Q12W, every 12 weeks; Q16W, every 16 weeks. 



DMO studies
The YOSEMITE and RHINE DMO trials, 
enrolling 1,891 participants across 353 
study sites, met the primary endpoint for 
vision change from baseline at 1 year. Gains 
in best-corrected visual acuity (BCVA) 
from baseline (averaged over Weeks 48, 
52 and 56) with faricimab 6 mg, dosed 
every 8 weeks (Q8W) after six monthly 
loading doses—or dosed according to a 
personalised treatment interval (PTI) up to 
every 16 weeks (Q16W) after four loading 
doses—were non-inferior to aflibercept 
(Eylea, Bayer) 2 mg administered Q8W after 
five loading doses in patients with DMO. 

Although neither faricimab treatment 
arm demonstrated superiority over 
aflibercept for vision change, improved 
anatomical outcomes were observed. 
Change in central subfield thickness 
(CST) from baseline consistently favoured 
faricimab, and more faricimab-treated 
patients achieved absence of DMO (defined 
as CST <325 µm, as per DMO protocol 
definition) and absence of intraretinal 
fluid. The proportion of patients showing 
improvement in diabetic retinopathy 
severity was similar across treatments. 

Patients in the faricimab PTI arm were 
treated using a standardised objective 
regimen based on the treat-and-extend 
concept, with dosing interval adjusted 
(4-week increments up to a maximum of 
16 weeks) based on treatment response 
as measured by CST and BCVA. In the 
faricimab PTI arm, 72% were on quarterly 
or longer dosing intervals, with 52% on 
4-monthly dosing intervals, at Week 52. 
Across both Phase 3 studies throughout 
Year 1, faricimab demonstrated non-
inferior vision gains, improved 
anatomical outcomes and the potential for 
extended dosing. 

nAMD studies
TENAYA and LUCERNE are global Phase 3 
studies evaluating the efficacy and safety 
of faricimab dosed up to Q16W after four 
initial monthly doses compared with 
aflibercept given Q8W after three monthly 
loading doses in 1,329 treatment-naive 
patients with choroidal neovascularisation 
secondary to AMD. The trials are taking 
place across 271 sites worldwide. 

The studies have two treatment arms: 
faricimab 6 mg given at fixed intervals of 
every 8, 12 or 16 weeks after four monthly 
loading doses, based on disease activity 
assessment (BCVA and CST criteria as 
well as investigator’s evaluation) at Weeks 
20 and 24, and aflibercept 2 mg given at 
fixed Q8W intervals after three initial 
monthly doses (Table 2).7 After assignment 
to the respective treatment interval, no 
subsequent interval adjustments nor rescue 
injections were permitted. 

The faricimab treatment protocol 
was informed by results from the Phase 
2 STAIRWAY clinical trial for nAMD, 
where 65% of faricimab-treated patients 
had no disease activity 12 weeks after 
the last loading dose.8 Vision gains were 
fully maintained up until Week 52 with 

faricimab dosed up to Q16W or Q12W and 
were comparable to monthly ranibizumab, 
suggesting extended disease stability after 
faricimab treatment. 

In TENAYA and LUCERNE, mean gains 
in BCVA from baseline for faricimab dosed 
up to Q16W were non-inferior to aflibercept 
Q8W in patients with nAMD at 1 year, 
averaged over Weeks 40, 44 and 48: +5.8 
letters versus +5.1 letters respectively 
in TENAYA and +6.6 letters for both 
treatments in LUCERNE. A comparable 
proportion of patients gained or maintained 
vision with faricimab and aflibercept, with 
meaningful and comparable reductions in 
CST from baseline until Week 48.  

The proportion of faricimab patients on 
at least Q12W dosing intervals was 80% and 
the proportion on Q16W dosing intervals 
was 45% at Week 48. 

Vitreo-retinal specialist Dr Arshad M. 
Khanani commented: “For me, the biggest 
unmet need in patients with nAMD is 
durability. Data from numerous studies 
reveal that patients with nAMD are not 
receiving the injections they need in the 
real world, with undertreatment and 
inferior vision outcomes compared with 
clinical trials.” 

TABLE 2. DISEASE ACTIVITY ASSESSMENT CRITERIA IN TENAYA 
AND LUCERNE PHASE 3 TRIALS OF FARICIMAB IN NAMD.

OCT
• Increase in CST >50 µm compared with average CST over previous two scheduled visitsa;
• Increase in CST ≥75 µm compared with lowest CST recorded at either of previous two 
scheduled visitsa.

Visual acuity
• Decrease of ≥5 letters of BCVA compared with average BCVA over previous two scheduled 
visits, due to nAMD (per the investigator);
• Decrease of ≥10 letters of BCVA compared with highest BCVA recorded over previous two 
scheduled visits, due to nAMD (per the investigator).

Clinical examination
• Presence of new macular haemorrhage (per the investigator) due to nAMD activity;
• Investigator opinion of significant nAMD disease activity at Week 24 that requires 
immediate treatment (applies only at Week 24).

aCST values obtained at site will be entered into the interactive voice or web-based response system (IxRS) at Weeks 12, 16, 
20 and 24.
Abbreviations: BCVA, best-corrected visual acuity; CST, central subfield thickness; nAMD, neovascular age-related macular 
degeneration; OCT, optical coherence tomography. 
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He added: “Data from the global Phase 
3 trials of faricimab in nAMD demonstrate 
better durability than the current available 
anti-VEGF agents, with eight out of ten 
patients achieving sustained vision gains 
on quarterly or longer treatment intervals 
and with a well-tolerated safety profile. This 
is great news for physicians and patients 
that we may have a more durable option in 
the future to decrease treatment burden for 
patients with nAMD.”

Future long-term outcome data, including 
second-year results from the faricimab 
Phase 3 programme and the planned 2-year 
extension studies, will provide additional 
important insights into better understanding 
the benefits of dual Ang-2/VEGF inhibition 
and resulting vascular stability.
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Swept-source OCT angiography  
aids in the detection of dry AMD
Management of treatment-naive macular neovascularisation can lead to better outcomes

By Cheryl Guttman 
Krader; 

Reviewed by  
Dr Philip J. Rosenfeld

N
on-exudative macular neovascularisation 
(MNV) is asymptomatic, but it is 
important to identify MNV lesions because 
they appear to be a precursor for the 

development of exudative disease, according to Dr 
Philip J. Rosenfeld, professor of ophthalmology at 
Bascom Palmer Eye Institute at the University of 
Miami Miller School of Medicine in Florida, United 
States. Treatment-naive MNV is now recognised as a 
state of age-related macular degeneration (AMD) that 
can be accurately detected with swept-source optical 
coherence tomography angiography (SS-OCTA). 

Dr Rosenfeld discussed the detection, natural 
history and management of treatment-naive MNV in a 
presentation at the 2021 Ohio Ophthalmological Society 
virtual annual meeting. “A double-layer sign (DLS) or 
shallow, irregular retinal pigment epithelial elevation 
(SIRE) on the structural OCT B-scan is a characteristic 
feature of these lesions,” said Dr Rosenfeld. 

“Finding these lesions in eyes with dry AMD is 
important because they have a high risk of conversion 
to exudative AMD. So far, we have not been able to 
predict which eyes are likely to progress to exudation 
based on anatomic changes. Therefore, close 
follow-up and at-home monitoring [are] crucial in 
these patients to prevent vision loss.”

Dr Rosenfeld highlighted his message about 
monitoring with a case history involving a patient 
who presented in January 2020 with large drusen and 
20/40 visual acuity (VA). Routine SS-OCT showed 
structural elevation of the retinal pigment epithelium 
(RPE) consistent with drusen in the right eye, but no 
evidence of exudation. 

Non-exudative MNV was detected with SS-OCTA 
imaging, where the areas of confluent drusen 
corresponded to a DLS seen on individual B-scans. 
Segmentation of RPE-Bruch’s membrane on the 
SS-OCTA angiographic flow map showed that the 
patient had three independent neovascular complexes.

The patient was counselled to return for follow-up 
in March 2020, but because of the COVID-19 
pandemic, she cancelled that appointment. A 
re-scheduled visit in April was also cancelled. In 

May, 4 months after her January appointment, she 
presented to the emergency department because of 
sudden vision loss in the right eye. 

Examination showed count fingers VA and 
identified a massive sub-macular haemorrhage 
along with exudation. “This situation could have 
been prevented by home monitoring and even better 
by home OCT monitoring that could have showed 
exudation developing long before the haemorrhage 
occurred,” Dr Rosenfeld said. 

Detecting MNV on OCTA
Dr Rosenfeld credited the ability to detect 
MNV to Dr Ruikang Wang of the University of 
Washington in Seattle, US, who developed an optical 
microangiography algorithm that enables flow 
detection in OCT images. Using specific segmentation 
strategies, clinicians can identify subclinical 
MNV lesions using a number of different slab 
configurations with different boundaries. 

For the purposes of his study, Dr Rosenfeld used 
a slab extending from the outer retina (OR) to the 
choriocapillaris (CC), which is termed the ORCC 
slab. He noted that the presence of subclinical MNV 
had been described in the 1990s in eyes that had 
undergone indocyanine green angiography (ICGA). 
The ability to identify these lesions equally well using 
non-invasive SS-OCTA imaging was demonstrated by 
Dr Rosenfeld and his colleagues in a study of patients 
with asymptomatic, intermediate AMD in one eye 
and exudative NV AMD in the fellow eye.1

Subsequently, Dr Rosenfeld and his colleagues 
went on to investigate the prevalence and natural 
history of non-exudative MNV in dry AMD. For 
this study, they included patients with dry AMD in 

  Swept-source optical coherence 
tomography angiography can detect eyes at 
risk of developing exudative disease.
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one eye and a fellow eye with exudative 
AMD. In the eyes with dry AMD, they 
found a 14-fold increased risk of developing 
exudation within 2 years among eyes with 
non-exudative MNV compared with eyes 
that did not have subclinical MNV.2 

Overall, if the fellow eye had exudative 
AMD, the prevalence of a non-exudative 
MNV in an eye with dry AMD was 13%. The 
prevalence was similar in eyes with either 
intermediate AMD or geographic atrophy. 

Follow-up of eyes with non-exudative 
MNV showed that the lesions can grow 
without becoming exudative. Anti-vascular 
endothelial growth factor (VEGF) treatment 
was administered when symptomatic fluid 
developed in association with a decrease 
in vision; the treatment was effective in 
resolving the fluid and improving VA, 
but there were no obvious effects on 
lesion morphology for type 1 MNV, which 
comprised 93% of the lesions.

Search for changes that predict 
exudation
Studies conducted to find possible 
biomarkers to predict exudative conversion 
have thus far shown no association 

with size or growth of the MNV prior 
to exudation, or with changes in the 
volume of pigment epithelial detachments 
associated with the MNV prior to 
exudation, choriocapillaris flow deficits or 
the surrounding choroidal vasculature.3 
“Additional potential predictors we are 
looking at include flow velocity within the 
MNV or in the choriocapillaris around the 
MNV and changes in choroidal blood flow,” 
Dr Rosenfeld noted. 

He explained that in the Phase 2 FILLY 
study investigating pegcetacoplan for the 
treatment of geographic atrophy, the adverse 
event analysis showed that new-onset 
exudation developed in a dose-dependent 
fashion, occurring in 21% of eyes treated 
monthly with the investigational agent, 
in 9% of eyes receiving treatment every 
other month, and in only one eye (1.2%) 
in the sham-treated control group.4 A post 
hoc review of images obtained at baseline 
showed that the DLS was present in 73% of 
eyes that developed exudative AMD versus 
32% that did not develop exudation.5 

“These eyes with the DLS had subclinical 
neovascularisation, but we were not 
prepared to capture these eyes at baseline,” 
Dr Rosenfeld explained. “Now, in the Phase 
3 trials investigating pegcetacoplan, DLS at 
baseline is being identified and these eyes are 
being followed carefully for the development 
of exudation that will be treated with anti-
VEGF therapy.”

However, Dr Rosenfeld added that the 
take-home message from FILLY “is that 
the VA outcome was just as good in eyes 

that developed exudation compared with 
those that did not because they were treated 
promptly with, and responded very well to, 
anti-VEGF therapy.” 
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A
lthough there are currently no options 
available to treat retinitis pigmentosa (RP), 
one novel approach has been evaluated in 
a Phase 2 clinical trial carried out in this 

patient population. The study determined the clinical 
effect of injecting human retinal progenitor cells to 
improve vision and visual fields by activating and 
preserving retinal cells. 

According to Dr David S. Boyer, adjunct clinical 
professor of ophthalmology at the Keck School of 
Medicine of USC in Los Angeles, California, United 
States, the findings indicated that this treatment 
may be able to enhance vision and visual fields in 
specific patients with RP whose living cells can be 
rejuvenated.

Method and endpoints of the trial
A heterogeneous group of patients with RP and 20/80 
to 20/800 vision were included in the trial. Patients 
were not excluded based on their clinical picture or 
genetics. Following exclusion due to administration 
of the wrong dose, loss to follow-up or a pre-existing 
condition, 74 patients were included in the study and 
randomised 1:1:1 in the analysis.

The cells given by injection were regenerative 
and intended to enhance those that might still be 
living in the retina. The cohort was split into three 
groups: patients who received an injection of 3 
million cells; patients who received an injection of 
6 million cells; and a sham control group. The goals 
were to determine the ideal dose of cells and identify 
secondary endpoints, and to determine the clinical 
characteristics of the patients who might benefit most 
from one intravitreal dose in a Phase 3 trial. 

The primary endpoint was the mean change in the 
best-corrected visual acuity (BCVA) from baseline 
to month 12. The secondary endpoints were low 

light mobility to facilitate navigation through a 
maze, kinetic visual fields that map the remaining 
vision, contrast sensitivity and the results of a visual 
functioning questionnaire (VFQ-48).

Evaluation of the results 
Injection of the 6-million-cell dose produced a 
moderate improvement in vision of approximately 4.4 
letters over the sham treatment. The kinetic visual 
field also showed an improvement, as did contrast 
sensitivity and results of the VFQ-48; however, Dr 
Boyer reported that no improvements were seen in the 
low luminance test. 

In previous studies, Dr Boyer explained, it had 
not been possible to measure patients with a visual 
field of less than 12 degrees reliably, because of their 
inability to maintain fixation without central vision. 
Moreover, patients with a three-line difference in 
vision between the treated eye and the fellow eye also 
had a decrease in vision that could not be improved. 

When the investigators evaluated the patients 
in the Phase 2 trial according to these specific 
parameters, they saw approximately 15 letters of 
improvement and significant improvements in the 
kinetic visual fields, contrast sensitivity, VFQ-48 and 
navigation through the low luminance maze when 
the patients in the 6-million-cell group and those who 
received the sham treatment were compared.

At the time of this article, approximately 130 eyes 
had been treated and the safety profile was excellent. 
No serious adverse events occurred in the group 
treated with the higher dose. “The study found that 
the 6-million-cell dose was the most effective, all 
clinical trial endpoints were useful and supportive of 
the treatment effect, the treatment had an excellent 

IN SHORT 
  Trial results indicate that retinal cell 

injections improve vision in certain retinitis 
pigmentosa patients.

The question remains as to which 
patients would benefit the most 
from this treatment.

Targeting human retinal progenitor 
cell injections for retinitis pigmentosa 
Investigators find approach improved vision and visual fields in some patients
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safety profile, and certain 
patients from the broad set of 
[patients with RP] studied can 
be assessed more reliably,” Dr 
Boyer said.

However, the question 
remains as to which patients 
would benefit the most from 
this treatment. Heat maps 
were generated that showed 
the width and the band of the 
ellipsoidal zone; the results 
indicated that its thickness may 
be predictive of improvements 
in the endpoints (BCVA, visual 
fields, contrast sensitivity, 
low luminance level in the 
maze and VFQ-48 results) 
with the human progenitor 
cell treatment compared with 
sham treatment. Similarly, the 
mean foveal central thickness 
was also highly correlated with 
improvements in the endpoints 
in the 6-million-cell group.

“The optical coherence 
tomography findings indicated 
structural predictors—i.e., the 
ellipsoidal zone thickness and 
the mean foveal thickness—for 
[participants] who received the 
6-million-cell dose who were 
most likely to improve with 
injection of human progenitor 
cells,” Dr Boyer concluded. 

“There was no evidence of 
structural improvement at 12 
months. The potential minimal 
thickness should be considered 
as part of the inclusion criteria 
for future studies,” Dr Boyer 
added. The Phase 3 trial will 
begin in the third quarter of 
2022.

gene therapy
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M
itigating inflammation after cataract 
surgery has always been critical, 
but heightened expectations among 
today’s refractive cataract surgery 

patients reinforce that imperative. Despite steady 
advancements in surgical techniques, postoperative 
inflammation, if uncontrolled, may result in 
discomfort, delayed recovery and reduced visual 
outcomes.1,2 

Although topical corticosteroids and non-steroidal 
anti-inflammatory drugs (NSAIDs) have been the 
historical standard for inflammation control following 
ocular surgery, the likelihood of inconsistent patient 
adherence to these medications is high, and this 
behaviour is associated with compromised outcomes. 

The need for targeted anti-inflammatory treatments 
that minimise the challenges associated with 
topical dosing and patient adherence has given 
rise to innovative drug delivery systems, such as 
dexamethasone intraocular suspension 9% (Dexycu, 
EyePoint Pharmaceuticals), the first single-dose, 
sustained-release intraocular corticosteroid approved 
by the United States Food and Drug Administration 
(FDA) for inflammation following ocular surgery. 

This liquid suspension is injected at the end of ocular 
surgery using a standard 27-gauge cannula; after an 
immediate bolus, the approximately 2-mm spherule 
delivers a tapering dose of dexamethasone to control 
inflammation through the first postoperative month.

Clinical study outcomes
Impressive Phase 3 clinical study outcomes 
influenced my initial decision to offer the 
dexamethasone intraocular suspension 9% option 
to my patients.3,4 In one Phase 3, randomly assigned, 
double-masked, placebo-controlled trial, significantly 
more of the treated eyes (66%) had anterior chamber 
cell clearing at postoperative Day 8, versus 25% of 
those given placebo (vehicle injection).3 

In another Phase 3, open-label safety study, the 
liquid suspension was found to be comparable to four-
times-daily topical prednisolone drops.4 The most 
common adverse events were increased intraocular 

pressure (IOP; 11.1%), iritis (6.3%) and systemic 
effects (7.9%, liquid suspension group; 10.9%, 
prednisolone group). Among the patients receiving 
the dexamethasone suspension, 68.7% strongly 
agreed that not having to use eye drops was very 
convenient.4

Real-world outcomes
Further evidence validating my use of this intraocular 
delivery method has emerged from a multicentre 
retrospective study of real-world performance.5 The 
investigators aimed to characterise surgeons’ early 
experiences with the drug suspension using data 
from a large number of patients and study sites. 

Data were collected from records of 641 eyes of 527 
patients who received the agent at the end of cataract 
surgery between March and December 2019, the 
months immediately following the drug’s becoming 
available on the market. In this retrospective study, 
among those eyes with a recorded value at each time 
point, complete anterior chamber cell clearing was 
observed in 40%, 65%, 85% and 90% at postoperative 
Days 1, 8, 14 and 30, respectively. 

Targeted best corrected visual acuity was achieved 
in 97% of eyes. Mean IOP at postoperative Day 1 
was 18.6 mm Hg, with levels decreasing through 
to postoperative Day 30.  These real-world data 
from multiple US study centres demonstrate the 
anti-inflammatory efficacy and tolerability of 
dexamethasone intraocular suspension 9% and 
mirror those of the controlled Phase 3 clinical trials.4,5 
Viewing these real-world results alongside those 
from the Phase 3 registration trials can be illustrative, 
especially regarding the patient population included. 

Real-world outcomes validate 
intraocular drug delivery method
Ophthalmologists explore new methods to control postoperative inflammation

By Dr Michael 
Savetsky

  Evidence from clinical trials and real-world 
situations demonstrates the effectiveness 
and convenience of intraocular drugs to 
control postoperative inflammation. 

IN SHORT 



FDA studies generally follow a fairly 
restrictive set of inclusion and exclusion 
criteria, whereas this real-world 
retrospective study included all patients at 
participating centres who had received the 
liquid suspension during the allotted time 
period, providing a window into the drug’s 
performance in an ’unfiltered’ population, 
including patients with complicated ocular 
histories and comorbidities. Although there 
are some limitations to this type of real-
world retrospective analysis, the insight 
gained can be very powerful. 

Patient selection
Data from the aforementioned studies, as 
well as my own anecdotal observations, 
form the basis of my dexamethasone 
intraocular suspension 9% patient selection 
standards today. In my practice, 95% 
of cataract and combined cataract and 
minimally invasive glaucoma surgery 
(MIGS) procedures conclude with 
administration of this agent. 

Although the pivotal trials were conducted 
in cataract surgery, the drug is approved for 
any ocular surgery, and is now routinely used 
for postoperative inflammation control in 
MIGS and even vitreoretinal surgeries.6  Some 
may wonder whether the option is suitable 
for every patient. It certainly has its merits; 
and it has been proven to be safe. 

I consider nearly every patient to be a 
candidate for dexamethasone intraocular 
suspension 9%, based on its efficacy and 
safety profile. I find its ability to quell 
postoperative inflammation comparable to 
that of difluprednate ophthalmic emulsion 
0.05% topical corticosteroid drops (Durezol, 
Novartis), which I previously relied on 
for most of my patients with cataract and 

combined cataract and MIGS. 
Patients who may not be appropriate 

candidates for the dexamethasone 
suspension include those who are likely 
to need their corticosteroid dosage 
modified at a moment’s notice (e.g., known 
corticosteroid responders and patients 
who have advanced glaucoma). For known 
corticosteroid responders and those with 
advanced glaucoma, I would prefer to use 
a topical anti-inflammatory regimen that I 
could alter as needed. 

In my experience with dexamethasone 
intraocular suspension 9%, IOP elevations 
in patients without additional risk 
factors may occur within the first few 
postoperative days; however, they resolve 
without intervention by the end of the 
first week. In general, the risk of severe or 
prolonged IOP elevation in patients treated 
with the agent is low; a post-hoc, pooled 
analysis of Phase 3 study data found that 
the risk of postoperative IOP elevation 
was comparable to that with topical 
corticosteroid therapy.7

Complicated patients
The dexamethasone intraocular suspension 
has particular utility in patients with 
complex histories and/or inflammatory 

risk factors. Prior to the availability of this 
sustained-release formulation, I would 
occasionally administer a small amount of 
dexamethasone intracamerally to provide 
a boost of anti-inflammatory prevention 
in patients at risk of elevated postoperative 
inflammation, such as those with uveitis. 
Now I notice that when I administer the 
liquid suspension to a patient with a history 
of uveitis, I see excellent inflammation 
control without the use of adjunctive topical 
corticosteroid.

As another example, I recently operated 
on a patient with diabetes who had an 
intraoperative iris bleed. I was able to wash 
out about 95% of the blood cells from the 
anterior chamber but could not clear the 
remainder. I injected the dexamethasone 
agent into the posterior chamber and saw the 
patient at 1, 3 and 7 days postoperatively. 

By Day 3, he had almost no cells in the 
anterior chamber, and by 1 week he was 
fully clear. This is the type of patient in 
whom I would normally expect to see 
significant inflammation and possibly 
even the need for additional postoperative 
corticosteroid eye drops, but neither of 
those issues occurred, which speaks to the 
potency of this drug.

In addition to using the dexamethasone 

I consider nearly every 
patient to be a candidate 
for dexamethasone 
intraocular suspension 9%, 
based on its efficacy and 
safety profile. 

(Figure 1) The liquid suspension in the posterior chamber at the end of cataract surgery. 
(Image courtesy of Dr Michael Savetsky)
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intraocular suspension, I continue to 
prescribe a once-daily topical NSAID: either 
bromfenac ophthalmic solution 0.07% 
(Prolensa, Bausch + Lomb) or nepafenac 
ophthalmic suspension 0.3% (Ilevro, 
Novartis). One drop is easy for the patient 
to remember, and I have always given an 
NSAID postoperatively for prophylaxis of 
cystoid macular oedema.

Conclusion
The use of dexamethasone intraocular 
suspension 9% takes the responsibility of 
controlling postoperative inflammation out 

of the patients’ hands, which is helpful both 
to them and to me. The patients gain the 
convenience that comes with not having to 
procure topical corticosteroids, administer 
them correctly or remember to use them 
multiple times a day, according to the 
tapering schedule. I benefit because I can be 
sure that patients have anti-inflammatory 
coverage in place, which in turn improves 
surgical outcomes.
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(Figure 2) The liquid suspension in the capsular bag at the end of cataract surgery. 
(Image courtesy of Dr Robert Osher)
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ADMINISTRATION TECHNIQUE
Because dexamethasone intraocular suspension 9% is 
injected at the very end of a case, it does not influence 
my surgical technique or decisions. But there is some nu-
ance to administering this very small volume (0.005 mL) 
of drug into the eye. 

When I began using the agent, I injected into the sul-
cus (Figure 1), but I now inject into the lenticular capsule, 
just at the IOL optic edge (Figure 2). This technique has 
been more successful for me because the droplet is eas-
ier to visualise and the optic edge predictably holds it 

in place as I withdraw my cannula. With this newer tech-
nique, the droplet rarely migrates into the anterior cham-
ber; however, migration into the anterior chamber has not 
resulted in any lasting issues. 

Localised corneal oedema, if it occurs, has always re-
solved within about a week. I recommend making sure 
that the wounds are well hydrated and the chamber is wa-
tertight before injecting the drug, because some egress 
of fluid can be expected when the cannula enters the eye.
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W
hile investigators have found little 
difference in visual outcomes and 
complications between IOL replacement 
and rescue for sutureless intrascleral 

fixation of dislocated IOLs, the choice remains debatable. 
As a result, surgeons must determine which option is 
likely to provide the best outcome for a patient.

IOLs become dislocated in approximately 0.2–2% 
of cases after cataract surgery, and the possible 
treatments for dislocated posterior-chamber IOLs 
include open-loop anterior-chamber IOLs and iris- 
and scleral-sutured posterior-chamber IOLs. These 
techniques have similar outcomes, explained Dr 
Jingyi Ma, from the Faculty of Medicine and Dentistry 
at the University of Alberta in Canada.

IOL rescue is a possibility in eyes in which scleral 
fixation is performed as a secondary procedure. 
However, there is not enough information about IOL 
rescue to ascertain the long-term visual and surgical 
outcomes compared with IOL replacement. 

Dr Ma and colleagues carried out a retrospective 
cohort study from January 2014 to January 2017 
that included patients (136 eyes) with a dislocated 
posterior-chamber IOL who were treated with 
secondary sutureless intrascleral tunnel fixation of 
the dislocated IOL. The procedures were performed 
by one of five vitreoretinal surgeons at the Royal 
Alexandra Hospital in Edmonton, Alberta, Canada. 

The pre-existing IOL was either used again or 
replaced with a three-piece IOL. As Dr Ma explained, 
the study outcomes were the postoperative best-
corrected visual acuity (VA) at 2 and 6 months, the 
need for anti-inflammatory drops postoperatively, 
complications, and indications for another surgery at 
2 and 6 months.

Observations
Thirty-nine patients underwent IOL rescue and 97 had 
IOL replacement procedures. The mean patient age 
in those who underwent IOL rescue or replacement 
was 68.9 and 71.8 years, respectively. The respective 

follow-up times were 13.6 and 12.3 months. Dr Ma 
reported that the two groups were balanced for 
gender, VA and the duration of the pre-existing IOL.

Regarding VA, the IOL rescue group fared slightly 
better at 6 months postoperatively than the IOL 
replacement group, compared with baseline. Anti-
inflammatory drops were used less often in both 
groups at 2 and 6 months. 

“At 6 months, 13% of the IOL rescue group needed 
drops compared with 19% in the IOL replacement group, 
although the difference did not reach significance,” 
Dr Ma said. At 6 months, 12 complications developed 
in the IOL rescue group and 31 in the IOL replacement 
group, reflecting complication rates of 31% and 32%, 
respectively. The most frequent were cystoid macular 
oedema in three and eight eyes, inflammation in three 
and seven eyes, and elevated intraocular pressure in  
two and six eyes, respectively. 

A subsequent surgery was required in 26% and 
13% of the IOL rescue and replacement groups, 
respectively. The mean times to the first surgery were 
1.6 and 2.1 months. Survival analysis showed that if 
another surgery was required, the need arose within 
the first few months of the initial surgery. After this, 
both groups remained stable. 

The risk factors identified for a subsequent surgery 
were the presence of a complication (hazard ratio 
[HR], 2.8) and worse VA at 2 months (HR, 1.5). Lens 
replacement had a lower, non-significant HR for failure.

Conclusions
IOL rescue may provide a slight benefit because of 
the better postoperative VA and less need for use of 
anti-inflammatory drops. However, IOL replacement 
is associated with fewer instances of a second surgery 
being required, which approached significant levels. 

The risk factors for a subsequent surgery are 
complications and worse VA at 2 months, Dr Ma said. 
“Both IOL replacement and rescue are reasonable 
options for the sutureless scleral fixation technique,” 
she concluded.

IOL dilemma: Replacement or rescue?
Investigators find little difference in outcomes and complications between options

By Lynda Charters

JINGYI MA, BMSC
e: jma@ualberta.ca
Dr Ma reported no financial interest in this subject matter.

IOL replacement is associated with 
fewer second surgeries.
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I
ncorporating toric IOLs into the surgical 
repertoire is a lot easier than it is perceived to be. 
It is 99% planning for success and 1% dealing 
with failure. Even the failures are not catastrophic 

but can be assessed and corrected with the use of 
some basic and accessible tools. Most cases are 
extremely straightforward without the need for a lot 
of detailed or complex knowledge.

If we can leave a patient with less postoperative 
residual refractive astigmatism than what they have 
due to preoperative keratometric astigmatism, then a 
toric IOL is indicated. Implanting and aligning a toric 
IOL is no harder than non-toric cataract surgery and 
you can use what is already in your tool belt.

In the first of this three-part series, I will guide the 
reader through my step-by-step approach for patient 
selection, preoperative assessment and biometry. In 
the articles to follow, I will review surgical technique, 
preoperative marking and postoperative assessment.

Patient selection pearls
The first step to incorporating toric IOL implantation 
is selecting the right patient. Regardless of the 
level of astigmatism a patient has, it is important 
to completely treat it. Residual astigmatism of low 
magnitude can give a little depth of focus but can 
come at a cost to visual quality and there are many far 
more elegant solutions to give a patient a wonderful, 
clear depth of focus without a range of blur.

I do not like the idea of ‘debulking’ high-magnitude 
astigmatism. Whether you leave a previously highly 
astigmatic eye with low-level residual astigmatism or 
do not treat an eye with low-magnitude astigmatism, 
you are still not allowing that person to see to their 
full, unaided potential.

If you are new to implanting toric IOLs, you 
should not start with a patient who is a pedantic 
perfectionist. Ideally, the patient has a good, healthy 
eye—potentially a hyperopic patient—because they 

will appreciate the improvement in their vision to a 
greater degree. It is also beneficial if the patient has 
a desire to be spectacle free afterwards so that they 
have good early outcomes. A good patient experience, 
that is, a patient who is happy with what you have 
done, which will boost your confidence.

ASTIGMATISM LEVELS
It is best to begin treating lower levels of astigmatism. 
Between 1 D and 2 D of corneal astigmatism is 
a ‘sweet spot’ to start. People often ask what my 
lower threshold is for using a toric IOL. I explain 
that if a patient can have less residual astigmatism 
postoperatively than they have preoperatively, then I 
use a toric IOL.

This depends on the orientation of the steep axis of 
very-low-level astigmatism. We also need to consider 
the availability of different cylinder powers in toric 
IOLs worldwide. 

Remember also that there is a difference in 
magnitude between astigmatism at the corneal and 
IOL planes, so some lower levels of astigmatism can 
be treated reasonably accurately with a 1.5 D cylinder 
power toric IOL. My advice is to make the calculation 
for every patient as though they will receive a toric 
IOL and then decide based on what is available in 
your region. 

CORNEAL TOPOGRAPHY
One should select patients with a good ocular 

Toric IOLs for beginners
PART 1: Tips for patient selection, preoperative assessment and biometry

By Dr Ben LaHood

Dr LaHood

  Selecting the right patient is the first step 
to incorporating toric IOL implantation, and 
ensuring accurate biometry increases the 
odds of good outcomes.

IN SHORT 

THIS THREE-PART SERIES ON USING TORIC IOLS IN CATARACT SURGERY will provide some practical tips and advice to help famil-
iarise readers with this technology. It is aimed at cataract surgeons who would like to get started with using toric IOLs, however, it 
should also be useful for anyone wishing to optimise their toric IOL outcomes or feel more comfortable with treating astigmatism. 
Part 1 looks at patient selection and optimising biometry; Part 2 examines IOL calculation; and Part 3 looks at the perioperative 
period and postoperative troubleshooting.



surface and regular cornea. The best 
keratometry measurements possible 
need to be obtained to provide 
consistent measurements with a good 
view of what you are doing.

When you are starting out, corneal 
topography reassures you that the 
corneas are healthy. When you treat 
patients with irregular corneas, even 
with a perfect operation, the outcome 
is unlikely to be as good as that for a 
normal, healthy eye.

Selecting a patient with a healthy 
tear film who does not have dry eye 
symptoms will make early toric IOL 
cases a lot easier, and you will feel 
better about your biometry. Also, 
avoid anything that temporarily 
alters the shape of the eye, including 
eyes that have had recent pterygia 
operated on or that have active 
conditions, or patients who wear 
contact lenses.

CO-EXISTING CONDITIONS
I recommend avoiding patients who 
have other pathologies that will 
degrade their vision, including severe 

glaucoma or macular degeneration. 
After you have implanted a handful 
of patients, you will not need to limit 
yourself by this patient selection 
guide, but it is best in the early stages 
of your learning curve.

The patient should have very 
good capsular support in the eye. A 
patient who has pseudoexfoliation or 
who has had any kind of trauma to 
their zonules should not be selected 
because you are going to be rotating 
a lens within the capsule, and if 
you have not done this before you 
may not be as gentle with your force 
vectors as you will become. 

OTHER CONSIDERATIONS
I recommend selecting a patient 
who has good overall health, which 
admittedly can be difficult to find in 
cataract patients. Implanting toric 
IOLs will initially add minutes to the 
surgery time, and patients will need 
to be able to withstand an additional 
10 minutes on the table, which will 
allow you to recheck the axis as you 
need to.

When planning your surgical 
schedule for the day, do not 
overwhelm yourself with 
complicated cases and then implant a 
toric IOL last. Start out by scheduling 
straightforward cases and then 
adding a toric IOL patient to that list 
to give yourself plenty of time.

Preoperative assessment 
Consenting a patient for toric IOL 
surgery will initially seem like you 
are simply telling the patient about 
a lot of added risks without any 
added benefits. However, this is only 
because patients generally expect 
that you will be treating the entirety 
of their refractive error by default, so 
explaining that you have upgraded 
from a non-toric to toric IOL may 
not impress them greatly. Offering 
a non-toric option, which will 
provide inferior results, should only 
be an option if there are financial 
implications for the patient.

I inform them that I am putting 
a special lens in their eye and that 
it has to be perfectly aligned to be 

“If you are new 
to implanting 
toric IOLs, you 
should not 
start with a 
patient who 
is a pedantic 
perfectionist.
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effective. Although I reassure the 
patient that it is unusual to have to 
re-rotate a toric IOL, I tell them there 
is a small chance that I may have to 
go back at a later stage and correct 
the position of the lens if it moves.

Biometry tips
Biometry is obviously a key part 
of toric IOL decision making 
and calculation. My approach to 
measurements is to use the same 
device consistently. I use optical 
biometry (IOLMaster 700; Carl 
Zeiss), which allows me to measure 
axial length even through a very 
dense cataract.

Using measurements from the 
same machine allows me to audit 
my results so that I can review my 
outcomes and hone my techniques 
based on what I see. You cannot 
improve your outcomes unless you 
know what they are.

An often-overlooked point is that 
unless you have a staff member who 
is very invested in your results, will 
be seeing patients postoperatively 
and understands the vital importance 
of biometry measurements, it is best 
to do these measurements yourself. 

It allows you to look at the quality of 
the reflections and removes the guess 
work.

I also use an auto-keratometer 
(Marco; Nidek) to corroborate 
my keratometry values, axis and 
magnitude of astigmatism. The 
results will not be exactly the same 
because they are measuring at 
different distances from the centre of 
the cornea, and it is a living biological 
surface with water on the surface. 
I usually expect them to be within 
about 0.5 D in magnitude and within 
approximately 10° in axis.

However, do not be afraid to repeat 
your biometry if needed. When 
the difference between the optical 
biometry and the auto-keratometer 
measurements is larger than 
expected, I repeat both.

In most cases a spurious result 
is caused by the patient blinking or 
something of that nature, but if I am 
constantly getting abnormal results, 
then I perform corneal topography. 
If I still cannot see anything, and I 
am still not getting consistent results, 
nine times out of 10 the corneal tear 
film is affected by dry eye and I will 
treat that. 

If dry eye treatment does not 
provide consistent results, then I 
explain to the patient that the exact 
power is variable, and I use the lens 
that I think is going to yield the most 
correct result. I also explain that the 
patient has a higher-than-average risk 
of needing an enhancement of some 
sort postoperatively.

TEAR-FILM QUALITY
It is important to optimise tear-film 
quality and observe those reflections 
from the biometry device. If you 
are getting smudged or irregular 
reflections and you think the tear-
film quality is poor, do not just put 
drops on the cornea and remeasure. 
Always remember you are measuring 
a very thin tear film that overlies your 
corneal shape: if you put a big drop of 
water on the cornea and then measure 
it, you will measure a lovely, smooth 
surface with great reflections, but you 
are not measuring the true shape.

Therefore, if you do have problems 
with the tear film, that person really 
needs to have their eye treated 
properly. By far the most common 
cause of a poor tear film is evaporative 
dry eye and Meibomian gland 
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dysfunction. I would usually treat this 
person over the course of a couple of 
weeks and then have them return for 
another biometry measurement. 

I do not feel it is necessary to 
perform a lot of diagnostic tests on 
the tear film prior to surgery. Instead, 
if I am unhappy with the appearance 
of the tear film and accuracy of 
biometry, I treat for Meibomian gland 
dysfunction as a default option.

CORRECT PATIENT ALIGNMENT
Another tip for obtaining accurate 
toric IOL measurements is to ensure 
that the patient’s head is level. I 
aligh the patient with their chin in 
the machine, and before I do any 
measurements, I swing the camera 
from one eye to the other. I should not 
have to move the device up or down.

Most people’s heads are 
symmetrical, and you should be able 
to go from one eye to the other without 
moving the machine vertically. This 
will give you a good indication that 
the head is level and that whatever 
axis you are measuring will be true.

MEASURING TOTAL KERATOMETRY 
AND CORNEAL ASTIGMATISM 
You can now measure total 
keratometric power and total 
corneal astigmatism, incorporating 
information about the front and back 
surfaces of the cornea. Historically 
the anterior corneal surface was 
measured, and it was assumed that 
the back surface was consistent with 
this. Research has shown that it is 
more precise to include some type 
of adjustment for posterior corneal 
astigmatism in your toric lens 
calculations.1

Whether you include a population 
estimate of posterior corneal 
astigmatism or an actual physical 
measurement of an individual 
eye’s posterior cornea, the results 
will be roughly the same.2,3 If you 
are starting to do toric IOL surgery 
and you do not have access to 
total keratometry, it will not hold 
you back; you can still employ a 
method that uses an estimation of 
posterior cornea. For me, that is the 
Goggin nomogram adjusted anterior 
keratometry,4 but there is also the 
widely used and studied Barrett 
Universal II Formula. 

The freely available Barrett Toric 
Calculator is also excellent and 
has an in-built adjustment for the 
posterior cornea. Newer versions of 
the Barrett Suite of formulas allow for 
measurement of individual posterior 
corneal astigmatism as well, so 
there are many options depending 
on whether you want to keep things 
simple or delve a little deeper. 

If you are just starting with toric 
IOLs, I would advise using one of 
the manufacturers’ online toric 
calculators. These incorporate 
a population-based estimate of 
posterior corneal astigmatism.

Corneal tomography also provides 
reassurance as to the steep corneal 
axis and proves the absence of any 
irregularity, but not having a corneal 
tomography device should not hold 
you back from implanting toric 
IOLs. Having a corneal tomography 
measurement has quite honestly 
never made me implant a different 
lens power or at a different axis.

My only warning here is to 
consider whether the patient will 
wear a rigid gas permeable contact 
lens after surgery because of their 
irregular cornea. If they will, then 
I would not advise implanting a 
toric IOL. This would be something 
that you may wish to discuss with 
the patient’s optometrist. Overall, 
do not be held back by the limits of 
available technology.

Conclusion
When starting with toric IOLs, 
just as for any new procedure, it is 
completely reasonable to cherry-pick 
the simplest cases with the highest 
likelihood of success. Selecting the 
optimal patient and eye will give 
you confidence to build up to more 
complex cases. 

Making sure that your biometry is 
as accurate as possible also increases 
the odds of both you and your patient 
being happy with the outcome. 
In the next article of this series, I 
will discuss toric IOL selection and 
calculation.
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Selecting the optimal 
patient and eye will 
give you confidence 
to build up to more 
complex cases. 
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I began performing laser vision refractive surgery in 
1993. In 2007, I joined the ZEISS scientific advisory 
board and became involved with the development of 
Lenticule Extraction technique using femtosecond laser 
technology to correct myopia with and without astig-
matism. The technique became commercially available 
in 2011 when ZEISS launched its SMILE software to 
perform lenticule extraction with the VisuMax fem-
tosecond laser (Carl Zeiss Meditec AG; Jena, Ger-
many). Since then, Lenticule Extraction with SMILE 
has become an established procedure in the refractive 
surgery community. To date, more than 4 million eyes 
have been treated with SMILE, and comprehensive 
data showing positive results have been reported in 
over 700 peer-reviewed publications. The literature in-
cludes long-term outcomes from follow-up to 10 years 
as well as comparisons with other refractive laser tech-
niques.  A recent meta-analysis found the safety, effica-
cy, and predictability of SMILE for myopia correction 
were similar to femtosecond laser-LASIK.1 

Considering its outcomes and because of its benefits, 
SMILE now accounts for nearly 90% of my myopic re-
fractive laser surgeries. 

THE NEW VISUMAX 800
Recently, in September, 2021, ZEISS introduced the 
new VISUMAX 800 femtosecond laser (Figure 1). The 
developers spent almost 5 years to thoughtfully design 
the new evolution femtosecond laser - the VISUMAX. 
The knowledgeable input of corneal refractive surgeons 
and learnings from 10 years of experience with SMILE 
were applied to optimize the performance of the new 
laser. The result is an updated and upgraded system that 
brings benefits for surgeons, surgical staff, and patients. 
In a nutshell, the VISUMAX 800 incorporates a faster 
laser source, which enables the user to cut a complete 
lenticule in approximately 10 seconds.2 The VISU-
MAX 800 also features computer-assisted centration as 
well as cyclotorsion adjustment by digital rotation of 
the cutting pattern. 

In addition, the VISUMAX 800 is physically a com-
pletely new device. As compared to the former Visu-
Max, the new laser has a smaller footprint and therefore 
needs less space in the operating room. The VISUMAX 
800 is also mobile and can be relocated according to 
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the needs of the center. Furthermore, all moving parts 
have been incorporated into the laser itself instead of 
the patient bed. Therefore, various patient beds can be 
used with the VISUMAX 800. The VISUMAX 800 is 
equipped with a slit lamp and two screens. One screen 
is used for data management before surgery and can 
also be used by the OR assistant to observe the surgery. 
While the other screen, provides comprehensive visual-
ization during docking and throughout the surgery and 
thereby ensures ergonomic comfort for the surgeon.

Additionally, the VISUMAX 800 is fully integrated 
into the refractive workflow. The femtosecond laser 
is connected via FORUM with other devices and with 
software platforms. Data management and treatment 
planning are now centralized at one place. Treatment 
planning can be done outside the OR with Refractive 
Workplace (Carl Zeiss Meditec AG; Jena, Germany) 
and sent via a click to FORUM and from there to the 
particular laser. 

EARLY CLINICAL EXPERIENCE
In the first 3 months after the VISUMAX 800 was in-
stalled at my center, I used it to perform nearly 250 
Lenticule Extraction procedures with SMILE pro. 
Feedback about the intuitive data entry process from 
the surgical personnel who are responsible for this task 
has been extremely positive. The speed of the laser was 
remarkable. Whereas it took almost 30 seconds to cre-

ate a lenticule using the first generation VisuMax, the 
cutting procedure with the VISUMAX 800 is done in 
just 10 seconds.2 That means the critical time when the 
eye is under suction is now significantly shorter. 

I was already highly satisfied with the results I was 
achieving using the former VisuMax. Without any 
changes made to my existing nomogram, outcomes of 
patients treated with the VISUMAX 800 have been ex-
cellent and as expected with proven SMILE technology.

Our analysis of data from follow-up of 1 month for our 
first 100 eyes gave us following results: The mean at-
tempted spherical equivalent (SEQ) was -3.54 ± 1.63 
D (range -1.13 to -6.63 D) (Figure 2). 89% of the eyes 
had a refractive outcome within ±0.5 D of the attempt-
ed target and 97% were within ±1.0 D of the targeted 
refraction. The postoperative astigmatism magnitude 
was ≤0.50 D in 95.0% of eyes and ≤1.00 D in all eyes.

Further analysis of 63 eyes targeted for plano, UDVA3 
was ≥20/25 in 90%, ≥20/20 in 78%, and ≥20/16 in 46% 
of the eyes (Figure 3).

CONCLUSION
The most important factor for achieving success and 
patient satisfaction when performing laser vision cor-
rection surgery is to choose the right procedure for each 
patient. Because of its outcomes and benefits like flap-
less technique, Lenticule Extraction with SMILE is my 
treatment of choice for nearly all patients needing myo-
pic correction with and without astigmatism. 
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Figure 2. Scattergram showing the attempted versus achie-
ved SEQ.

Figure 3. Scattergram showing first month post-op efficacy.

Figure 1. ZEISS VISUMAX 800
The VisuMax femtosecond laser is the entry card to 
performing SMILE, and the new VISUMAX 800 raises 
the experience to a new level that benefits surgeons, 
the practice, and patients. Performance speed, connec-
tivity advantages for streamlined workflows and com-
puter-assisted functions for centration and cyclotorsion 
adjustment are not just an improvement for current 
SMILE surgeons, but also provide a great opportunity 
for others to begin performing SMILE.

With an eye to the future, the VISUMAX 800 is also 
capable of accepting software upgrades and is designed 
for digital integration with a comprehensive armamen-
tarium of surgical tools. Therefore, surgeons who use 
the VISUMAX 800 will be prepared to be at the fore-
front in the ever-evolving practice of corneal refractive 
surgery.

By Rainer Wiltfang, MD
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cutting procedure with the VISUMAX 800 is done in 
just 10 seconds.2 That means the critical time when the 
eye is under suction is now significantly shorter. 

I was already highly satisfied with the results I was 
achieving using the former VisuMax. Without any 
changes made to my existing nomogram, outcomes of 
patients treated with the VISUMAX 800 have been ex-
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rection surgery is to choose the right procedure for each 
patient. Because of its outcomes and benefits like flap-
less technique, Lenticule Extraction with SMILE is my 
treatment of choice for nearly all patients needing myo-
pic correction with and without astigmatism. 

Media placement sponsored by Carl Zeiss Meditec AG

SMILE FOR CORRECTING MYOPIA WITH ASTIGMATISM 
Enhancing the premium refractive procedure with the  
VISUMAX 800, the new evolution femtosecond laser

en-INT_34_021_0069I  The case is based on the author’s ow
n professional opinion or on their study 

results. It is not necessarily a reflection of the point of view
 of Carl Zeiss M

editec AG.
VISUM

AX 800 and Refractive W
orkplace are not available for sale or use in the US and other m

arkets.

References
1. Shen Z, Shi K, Yu Y, et al. Small incision lenticule extraction (SMILE) versus femtosecond 

laser-assisted in situ keratomileusis (FS-LASIK) for Myopia: A systematic review and 
meta-analysis. PLoS One. 2016;11:e0158176.

2. Carl Zeiss Meditec AG. Myopia with optical zone 6.5 mm
3. Postoperative UDVA is not measured subjectively (autorefraction (AR) used in about 

95%) & Postoperative CDVA is not measured subjectively in all eyes (AR used in about 
5%)

Dr. Rainer Wiltfang is Founder of the 
SMILE Eyes Group that has centers in 
Austria and Germany. He is a member 
of the Zeiss Scientific Advisory Board. 

Figure 2. Scattergram showing the attempted versus achie-
ved SEQ.

Figure 3. Scattergram showing first month post-op efficacy.

Figure 1. ZEISS VISUMAX 800
The VisuMax femtosecond laser is the entry card to 
performing SMILE, and the new VISUMAX 800 raises 
the experience to a new level that benefits surgeons, 
the practice, and patients. Performance speed, connec-
tivity advantages for streamlined workflows and com-
puter-assisted functions for centration and cyclotorsion 
adjustment are not just an improvement for current 
SMILE surgeons, but also provide a great opportunity 
for others to begin performing SMILE.

With an eye to the future, the VISUMAX 800 is also 
capable of accepting software upgrades and is designed 
for digital integration with a comprehensive armamen-
tarium of surgical tools. Therefore, surgeons who use 
the VISUMAX 800 will be prepared to be at the fore-
front in the ever-evolving practice of corneal refractive 
surgery.

By Rainer Wiltfang, MD

ZEISS-CASE-OF-THE-MONTH-10-21-en-INT-34-021-0069I.indd   Alle SeitenZEISS-CASE-OF-THE-MONTH-10-21-en-INT-34-021-0069I.indd   Alle Seiten 10.09.21   16:5710.09.21   16:57



26

glaucomaglaucoma

OCTOBER 2021 :: Ophthalmology Times Europe®

Taking a step forward in diagnostic 
testing and disease monitoring
Virtual reality and home visual field testing for glaucoma offer new options 

By Lynda Charters; 

Reviewed by  
Dr Oluwatosin U. Smith W

ith the onset of the COVID-19 pandemic, 
glaucoma specialists had to make marked 
changes to their well-established clinical 
practice routines on the fly to ensure 

patient follow-up. “We had to make changes to several 
aspects of clinical flow and patient interaction, 
especially regarding diagnostic testing and disease 
monitoring, with the emphasis on visual field (VF) 
testing,” said Dr Oluwatosin U. Smith, Glaucoma 
Associates of Texas, Dallas, United States.

Before the pandemic, long clinic waiting times for 
patients were commonplace for routine follow-up 
visits. Because of the pandemic, Dr Smith pointed out, 
testing and visits were separated and testing centres 
were designated in some facilities. 

Regarding VF testing, new requirements for 
cleaning equipment and ensuring adequate time 
between patients after each VF test resulted in 
prolonged delays in the clinic. In an effort to reduce 
the waiting times, virtual VF testing and home VF 
tests were implemented.

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

Available virtual reality  
and home technology
Various devices are available commercially. They 
include head-mounted devices, referred to as virtual 
reality perimetry, such as the VisuALL S for clinic use 
and the VisuALL H for home use (both from Olleyes), 
IMO (Crewt Medical Systems) and the C3 Field 
Analyzer (Remidio). 

The visual acuity assessment is usually included 
in most available VF testing systems, as is threshold/
suprathresold testing. However, the size V stimulus 
test is not currently available. Specific devices can 
administer both adult and paediatric tests, depending 
on requirements.

The VisuALL system, a head-mounted device that 
can be bought or rented, has the advantages of being 
lightweight and portable; it offers goggle technology, 
with each eye stimulated by an individual flat screen, 
and threshold and suprathreshold strategies. The 
web-based test included with the system is similar to 
the in-clinic test. Patient instruction and training are 
required.

Dr Smith referred to a recent study that compared 
this system with standard automated perimetry.1 
The study included 102 eyes of 25 healthy patients 
and 26 patients with mild-to-moderate glaucoma. All 
participants were evaluated with both tests. 

The authors reported that the test time was longer 
than with the Humphrey Field Analyzer (HFA) for 
both the normal subjects (6.13 minutes) and the 
patients (9.28 minutes) (P = 0.02 and P < 0.001, 
respectively). The investigators found a significant 
correlation in the global mean sensitivity of the HFA 
and VisuALL in normal subjects (P = 0.001) and 
patients (P < 0.001). The VisuALL mean sensitivity 
had a greater receiver operating characteristic curve 
than the HFA mean sensitivity for discriminating 
normal eyes from glaucomatous eyes (P = 0.06).

Dr Smith said the VisuALL system had lower peak 
brightness and background illumination than the 
HFA and an eye tracker that was similar in technology 
to the Octopus 600 (Haag-Streit). It provided full 
threshold testing versus standard automated 
perimetry testing but required more time than the 
HFA because of the absence of a normal database and 
a frequency-of-seeing curve. 

The print-out of the VisuALL system is formatted 
like that of the HFA print-outs. Using the system, either 
one eye alone or both eyes simultaneously can be 

IN SHORT 
  Home testing technology is proving to 

be a key advancement in monitoring and 
screening glaucoma patients.



tested. The system provides a full threshold 
test, which the IMO does not; the IMO has 
a special algorithm that helps improve the 
accuracy and speed of testing. 

The important advantages of virtual reality 
field tests are efficiency (the devices are easy 
to clean after each use and multiple devices 
can be used at the same time), safety and the 
ability for devices to be worn over glasses. 
Ease of use is another draw since it facilitates 
more frequent testing, which can rapidly 
detect VF progression. 

In addition, it is not necessary for a 
technician to monitor use of the devices, 
although someone can be available if needed. 
The testing can be performed in any position 
and location.

The major disadvantages include the 
potential for patient disorientation when 
wearing the goggle headset, preference for 
standard perimetry, possible high cost and 
the fact that further clinical studies are 
needed to test the device with advanced 
glaucoma and with size V test objects. 
Studies to determine patient preferences 
with the tests, repeat test performance, 
clinical utility and normal database are 
under way.

Tablet-based perimetry
The Melbourne Rapid Fields (MRF) device 
(M&S Technologies) provides portable 
tablet-based perimetry. When using the 
MRF, patients can wear their own glasses. 
The software includes fixation and fast 
thresholding using Bayes logic. This 
perimetry device is available for use in the 
clinic and for home VF testing.

The MRF provides a printout in a similar 
way to the HFA, and one or both eyes can be 
tested at the same time. The stimulus size, 

ranging from the equivalent of size III to size 
IV depending on the degree of eccentricity, 
is adjustable during testing to allow for the 
tangent effect of a planar screen. The test 
requires that the patient maintains a certain 
distance from the screen. 

A study2 that included 12 normal eyes and 
78 eyes with glaucoma, and compared the 
MRF with the HFA in glaucoma patients, 
found a high correlation between the 
two devices and comparable test-retest 
reliability. Another study3 that compared the 
MRF and the HFA in 60 patients with stable 
glaucoma or ocular hypertension over 6 
months reported that the two were strongly 
correlated with each other over four visits 
and had good test-retest reliability. 

The home-testing MRF sends a link 
to the patients and allows testing to be 
performed on the patients’ own devices. 
Some calibration is required, and testing 
is performed at a specific distance from 
the screen. There is a slight learning curve 
associated with this test.

The greatest advantage of portable tablet 
VF testing is that the home test can be 
performed on the patient’s own tablet or 
computer. The disadvantages are that the 
size V stimulus test is not available, there is 
some patient discomfort with the positioning 
required and a home test is technically 
more challenging to perform because of the 
required calibration.

Dr Smith explained that the virtual 
reality fields and home VFs are valuable 
additions to the future of office perimetry, 
telemedicine, remote patient monitoring 
and screening. “The devices have been 
correlated with the established perimetry 
method, the Humphrey VF test,” she 
concluded. 

“There is need for improvement in 
the diagnostic and disease progression 
monitoring capabilities, and validation of 
use for more advanced disease is ongoing for 
the devices commercially in the US. Home 
monitoring VF devices may identify rapid 
VF progression.”
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The current UK guidance 
is for annual screening 
from 12 years and above.

Virtual reality fields 
and home VFs are 
valuable additions to 
the future of office 
perimetry.
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Mr Locke 

Finding ways to finesse eye 
examinations in paediatric patients
Combining multiple methods of detection-based testing maximises data collection

By Louise Gagnon; 

Reviewed by  
Mr Jeff Locke I

mproving the paediatric eye examination can 
be achieved with several small steps, according 
to Mr Jeff Locke, a past co-president of the 
Canadian Orthoptic Society. Mr Locke is an 

orthoptist/instructor and team lead in the visual 
electrophysiology lab at IWK Health in Halifax, Nova 
Scotia, Canada.

“We can streamline things and make the 
examination 1% better by being more competent in 
assessing visual acuity, checking for binocular single 
vision and knowing what visual electrophysiology 
can do in this age group,” he said.

Assessing visual acuity
For vision to be normal, stimuli need to get through 
our optics to the retina, for the retina to relay to the 
optic nerve and for the optic nerve to relay to the 
cortex. “Acuity can be based on what aspects of the 
pathway are stimulated,” Mr Locke explained. 

To benchmark 20/20 vision in an infant, the testing 
types and acuity being measured need to be altered. 
“We need to shift to more detection-based acuity 
versus recognition,” he said. In pre-verbal children, 
forced-choice preferential looking (FPL) tests such as 
Cardiff and Teller are not the most accurate in detecting 
and managing amblyopia, he pointed out. He noted 
that it is easy to become complacent with FPL tests and 
stop documenting those earlier learned tests. 

As a child reaches more visual milestones as 
they age from newborn to 1 year, the physician can 
perform more complex testing. “It does not mean that 
those tests administered during earlier milestones 
[when a child was younger] are no longer useful,” he 
explained. “They can add great qualitative aspects to 
your vision examination.”

Indeed, vision testing in infants needs to have 
qualitative more than quantitative assessments, 
Mr Locke explained. A quantitative test such as the 
FPL test serves as a benchmark for normal vision in 
infants and provides a value over time, he noted. That 
said, qualitative tests are quick to perform and can aid 
in detecting asymmetry in vision, he added. 

In terms of vision assessment tests, Mr Locke 
pointed to research which concluded that optokinetic 
nystagmus induction methods have been found to be 
suboptimal in determining visual acuity thresholds. 
He noted, however, that they can be a great qualitative 
indicator of the visual pathway since intact pursuit 
and saccadic centres are needed, as is normal cranial 
nerve innervation to the extra-ocular muscles.1

A strategy for examinations
Mr Locke pointed out that more recent research2 has 
suggested a strategy for a paediatric visual acuity 
examination. “[The study authors] advised for best 
compliance to start with binocular visual acuity with 
Cardiff at 50 cm, followed by induced tropia,” he said. 

“Once these are successfully completed, you can 
then try monocular visual acuity at 50 cm with your 
FPL Cardiff [test]. Their view was that assessing 
both FPL Cardiff at 50 cm and induced tropia allows 
for more accurate visual assessment and allows 
practitioners to obtain more information should they 
lose cooperation [from the paediatric patient].”

An educated assumption is being made based on 
observational data and detection-based acuity with 
paediatric examinations, Mr Locke explained. “When 
trying to make a comparison between detection type 
of acuities, like with forced-choice preferential looking, 

Vision testing in infants needs 
to have qualitative more than 
quantitative assessments.

 New strategies are considered for 
obtaining information from visual 
assessments while ensuring compliance 
from paediatric patients. 
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we are likely overestimating acuity, 
and it becomes challenging to detect 
mild to moderate levels of amblyopia,” 
he said. 

“Each detection type of acuity 
has shown validity in assessing 
the paediatric population, but the 
sensitivity in detecting amblyopia is 
variable among tests. None appear 
to be as robust as crowding-based 
testing.”

The goal needs to be to maximise 
the visual examination by combining 
multiple methods of detection-based 
testing, not only to increase the 
sensitivity but also to gain more 
general knowledge of the paediatric 
patient’s ocular health, Mr Locke said. 
“Do as much as you can binocularly 
while the child is getting comfortable 
with you, whilst at the same time, you 

are extracting data,” he added.
Mr Locke stressed that the FPL 

test outcome should not be the 
only endpoint in a paediatric vision 
assessment. “Make your exam 
1% better by adding a qualitative 
measurement into the mix,” he 
said. And for those who do not use 
the FPL test, Mr Locke advised 
setting a grading standard across 
the clinic for fixation testing to help 
follow amblyopia over time, noting 
that children do not need to be old 
enough to respond verbally before 
binocularity is assessed.

There are, however, some objective 
methods being employed to provide 
a sense of binocularity. “We can test 
motor fusion capability in infants, 
and newer investigations in the 
use of the FPL test in stereopsis 

are emerging,” he said. Detecting 
stereopsis will help to guide a care 
plan and add confidence to the visual 
acuity assessment, Mr Locke noted.

He said that the challenge 
with visual electrophysiology in 
paediatrics is that most of the tests 
require an infant or toddler who 
is being assessed to cooperate for 
accurate results to be obtained; 
this means the tests are not always 
practical, with the exception of the 
electroretinogram (ERG), which can 
be done under sedation.  

“The ERG is our bread and butter, 
but they cannot localise dysfunction 
specifically to the macula,” he said. 
Visually evoked potentials (VEPs) 
offer an objective measurement at the 
cortex, but anomalies at any level of 
the optic pathway (optics, macula, 
optic nerve, optic pathway) can result 
in VEP pathology, he noted. 

Another clinical pearl that Mr 
Locke offered is that assessors should 
avoid having their backs turned to 
their paediatric patients. He suggested 
placing the computer screen where 
information is being inputted in such 
a way as to maintain a line of sight to 
the child being assessed.

REFERENCES
1. Kutschke PJ. Preverbal assessment for 

amblyopia. Am Orthopt J. 2005;55:53-61. 

2. Nanda KD, Blaha B, Churchfield WT, et al. 
Induced tropia test and visual acuity testing 
in nonverbal children. J Binocul Vis Ocul 
Motil. 2018;68:134-136.

(Figure 1) The eye lane triangle method. The positions for the 
examiner and patient are shown. (Image courtesy of Mr Jeff Locke)
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The potential of code-free deep 
learning in AI-enabled healthcare
High volume of clinical study data in this field demonstrates real-world potential 

By Dr Ciara O’Byrne 
and Prof. Pearse  

A. Keane O
ver the past decade, it has become 
increasingly clear that artificial intelligence 
(AI) is poised to transform the clinical 
landscape. This is particularly true for 

deep learning, a subtype of AI that is modelled on 
the neural networks of the human brain. Ground-
breaking performances in image classification, 
natural language processing and object detection 
have positioned deep learning as one of the primary 
trends of our century.

The sheer volume of clinical data makes deep 
learning particularly suited for the healthcare 
industry. This has been demonstrated by the number 
of clinical AI studies published in the literature, 
with applications in ophthalmology, dermatology, 
radiology, histopathology and others.1–4 

However, to date, the volume of clinical AI 
publications has not been reflected in real-world 
usage of these systems. Let us consider the resources 
needed to develop a bespoke deep learning model 
for a clinical pathway. Firstly, these systems must be 
designed by highly skilled technical experts. 

This level of specialised experience in deep 
learning model design and development is limited 
worldwide and therefore in huge demand. Large 
technology firms have the resources to offer 
significant financial remuneration, making it 
exceedingly difficult for universities or hospitals  
to compete.

Secondly, huge computing resources are required, 
which are both difficult to obtain and expensive to 
run. Conversely, the universities or hospitals lacking 
in these resources are generally the exact locations 
where both the domain experts and clinical data 
needed to develop the models are found.

Even if we devised a hypothetical situation 
in which the research setting is provided with 
unlimited financial resources, extremely close 
collaboration is required between the domain 
experts and data scientists in order to develop a 
robust, technically effective and clinically useful 
deep learning model for use in healthcare. This is 
inefficient and often unfeasible.

Enter code-free deep learning
We believe that part of the solution lies in the 
emerging technique known as code-free deep 
learning (CFDL). First spotlighted in 2017 by Google 
CEO Sundar Pichai,5 with Google Cloud AutoML 
Vision, it has since become available on a number 
of other commercial platforms including Amazon 
Rekognition Custom Labels (Amazon); Apple Create 
ML (Apple); Baidu EasyDL (Baidu); Clarifai Train 
(Clarifai); Huawei ModelArts ExeML (Huawei); 
MedicMind Deep Learning Training Platform 
(MedicMind); and Microsoft Azure Custom Vision 
(Microsoft). 

Featuring intuitive user interfaces and simple 
navigation tools, these models have opened the 
door to deep learning. Furthermore, most of these 
services are cloud-based, removing the need for huge 
computing resources.

One area that has not been fully addressed by 
CFDL is the curation of well-labelled datasets. This is 
a crucial part of the process and has a major impact 
on the resulting quality and performance of the deep 
learning model. Data can be collected from hospital 
databases; however, this is time consuming and 
requires the creation of a strict labelling protocol 
in advance, and navigation of ethical and data 
governance barriers.

There are several public datasets available for 
use, which serve as a valuable tool for CFDL users in 
specific cases. However, these datasets should be used 
with caution as they are not always representative 
of the population the model is intended for. Some of 
the CFDL platforms have begun to address this pain 

IN SHORT 
  Code-free deep learning models are 

expected to find applications across a range 
of areas to improve patient care, increase 
accessibility to healthcare, accelerate clinical 
research and enhance medical education.
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point with the development of 
labelling services, such as Amazon 
Automate Data Labeling, Clarifai 
Scribe Label and Google Cloud 
AutoML Vision Human Labeling.

Model set-up and training
The creation of an image classifier 
model follows the same basic 
principles for each CFDL platform 
and is outlined in Figure 1. 
Following upload of the dataset, 
either directly from the computer 
or via a cloud bucket, the user 
can review the images and label 
statistics; at this point, there is 
the option to amend any labels if 
necessary. The model is then ready 
to be trained.

Once the model has completed 
the training process, detailed 
statistics relating to its performance 
can be examined. The metrics vary 
between platforms but typically 
include precision, recall, receiver 
operating characteristic curves and 
confusion matrices.

The final step in the process 
is to test and deploy the model. 

 Deep learning is a type of artificial intelligence that has demonstrated 
impressive performances in the areas of imaging classification, object 
detection and natural language processing. This makes it particularly suited 
for applications in healthcare, an industry in which huge quantities of clinical 
data are generated daily.

 The development of deep learning models requires significant financial 
investment to acquire sufficient technical expertise and computing 
resources. This largely places it beyond the reach of many clinicians and 
clinical researchers.

 Code-free deep learning (CFDL) allows users without coding expertise 
to develop computer models. It is available on cloud-based commercial 
platforms, thus obviating the need for significant computing power. 

 CFDL has demonstrated compelling results in the clinical literature. It has 
the potential to improve patient care, increase accessibility to healthcare, 
accelerate clinical research and enhance medical education.
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» Upload directly from 
your computer

» Upload a .csv file 
via a cloud bucket

Evaluation
Assess 

performance 
metrics including 

ROC curves, 
precision and 

recall

Data visualization

» Review uploaded 
labelled images

» Amend labels if 
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Figure 1. The development of an image classifier model on a CFDL platform.
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External validation is a critical 
part of the process if the model 
is to be considered for real-world 
implementation. At present, this is not 
facilitated by all CFDL platforms.

Overall, the entire process is 
intuitive, with the majority of 
platforms also offering informative 
documentation and videos. What 
is particularly exciting is the realm 
of opportunities CFDL offers to 
domain experts residing in hospital 
or university settings. These domain 
experts are best suited to design deep 
learning models for their area of 
specialisation as they can uniquely 

and effectively tailor the model to the 
specific needs of the patient.

Accuracy
An important consideration when 
using these models in healthcare is 
whether they achieve similar levels 
of accuracy to their counterpart 
bespoke models. According to the 
clinical literature, this is mostly the 
case, and we have reviewed this in 
detail.6

Faes et al. demonstrated in 2019 
that two clinicians with no coding 
expertise could create deep learning 
systems using Google Cloud AutoML 

Vision with comparable performance 
to bespoke models in all but one 
example.7 Kim et al. demonstrated 
that Google Cloud AutoML Vision 
could classify pachychoroid disease 
using ultra-wide indocyanine green 
angiography images.8

A particularly exciting progression 
has been in the prediction of sex 
from retinal fundus photographs. In 
2018, a study by Poplin et al. reported 
that a bespoke deep learning system 
could identify sex from retinal fundus 
photographs, despite the fact that 
this had never before been clinically 
documented.9

Figure 2. CFDL may democratise healthcare in under-resourced settings. 

(Figures courtesy of Dr Ciara O’Byrne and Prof. Pearse A. Keane)
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In 2021, a similar model was 
created using CFDL by clinicians 
without coding expertise and 
demonstrated comparable results 
to the bespoke model designed and 
developed by Poplin et al.10 The 
significance of this is twofold. It 
demonstrates:

a) CFDL can achieve comparable 
results to state-of-the-art deep 
learning models; and

b) It has the potential to discover 
intricate patterns in clinical data 
unknown to humans and never 
previously documented.

Although it must be acknowledged 
that the recognition of sex from 
retinal fundus photographs is not 
clinically useful, it is an important 
demonstration of the potential that 
deep learning, and specifically CFDL, 
may play in the future of clinical 
research.

Financial and real-world 
considerations
The aforementioned barriers 
hospitals and universities face 
when it comes to bespoke deep 
learning may also further widen the 
disparity gap between well- versus 
under-resourced communities and 
healthcare systems. It is possible 
that with advancing technologies, 
governments in wealthier countries 
may invest greater financial 
resources in the development and 
promotion of clinical AI models 
within their respective healthcare 
systems. 

CFDL may feature in these systems 
as a tool to develop proof-of-concept 
models prior to investment in an 
advanced bespoke deep learning 
model. However, for certain 
developing nations that are already 
struggling with strained resources for 
basic healthcare provision, this might 
not be an option. CFDL has a huge 
role to play in the democratisation 
and increased accessibility 
of AI-enabled healthcare and 
healthcare, more broadly, to these 

geographical areas (see Figure 2).
CFDL models can be downloaded 

and run on local edge models. These 
are lower power models that do 
not require a continuous Internet 
connection to run, and thus do 
not depend on advanced Internet 
infrastructure. In combination with 
telemedicine and wearable sensors, 
fewer doctors in these communities 
could reach a greater number of 
patients. The continuing advances in 
mobile technology, such as 5G, will 
also aid in supporting this.

The flip side is that often under-
resourced or disadvantaged 
communities may be at more risk 
of suboptimal ethical regulations 
or data governance. Prior to 
widespread implementation of 
these systems, regulations must be 
established globally.

Education is another central 
factor in the future of AI-enabled 
healthcare, and CFDL will serve 
this in a number of ways. Students 
and clinicians who are enabled to 
create their own models will develop 
a deeper understanding of the 
principles, processes, applications 
and limitations of deep learning in 
healthcare. 

CFDL may also serve as a tool 
to enhance traditional medical 
education such as disease pattern 
recognition, monitoring of 
performance and progression and 
improvement of surgical skills.

The future of AI-enabled 
healthcare will centre on CFDL and 
the multitude of models developed by 
domain experts across all fields. It is 
likely that these experts will lead the 
AI revolution of the future, applying 
CFDL models across a range of areas 
and leading to a democracy in the 
world of AI and in healthcare.
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Maximising CXL effectiveness
Ex vivo experiment identifies potential benefit for supplementary oxygen

R
esults from a laboratory study measuring 
oxygen kinetics during corneal cross-linking 
(CXL) indicate that supplementary oxygen 
has the potential to substantially increase 

the efficacy of the procedure, according to Dr Theo 
G. Seiler, Jr, senior physician in the Department 
of Ophthalmology at the University of Bern in 
Switzerland. The study, which was performed using 
de-epithelialised porcine eyes, measured local oxygen 
concentrations at varying corneal depths under 
atmospheric (21% O2) and hyperoxygenic (100% O2) 
conditions with different levels of ultraviolet (UV) 
irradiation. 

The analyses showed that, compared with the 
atmospheric oxygen environment, supplementary 
oxygen increased the amount of oxygen available 
in the stroma during CXL. Dr Seiler noted that the 
benefit of the hyperoxygenic environment was 
particularly seen when using higher UV irradiances 
that are associated with increased  
oxygen consumption.

“The mechanism of action for CXL involves 
UV-induced activation of riboflavin, the 
photosensitiser, resulting in the generation of reactive 
oxygen species that induce formation of covalent 
bonds within the collagen fibrils and crosslink the 
proteoglycans between the fibrils,” he said. “Many 
previous studies have investigated the influence 

of varying the parameters for riboflavin 
imbibition and UV irradiation on CXL 

effectiveness.”
Dr Seiler said that the study 
was motivated by the limited 

research investigating the 
role of oxygen, which is 

the third crucial factor 
for achieving sufficient 
CXL. “Our findings 
show that providing 
supplementary 
oxygen is likely 
to be beneficial 
by increasing the 
aerobic reaction 
and allowing more 
efficient CXL in 
deeper corneal layers 

and at UV irradiance levels less than 3 mW/cm2,”  
he said. 

Measurement of the oxygen concentration at 
different corneal depths was accomplished by 
inserting a fibre probe into channels created by 
a femtosecond laser at depths of 100 μm, 200 μm 
and 300 μm. Eyes were exposed to 0.1% riboflavin 
(Vibex Rapid, Avedro/Glaukos) for 10 minutes, and 
then the oxygen concentration was continually 
measured during irradiation at 3, 9, 18 and 30 mW/
cm2. “In order not to alter the cornea during the 
measurements, the used fibre probe had a tip that was 
only around 50 μm in diameter,” Dr Seiler said.

Groups of eight eyes each were evaluated under 
each of the testing conditions while the oxygen 
concentration was continually measured. Under 
atmospheric oxygen and with irradiation at 3 mW/
cm2, representing the conventional Dresden protocol, 
there was a surplus of oxygen available at all 
measured depths during the entire CXL procedure. 

However, when the irradiance was increased to 9 
mW/cm2, sufficient oxygen for CXL was available only 
at 100 μm and 200 μm. At UV irradiance above 9 mW/
cm2, all oxygen was consumed within the anterior 
100 μm, indicating that there was insufficient oxygen 
for achieving sufficient cross-linking in the profound 
cornea, Dr Seiler said.

When the testing was done in the hyperoxygenic 
environment, there was sufficient oxygen available 
for cross-linking at all measured depths when using 
the 3 mW/cm2 and 9 mW/cm2 irradiances. At higher 
UV irradiances, there was more oxygen available 
than under atmospheric conditions, although still 
not enough to provide sufficient oxygen through 
the entire corneal stroma. Additional analyses 
determining the consumption of oxygen showed 
that during the procedure, the half-lives were longer 
and the depletion rates higher with supplementary 
oxygen, suggesting a more efficient CXL than under 
atmospheric oxygen conditions, said Dr Seiler.

By Cheryl Guttman 
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The Challenges of Drug Delivery for

Retinal Diseases
Age-related macular edema, diabetic macular edema, and diabetic retinopathy 
remain a constant challenge for clinicians. What therapies are available now? 
What treatments can we look forward to? 

In this Viewpoints video series, Albert J. Augustin, MD; Jean-François Korobelnik, 
MD; Mariya Moosajee, MBBS, BSc, PhD, FRCOphth; and Tunde Peto, MD, PhD; 
discuss causes of retinal diseases, assess diagnostic processes, review current 
treatment options, and examine agents in the pipeline.

Watch Now:
europe.ophthalmologytimes.com/challenges-retina

Scan with your phone

https://europe.ophthalmologytimes.com/viewpoints/the-challenges-of-drug-delivery-for-retinal-diseases
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