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iCareEIDON Family
TrueColor images reveal even small details from center to periphery 
helping to detect signs of pathologies.

Ultra-Widefield view up to 200° covers larger portion of retina allow-
ing for documentation of peripheral retinal pathologies.

Thanks to the Confocal Technology the images are clear and sharp 
despite media opacities and dilation is not needed.

Fully automated operation speeds up examination time and requires 
only minimal training.

The three models serve different needs covering TrueColor, Infrared, 
Blue Autofluorescence and Fluorescein Angiography modalities. EI
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Powerful technology for sustained intraocular pressure and medication reduction. Predictable outcomes from  
a truly tissue-sparing procedure. All on a proven platform with the most clinical evidence of any MIGS device.

Experience the latest evolution of the iStent® legacy of excellence in your practice.

iStent inject® W IMPORTANT SAFETY INFORMATION
INDICATION FOR USE: The iStent inject W, is intended to reduce intraocular pressure safely and effectively in patients diagnosed with primary open-angle glaucoma, pseudo-exfoliative glaucoma or pigmentary glaucoma. 
The iStent inject W, can deliver two (2) stents on a single pass, through a single incision. The implant is designed to stent open a passage through the trabecular meshwork to allow for an increase in the facility of outflow and 
a subsequent reduction in intraocular pressure. The device is safe and effective when implanted in combination with cataract surgery in those subjects who require intraocular pressure reduction and/or would benefit from 
glaucoma medication reduction. The device may also be implanted in patients who continue to have elevated intraocular pressure despite prior treatment with glaucoma medications and conventional glaucoma surgery. 
CONTRAINDICATIONS: The iStent inject W System is contraindicated under the following circumstances or conditions: • In eyes with primary angle closure glaucoma, or secondary angle-closure glaucoma, including 
neovascular glaucoma, because the device would not be expected to work in such situations. • In patients with retrobulbar tumor, thyroid eye disease, Sturge-Weber Syndrome or any other type of condition that may cause 
elevated episcleral venous pressure. WARNINGS/PRECAUTIONS: • For prescription use only. • This device has not been studied in patients with uveitic glaucoma. • Do not use the device if the Tyvek® lid has been opened 
or the packaging appears damaged. In such cases, the sterility of the device may be compromised. • Due to the sharpness of certain injector components (i.e. the insertion sleeve and trocar), care should be exercised to grasp 
the injector body. Dispose of device in a sharps container. • iStent inject W is MR-Conditional; see MRI Information below. • Physician training is required prior to use of the iStent inject W System. • Do not re-use the stent(s) 
or injector, as this may result in infection and/or intraocular inflammation, as well as occurrence of potential postoperative adverse events as shown below under “Potential Complications.” • There are no known compatibility 
issues with the iStent inject W and other intraoperative devices. (e.g., viscoelastics) or glaucoma medications. • Unused product & packaging may be disposed of in accordance with facility procedures. Implanted medical 
devices and contaminated products must be disposed of as medical waste. • The surgeon should monitor the patient postoperatively for proper maintenance of intraocular pressure. If intraocular pressure is not adequately 
maintained after surgery, the surgeon should consider an appropriate treatment regimen to reduce intraocular pressure. • Patients should be informed that placement of the stents, without concomitant cataract surgery 
in phakic patients, can enhance the formation or progression of cataract. ADVERSE EVENTS: Please refer to Directions For Use for additional adverse event information. CAUTION: Please reference the Directions For Use 
labelling for a complete list of contraindications, warnings and adverse events.

Glaukos®, iStent®, and iStent inject® W are registered trademarks of Glaukos Corporation. All rights reserved. ©2022
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Choose OZURDEX® (dexamethasone intravitreal implant) 
0.7mg for suitable naïve DMO patients or those with 
insuffi  cient response to anti-VEGF.1 With a MOA shown 
to inhibit multiple infl ammatory processes, OZURDEX®

may help suitable DMO patients achieve real world visual 
acuity gains with fewer injections vs anti-VEGF.1-5

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), infl ammation of the 
posterior segment of the eye presenting as non-infectious uveitis and visual 
impairment due to diabetic macular oedema (DMO) who are pseudophakic or who 
are considered insuffi  ciently 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 qualifi ed 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 benefi t from retreatment without being exposed to signifi cant risk. 
Patients who experience and retain improved vision should not be retreated. 
Patients who experience a deterioration in vision, which is not slowed by OZURDEX, 
should not be retreated. In RVO and uveitis there is only very limited information 
on repeat dosing intervals less than 6 months. There is currently no experience of 
repeat administrations in posterior segment non-infectious uveitis or beyond 2 
implants in Retinal Vein Occlusion. In DMO there is no experience of repeat 
administration beyond 7 implants. Patients should be monitored following the 
injection to permit early treatment if an infection or increased intraocular pressure 
occurs. Single-use intravitreal implant in applicator for intravitreal use only. The 
intravitreal injection procedure should be carried out under controlled aseptic 
conditions as described in the Summary of Product Characteristics. The patient 
should be instructed to self-administer broad spectrum antimicrobial drops daily 
for 3 days before and after each injection. Contraindications: Hypersensitivity to 
the active substance or to any of the excipients. Active or suspected ocular or 
periocular infection including most viral diseases of the cornea and conjunctiva, 
including active epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, 
varicella, mycobacterial infections, and fungal diseases. Advanced glaucoma which 
cannot be adequately controlled by medicinal products alone. Aphakic eyes with 
ruptured posterior lens capsule. Eyes with Anterior Chamber Intraocular Lens 
(ACIOL), iris or transscleral fi xated intraocular lens and ruptured posterior lens 

capsule. Warnings/Precautions: Intravitreous injections, including OZURDEX can 
be associated with endophthalmitis, intraocular infl ammation, increased intraocular 
pressure and retinal detachment. Proper aseptic injection techniques must always 
be used. Patients should be monitored following the injection to permit early 
treatment if an infection or increased intraocular pressure occurs. Monitoring may 
consist of a check for perfusion of the optic nerve head immediately after the 
injection, tonometry within 30 minutes following the injection, and biomicroscopy 
between two and seven days following the injection. Patients must be instructed 
to report any symptoms suggestive of endophthalmitis or any of the above 
mentioned events without delay. All patients with posterior capsule tear, such as 
those with a posterior lens (e.g. due to cataract surgery), and/or those who have 
an iris opening 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 benefi t 
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 signifi cant 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 benefi t 
justifi es 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 
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adverse events were increased intraocular pressure (IOP), cataract and conjunctival 
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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.

OZURDEX® is indicated for the treatment of adult patients with visual impairment due to diabetic macular oedema (DMO) who are pseudophakic or who are considered insuffi  ciently 
responsive to, or unsuitable for non-corticosteroid therapy.1 
Real world evidence is collected outside of controlled clinical trials and has inherent limitations including a lesser ability to control for confounding factors. 
1. OZURDEX®. Summary of Product Characteristics. Available at: [https://www.medicines.org.uk/emc/product/5654.] (accessed: January 2022). 2. Boyer D et al. Ophthalmology 2014; 
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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. 
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publisher's note

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

Making strides in 
ophthalmology 
with modern gene 
therapy techniques

Half a century of 
developments in 
ophthalmology: 
One doctor’s 
reflections

The back of the eye moves to the forefront of the 
mind in this issue of Ophthalmology Times Europe®. 
While innovations are expanding in every field of 
ophthalmology, in June, we are paying special atten-
tion to the posterior segment.

Dr Joshua Mali reflects on the potential—and short-
comings—of digital healthcare within ophthalmology 
(page 8). Retina specialists and their patients have 
learnt how artificial intelligence and telemedicine can 
be effective in monitoring disease progression and 
alerting clinicians to early signs of adverse changes.

In glaucoma, Dr Shan Lin describes the varying 
quality of cyclophotocoagulation advancements over 
the years (page 12). Ophthalmologists have seen a 
progression in cyclophotocoagulation, with each gen-
eration becoming more doctor- and patient-friendly.

Presbyopia continues to be a hot topic in cataract 
and refractive, and Dr Dain B. Brooks gives us a 
discourse on normalising neuroadaptation following 
IOL implantation (page 16).

In our cover story on page 18, Dr Omid Kermani 
and Prof. Damien Gatinel kick off part 1 of a four-part 
series regarding the role of eye rubbing in keratoco-
nus. This first instalment theorises that eye rubbing is 
not a trivial risk factor, but is instead a causal factor 
without which the disease would not occur.

Continuing in cornea, Dr C. Randall Harrell de-
scribes the progression of biologicals in ophthalmolo-
gy on page 24. From humble beginnings in the 1990s 
to today, regenerative medicine is now an effective 
treatment option for many chronic conditions, includ-
ing dry eye disease.

Dr Paulina Ocieczek and Prof. Mariya Moosajee 
describe the current landscape of genetic therapy 
options for USH2A-related retinitis pigmentosa and 
discuss options for other inherited retinal diseases 
(page 27).

In paediatrics, Dr Richard W. Hertle covers testing 
and treatment options for the rare autosomal reces-
sively inherited genetic disease, achromoatopsia (page 

30). Dr Fatema Ghasia unpacks amblyopia, describing 
how gaze fixation creates a paradox: tiny, involun-
tary fixation eye movements counteract the fading of 
peripheral details during fixation by overriding the 
neural adaptation (page 32). 

As always, thanks for reading. 

 

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

ADDRESSING POSTERIOR SEGMENT 
DISEASES IN NOVEL WAYS

Promising 
early data with 
intravitreal diabetic 
macular ischaemia 
candidate

drop in QR 

code here

CORRECTION: An article in the cataract and refractive issue feature section on page 7 of our April 2022 issue entitled "Extended 
depth-of-field lenses: Understanding a new player in cataract surgery" mistakenly attributed the WIOL lens to the company Sifi 

Medtech. The lens is in fact manufactured by Medicem International.



Advancing 
canaloplasty 
to the next level.

1. Gallardo MJ. 36-month effectiveness of ab-interno canaloplasty standalone versus 
combined with cataract surgery for the treatment of open-angle glaucoma. Ophthalmol 
Glaucoma. 2022 Feb 17:S2589-4196(22)00025-4. 

The iTrack™ Advance has been cleared for the indication of fluid infusion and aspiration 
during surgery, and for catheterization and viscodilation of Schlemm’s  canal to reduce 
intraocular pressure in adult patients with open-angle glaucoma. 

iTrack™ Advance has a CE Mark (Conformité Européenne) for the treatment of open-angle 
glaucoma. iTrack™ Advance is not available for use or sale in the USA. For more information 
on indications and safety information, visit iTrack-Advance.com

A D V A N C E

iTrackiTrack™™ Advance Advance builds on the success and clinically 
proven effectiveness of iTrack™.1 Comprising an ergonomic, 
easy-to-use handheld injector, custom-designed cannula 
and illuminated microcatheter, iTrackiTrack™™ Advance Advance puts the 
proven combination of viscodilation and catheterization1

more neatly in your hands. 

Learn more at iTrack-Advance.comLearn more at iTrack-Advance.com

© 2022, Nova Eye Medical Limited. E&OE. Track™ is a trademark of Nova Eye Medical Ltd.
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issue feature
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S E G M E N T  D I S E A S E S

Before the COVID-19 pandemic, retina 
specialists had limited experience with 
artifi cial intelligence (AI) and digital 
healthcare, which can include 
services such as telemedicine. 
Interactions with AI in retina 
were perceived as something—
although feasible—best kept for 
future implementation. 

‘Digital healthcare’ was a 
vague term, pregnant with promise but 
lacking a clear use case for daily patient 
interactions. However, over the past 2 
years, retina specialists and their patients 
have learned how AI may be a tool to 
monitor disease progression and how tele-
medicine might mean more than a mere 
video chat between patient and clinician. 

Whilst applications of digital health-
care diff er from specialty to specialty, 
and patient expectations and appetites 
for such off erings may vary based on 
personal experience, it behoves modern 
retina specialists leveraging digital 
healthcare in their clinics to ensure that 
patients understand its benefi ts and 
limitations in retina. 

Changing perceptions
The increasing ubiquity of technological 
platforms replacing analogue media—
from QR codes replacing printed restau-

rant menus to Zoom conferences in lieu 
of in-person meetings—has resulted in 

many retina patients feeling more 
comfortable with the concept of 
digital medicine. 

Even among our retired pa-
tients, whose lives may be less 
dictated by video conferencing 
than their working-age coun-
terparts, the learning curve for 

digital interfacing has been fl attened. This 
means that a general aversion to digital 
medicine, one of the pre-2020 challenges 
faced by retina specialists who wished to 
implement AI-based services into their 
care models, has largely been erased. 

Still, some retina patients may have 
unrealistic expectations about how digital 
healthcare can alleviate the burden asso-
ciated with retinal diseases, such as wet 
age-related macular degeneration (AMD). 
Although the point is obvious to clinicians, 
I sometimes remind my patients that I 
cannot perform a comprehensive eye 
examination via video conference and am 
unable to evaluate visual function based 
on subjective self-reported assessment. 

For some conditions, telemedicine’s 
limitations mean that in-clinic examina-
tions remain the standard for evaluation. 
For other conditions, digital options off er 
cutting-edge healthcare. 

Consider the example of a patient 
with dry intermediate AMD. In a more 
analogue age, such a patient would 
have been handed an Amsler grid and 
instructions to call the clinic if the grid’s 
uniform pattern became distorted, as 

in short:
Retina specialists and their patients have learned how AI and 
telemedicine can be e� ective in monitoring disease progression 
and alerting clinicians to early signs of adverse changes.

By Dr Joshua Mali

The offerings and limitations of
digital healthcare in ophthalmology
New technologies are improving retinal care but managing patient expectations is key

DR Joshua Mali
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such a change might indicate a 
conversion from intermediate to wet 
AMD. However, this model could 
be prone to lack of adherence and 
a misunderstanding of instructions, 
and placed the burden of initiating 
care on the patient. 

If that same intermediate AMD 
patient was referred to the Foresee-
Home AMD Monitoring Program (No-
tal Vision), they would be enrolled in 
a modern AI-based digital health-
care framework. After a referring 
physician has determined that a 
patient with dry intermediate AMD 
is well suited for home monitoring, 

the Notal Vision Monitoring Center, 
which is the provider of the afore-
mentioned program, works with the 
patient to set up the device, teaches 
them how to perform daily preferen-
tial hyperacuity perimetry tests and 
serves as a troubleshooting liaison. 

The monitoring centre tracks pa-
tient adherence, and contacts those 
who are not regularly performing 
at-home tests to ensure that there 
are no hardware problems or other 
healthcare issues which are inter-
fering with consistent evaluation. 
Results of routine at-home testing 
are sent to the Notal Vision Moni-

toring Center, which relies on an AI 
algorithm to detect aberrations in 
patient performance that might indi-
cate a conversion from intermediate 
to wet AMD. 

If AI flags the patient’s test re-
sults, an in-house ophthalmologist 
reviews the report and pings the 
referring physician’s clinic if it is 
determined that the referring phy-
sician should be alerted. The clinic 
may then reach out to the patient to 
schedule an in-person examination 
to see whether conversion to wet 
AMD has occurred. 

In this digital healthcare model, an 

FIGURE 1. Fundus photography shows macular drusen 
and retinal pigment epithelium changes. No evidence 
of subretinal haemorrhage was observed. 
FIGURE 2. Optical coherence tomography imaging 
revealed a small pigment epithelial detachment nasal 
to the fovea, with trace hyper-reflective subretinal 
material. No frank subretinal or intraretinal fluid was 
observed. 
FIGURE 3. Optical coherence tomography imaging 
revealed a small pigment epithelial detachment nasal 
to the fovea, with trace hyper-reflective subretinal 
material. No frank subretinal or intraretinal fluid was 
observed. 
(Images courtesy of Dr Joshua Mali)
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intermediate AMD patient receives 
routine AI-based monitoring services 
whilst outside the clinic in addition 
to the regularly scheduled visits that 
they have with their provider. Retina 
specialists should note that such a 
home monitoring program (covered 
by Medicare in the United States) is 
not a stand-in for clinical examina-
tion, but is rather a digital supple-
ment to in-person visits. 

Real-world example
The real-world case of a 75-year-old 
woman, identified as J.B., illustrates 
the value of home monitoring for 
wet AMD conversion. J.B. was a 
patient with intermediate AMD OD 
and wet AMD OS, which was treated 
with aflibercept (Eylea, Regeneron 
Pharmaceuticals). Visual acuity (VA) 
measured 20/30 OD and 20/150 OS 
at her most recent visit. Given that 
she was a high-risk patient with 
intermediate AMD and a history of 
wet AMD in the fellow eye, I referred 
J.B. to the Notal Vision Monitoring 
Center for enrolment in the Foresee-
Home AMD Monitoring Program. 

Six months after initiating at-
home monitoring, my clinic received 
an alert that J.B.’s most recent test 
flagged her for possible conversion 
to wet AMD OD. My clinic scheduled 
an in-person examination, at which 
point I found that her visual acuity 
(VA) remained stable at 20/30 OD. 

Fundus photography revealed 
macular drusen and changes to the 
retinal pigment epithelium and did 
not show evidence of subretinal 
haemorrhage (Figure 1). Optical 
coherence tomography imaging 
revealed only borderline findings 
(Figure 2). Fluorescein angiography 
depicted a small choroidal neovas-
cular membrane temporal to the 
optic disc that did not involve the 
central macula (Figure 3). 

I diagnosed J.B. with wet AMD 
based on these findings. Initiation 
of aflibercept therapy resulted in 
stable VA of 20/25 OD. 

In this instance, home-based 
monitoring detected asymptom-
atic conversion to wet AMD from 
intermediate AMD in J.B., whilst 
VA was at least 20/40, which is 
particularly good news when one 
considers the findings of a 2020 
real-world study that detecting wet 
AMD before VA dips below 20/40 
is key to maintaining 20/40 vision 
after 1 or 2 years of anti-vascular 
endothelial growth factor therapy. 
In the case of J.B., detection of wet 
AMD might have occurred after 
she passed the 20/40 VA threshold 
if not for use of the ForeseeHome 
AMD Monitoring Program. 

Embrace digital healthcare
Digital healthcare offerings frame 
one’s practice as a cutting-edge in-

stitution that prioritises the latest in 
retina care. Although some patients 
might have a different concept of 
what digital healthcare looks like, 
educating them on the parameters 
of telehealth vis-à-vis retina care 
will set reasonable expectations. 

Furthermore, implementation of 
digital healthcare platforms, such 
as the ForeseeHome AMD Monitor-
ing Program, may allow practices 
to leverage the power of AI to offer 
care outside the bricks-and-mor-
tar structure of the clinic, thereby 
launching practices into the future 
of medicine.  

Joshua Mali, MD
E: malienterprisesglobal@gmail.com
Dr Mali is a vitreoretinal surgeon at 
The Eye Associates, a private multi-
specialty ophthalmology practice in 
Sarasota, Florida, US. He is also the 
retina medical director of the Macular 
Degeneration Association and the 
founder and CEO of Mali Enterpris-
es (www.malienterprises.org). He is 
a consultant and speaker for Notal 
Vision.
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glaucoma

By Lynda Charters; 
Reviewed by Dr Shan 
C. Lin

Ophthalmologists have seen a progres-
sion in cyclophotocoagulation (CPC), 
with each generation becoming more 
doctor- and patient-friendly. Dr Shan C. 
Lin, a glaucoma specialist at the Glau-
coma Center of San Francisco, Califor-
nia, United States, recently described 
some of the recent advancements in the 
technology.

Trans-scleral 
cyclophotocoagulation
The fi rst attempt at CPC was trans-
scleral cyclophotocoagulation (TCPC), 
which has its limitations. In some 
cases, the treatment did not reach the 
targeted tissue because the tissue was 
not visualised, and the pars plana was 
often treated instead. 

In addition, there was the potential 
for the surrounding structures to be 
damaged. Excessive treatment using 
TCPC can occur and cause an audible 
popping and explosion of the ciliary 
processes and pars plana, which can 
result in infl ammatory conditions such 
as cystoid macular oedema (CMO).

Introduction of the G-Probe Illumi-
nate Delivery Device (Iridex Corpora-
tion) helped to address these problems. 
This technology uses a diode laser 

to treat the ciliary processes through 
the sclera and reduces the intraocular 
pressure (IOP) by decreasing aqueous 
production. “This latest generation of 
the technology allows identifi cation 
of the ciliary process locations either 
before or at the time of treatment,” Dr 
Lin said. 

He explained that the locations of the 
ciliary processes can vary among 
the diff erent ocular quadrants and 
among diff erent patients with glauco-
ma, and cited a study1 reporting that 
the ciliary processes can range from 2 
to 5 mm behind the limbus.

Endoscopic CPC
Endoscopic CPC is a newer technolo-
gy that facilitates direct visualisation 
of the ciliary processes as they are 
being treated. Probes with diff erent 
gauge sizes (18-, 19-, 20- and 23-gauge) 
are available for this intraoperative 
procedure. In addition, the availability 
of curved probes allows a greater area 
to be treated within the same incision, 
according to Dr Lin. 

A typical procedure, as he described, 
is one performed in a patient with 
pseudophakia through a limbal ap-
proach. “The goal is to cause shrinkage 
and whitening of the ciliary processes,” 
he said.

A study2 of endoscopic CPC, involv-
ing 68 patients with a range of glauco-
ma types, found that the IOP decreased 
from approximately 27 mm Hg preop-
eratively to approximately 17 mm Hg 

in short:
Each new generation of cyclophotocoagulation options 
results in more accurate visualisation of the ciliary 
processes, greater ease of use and fewer complications. 

in short:

Advancements in cyclophotocoagulation: 
The good, the  better and the best
New technologies are enabling more precise, � exible and e�  cacious treatment
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postoperatively. In addition, the 
numbers of medications decreased 
from approximately three to two. 

The complications associated 
with endoscopic CPC included 
fi brin exudate (24%), hyphaema 
(12%), CMO (10%), vision loss (6%; 
because of CMO in most cases) and 
choroidal detachment (4%).

Micropulse technology
Micropulse is the newest of the 
technologies. The Cyclo G6 Glau-
coma Laser with the MicroPulse 
P3 probe (Iridex) is a trans-scleral 
procedure designed to deliver laser 
energy in a pulse pattern to avoid 
excessive damage to the tissues. 
This procedure also diff ers from 
the G-Probe in that the treatment 
is aimed at the pars plana rather 
than the ciliary processes, and it 
involves a slow sweeping motion 
along the superior and inferior 
limbuses rather than the discrete 
spot placement of the G-Probe.

An advantage of this new tech-
nology is that it can be performed 
either in a clinic or in the oper-
ating theatre, but Dr Lin prefers 
performing the procedure in the 
operating theatre for increased 
control and patient comfort. In ad-
dition, there are no pops involved 
with the treatment. 

Dr Lin cautioned that the sweep-
ing motion should avoid the 3 and 
9 o’clock positions. “Having slower 
sweeps with the MicroPulse facili-
tates better uptake of the laser and 
effi  cacy,” he said.

One study3 with follow-up of 
almost 7 years detailed the long-
term effi  cacy and durability of this 
treatment. The authors reported a 
43% reduction of IOP at 78 months 
in 14 patients and a concomitant 
reduction in medications from 
1.8 to 1.1. However, numerous 
treatments were needed, with an 
average of approximately 4.5, to 
achieve IOP lowering.

Dr Lin also reported results of 
MicroPulse technology in a retro-
spective analysis of 54 patients 
with a baseline IOP of 24 mm 
Hg, three-quarters of whom had 
primary open-angle glaucoma. 
Postoperatively, the average IOP 
was 17 mm Hg (P = 0.0002). Suc-
cess in this study was defi ned as 
IOP lowering of 20% or more with 
or without medications, which 
was met in 68% of patients. Seven 
of the eyes required re-treatment.

The potential complications 
of the technology include rare 
unexplained visual loss, hypotony, 
ocular infl ammation and CMO. 
In anatomical assessments using 
ultrasound biomicroscopy, there 
were no observable changes com-
paring before and after treatment.

MicroPulse controls the thermal 
eff ect by chopping a continuous 
wave of the energy beam into 
repetitive short pulses interrupt-
ed by relaxation times, which 
makes for less thermal damage 
to the targeted area. Dr Lin said 
the technology is also thought to 
stimulate biological factors, such 
as cytokines and growth factors, at 
the treatment area.

Iridex recently introduced a re-
vised MicroPulse P3 (REV-2) probe 
with a footplate that helps with 
limbal alignment, improves tissue 

coupling for better laser delivery, 
makes the technique easier to 
perform and potentially has fewer 
complications. “Diode TCPC with 
the G-Probe is typically reserved 
for blind, painful eyes, and now is 
available with transillumination,” 
Dr Lin said.

“Endoscopic CPC can be useful 
in some cases. However, there are 
risks associated with penetrating 
surgery,” he said. “Micropulse 
TCPC is useful for patients with 
refractory glaucoma, with less in-
fl ammation and, possibly, less risk 
than with [the] diode laser.” 

Shan C. Lin, MD
E: sl@glaucomasf.com

This article is adapted 
from Dr Lin’s presenta-
tion at the Glaucoma 
Research Foundation 
25th Annual Glaucoma 

Symposium that took 
place in 2021. Dr Lin is a 

consultant to Iridex Corporation.
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I acquired the VisuMax femtosecond laser (Carl Zeiss 
Meditec AG; Jena, Germany) 13 years ago and have 
used it with great satisfaction and success to perform 
femto-LASIK and Lenticule Extraction with SMILE. 
Once I saw the next generation VISUMAX 800  
showcased in the technical exhibition hall at the  
2019 ESCRS Congress and learned about its  
features, however, I immediately placed my order  
for this upgraded system. 

Faster speed, which I believe brings benefits for  
surgeons and patients, is one of the most striking  
enhancements found on the VISUMAX 800. In  
addition, the laser is equipped with a number of new 
capabilities that make it a state-of-the art platform  
for refractive surgery now and into the future.
 
What was your experience with the VisuMax 
and what motivated you to transition to the  
VISUMAX 800?
I was always pleased with the results I achieved  
using the VisuMax and with the excellent support  
and service provided by ZEISS. At the same time,  
I strongly believe in providing the best care  
possible for my patients, and so I am interested in  
using the highest level available in diagnostic and  
surgical equipment. Naturally, therefore, I was in-
terested in the next generation of what for me was a  
time-tested laser. 

In particular, I expected that the incredible speed 
of the VISUMAX 800 would raise SMILE to a new  
level. Although it might sound trivial, even the  
physical presentation and appearance of the  
VISUMAX 800 speak a language of sophistication, 
combining design and functionality.  
 
Other companies are developing laser platforms 
for Lenticule Extraction, but after evaluating them,  
I felt confident with my decision to trust the  
Lenticule Extraction pioneer and now market  
leader in Laser Vision Correction. The number of 
SMILE performed is increasing exponentially, 
and the fact that the VisuMax has been 
used in more than 5 million SMILE treatments 
worldwide is a striking argument to me for staying 
with ZEISS technology.

CASE OF THE MONTH C A S E  S T U D I E S

What is new about the VISUMAX 800? 
Faster speed is its foremost feature. The  
VISUMAX 800 also allows for quick cyclotorsion 
alignment through digital rotation of the laser pattern, 
which is important for astigmatism correction and a  
very helpful feature for beginning surgeons.  
A computerassisted centration aid included in the  
VISUMAX 800 is another valuable addition. This  
feature gives surgeons full control of centration  
during the docking phase, and I think that it 
will be especially helpful when performing 
SMILE for treating hyperopia patients  
becomes available in the near future. SMILE pro  
provides benefits of a flap-free procedure and seems 
to have more durable results than LASIK1,2 There-
fore, I truly believe that the VISUMAX 800 will be a  
gamechanger in the field of Laser Vision Correction 
surgery as was the VisuMax, now enabling surgeons  
to perform Lenticule Extraction for myopic and  
hyperopic patients with and without astigmatism.

The VISUMAX 800 is also designed to be part of a 
comprehensive refractive workflow system, being  
integrated with other devices and software plat-
forms from ZEISS. Data management capabilities 
with with VISULYZE (Carl Zeiss Meditec AG; Jena, 
Germany) provide surgeons an excellent tool for  
refining and personalizing their nomograms so that 
the nomograms match the surgeon’s unique surgical  
environment and techniques. This customization has 
great potential to further optimize results. 

How exactly does the speed of lenticule  
creation and flap creation compare between 
the VISUMAX 800 and VisuMax, and could 
you describe the potential benefits of the  
differences?

The VisuMax operates at 500 kHz. Using it, flap  
creation takes under 20  seconds and a lenticule  
creation for SMILE takes under 30 seconds. With the 
VISUMAX 800, flaps are created in under 7 seconds 
and a lenticule takes less than 10 seconds.*
The difference in the time for lenticule creation is es-
pecially noteworthy because docking time is probably 
the most critical and stressful time for both patients 
and surgeons during a procedure. Almost all of my  
patients are at least slightly nervous undergoing a Laser 
Vision Correction procedure. I have a prepared short 
speech that I use to help patients remain calm and keep  
fixated during lenticule creation. For me it makes a 
huge difference to only have to keep them comfortable 
and relaxed for less than 10 seconds rather than almost 
30 seconds. In fact, when performing my first SMILE 
treatment with the VISUMAX 800, I was surprised that 
I had barely finished the first sentence of my relaxation 
talk by the time the lenticule cut was done. 

The faster speed of the VISUMAX 800 has other  
potential benefits. Head and eye movements due to  
patient anxiety are the most common direct causes of 
suction loss. The relationship between docking time 
and risk of suction loss is inverse. Even though the rate 
of suction loss with the VisuMax was already low3,4 and 
suction loss has never been an issue in my practice, 
I´d assume that the faster creation of the lenticule with 
the VISUMAX 800 might even help shortening the  
learning curve in terms of suction stability management 
for surgeons starting with SMILE. 

The faster cutting time with the VISUMAX 800 also 
lessens any discomfort patients might experience from 
increased IOP during docking. Because of its curved 
patient interface docking merely to the cornea, the  
VisuMax was already associated with less IOP increase, 
less patient fear, pain and subconjunctival hemor-
rhage compared to other femtosecond laser systems.5-7  
Nevertheless, any improvement in comfort and stress 
may lead patients to feel more satisfied with their entire 
surgical experience. 

Lenticule Extraction was also very good with the  
VisuMax, but the latter step seems even easier with 
the VISUMAX 800, which I attribute to what seems to 
be near elimination of opaque bubble layer formation 
due to an optimized energy per area and a faster laser 
source.

What are your impressions from your initial  
experience using the VISUMAX 800?
I have used the laser for flap and lenticule creation 
in approximately 300 procedures and am completely  
enthusiastic about my experience. I am not exaggerat-
ing when I say that it is a fantastic piece of engineering. 

What would you say to other refractive sur-
geons about acquiring the VISUMAX 800?

Media placement sponsored by Carl Zeiss Meditec AG

By Detlev R.H. Breyer, MD

VISUMAX 800 – Why speed matters
Evolution in Femtosecond Laser Technology raising Laser 
Vision Correction to the next level

I might start with an analogy relating to phacoemul-
sification units. Just as cataract surgery has become 
safer, more efficient, and more effective over the years 
thanks to revolutionary advances in phacoemulsifi-
cation units comparing the first machine invented by  
Dr Charles Kelman and modern platforms, so too is the 
VISUMAX 800 a huge step forward in technology for 
refractive surgery. 

Speaking specifically about Lenticule Extraction 
with SMILE, the VISUMAX 800 does not change 
the basic steps of this time-proven procedure, but it 
raises the experience to a new level for patients and 
surgeons. I expect that the upgraded features of the  
VISUMAX 800 will be appreciated by expert 
surgeons who will be able to treat their corneal 
refractive patients with a high level of comfort, 
precision, safety and efficacy. Surgeons who 
are new to SMILE, however, will especially benefit 
from using the VISUMAX 800 because its increased 
speed and surgeon-supporting functions might en-
able a shorter and smoother learning curve. Never- 
theless, SMILE pro is still much more corneal  
surgery than femto-LASIK. We should not neglect  
this fact in our euphoria for the new VISUMAX 800.

Finally, the new VISUMAX 800 is not just the  
entry card into the leading SMILE system, but it is also 
the heart of a comprehensive assembly of ophthalmic  
devices comprising a seamlessly, digitally integrated 
workflow system for gold standard refractive surgery 
and patient care. 
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I acquired the VisuMax femtosecond laser (Carl Zeiss 
Meditec AG; Jena, Germany) 13 years ago and have 
used it with great satisfaction and success to perform 
femto-LASIK and Lenticule Extraction with SMILE. 
Once I saw the next generation VISUMAX 800  
showcased in the technical exhibition hall at the  
2019 ESCRS Congress and learned about its  
features, however, I immediately placed my order  
for this upgraded system. 

Faster speed, which I believe brings benefits for  
surgeons and patients, is one of the most striking  
enhancements found on the VISUMAX 800. In  
addition, the laser is equipped with a number of new 
capabilities that make it a state-of-the art platform  
for refractive surgery now and into the future.
 
What was your experience with the VisuMax 
and what motivated you to transition to the  
VISUMAX 800?
I was always pleased with the results I achieved  
using the VisuMax and with the excellent support  
and service provided by ZEISS. At the same time,  
I strongly believe in providing the best care  
possible for my patients, and so I am interested in  
using the highest level available in diagnostic and  
surgical equipment. Naturally, therefore, I was in-
terested in the next generation of what for me was a  
time-tested laser. 

In particular, I expected that the incredible speed 
of the VISUMAX 800 would raise SMILE to a new  
level. Although it might sound trivial, even the  
physical presentation and appearance of the  
VISUMAX 800 speak a language of sophistication, 
combining design and functionality.  
 
Other companies are developing laser platforms 
for Lenticule Extraction, but after evaluating them,  
I felt confident with my decision to trust the  
Lenticule Extraction pioneer and now market  
leader in Laser Vision Correction. The number of 
SMILE performed is increasing exponentially, 
and the fact that the VisuMax has been 
used in more than 5 million SMILE treatments 
worldwide is a striking argument to me for staying 
with ZEISS technology.

CASE OF THE MONTH C A S E  S T U D I E S

What is new about the VISUMAX 800? 
Faster speed is its foremost feature. The  
VISUMAX 800 also allows for quick cyclotorsion 
alignment through digital rotation of the laser pattern, 
which is important for astigmatism correction and a  
very helpful feature for beginning surgeons.  
A computerassisted centration aid included in the  
VISUMAX 800 is another valuable addition. This  
feature gives surgeons full control of centration  
during the docking phase, and I think that it 
will be especially helpful when performing 
SMILE for treating hyperopia patients  
becomes available in the near future. SMILE pro  
provides benefits of a flap-free procedure and seems 
to have more durable results than LASIK1,2 There-
fore, I truly believe that the VISUMAX 800 will be a  
gamechanger in the field of Laser Vision Correction 
surgery as was the VisuMax, now enabling surgeons  
to perform Lenticule Extraction for myopic and  
hyperopic patients with and without astigmatism.

The VISUMAX 800 is also designed to be part of a 
comprehensive refractive workflow system, being  
integrated with other devices and software plat-
forms from ZEISS. Data management capabilities 
with with VISULYZE (Carl Zeiss Meditec AG; Jena, 
Germany) provide surgeons an excellent tool for  
refining and personalizing their nomograms so that 
the nomograms match the surgeon’s unique surgical  
environment and techniques. This customization has 
great potential to further optimize results. 

How exactly does the speed of lenticule  
creation and flap creation compare between 
the VISUMAX 800 and VisuMax, and could 
you describe the potential benefits of the  
differences?

The VisuMax operates at 500 kHz. Using it, flap  
creation takes under 20  seconds and a lenticule  
creation for SMILE takes under 30 seconds. With the 
VISUMAX 800, flaps are created in under 7 seconds 
and a lenticule takes less than 10 seconds.*
The difference in the time for lenticule creation is es-
pecially noteworthy because docking time is probably 
the most critical and stressful time for both patients 
and surgeons during a procedure. Almost all of my  
patients are at least slightly nervous undergoing a Laser 
Vision Correction procedure. I have a prepared short 
speech that I use to help patients remain calm and keep  
fixated during lenticule creation. For me it makes a 
huge difference to only have to keep them comfortable 
and relaxed for less than 10 seconds rather than almost 
30 seconds. In fact, when performing my first SMILE 
treatment with the VISUMAX 800, I was surprised that 
I had barely finished the first sentence of my relaxation 
talk by the time the lenticule cut was done. 

The faster speed of the VISUMAX 800 has other  
potential benefits. Head and eye movements due to  
patient anxiety are the most common direct causes of 
suction loss. The relationship between docking time 
and risk of suction loss is inverse. Even though the rate 
of suction loss with the VisuMax was already low3,4 and 
suction loss has never been an issue in my practice, 
I´d assume that the faster creation of the lenticule with 
the VISUMAX 800 might even help shortening the  
learning curve in terms of suction stability management 
for surgeons starting with SMILE. 

The faster cutting time with the VISUMAX 800 also 
lessens any discomfort patients might experience from 
increased IOP during docking. Because of its curved 
patient interface docking merely to the cornea, the  
VisuMax was already associated with less IOP increase, 
less patient fear, pain and subconjunctival hemor-
rhage compared to other femtosecond laser systems.5-7  
Nevertheless, any improvement in comfort and stress 
may lead patients to feel more satisfied with their entire 
surgical experience. 

Lenticule Extraction was also very good with the  
VisuMax, but the latter step seems even easier with 
the VISUMAX 800, which I attribute to what seems to 
be near elimination of opaque bubble layer formation 
due to an optimized energy per area and a faster laser 
source.

What are your impressions from your initial  
experience using the VISUMAX 800?
I have used the laser for flap and lenticule creation 
in approximately 300 procedures and am completely  
enthusiastic about my experience. I am not exaggerat-
ing when I say that it is a fantastic piece of engineering. 

What would you say to other refractive sur-
geons about acquiring the VISUMAX 800?

Media placement sponsored by Carl Zeiss Meditec AG

By Detlev R.H. Breyer, MD

VISUMAX 800 – Why speed matters
Evolution in Femtosecond Laser Technology raising Laser 
Vision Correction to the next level

I might start with an analogy relating to phacoemul-
sification units. Just as cataract surgery has become 
safer, more efficient, and more effective over the years 
thanks to revolutionary advances in phacoemulsifi-
cation units comparing the first machine invented by  
Dr Charles Kelman and modern platforms, so too is the 
VISUMAX 800 a huge step forward in technology for 
refractive surgery. 

Speaking specifically about Lenticule Extraction 
with SMILE, the VISUMAX 800 does not change 
the basic steps of this time-proven procedure, but it 
raises the experience to a new level for patients and 
surgeons. I expect that the upgraded features of the  
VISUMAX 800 will be appreciated by expert 
surgeons who will be able to treat their corneal 
refractive patients with a high level of comfort, 
precision, safety and efficacy. Surgeons who 
are new to SMILE, however, will especially benefit 
from using the VISUMAX 800 because its increased 
speed and surgeon-supporting functions might en-
able a shorter and smoother learning curve. Never- 
theless, SMILE pro is still much more corneal  
surgery than femto-LASIK. We should not neglect  
this fact in our euphoria for the new VISUMAX 800.

Finally, the new VISUMAX 800 is not just the  
entry card into the leading SMILE system, but it is also 
the heart of a comprehensive assembly of ophthalmic  
devices comprising a seamlessly, digitally integrated 
workflow system for gold standard refractive surgery 
and patient care. 
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Surgical options for 
normalising neuroadaptation
Ocular characteristics and personal needs are key in IOL implantation 

Today’s presbyopia-correcting IOLs, 
such as the PanOptix Trifocal (Alcon) 
and Tecnis Synergy (Johnson & Johnson 
Vision), incorporate very sophisti-
cated optical technologies that 
can provide patients with an 
unsurpassed range of vision. 
These implants, combined 
with excellent biometry and 
the greater predictability of 
modern IOL formulas, have led 
to very high levels of patient 
satisfaction in my practice. I believe we 
are truly in a golden age of presbyopic 
vision correction.

However, we must expect there to 
be a period during which the eyes and 
brain adapt to these sophisticated optics 
postoperatively. In most cases, neuro-
adaptation takes the form of gradually 
decreasing night-time dysphotopsias or 
gradually improving clarity of vision. In 
my experience, neuroadaptation to pres-
byopia-correcting IOLs is nothing like 
the challenges that patients experience 
in adapting to monovision, or even to 
multifocal contact lenses. 

Patients can typically drive and use 
their phones from Day 1. I fi nd that 
good patient selection—considering both 
ocular anatomy and patient person-

ality—and clear communication with 
patients about what to expect postoper-
atively are essential for success.  

Ocular anatomy and 
phakic lens status
Preoperative testing to 
determine candidacy for 

lens options is very import-
ant. Patients with unusual 
topography, greater amounts 
of higher-order aberrations 

or unusually large pupils may experi-
ence more night-time dysphotopsias 
and should be counselled carefully if a 
premium lens is off ered. 

It is also important to understand 
how preoperative phakic lens status 
aff ects postoperative impressions. 
Younger patients seeking refractive lens 
exchange or those with very mild cata-
racts may never have been challenged 
with quality-of-vision problems and 
will tend to have high expectations of 
matching their preoperative clarity. On 
the other hand, someone with signif-
icant cataract has already adapted to 
glare and contrast loss that is likely to 
be much worse than anything they will 
experience with an IOL. 

Patients know themselves best 
For me, it is fundamentally important 
that a patient has a strong desire to 
be free of spectacles. This will moti-
vate them to persist and tolerate any 
inconveniences during the immediate 
postoperative process. If the surgeon has 

in short:
It is important to select good candidates for presbyopia-
correcting IOL implantation and frankly discuss 
postoperative adjustment issues for a successful outcome.

in short:

By Dr Dain B. Brooks

dr dain b. brooks
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to talk someone into having a pres-
byopia-correcting IOL, it is a recipe 
for potential disappointment.

I ask patients directly about 
their personality traits: “Are you 
meticulous or picky? Do you flow 
through holidays calmly or tend to 
tense up when you are out of your 
element? Do you transition well or 
tend to get stressed by change?” 
In my experience, patients are not 
offended by this type of question-
ing. Rather, they appreciate the 
chance to express their persona to 
someone who is trying to make the 
best recommendation for them.

The younger the patient, the 
healthier the crystalline lens and 
the more demanding the person-
ality, then the more preoperative 
counselling will be required. I do 
not necessarily avoid these pa-
tients, but I am direct and specific 
with them. I tell them they will see 
more glare and halos and that these 
will lessen over time but may not 
go away entirely. 

After showing them images of 
dysphotopsias, I ask whether they 
think such symptoms would bother 
them. If so, we may look at another 
solution that may not provide the 
same range of vision but has a low-
er chance of dysphotopsias.

Adapting to the lens
In our experience, patients some-
times find that it takes time to 
appreciate crisp quality of vision 
across their full range with the 
Synergy lens. At no point have I 
had a patient tell me they cannot 
function at any one distance, but 
they may notice that vision im-
proves from near to intermediate 
to far. I do not see this as a prob-
lem because, in the end, we are 

seeing spectacular results that are 
better than we have ever witnessed 
before (Table 1).

A golfer I recently treated is a 
perfect example. After bilateral 
Tecnis Synergy implantation, he 
told me he could drive his golf cart 
around and see his scorecard with 
no problem. When he teed off, he 
could see the ball initially but had 
a little trouble tracking it in motion 
after 100 yards or so. Sunglasses in 
bright sunlight helped him in the 
short term. Within a few months 
of surgery, he had no complaints 
and was ecstatic about the visual 
performance of the lens.

Although I aim for plano with 
the lens, I almost always err to-
ward the first plus in the dominant 
eye and the first minus in the 
non-dominant eye if I have the 
choice. In most cases, this strategy 
provides a nice full range of focus, 
but it may not be appropriate in 
every eye. For example, if the 
cornea is flatter centrally, that eye 
may need more power, so I will err 

towards the first minus, regardless 
of ocular dominance. 

Physician communication 
is key
Although preoperative evaluation 
is certainly a team effort in our 
practice, I believe it is important 
for the implant recommendation to 
come directly from the physician 
rather than from a counsellor. My 
goal is that after a deliberate and 
intentional process to select the 
best technology for them, patients 
feel understood and can relax and 
embrace the surgeon’s particular 
recommendation.  

I try to communicate in a way 
that is sincere and reality-based, 
projecting confidence and com-
petence. I tell patients that their 
vision will continue to get sharp-
er—and they will become more 
and more enthusiastic about their 
vision—as the brain gets used to 
the new optics. Sunglasses or tinted 
lenses, brimonidine at night or dry 
eye therapies may help during the 
neuroadaptation period, or at least 
help the patient feel that they are 
participating in the healing process.

Being honest about potential 
night vision symptoms or delays 
because of neuroadaptation does 
not scare patients away or dis-
suade them from making premium 
choices. It simply makes their 
journey with today’s wonderful 
presbyopia-correcting implants a 
better one. 

Dain B. Brooks, MD
E: dbrooks@brookseyemd.com
Dr Brooks is in private practice at 
Brooks Eye Associates in Plano, Texas, 
United States. He has no financial 
relationships to disclose.

Month 1

Mean SE -0.15 D

Mean UDVA 20/23

Mean UIVA 20/17

Mean UNVA 20/23

(Data courtesy of Dr Dain B. Brooks)
Abbreviations: SE, spherical equivalent; 
UDVA, uncorrected distance visual acuity; 
UIVA, uncorrected intermediate visual acui-
ty; UNVA, uncorrected near visual acuity

TABLE 1

POSTOPERATIVE OUTCOMES 
WITH THE TECNIS SYNERGY IOL.
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By Lisa Stewart, PhD; 
Reviewed by Dr Omid Kermani 
and Prof. Damien Gatinel

The contribution of exogenous 
traumatic factors to keratoconus 
was fi rst pointed out by the late 
John Nottingham in 1854;1 since 
then, all studies published on the 
risk factors for keratoconus have 
mentioned high friction. The thesis 
that Prof. Gatinel supports is that 
eye rubbing is not a trivial risk 

factor but rather a causal factor 
without which the disease would 
not occur.

According to Prof. Gatinel, the 
stake of this debate is not only 
academic: if this conjecture, which 
is summarised as “no rub, no cone,” 
is true then there is tremendous 
hope that we can not only halt 
the progression of this disease but 
prevent it as well. “It remains a 
mystery to me how the ophthalmo-
logical community remains largely 

reluctant to accept this theory that 
obeys the laws of physics and is 
corroborated by clinical evidence,” 
Prof. Gatinel said.

Keratoconus:
A genetic disease?
Keratoconus occurs when the ener-
gy delivered by friction exceeds 
the natural resistance capacities 
of the cornea, which vary from 
subject to subject, resulting in per-
manent deformation. There must, 

The pathophysiology and 
pathomorphology of corneal ectasia
Part 1: The contribution of eye rubbing to the development of keratoconus

This four-part series of articles summarises an afternoon of presentations, plus a debate, on the topic of 
corneal ectasia that was held as part of the 29th Cologne Adventsymposium, an annual meeting organ-
ised by Laserforum e.V., in Cologne, Germany, on 4 December 2021. Chaired by Drs Omid Kermani and 
Georg Gerten, the presentations each considered the condition from a di� erent perspective and are 
available at: www.youtube.com/watch?v=q3pnda2SndI.
In Part 1, we look at the role of eye rubbing in keratoconus. This is based upon a presentation that oph-
thalmologist Prof. Damien Gatinel gave during the one-day event.

FIGURE 1. The right cornea is a� ected by keratoconus. The left cornea remains negative for all 
topographical and biomechanical indices of detection.

2006 : Male, 19-year-old
RE LEUNILATERAL KERATOCONUS
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of course, be a favourable genet-
ic environment; however, Prof. 
Gatinel believes that keratoconus 
is not primarily a genetic disease 
but also a behavioural one. Exces-
sive rubbing is sine qua non but 
its action may be triggered and/
or potentiated by certain genetic 
cofactors.

A recent article concluded that 
mechanical causes were neces-
sary for keratoconus to develop in 
genetically susceptible individu-
als.2 Another recent study found 
that eye rubbing with the knuckles 
was the most important predictive 
factor for keratoconus, whereas 
the presence of a family history 
was not signifi cant.3

Many elements plead against 

an entirely genetic origin for 
keratoconus, Prof. Gatinel pointed 
out. Firstly, if keratoconus were 
purely genetic, it should always be 
bilateral; truly unilateral forms are 
debated but Prof. Gatinel is con-
vinced that they do exist (Figure 
1). And secondly, there is a large 
predominance of sporadic cases 
(85% vs 15% with a family history). 
Despite intensive research, a spe-
cifi c gene for keratoconus has not 
yet been found.

“In my opinion, the genetic 
dimension to keratoconus is 
indirect and concerns the degree 
of corneal resistance (for example 
corneal thickness or the quality 
of the stromal collagen) and the 
susceptibility to allergies and other 

factors that encourage patients to 
rub their eyes. The discordance 
between monozygotic twins suffi  ces 
to discard the genetic root cause 
hypothesis,” Prof. Gatinel said 
(Figure 2). 

In� ammatory or ectatic 
disease?
Contrary to what is sometimes sug-
gested, Prof. Gatinel is very clear 
that the cause of keratoconus is not 
infl ammation. The infl ammatory di-
mension of keratoconus arises from 
the causes of eye rubbing (allergy 
or dryness) and the consequences 
of the rubbing (e.g., excretion in 
tears of infl ammatory mediators), 
he believes. Chronic infl ammatory 
pathologies of the cornea result 

FIGURE 2. Four genetically identical eyes, raised in the same environment but only one of which 
has been excessively rubbed. A single such discrepancy is su�  cient to demonstrate the need 
for external factors.

UNI-UNI-LATERAL FORM OF KERATOCONUS

TWIN #1

TWIN #2
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in focal thinning associated with 
focal fl attening and not steepening 
(as evidenced by the sequelae of 
interstitial, microbial or interface 
keratitis after LASIK, which com-
monly causes a hyperopic shift).

In addition, Prof. Gatinel pointed 
out that it is wrong to consider 
that keratoconus corresponds to 
an ectasia with a stretching of the 

corneal tissue. Indeed, his group 
recently showed that the corneal 
surface area does not diff er signifi -
cantly between healthy eyes and 
keratoconic eyes.4

Prof. Gatinel believes that the 
term “corneal ectasia” should be 
reserved to describe the morpho-
logical changes that the cornea 
undergoes in Marfan syndrome, 

in which the corneas are typically 
softer and thinner but fl atter. The 
cornea in keratoconus is thin but 
steep and this thinning and steep-
ening are focal.

He added that molecular mech-
anisms and signalling pathways 
that would select a specifi c part of 
the cornea to deform spontaneous-
ly under the sole infl uence of the 
forces of intraocular pressure have 
not been described; rather, the 
infl uence of an external mechanical 
force better accounts for the charac-
teristics seen.

Repeated rubbing eventually 
causes a focal thinning and a sub-
sequent biomechanical weakening 
of corneal integrity. In the early 
stages, this causes a vertical sag 
and this explains the frequent early 
induction of against-the-rule or 
oblique astigmatism.

Excessive eye rubbing
In 1965, the English statistician Sir 
Austin Bradford Hill proposed a set 
of nine criteria to provide epidemi-
ological evidence of a causal rela-
tionship between a presumed cause 
and an observed eff ect (Figure 3).5

Prof. Gatinel demonstrated that the 
hypothesis “no rub no cone” satis-
fi es these criteria, as follows.

Regarding the fi rst three criteria 
(strength, consistency, specifi city), 
the literature abounds with articles 
showing that eye rubbing is always 
associated with keratoconus. It has 
been discovered that in unilateral 
or very asymmetric forms, the most 
aff ected eye is always the most 
rubbed and highly correlates with 
a side or stomach sleeping position 
with prolonged compression of the 
orbit (Figure 4).6

The fourth criterion (temporal-

1. Strength: The larger the association, the more likely that it is causal.

2. Consistency: Consistent � ndings observed by di� erent persons in di� erent  
 places with di� erent samples.

3. Specificity: Very speci� c population at a speci� c site and disease with no  
 other likely explanation. 

4. Temporality: The e� ect has to occur after the cause.

5. Dose-Response relationship: Greater exposure should generally lead to   
 greater incidence of the e� ect.

6. Plausibility: A plausible mechanism between cause and e� ect is helpful.

7. Coherence: Coherence between epidemiological and laboratory � ndings.

8. Experiment: "Occasionally it is possible to appeal to experimental evidence."

9. Analogy: The use of analogies or similarities between the observed   
 association and any other associations.

FIGURE 3.

Bradford Hill Criteria : Evidence of a causal relationship

Chronic lateralised irritation  Unilateral rubbing  Unilateral keratoconus

FIGURE 4. A very asymmetrical or even unilateral keratoconus. 
The picture of the sleeping position was taken by the mother 
of this patient whom, on the whole, only rubbed his right eye. 
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ity) is particularly important. In 
all cases, rubbing precedes the 
appearance of keratoconus by 
months or years. These actions 
are sometimes unnoticed—a small 
proportion of patients say they do 
not rub but, in Prof. Gatinel’s expe-
rience, once awareness of rubbing 
has been raised it is acknowledged 
by nearly 100% of patients during 
the second visit.

Speaking about the fi fth criterion 
(dose-response relationship), Prof. 
Gatinel explained that when diffi  -
culty arises in separating corneas 
aff ected by keratoconus from those 
with forme fruste, it is because 
there is a continuum between 
healthy corneas and very deformed 
corneas. In early forms of keratoco-
nus, rubbing is typically recent or 
much less vigorous and frequent. 

Prof. Gatinel recently published a 

study that shows that rubbing with 
the knuckles is worse than rubbing 
with the softer pulp of the fi ngers;3

this correlation between severity of 
rubbing and severity of deformation 
vehemently pleads for an external 
cause. The extreme variability 
of the topographic presentation 
modes of corneal deformation 
is matched only by the extreme 
variability of rubbing in duration 
intensity and frequency.

He went on to describe how 
the next three criteria relate to 
plausibility and coherence, occa-
sionally confi rmed by experimental 
evidence. Corneal resistance can 
be reduced by eye rubbing itself 
and this is a mechanical route to 
keratoconus, however, in addition 
to the mechanical stress induced 
by the action of shear and compres-
sion forces, the action of rubbing 

the eyes triggers the local secretion 
of cytokines, proteases and metal-
loproteinases.7,8 These molecules 
weaken the stromal tissue and 
make it more vulnerable to the 
action of friction.

Prof. Gatinel is not surprised 
that cases of eye subluxation, 
hyphaema, glaucoma and retinal 
detachment have been attributed to 
excessive eye rubbing. A ptosis is 
sometimes observed on the most-
rubbed side of the eye; this is also 
not surprising, because the eyelid 
also suff ers repeated trauma.

Regarding the ninth criteria 
(analogy), the IntraCor technique 
for presbyopia correction (intras-
tromal femtosecond laser surgical 
compensation of presbyopia with 
six concentric intrastromal ring cut) 
is an analogous model which shows 
that the selective severe incisional 

FIGURE 5. Proposed route for keratoconus physiopathology.(All images courtesy of Prof. Damien Gatinel)
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biomechanical weakening of the 
central stroma induces its immedi-
ate deformation. 

Another analogy that is use-
ful to distinguish direct causal 
responsibility from optional risk 
factor, according to Prof. Gatinel, 
is that of sunburn, which is more 
common in patients with a clear 
phototype—pale skin—but which 
absolutely requires exposure to 
ultraviolet light. As some photo-
types are more UV-sensitive, some 
keratotypes may be more sensitive 
to eye rubbing.

Prof. Gatinel summarised by ex-
plaining that the “no rub no cone” 
conjecture meets the Bradford-Hill 
criteria. There is ample evidence 
that keratoconus requires interac-
tion with environmental factors for 
a genetically determined predispo-
sition to manifest as a phenotypi-
cally apparent disease, he stated: 
among these factors, excessive eye 
rubbing is a must (Figure 5).

“Beyond the academic debate, 
refusing to admit the causal and 
essential role of excessive rubbing 
deprives us of the possibility of 
halting the progression of the 
disease or even eradicating it by 
educating patients at risk,” Prof. 
Gatinel concluded. 

The debate
Prof. Gatinel’s presentation was 
debated with the other presenters—
Prof. Renato Ambrósio Jr. (Brazil), 
Prof. Dan Reinstein (UK), Dr Tim 
Archer (UK) and Prof. Farhad Hafezi 
(Switzerland)—and with members 
of the online audience.

Dr Kermani:
It is widely believed that there is 
no unilateral keratoconus. How 

does this fit with the predominant 
cause of keratoconus being chronic 
trauma from eye rubbing?

Prof. Gatinel:
There are published cases of strictly 
unilateral keratoconus. There is no 
consistent model for keratoconus 
that explains the focal stiffening 
and weakening without an external 
force working on the cornea. 
Therefore, if you rub only one 
eye then you will have unilateral 
keratoconus; if you rub both eyes 
you will have bilateral keratoconus; 
and if you rub one eye more than 
the other you will have more pro-
nounced keratoconus on that eye. 
This seems elementary to me.

In keratoconus, the cornea is not 
initially soft. When you have a soft 
cornea for other reasons, such as 
Marfan syndrome, the evolution is 
completely different from kera-
toconus. This simple observation 
should make us step back from 
what we believe and consider ker-
atoconus as a cornea that has been 
made softer, or in which softness 
has increased focally, because of 
rubbing trauma, which creates fo-
cal mechanical stress whose action 
is amplified by the biomolecular 
consequences of rubbing.

Prof. Ambrósio:
We have found easy consensus that 
keratoconus is a bilateral disease 
that can be very asymmetric in 
many cases. The point is that even 
though keratoconus is bilateral we 
can have a traumatic, biomechan-
ically-induced ectasia, in only one 
eye or sometimes in both eyes, 
which is really hard to distinguish 
from keratoconus.

As in any disease, susceptibility 

and environmental factors work 
together. Avoiding eye rubbing 
or sleeping on the eye will help 
prevent ectasia from developing or 
keratoconus progressing.

Prof. Gerten:
I have patients who rub their eyes 
but do not have keratoconus. Can 
you explain why not everybody who 
rubs their eyes gets keratoconus?

Prof. Gatinel:
This is why I like the sunburn 
analogy. When you go to the beach, 
not everyone will get sunburnt but 
if there is no UV light then nobody 
burns. Many people rub their eyes 
and a proportion of them develop 
keratoconus. 

Nobody will ever delineate ‘kerato-
conus and not keratoconus’. It is just 
a relation between how much you 
rub and how much your cornea re-
sists it. Some people rub infrequently 
and their cornea is elastic enough to 
dissipate the trauma, but after some 
time then the cornea starts to sag.

In patients of 12 or 13 years of 
age, a slight vertical against-the-rule 
or oblique astigmatism is the first 
sign of keratoconus. You will dis-
cover that these patients rub their 
eyes and if they stop rubbing, they 
will not progress further.

We have clinical evidence to 
show that when the cornea is 
not rubbed it does not develop 
keratoconus. The argument that 
everyone rubs and but not everyone 
has keratoconus does not invalidate 
this. Taking the sunburn analogy 
again: no UV, no sunburn; no rub, 
no cone.

Audience member:
There are people who are more 
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genetically predisposed to sun-
burning than others, so are there 
corneas that are more genetically 
predisposed to developing kerato-
conus from eye rubbing?

Prof. Gatinel:
What is strongly hereditary is the 
initial corneal thickness. A thin 
cornea is more prone to kerato-
conus. By analogy, there may be 
keratotypes. It would be very nice 
to research them, but if you are 
pragmatic and think that the pri-
ority is to eradicate keratoconus, 
the fi rst thing is to educate people 
not to rub. 

I think genetics are more im-
portant in terms of allergies, and 
that behaviour and psychological 
conditions are important as you 
are more prone to rub when you 
have stress. People who work 
at night are more exposed to 
keratoconus because they are tired 
and rub their eyes, which is an 
environmental factor.

Prof. Hafezi:
Eye rubbing certainly is something 
you should avoid, but I have my dif-
fi culties with this simplifi cation. We 
have all seen probably thousands of 
keratoconus patients in our careers 
and I have many patients that tell 
me, even upon repeated question-
ing, that they have never excessive-
ly rubbed their eyes. 

I would like to see studies that go 
beyond this very nicely construct-
ed hypothesis, which to me still 
lacks scientifi c validation. I have an 
issue with simplifying a complex 
disease to those 11 letters “no rub, 
no cone.” It is human nature to sim-
plify complex things but it carries 
a lot of danger. I think keratoconus 

remains a multifactorial disease.
In our laboratory, we have 

assessed the force of knuckle 
rubbing, which is probably the 
most severe. We constructed a 
device to rub ex vivo porcine 
corneas, through an eyelid, 10,500 
times.9 Biomechanically, nothing 
happened to these corneas. The 
stress-strain measurement after 
10,500 severe rubs was just as 
good as that in an eye that had not 
been rubbed at all.

What I like about this study is 
that it dissociates pure mechanical 
force from the secondary eff ects 
that happen in a living organism. I 
do believe that eye rubbing causes 
infl ammation, which may increase 
the susceptibility to or cause ker-
atoconus. 

Prof. Ambrósio:
There is a very nice video from Dr 
Arthur Cummings that explains 
how to rub the eye by just pressing 
against the caruncle.10 There is no 
disagreement on the fact that eye 
rubbing is very bad, but I also see 
a lot of patients who are adamant 
they do not rub their eyes at all but 
in whom ectasia progresses.

Prof. Gatinel:
But how is that possible? The 
force from the eyelids is so low; 
how can you have tissue deform-
ing? There is this fuzzy consen-
sus that the cornea self-deforms 
but I showed that infl ammation 
and Marfan syndrome make the 
cornea fl atter, so we need to stop 
thinking that infl ammation and a 
soft cornea explains keratoconus. 
There is no theory, apart from 
eye rubbing, that accounts for the 
deformation. 
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With all due respect to how quickly 
healthcare evolves, it was not all 
that long ago that regenerative 
medicine—an industry that is 
expected to grow to approx-
imately $152 million annu-
ally by 2026 in the United 
States1—was viewed as more 
science fi ction than actual 
medical science. This was 
the prevailing sentiment as recently 
as the early 1990s. 

Despite the signifi cant medical 
breakthroughs we had already begun 
to achieve at that time, such as the 
Human Genome Project, cloning, 
radiosurgery and the SmartPill, the fi rst 
known usage of the term ‘regenerative 
medicine’ in 19922 was simply 
applied to technologies that would 
be relevant to hospitals in the future. 
Today, that future has clearly become 
reality, as the science of regenerative 
medicine and its related products—
stem cells, edited genes and other 
biomaterials—can be utilised to help 
the body heal itself in a variety of ways 
when administered appropriately. 

As we have progressively learned 
more about the hundreds of diff erent 
biological pathways in the human 

body, we have also gained a better 
understanding of how the body 

heals naturally through those 
pathways. From chronic skin 
wounds and traumatic brain 
injuries to diabetes and 
certain cancers, the use of 

regenerative medicine has 
grown exponentially. 

From an ophthalmologi-
cal standpoint, biologics have proven 
eff ective in treating one of the most 
chronic and debilitating conditions, 
aff ecting some 350 million people 
worldwide: dry eye disease (DED). DED 
is a condition that produces a myriad of 
symptoms due to a loss of homeostasis 
in the eye’s tear fi lm. It can be managed 
with the introduction of biological eye 
drops, administered individually or in 
tandem with other modalities based 
on disease severity, to return tear fi lm 
back to a state of homeostasis while 
preventing further disease progression 
and improving the corneal surface. 

Basics of biologics and 
regeneration
Biologics include a range of products 
such as vaccines; blood and blood 
components; allergenics; somatic cells; 
gene therapy; tissues; and recombinant 
therapeutic proteins.3 They may be 
isolated from a variety of natural sourc-
es, typically proteins from humans, 
animals or microorganisms, and can 
also consist of sugars, nucleic acids or a 
combination of such substances. 

Bringing biologics to eye health
Regenerative medicine has potential in in� ammatory disorders

By Dr C. Randall Harrell

Dr c. Randall Harrell

in short:
Biologic treatments can be utilised to help the 
eye heal itself in inflammatory conditions such 
as dry eye disease.

in short:
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Biologics are acellular and 
complex, however, since they are 
not a pharmaceutical product, they 
are less likely to produce adverse 
effects in patients. Their ability to 
promote healing without scarring 
is a significant benefit in the treat-
ment of DED and other corneal 
disorders, such as meibomian 
gland dysfunction, which is the 
most common cause of DED. 

Meibomian glands that do not 
function properly produce an incor-
rect amount of lipids to cover the 
tear film surface so there is evapo-
rative loss of the aqueous layer and 
dryness/inflammation; evidence 
shows that the use of a biologic on 
the cornea can significantly help to 
keep the tear film healthy.

Ophthalmologists and optom-
etrists are also becoming more 
aware that if we can keep the cor-
neal surface in good overall health, 
we can also decrease complica-
tions and affect outcomes with 
cataracts (both before and after 
surgery), photorefractive keratec-
tomy refractive surgery and LASIK 
surgery, all of which can also result 
in inflammation. 

Impact of inflammation
Although the human body is 
designed to heal, a lack of healing 
can occur on the corneal surface if 
inflammation persists. Some inves-
tigators have described DED as “a 
vicious cycle of corneal epithelial 
damage and inflammation”.4 

And when chronic inflammation 
is present, patients are at higher 
risk for cancer because their cells 
continually try to regenerate but 
cannot quite do so because of the 
nature of the inflammatory environ-
ment. However, when we can con-
trol the inflammation, the patient 
has more of a microenvironment in 
which regeneration can be better 
controlled. 

So, what are the biologics op-
tions that are currently available  
for the treatment of DED? They 
include the following (see Table 1):

 ■ Autologous serum, a blood-
derived eye drop that mimics 
the biochemical properties of 
natural basal tears to heal the 
ocular surface epithelium;

 ■ Autologous platelet-rich 
plasma, a preparation that 

concentrates platelets in a 
small volume of plasma to treat 
the ocular surface; and

 ■ Preservative-free allogeneic 
drops that can be used 
to stimulate stem cell 
communication without cell 
contact. 

In particular, allogeneic drops 
are becoming more commonly 
prescribed as a maintenance 
therapy for mild-to-moderate 
or severe DED, especially when 
there are corneal findings such as 
punctate epithelial keratitis. Other 
conditions that respond to this 
treatment include neurotrophic 
keratitis and exposure keratitis. 
These drops can also be used in 
patients with DED who have not 
responded to traditional thera-
pies and patients who have had 
post-surgical ocular surface issues. 

The use of biologics can de-
crease the inflammatory response 
associated with graft-versus-host 
issues that can arise after a corneal 
transplant or other currently com-
mon surgical procedures on the 
cornea. Other autoimmune diseas-

Biological Treatment Treatment Composition Method of Action 

Autologous serum Blood-derived eye drops
Mimics the biochemical properties of 
natural basal tears to heal the ocular 
surface epithelium

Autologous  
platelet-rich plasma

Plasma containing a 
concentrated volume of 
platelets

Treats the ocular surface

Allogeneic drops Preservative-free allogeneic 
eye drops

Stimulates stem cell communication 
without cell contact

TABLE 1

BIOLOGICS OPTIONS FOR TREATING DRY EYE DISEASE
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es that result in chronic infl amma-
tion, such as Sjögren’s syndrome, 
Stevens-Johnson syndrome, diabe-
tes and essentially any condition 
in which the immune system is 
turning on itself are also candi-
dates for biological therapies.

Future perspectives and 
concerns
It is the ability to regenerate that 
is the novel element of biologics, 
which provides an opportunity 
that is not available with drugs, 
surgery or radiation. And as the 
science behind regenerative med-
icine continues to evolve and the 
fi eld diversifi es, we will see more 
iterations of treatments that will 
help us to care for patients across 
the healthcare spectrum. We will 
also see more regulation and safer 
care planning. 

However, it is important to 
note that there are not yet many 
products on the market that fi t the 
true biologic category, especially 
for the eye. Despite this, there 
continues to be broad marketing of 
unapproved products5 described as 
regenerative medicine therapies, 
such as natural growth hormones.  
The United States Food and Drug 
Administration (FDA) has received 

reports of blindness, tumour 
formation, infections and more 
because of the use of unapproved 
products, and has urged all phy-
sicians act ethically and legally 
when deciding to prescribe a 
biologic to any patient. 

There also exists misinformation 
on the general use of stem cells to 
improve various corneal surface 
problems. The problem with stem 
cells in this regard is that they 
require a delivery system that will 
typically involve injection; there 
are reports of stem cell injections 
into the eye causing many compli-
cations for patients. 

In addition, the utilisation of 
stem cells is not ideal because they 
are diffi  cult to grow, and if they are 
not treated correctly within the ap-
propriate microenvironment and 
do not receive needed nutrients, 
they will die. Stem cells also act 
diff erently throughout diff erent 
parts of the body because of the 
microenvironments they are in, 
and if they are not working proper-
ly, they never quite heal. 

We can accomplish more with-
out stem cells when working with 
products that are acellular, which 
tend to off er better delivery sys-
tems, such as drops, and for which 
adverse eff ects are not of particular 
concern. Medicine in the future 
will probably not need cells at all.

We also expect to see more prog-
ress in the aspect of preventative 
care through biologics. Depending 
on when we initiate treatments, 
outcomes can be signifi cantly 
improved. For instance, if we 
incorporate a biologic at the point 
of mild or moderate DED, we could 
potentially prevent severe cases by 
allowing the body enough assis-

tance to get to a healing phase and 
not to a phase of chronic infl am-
mation and scarring. 

It is clear that regenerative medi-
cine holds a prominent place in our 
present healthcare space and pro-
vides future hope for the treatment 
of many diff erent conditions. 

C. Randall Harrell, MD 
E: dr.harrell@regenerativeplant.org
Dr Harrell is the founder, chairman and 
CEO of Regenerative Processing Plant.
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Genetic eye disorders are an im-
portant cause of visual impairment 
in children and adults, affecting 
approximately 1 in 1,000 people 
worldwide.1 They can affect any 
part of the eye and may present 
in isolation (non-syndromic) or as 
a syndrome in association with 
systemic involvement.

The United States Food and Drug 
Administration approval in 2017 of 
Spark Therapeutics’ Luxturna gene 
therapy for patients with biallelic 
RPE65-related retinal dystrophy 
opened the door for multiple new 
therapeutic strategies. Signifi-
cant advancements in the field of 
inherited retinal diseases (IRDs) are 
making genetic testing essential for 
every patient, as emerging ther-
apies may become an option for 
them in the near future.

Inherited retinal disease 
IRDs are some of the most preva-
lent genetic eye disorders, affecting 
over 2 million people globally. They 
encompass a broad spectrum of 
progressive and stationary condi-
tions and are the most frequent 
cause of sight loss in working age 
populations, causing a significant 
socioeconomic impact. 

Mutations in over 300 genes 
responsible for IRDs have been 

identified. All Mendelian inheri-
tance patterns are seen with IRDs.

Retinitis pigmentosa (RP) is the 
most prevalent type of IRD and af-
fects 1 in 3,000 people worldwide.2 
It is characterised by progressive 
rod photoreceptor degeneration, 
resulting in nyctalopia and progres-
sive constriction of the visual field 
in a concentric pattern and, at later 
stages, loss of central vision due to 
the involvement of cones. It may be 
an isolated non-syndromic condi-
tion or part of a syndrome.

Usher syndrome
Usher syndrome is an autosomal 
recessive condition characterised 
by RP, auditory impairment and a 
variable level of vestibular dysfunc-
tion. It is the most common cause of 
deaf–blindness worldwide, with a 
prevalence of 4–17 per 100,000, ac-
counting for about 18% of RP cases.2 

The triad of signs seen on retinal 
examination in Usher syndrome 
is mid-peripheral bone spicules, a 
waxy pale optic disc and arteriole 
attenuation. 

Clinically, Usher syndrome 
is divided into three subtypes, 
mainly based on the severity of the 
congenital sensorineural hearing 
loss and the presence of vestibular 
dysfunction. Usher syndrome type 
2 (USH2) is the most frequent form 
of the condition and is characterised 
by adolescent-onset RP, moderate-to- 

severe hearing loss from birth and 
intact vestibular function.

Ten causative genes have been 
identified to date. Usher genes 
encode proteins expressed in the 
inner ear and retina involved in 
actin-based intracellular trafficking, 
scaffolding, cell adhesion and  
cell signalling. 

Six genes have been identified 
for Usher syndrome type 1 (USH1), 
with MYO7A accounting for over 
half of USH1 cases. Three gene loci 
have been described for USH2, with 
the USH2A gene being responsible 
for over 80% of USH2 cases. So far, 
one gene, CLRN1, has been found to 
cause USH3.

USH2A is the most prevalent 
causative gene in Usher patients 
worldwide. It is also responsible for 
23% of non-syndromic RP. 

USH2A is a large, 72-exon gene 
located on the long arm of chro-
mosome 1q41; it codes the usherin 
transmembrane protein, present 
in the retina and cochlea where it 
plays roles in the intracellular trans-
port of proteins within photorecep-
tors and in supporting the correct 
development of the stereocilia of 
inner ear hair cells, respectively. 

Mutations in USH2A include a 
heterogeneous spectrum of mis-
sense, nonsense, indels frameshift, 
splice-site, deletion and duplication. 
Common pathogenic variants are 
found in exon 13; the most frequent 

Landscape of genetic therapies for 
USH2A-related retinitis pigmentosa
Genetic testing is becoming essential as emerging treatments provide promise 
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is a single nucleotide deletion in 
exon 13, c.2299delG, p.(Glu767S-
erfs*21), which is associated with 
exon splicing producing a truncated 
usherin, and which causes USH2. A 
second common variant in exon 13 
is a missense mutation, c.2276G>T, 
p.(Cys759Phe), which can cause a 
non-syndromic RP.

Treatment of USH2A-associated 
retinopathy is challenging because 
of its broad spectrum of mutations 
and the large gene size. Although no 
treatment has been approved yet, 
numerous therapeutic approaches 
are under development for Usher- 
related RP. The retina is an excellent 
candidate for therapeutic applica-
tion because of its accessibility and 
immune privilege status, while the 
progressive sight loss of RP makes it 
an important therapeutic target.

Approaches for treating RP 
in Usher syndrome
Current therapeutic approaches 
include gene replacement; gene edit-
ing; nonsense suppression; antisense 
oligonucleotides; small-molecule 
therapies; and non-gene-specific 
therapies. Gene replacement using 

adeno-associated viral vectors (AAVs) 
has proven safe and effective in pa-
tients; however, its limited capacity of 
4.7 kb means it is not suitable for car-
rying the 15.7 kb USH2A cDNA. Dual 
hybrid AAV has a cargo capacity of 
14 kb, which is still not sufficient, 
and its efficacy is limited.

Delivery of MYO7A cDNA  
mediated by lentiviral-based 
equine infectious anaemia virus—
UshStat—was the subject of a trial 
(NCT01505062) that was terminated 
early by its sponsor Sanofi follow-
ing a review of clinical priorities. A 
second study evaluating the long-
term safety of Ushstat is ongoing.

Work on non-viral DNA plasmid 
vectors is ongoing at the Univer-
sity College London Institute of 
Ophthalmology with the genera-
tion of robust plasmids that have 
successfully incorporated the entire 
15.7 kb USH2A cDNA and shown 
proof of-principle for production of 
usherin in zebrafish and human cell 
models. These vectors have a lower 
transfection efficacy compared 
with AAV, hence work is underway 
to couple the DNA plasmids with 
nanoparticles to improve penetra-

tion into photoreceptors.
Gene editing, which uses nucle-

ase enzymes to cut around point 
mutations, small indels and splice 
site mutations, and recombination 
with template DNA containing a 
wild-type sequence to correct mu-
tations in DNA, is suitable for any 
gene size. This approach is promis-
ing for large genes such as USH2A 
but efficiency remains low. 

Clustered regularly interspaced 
short palindromic repeats  
(CRISPR/Cas), a gene-editing sys-
tem, has been used for successful  
in vitro editing of c.2299delG and 
c.2276G>T mutations in USH2A 
patient-derived fibroblasts and 
pluripotent stem cells. However, 
eliminating off-target mutations and 
improving efficacy in post-mitotic 
photoreceptor cells remains a chal-
lenge for this approach.

Around 20% of USH2A pathogen-
ic variants are nonsense, and there-
fore could be an ideal target for 
translational readthrough-inducing 
drugs (TRIDs). These are small mol-
ecules such as ataluren or designer 
aminoglycosides (NB124) that bind 
to the translational machinery and 
insert amino acids at the site of 
premature stop codons, instead of 
release factors, thus restoring up 
to 25% of functional protein. The 
use of ataluren for USH2A non-
sense mutations in human embry-
onic kidney and patient-derived 
fibroblasts showed an increase in 
expression of usherin compared 
with control. 

Antisense oligonucleotides
An important and promising mo-
dality for IRD therapy is antisense 
oligonucleotides (ASOs). Synthetic 
ASOs are single-stranded nucleo-

(A) Widefield colour imaging of the right fundus of a patient with USH2A-
related Usher syndrome showing bone spicules pigmentation in the mid-
periphery, arterioles attenuation and optic disc pallor.
(B) Widefield autofluorescence imaging of the right fundus of a patient with 
USH2A-related Usher syndrome showing ring of the hyperautofluorescence 
in the macula.
(Images courtesy of Dr Paulina Ocieczek and Prof. Mariya Moosajee)
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tides approximately 15–30 bases 
long. They can be designed to bind 
to target pre-mRNA or mRNA of 
disease-related genes by base pairing
and modulate target gene expres-
sion by the restoration of correct 
splicing. Gene size is not an obstacle 
in this approach but it is relatively 
mutation-dependent, and the half-
life of these molecules means they 
require re-administration. 

ASOs have been under investi-
gation in several clinical trials. In 
February 2022, a Phase 2/3 trial 
(Illuminate) investigating the use of 
intravitreal sepofarsen (QR-110) for 
the treatment of Leber congenital am-
aurosis caused by a splicing defect in 
the CEP290 gene showed no benefi t 
compared with a sham procedure.3

In November 2021, Phase 1 of 
the Aurora trial, which assessed the 
safety and tolerability of QR-1123 for 
patients with autosomal dominant 
RP due to a P23H mutation in the 
RHO gene, was completed and met 
its key objectives. 

The use of ASOs is also being 
investigated in USH2A-relat-
ed RP. An ASO called QRX-411 
targets the deep intronic mutation 
c.7595_2144A>G in intron 40 of 
USH2A gene, causing the introduc-
tion of pseudoexon 40 due to 
incorrect splicing. Administration 
of QRX 411 was shown to partially 
restore correct splicing in patient-
derived fi broblasts and in an optic 
cup model in preclinical work.

QR-421a for exon 13 
variants in USH2A
Most recently, a double-masked, ran-
domised, controlled, multiple-dose 
Phase 2/3 clinical trial (Sirius; 
NCT05158296) of QR-421a (ultevurs-
en) has been initiated at Moorfi elds 

Eye Hospital in London and several 
other centres worldwide. The aim is 
to target RP associated with USH2A
mutations in exon 13. Considering 
that the two most common USH2A
mutations are located in exon 13, 
the success of this therapeutic ap-
proach would help a large number 
of syndromic and non-syndromic 
USH2A patients.

QR-421a is designed to facilitate 
in-frame skipping of exon 13 in 
the USH2A gene during pre-mRNA 
splicing to restore a shorter but 
functional protein. The production 
of a shortened version of usherin 
without exon 13 has been demon-
strated in patient-derived retinal 
organoids, with partial restoration 
of protein expression also observed 
in treated zebrafi sh larvae. 

The Phase 1/2 Stellar study, 
which evaluated safety, tolerability 
and effi  cacy of a single injection of 
QR-421a in adult subjects, demon-
strated benefi t in treated versus 
control eyes in multiple visual 
parameters. The injection was well 
tolerated and no serious adverse 
events were reported.4

Sirius aims to establish the 
safety and effi  cacy of multiple 
doses of QR-421a over 24 months 
in patients aged 12 and over with 
advanced vision loss. The trial 
aims to recruit 81 patients with 
vision worse then 20/40 and its 
primary endpoint is a change in 
best corrected visual acuity at 18 
months compared with control.5

Conclusion
There is a huge range of new thera-
peutic approaches and clinical trials 
for genetic eye diseases. Genetic 
testing of patients is now paramount 
because of the range of gene- and 

mutation-specifi c treatments that 
are emerging. These therapies hold 
much promise and are giving hope 
to a community of patients that pre-
viously had no therapeutic options 
available to them. 
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Achromatopsia is a rare, autoso-
mal, recessively inherited genetic 
disease that aff ects primarily retinal 
cone cells and has an incidence 
of approximately 1 in 30,000. In 
addition to poor vision, aff ected chil-
dren have intense blepharospasm, 
photophobia, dyschromatopsia and 
infantile nystagmus syndrome (INS).

Important assessment methods 
include colour vision testing; optical 
coherence tomography (OCT); 
fundus autofl uorescence; visual 
fi elds; electroretinography (ERG); 
and genetic testing, according to Dr 
Richard W. Hertle, chief of paediatric 
ophthalmology and director of the 
Children’s Vision Center at Chil-
dren’s Hospital Medical Center in 
Akron, Ohio, United States.

Dr Hertle also uses eye movement 
recordings to characterise the nys-
tagmus and its response to treat-
ments. These treatments include 
tinted spectacles and/or contact 
lenses, low-vision aids, atropine 
drops and patching for amblyopia, 
as well as eye muscle surgery for the 
nystagmus or any anomalous head 
posture and associated strabismus.

Results of data analysis
Dr Hertle described his experi-
ence with 17 patients aff ected 
by the disease from 2010 to the 

present. The data were collected 
in a prospective database that 
included routinely obtained results 
of ERG; eye movement recordings; 
visual-evoked responses; OCT; 
photography; contrast sensitivity 
function and genetic testing. 

Other tests in older children 
included corneal topography, 
magnetic resonance imaging and 
laboratory testing when indicat-
ed. He demonstrated typical OCT 
fi ndings of disruption in the outer 
retinal segments, especially in the 
ellipsoidal zone. 

All 17 patients (age range from 
3 months to 12 years, follow-up 
1–10 years) underwent eye muscle 
surgery; 13 for an associated 
chin-down head posture, treating 
a characteristic up-gaze eccentric 
gaze null position. This included 
bilateral superior rectus recession 
and inferior oblique myectomy. 
In the remaining four patients, 
two had bilateral horizontal rectus 
surgery for a head posture and 
strabismus, and one each had 
bilateral horizontal rectus surgery 
for strabismus alone.

According to Dr Hertle, all 17 
patients had INS, with 86% having 
a newly described recording 
characteristic of achromatopsia, 
known as a “dual jerk” waveform, 
consisting of a high-frequency 
pendular oscillation as part of the 
nystagmus slow phase. 

The patients did not have vergence 
damping—that is, they did not get 
better when their eyes converged—or 
a latent component that is usually 
present in 40–50% of patients with 
INS, which can make them look as 
though they have fusion maldevel-
opment nystagmus syndrome, when 
in fact they have INS. They also did 
not have a spontaneous change in 

Assessing and treating the rare 
inherited disease achromatopsia
Data shows improvement after eye muscle surgery for lower spatial frequencies

FIGURE 1. A young patient is 
shown before a spasm and after 
an achromatopsia episode.
(Images courtesy of Dr Richard W. Hertle)
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direction/intensity of the nystagmus 
(periodicity). In addition, Dr Hertle re-
ported that 40% had amblyopia and 
94% had a head posture (predomi-
nantly chin down).

The average preoperative visual 
acuity in all patients was poor (i.e., 
20/280). Postoperatively, the patients 
had a signifi cant change, 20/180, 
which is a full LogMAR line of vision 
improvement. Dr Hertle showed a 
before-and-after video of a patient 
who had markedly improved fi xa-
tion, decreased blepharospasm and 
decreased nystagmus 6 months after 
surgery (Figure 1). This improve-
ment is concurrent with a signifi cant 
decrease in the dual jerk component 
of the slow phase.

Conclusions 
Dr Hertle said he believes 
contrast sensitivity is a superior 
measure of the visual system, 
compared with optotype vision 
in patients with nystagmus. The 
results indicated that at the lower 
spatial frequencies there was an 
improvement after eye muscle 
surgery, whereas no improvement 
was observed at higher spatial 
frequencies.

Novel fi ndings from this study 
included a dominant dual jerk 
INS waveform; an up-gaze eccen-
tric null position, with compen-
satory chin-down head posture 
and improved binocular acuity; 
contrast sensitivity; anomalous 

head posture; nystagmus; pho-
tophobia; and blepharospasm 
after eye muscle surgery. Dr 
Hertle theorised that the dual jerk 
waveform may be due to devel-
opmentally disrupted calibration 
between the retina, the nucleus 
of the optic tract and the ocular 
motor system. 

Richard W. Hertle, MD
E: rhertle@akronchildrens.org

This article is adapted 
from Dr Hertle’s pre-

sentation at the 2022 
Cleveland Eye Bank 
Foundation Virtual 

Symposium. He has 
no � nancial interest in 

this subject matter.
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Miniscule fixation eye movements play 
a major role in amblyopia, according to 
Dr Fatema Ghasia, associate professor 
of ophthalmology and director of the 
Vision Neuroscience and Ocular Motility 
Laboratory at the Cole Eye Institute, 
Cleveland Clinic, Ohio, United States. 

Dr Ghasia explained that the visual 
system contains a built-in paradox. 
Gaze fixation is necessary to inspect the 
minute details of an object; however, 
when an individual is attempting to fix-
ate on an image, and when the highest 
visual acuity is achieved, the eyes are 
not completely motionless, but instead 
tiny, involuntary fixation eye movements 
counteract the fading of the peripheral 
details during fixation by overriding the 
neural adaptation.

Physiological fixation eye movements 
produce motion that causes variability 
in a position only within the fovea; this 
is stable fixation. “In normal subjects, 
fixational saccades—the fast-time move-
ments—alternate with intersaccadic 
drifts,” Dr Ghasia said. “The microsac-
cades are binocular, with small ampli-
tudes of less than one degree, and they 
are conjugate: that is, the amplitude and 
direction are the same between the two 
eyes, and they occur at [approximately] 
one-to-two per second.” In patients with 
amblyopia, the picture differs in that 
fixation is more unstable compared with 
that in the fellow eye. 

Amblyopia is a neurodevelopmental 
disorder occurring secondary to an 
abnormal visual experience during 
early childhood. Dr Ghasia said that it 
affects 2–4% of the population and can 
arise from anisometropia, strabismus, 
deprivation or mixed mechanisms. She 
demonstrated that, when evaluating 
scatterplots of eye positions obtained 
from patients with anisometropic and 
strabismic amblyopia, the eye with 
amblyopia has more fixation instability 
compared with the fellow eye.

Characterising amblyopic 
fixation instability
Dr Ghasia and her colleagues measured 
fixation eye movements using a remote 
desktop camera to record binocular, 
fellow eye and amblyopic viewing con-
ditions in 115 subjects with anisome-
tropic amblyopia, strabismic amblyopia 
or mixed amblyopia of different severi-
ties and controls (see Figure 1). 

A representative case was that of 
a patient who had severe amblyopia 
without nystagmus. The fixation  
was unstable in the amblyopic and 
fellow eyes, especially during the 
amblyopic eye viewing conditions. 
Increases in the drift and amplitude of 
the amblyopic eye were seen. 

Another patient had fusion mal-
development nystagmus, or latent 
nystagmus, which develops with 

By Lynda Charters; 
Reviewed by Dr Fatema 
Ghasia

Unravelling the mysteries of 
amblyopia and fixation eye movements

Minute movements are related to patching treatment outcomes in patients
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disrupted binocularity during early 
infancy. This patient had seesaw 
oscillations seen during binocular 
viewing. The oscillations were 
more pronounced during fellow 
and amblyopia eye viewing, par-
ticularly during the amblyopic eye 
viewing condition.

Another feature of fusion 
maldevelopment nystagmus is the 
slow phase of the nystagmus. It is 
always directed towards the nose, 

Dr Ghasia explained. “When the 
fellow eye is compared [with] 
the amblyopia eye viewing, there 
is a reversal in the nystagmus 
direction, which is the hallmark 
of fusion maldevelopment nystag-
mus,” she said. 

Patients with amblyopia can 
also have nystagmus that does not 
meet the criteria of fusion malde-
velopment nystagmus. Dr Ghasia 
described a patient in whom the 

nystagmus was most evident 
during the amblyopia viewing 
condition, as indicated by seesaw 
traces. “The key feature is that 
there is no direction reversal of the 
nystagmus between the fellow and 
amblyopia eye viewing condi-
tions,” she said (see Figure 2).

When Dr Ghasia evaluated the 
distribution of these fi xation eye 
movement characteristics based 
on the amblyopia type, she found 
that patients with anisometropic 
amblyopia were less likely to have 
nystagmus, strabismus patients 
were more likely to have nys-
tagmus with and without fusion 
maldevelopment nystagmus, and 
those with mixed amblyopia had 
an equal distribution of diff erent 
fi xation eye movement waveforms.

Outcomes of patching 
therapy
Patching therapy, in which the 
good eye is patched and the 
amblyopia eye is viewing, is 
the most common treatment for 
amblyopia. “However, despite good 
[adherence], 40% of patients have 
recurrent/residual amblyopia—the 
predictors of which are the am-
blyopia severity and older age at 
diagnosis,” Dr Ghasia said. 

Moreover, her study and those 
of other investigators have shown 
that fusion maldevelopment nys-
tagmus worsens during monocular 
viewing. This raises the question 
of whether the outcomes vary with 
patching in the presence of fusion 
maldevelopment nystagmus. 

“We hypothesised that pa-
tients without nystagmus would 
respond quicker and have more 
improvement over a short period 
compared [with] those without 

Fixation eye movement abnormalities
in amblyopia

(Images courtesy of Dr Fatema Ghasia)
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fusion maldevelopment nystag-
mus,” Dr Ghasia said. In light of 
this, they recruited 53 amblyopic 
patients who had eye movement 
recordings during at least 12 
months of follow-up after the start 
of patching therapy, and evaluated 
patching duration, extent of visual 
acuity improvement and stereopsis 
improvement. 

Dr Ghasia reported that she 
did not observe a substantial 
diff erence in patching duration 
but there was perhaps less vision 
improvement in patients with 
mixed amblyopia. She also saw 
better stereopsis in patients with 
anisometropic amblyopia. 

However, in the same cohort, 
when the fi xation eye movement 
waveform characteristics were cat-
egorised, patients with fusion mal-
development nystagmus required 
much longer treatment durations 
than those without nystagmus. In 
addition, the visual acuity im-
provement was less over the treat-
ment course and there was worse 
stereopsis, with little improvement 
at the end of treatment. 

Dichoptic treatment
Interest has turned to development 
of newer treatments for amblyopia, 
one of which is dichoptic treat-
ment. Dr Ghasia explained the 
use of this therapy. Diff erent stimu-
li are presented to each eye. 
Lower-contrast stimuli are present-
ed to the fellow eye and 100% con-
trast is presented to the amblyopic 
eye, to counteract suppression and 
allow for binocular combination. 

Large-scale paediatric studies 
have shown mixed results regard-
ing treatment eff ectiveness. This 
raised the question of whether 

fi xation eye movement abnormali-
ties explain the varying responses 
during dichoptic treatment. To 
fi nd an answer, Dr Ghasia and her 
colleagues measured fi xation eye 
movement during four trials in 
which the amblyopic eye contrast 
was the same at 100% and the 
fellow eye contrast was lowered. 

Dr Ghasia showed data from two 
patients with moderate amblyopia 
with small-angle strabismus. In 
the fi rst example, as the fellow eye 
contrast was lowered, the ambly-
opic eye picked up fi xation. In 
the second patient, as the fellow 
eye contrast was lowered, the 
strabismus angle increased and 
the amblyopic eye did not pick 
up fi xation. Thus, the fi rst patient 
was more likely to respond to the 
treatment than the second patient. 

She also showed data from a 
patient with anisometropic ambly-
opia who exhibited increased fi x-
ation instability of the fellow and 

amblyopic eyes at lower fellow eye 
contrasts. The increased instability 
could potentially aff ect the ability 
of the amblyopic eye to attend to 
the presented targets and could 
have treatment implications.

Dr Ghasia noted the key take-
aways from this research (see
Table 1) before stating that future 
studies quantifying fi xation eye 
movements before and during 
treatment are critical. These 
may serve as a missing link to 
understanding the mechanisms 
responsible for varying thera-
peutic effi  cacy seen with current 
treatment regimens. 

Fatema Ghasia, MD
E: ghasiaf@ccf.org
This article is adapted 
from Dr Ghasia’s pre-

sentation at the 2022 
Cleveland Eye Bank 

Foundation Virtual Vision 
Symposium. She has no � nancial inter-
est in this subject matter.

1. Amblyopic patients with and without nystagmus have 
increased � xational instability.

2. Fixation eye movement abnormalities are related to patching 
treatment outcomes, and patients with fusion maldevelopment 
nystagmus need a longer duration of part-time patching.

3. Despite modest vision improvements, stereopsis is poor in 
amblyopic patients with fusion maldevelopment nystagmus 
treated with part-time patching.

4. Fixation and vergence stability increase during dichoptic 
viewing, particularly at lower fellow eye contrasts.

5. Patients with strabismic or mixed amblyopia without fusion 
maldevelopment nystagmus demonstrate a � xation switch in 
which the amblyopic eye attends to the target presented during 
dichoptic viewing at lower � xation eye contrasts, whereas 
patients with fusion maldevelopment nystagmus are less likely 
to demonstrate the � xation switch. 

TABLE 1

KEY TAKE-AWAYS
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