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A
pril is the month of expectation as we 
prepare for spring. What typically would be 
ordinary is anything but ordinary in these 
times. At MJH Life Sciences, we are working 

to ensure the safety of our staff, while continuing to 
provide information that is important to your practice. 

Our cover story this month includes an interesting 
look at how gene therapy to treat retinal degeneration 
is thriving. According to Dr Jean Bennett, dozens 
of centres around the world are studying subretinal 
and intravitreal gene delivery, and more than 1,000 
patients are enrolled in trials. We’ve seen advances 
over the past three decades and that innovation 
continues today.

In other research, a genome-wide association study 
including 1,177 Australians discovered a genetic locus 
on chromosome 11 associated with keratoconus. The 
locus contains multiple variants across several genes, 
some of which are implicated in apoptotic pathways. 

“This information will allow us to better 
understand the biochemical pathways that are 
disrupted in keratoconus,” says Dr Bennet J. 
McComish.

Our gene therapy section wraps up with a report 
from Dr Paul A. Sieving, who details vision therapies 
that offer a path forward through research. 

Turning our focus to cataract and refractive 
surgery, Dr Roberto Pinelli from the Switzerland 
Eye Research Institute shares new procedures that 
are safer, painless and free from any post-operative 
complications. 

A new development in the field of ophthalmic 
viscoelastic devices (OVDs) aims to make 
ophthalmological procedures faster, easier and safer, 
according to Drs Andreas F. Borkenstein and Eva-
Maria Borkenstein.

“The study results as well as our clinical 
experience show that the new blue-coloured OVD can 
offer numerous advantages, such as more selective 
staining, improved visualisation of anatomical 
structures in the eye and a reduction of the operating 
room time in difficult cases,” they say. In addition to 
cataract surgery, they also see applications for this 
OVD in glaucoma (MIGS) and corneal surgery.

Dr David Teenan also focuses on refractive 

technology, presenting an overview of a retrospective 
analysis of clinical and patient-reported outcomes 
with three different combinations of presbyopia-
correcting IOLs. 

In retina, researchers at the National Eye Institute 
are launching a clinical trial to test the safety of a 
novel patient-specific, stem-cell-based therapy to treat 
geographic atrophy, the advanced dry form of age-
related macular degeneration. “The protocol, which 
prevented blindness in animal models, is the first 
clinical trial in the US to use replacement tissues from 
patient-derived induced pluripotent stem cells,” says 
Dr Kapil Bharti.

In this issue of Ophthalmology Times Europe® 
we also look at technology that can change the 
ophthalmic landscape. Our glaucoma feature focuses 
on artificial intelligence (AI)-enabled radar, which 
some view as an improvement over traditional 
visual field analysis. Dr Siamak Yousefi discusses 
the technology, which is designed to address the 
shortcomings of traditional visual field analysis.

Recent advances appear to be making an 
impression on cornea surgeons. The Dresden protocol 
for epithelium-off corneal collagen crosslinking 
(CXL) has long been considered standard of care 
around the world. Recently, however, a number of 
cornea specialists have turned to a new epithelium-on 
procedure that is performed with the Boost Goggles 
and utilises supplemental oxygen.

“We are learning now that the reason the old 
epi-on techniques failed in stabilising ectasia was 
their superficial penetration and low saturation of 
crosslinks,” Dr Cosimo Mazzotta explains. “There 
were several missing pieces in prior attempts; we 
needed both higher fluence and more oxygen to 
compensate for the UV-A and oxygen absorption of 
the epithelium.”

Our paediatrics coverage in this issue features an 
article examining new tools that can help paediatric 
surgeons optimise surgical outcomes. Dr Ken K. 
Nischal highlights how he benefits from use of bag-in-
the-lens, precision pulse capsulotomy, and integrated 
intraoperative optical coherence tomography in 
children, whose tissues react differently from those 
of adults. 

Mike Hennessy Sr, Chairman/founder of Ophthalmology Times Europe’s 
parent company, MJH Life Sciences

Hope springs eternal in testing times



7europe.ophthalmologytimes.com

I S S U E  F E AT U R E

gene & drug therapygene & drug therapy

W
hen considering accomplishments 
recorded in the arena of gene therapy, the 
“firsts” are impressive.

Voretigene neparvovec-rzyl (Luxturna, 
Spark Therapeutics) was the first gene therapy to 
receive FDA approval and EU approval to treat an 
inherited disease—Leber’s congenital amaurosis 
(LCA), an autosomal recessive blindness—in the 
United States and Europe.

The clinical trial of voretigene neparvovec-rzyl was 
the first to enroll paediatric subjects with a non-lethal 
disease.

The drug, according to Jean Bennett, MD, PhD, 
was the first to develop a path for the development 
of genetic treatments for blindness and provided 
motivation for ophthalmologists and insurers to carry 
out genetic testing.

Dr Bennett is director of the Center for Advanced 
Retinal and Ocular Therapeutics, professor of 
ophthalmology and professor of  cell and development 
biology, University of Pennsylvania Perelman School 
of Medicine, Philadelphia, PA, USA. 

Over the previous three decades, several vehicles 
to deliver gene therapy have been tested; the one that 
stood out in many studies was the adeno-associated 
virus (AAV), a single-strand virus that is not disease-
causing in animals or humans and can infect post-
mitotic neurons and dividing cells, Dr Bennett said.

When injected by subretinal injection, the AAV 
vector delivers the promoter and the gene under 
study, and this blueprint ultimately makes its way to 
the nucleus as a stable episome.

“There has been huge progress over the years,” she 
said. “There are now 271 genes identified that, upon 
mutation, cause retinal degeneration.” 

RPE65 was identified as being mutated in 2007 in 
humans with early-onset retinal degeneration. Many 
spontaneously mutant and genetically engineered 
animal models are also under study. 

The backstory
The clear documented improvement in vision in both 
dogs and then children with RPE65 mutations paved 

a clear path to FDA approval of the drug to treat LCA.
RPE65 mutations cause progressive retinal 

degeneration beginning with early-onset night 
blindness and nystagmus among other symptoms in 
the dogs and children with the naturally occurring 
disease.

The effects of the gene therapy were readily 
apparent in the dog model of LCA. Before injection, 
the dogs had no pupillary light reflex when the eye 
was illuminated; after treatment, there was a brisk 
pupillary light reflex and the dogs were able to 
negotiate their way around a room without bumping 
into objects, which was impossible previously.

A 38-gauge cannula is used to deliver the reagent, 
which causes a localised retinal detachment that 
serves to deliver the AAV to the targeted cells.

Children who were candidates for treatment also 
attempted to negotiate their way around a mobility 
course before treatment; after treatment they moved 
through the course with no problem. This experiment 
was fine-tuned and validated in a separate study, Dr 
Bennett recounted, and later used as the primary 
outcome in a Phase III trial. 

  Gene therapy to treat retinal 
degenerations is alive and well. Dozens 
of centres around the world are studying 
subretinal and intravitreal gene delivery, 
and more than 1,000 patients are enrolled 
in trials.

IN SHORT 

‘There are now 271 genes 
identified that, upon mutation, 
cause retinal degeneration.’

– Dr Jean Bennett

By Lynda Charters; 

Reviewed by  
Dr Jean Bennett

Achievements, trends highlighting promise for new treatment options

Blazing a new trail in gene  
therapy for retinal disease

Dr Bennett



“The outcome measure showed 
robust statistical improvement and 
led to the approval of voretigene 
neparvovec-rzyl as a drug for LCA,” 
she said.

Individuals treated with voretigene 
neparvovec-rzyl showed marked 
improvements in light sensitivity, 
visual fields and visual acuity. Dr 
Bennett described one young man, a 
singer who, prior to treatment, was 
led onto the stage to perform and was 
unable to interact with and make eye 
contact with the audience. Following 
treatment, he went on to develop a 
singing career, won a segment on the 
television talent show “America’s Got 
Talent!”, and is progressing further in 
composing and performing. 

Trends in gene therapy
Having an animal model for LCA 
was serendipitous. But what happens 
when no such model is available? 

“We can take advantage of induced 
pluripotent stem cells, grow them 
in a dish, dedifferentiate them, and 
then differentiate them along a 
retinal-specific path, and develop a 
gene therapy that is tested in a dish,” 
Dr Bennett said. 

If that effort is successful, the next 

step is safety studies in wild-type 
animals and a gene therapy clinical 
trial. 

Dr Bennett and colleagues 
followed this path for choroideremia 
and ultimately conducted a clinical 
trial for the disease. Other groups are 
also following their lead. 

What happens when a disease is 
not autosomal recessive or X-linked 
recessive? 

“With diseases that are autosomal 
dominant, where there are gain-
of-function mutations, this is a lot 
more challenging and may require 
removal of the disease-causing gene 
and addition of a new one or gene 
editing,” according to Dr Bennett.

Another approach may be by 
manipulating the mutant gene 
sequence. Editas Medical is currently 
enrolling patients in a clinical trial of 
LCA10 using this process.

In order to start treating 
the numerous other retinal 
degenerations, Dr Bennett pointed 
out the need to start targeting 
pathways.

“We can potentially deliver 
neurotrophic factors to delay 
apoptotic cell death,” she said. Some 
research groups are investigating 

this avenue.
Pathways for wet age-related 

macular degeneration also can be 
targeted. RGX-314 developed by 
Regenxbio is a one-time subretinal 
anti-vascular endothelial growth 
factor (VEGF) gene delivery treatment 
that may possibly eliminate the need 
for frequent administration of anti-
VEGF injections.

Another ambitious project 
involves optogenetic therapy that 
may possibly treat end-stage retinal 
diseases in patients with no viable 
photoreceptors.

Amid these developments, Dr 
Bennett said the future of gene 
therapy is very bright. 

“Gene therapy is alive and well. 
Dozens of centres around the 
world are studying subretinal and 
intravitreal gene delivery,” she 
said. “More than 1,000 patients are 
enrolled in trials to date.”

(Image courtesy of Adobe Stock: catalin)
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Case-control GWAS identifies genetic 
loci associated with keratoconus
Genome-wide association study helps focus the search for treatment

By Cheryl Guttman 
Krader;

Reviewed by  
Dr Bennet J. McComish 

I
n the largest study of its kind in keratoconus 
published so far, researchers conducting a 
genome-wide association study (GWAS) found 
a region of chromosome 11 in which multiple 

genetic variants were significantly more common in 
keratoconus patients than in unaffected individuals. 
Functional annotation of the associated variants 
indicated that several of the genes in the identified 
locus are likely involved in apoptotic pathways.

The findings were published in the February 
issue of JAMA Ophthalmology [138(2):174-181]. The 

lead author of the article, Bennet J. McComish, 
PhD, research fellow, Menzies Institute for Medical 
Research, University of Tasmania, Tasmania, 
Australia, said: “Our study, which was an 
international collaboration between groups in 
Australia, the United States and the United Kingdom, 
aimed to identify genetic variants involved in the 
risk of developing keratoconus. This information 
will allow us to better understand the biochemical 
pathways that are disrupted in keratoconus and 
therefore help in the identification of potential 
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therapeutic targets for this disease 
that is relatively common and can 
cause severe visual impairment.”

He continued, “The region of 
chromosome 11 that we identified 
contains at least five protein-coding 
genes, and the next step will be to 
determine which of those genes is 
implicated in the disease, recognising 
that other genetic variations nearby 
can ‘hitchhike’ with the variants that 
cause the disease.” 

The data used for the study were 
collected from individuals seen 
between January 2006 and March 
2019 at eye clinics in Australia, the 
United States and Northern Ireland. 
First, in a discovery phase, data were 
analysed from 522 Australians with 
keratoconus and 655 unaffected 
individuals representing a control 
group. Subjects for the control group 
were taken from cohorts of the 
Australian Blue Mountains Eye Study 
and a previous study of glaucoma. 

Genotyping for 551,839 
variants was done using the 
HumanCoreExome single-nucleotide 
polymorphism (SNP) array 
(Illumina). The SNPs with P-values 
<1.00×10−6 that were identified in 
the discovery cohort were assessed in 
three independent replication cohorts 
using the MassARRAY System 
(Agena Bioscience). 

The replication cohorts included 
818 affected subjects with 
keratoconus and 3,858 unaffected 
controls. They included individuals 
that were part of a previous 

keratoconus GWAS data set from the 
United States, a cohort of subjects 
with keratoconus and unaffected 
controls from Australia and Northern 
Ireland, and a case-control cohort 
from Victoria, Australia. 

In the discovery cohort as well as 
in the three replication cohorts, the 
majority of keratoconus subjects were 
males (55– 61%) and mean age for the 
cases in each cohort ranged from 35 
to 45 years. The proportion of males 
among controls in the discovery 
cohort was greater than in the 
replication cohorts (47% vs ~38%). 
Mean age of the controls in all four 
cohorts was 17–28 years older than 
the mean age of their keratoconus 
counterparts. 

Genome-wide association 
test results
The association analysis in the 
discovery cohort identified two novel 
loci with genome-wide significance. 
One of the novel loci was located on 
chromosome 11 at rs61876744 in the 
patatin-like phospholipase domain-
containing 2 gene (PNPLA2), and it 
reached genome-wide significance 
in an analysis of all four study 
cohorts. The other novel loci was 
on chromosome 22 at rs138380, 2.2 
kb upstream of the casein kinase I 
isoform epsilon gene (CSNK1E). 

None of the SNPs in the CSNK1E 
locus reached significance in the 
replication cohorts, despite the 
fact that the CSNK1E locus had 
the strongest association in the 
discovery cohort. When the data 
from the discovery cohort and 
the three replication cohorts were 
combined, 12 SNPS at the PNPLA2 
locus were found to be associated 

with keratoconus at genome-wide 
significance. 

Biological significance
Discussing their findings, the 
researchers noted that the function 
of the protein encoded by the lead 
SNP, which was located in an intron 
of PNPLA2, is to catalyse the initial 
step in triglyceride hydrolysis. Stating 
that there is no obvious connection 
between this biochemical pathway 
and keratoconus, they further 
observed that the closest gene to an 
association signal is not necessarily 
the causative gene. 

“Other genes in the identified 
region are known to be involved 
in regulating apoptotic cell death, 
a process that has been suggested 
previously by other authors to be 
part of the mechanism underlying 
the development of keratoconus. 
This finding will help focus future 
studies on the role of these genes in 
keratoconus,” Dr McComish said. 

Limitations
The older mean age of the control 
cohorts compared to the case cohorts 
represents a possible study limitation. 
Because of the demographic 
difference, it will be important to 
assess the identified loci for age-
associated effects in future studies, 
they wrote. 

  A genome-wide association study including 1177 Australians 
discovered a genetic locus on chromosome 11 associated with 
keratoconus. The locus contains multiple variants across several 
genes, some of which are implicated in apoptotic pathways. The 
finding was replicated in three independent cohorts from Europe 
and the United States.

IN SHORT 

‘This information will 
allow us to better 
understand the 
biochemical pathways 
that are disrupted in 
keratoconus...’

– Dr Bennet J. McComish
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Overcoming blindness:  
Forging a path through research
Regenerative cell therapy moving to forefront of ophthalmology treatment

By Lynda Charters; 

Reviewed by  
Dr Paul A. Sieving A 

staggering 40 million people are blind 
worldwide. Broken down, 56% are affected 
by cataracts and uncorrected refractive 
errors, which can be handled easily with 

current medical care. Other diseases, however, 
involve degenerative processes such as age-related 
macular degeneration (AMD) and paediatric 
blindness that are challenging due to genetic causes.

Great strides have been made in identifying 
the offending genes, with 300 genes having 
been identified in association with the death of 
photoreceptors, retinal ganglion cells, or neurons in 
the retina, according to Paul A. Sieving, MD, PhD, 
professor of ophthalmology and founding director, 
Center for Ocular Regenerative Therapy, University of 
California Davis School of Medicine, Davis, CA, USA, 
and previous director, National Eye Institute (NEI).

“Many of these conditions could be addressed with 
regenerative therapies,” Dr Sieving said. 

He predicted that the next two decades will see the 
emergence of potential treatments that can improve 
or restore vision, in contrast to the current treatments, 
i.e., intravitreal injections, laser photocoagulation, 
cryotherapy and vitrectomy, that slow or ameliorate 
the disease process.

Treatment: individualised approach
Medicine is adopting a new focus, with physicians 
beginning to think initially about possible genetic 
factors involved in diseases. The next step, according 
to Dr Sieving, is to further develop the understanding 
of disease mechanisms at the cellular/tissue level, 
adding that this will bring physicians to the level of 
patient-specific clinical input to characterise the stage 
of disease progression for individual patients. 

Intervention is subdivided into before cell loss with 
pharmacotherapy and gene therapies and during/
after cell loss with restorative or replacement cell 
therapy and retinal prosthetics.

Therapeutics at both ends of the spectrum 
include the new Rho kinase inhibitors for glaucoma, 
latanoprostene bunod ophthalmic solution 0.024% 
(Vyzulta, Bausch+Lomb) and netarsudil ophthalmic 

solution 0.02% (Rhopressa, Aerie Pharmaceuticals), 
comparison of anti-VEGF drugs for AMD, and a 
retinal prosthesis (Argus II, Second Sight).

Cell replacement therapy
The NEI adopted an ambitious project, the Audacious 
Goals Initiative (AGI) for Regenerative Medicine, in 
2013, with the specific goal of regenerating neurons 
and neural connections in the eye and visual 
system—“all ideas that were beyond the current reach 
of our science and technology,” Dr Sieving said.

This goal was immediately applicable to the loss of 
photoreceptor and retinal ganglion cells. 

“The AGI is a 10- to 15-year effort to catalyse 
innovation and advance vision research to develop 
cells suitable for transfer to the retina, especially 
cells from the neuroprogenitor cell lines,” he said. 
“This will be done through the difficult processes of 
cell transplantation and cell integration into the host 
retina.” 

The three-fold strategy includes the development 
of functional imaging technologies to explore cell 
function, identifying novel neural regeneration 
factors that support the environment when cells are 
transplanted, and generating translation-enabling 
animal models that are appropriate for human disease 
and have ocular structures similar to humans.

Regarding the last, most recently nine awards have 
been funded, seven of which are for work with non-
human primate models.

Adaptive optics is a technology that facilitates 
imaging of single retinal neurons. The technology 
allows evaluation of structural relationships between, 
for example, the photoreceptor cells and retinal 
pigment epithelium (RPE) or the movement of red 
blood cell flow through the capillaries, Dr Sieving 
explained.

  The field of regenerative therapies for 
ocular disease is rich in innovation in 
ophthalmology and vision science.

IN SHORT 

Dr Sieving
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“The new imaging under 
development by the AGI will look 
at the function of those cells to 
evaluate metabolic activity using 
highly selective wavelengths to 
stimulate specific molecules in 
the retinoid cycle of the visual 
pigments,” Dr Sieving said. “This 
will bring us closer to imaging actual 
cell dysfunction during disease 
progression and allow a closer look at 
therapeutic rescue.”

Ongoing cell therapy trials
The most recent newly funded trials 
include a single-centre study to assess 
the safety and feasibility of cultivated 
autologous limbal epithelial cell 
transplantation for treating limbal 
stem cell deficiency conducted by 
Ula Jurkunas, MD, at Massachusetts 
Eye and Ear, Boston; a Phase I/II 
randomised, prospective cross-over 
study of intravitreal autologous bone 
marrow CD34+ stem cell therapy 
for retinal vein occlusion conducted 
by Susanna Park, MD, PhD, at the 
University of California Davis; and 
induced pluripotent stem cell (iPSC)-
derived RPE transplantation for dry 
AMD conducted by Kapil Bharti, 
PhD, at the NEI Intramural Research 
Program. 

These studies are harvesting cells 
with stem-cell-like properties to be 
used as human therapies. 

In addition to the research 
supported by the NEI, Congress 
in 2016 established the 21st 
Century Cures Act that funded the 
National Institutes of Health (NIH) 
Regenerative Medicine Innovation 
Project (RMIP) with the stated goal 
of accelerating the regenerative 
medicine field by supporting 
clinical research on adult stem cells, 
including autologous stem cells. This 
act mandated coordination between 
the NIH and FDA to push forward the 
field of regenerative medicine. 

The NIH has granted an award to 
study ABCB5+ stem cells for limbal 
stem cell deficiency to Markus Frank, 
MD at Boston Children’s Hospital.

The RMIP also funded preclinical 
research studying precision genome 
surgery in autologous stem cell 
transplant to Stephen Tsang, MD, 
PhD, at Columbia University; 
preclinical testing of iPSC-derived 
RPE to treat macular degeneration 
to Alan Marmorstein, PhD, at Mayo 
Clinic Rochester; and transplantation 
of adult, tissue-specific RPE stem 
cells as therapy for non-exudative 
AMD to Jeff Stern, MD, PhD, at the 
Regenerative Research Foundation.

In addition, numerous studies 
are under way to investige RPE 
cell therapy for wet and dry AMD, 
Stargardt’s disease, retinitis 
pigmentosa, RPE tears, and Best 
disease, Dr Sieving pointed out. 

Challenges and risks
Dr Sieving added that this area of 
research comes with high rewards 
as well as high risks. “There are 
major challenges ahead and risks 
for developing translational cell 
therapies,” he said. “This includes the 
possibility of cell proliferation and 
tumour formation, identification of 
these cells as foreign by the patients’ 
immune system and subsequent 
elimination of the cells, or transfer of 
a deleterious genetic mutation by the 
transplants themselves.”

These potential problems 
necessitate careful screening of the 
cells for a normal gene complement.

Gene therapy
In addition to the 40 million people 
who are blind worldwide, 285 million 
are visually impaired. The eye is 
especially well suited to gene therapy 
because it is a small compartment 
that facilitates targeted delivery of 
drugs, a small amount of vector 
is required, and there is a low risk 
of systemic toxicity. In addition, 
numerous animal models have 
already been established.

Voretigene neparvovec-rzyl 
(Luxterna, Novartis) is the first 
FDA-approved ocular gene therapy 
that is indicated for Leber congenital 

amaurosis and one of the first ever 
human diseases, Dr Sieving noted, to 
be treated by in vivo gene therapy. 

“As ophthalmologists, we can now 
literally provide sight for the blind,” 
he noted. 

There are currently more than 45 
ongoing ocular gene therapy trials 
for inherited retinal dystrophies and 
a new trial for AMD, making for an 
energetic clinical trial landscape, 
he said, and explained that positive 
outcomes will be the basis for further 
advances.

Dr Sieving is currently working 
on retinoschisis gene therapy; this 
genetic X-linked recessive disease 
affects 8,000–12,000 males in the 
USA. In this study, an AAV serotype 8 
vector carrying the human RS1 gene 
is used. Thus far, 12 patients have 
been treated and the investigators 
have observed “a preliminarily 
potentially positive signal” indicating 
that the vector has entered the retina 
and is closing the schisis cavities in 
one participant.

The still unanswered questions 
about gene therapy are inflammation 
and immune rejection, efficacy, best 
modes of vector delivery, and the 
durability of the effect.

According to Dr Sieving, the future 
is bright for regenerative therapies 
for ocular disease. Clinicians expect 
some therapies to enter the clinic in 
the next 10–20 years.

“Our field is rich in innovation in 
ophthalmology and vision science, 
that is, visual cortical prostheses, 
nano-medicine, tissue engineering, 
drug and gene delivery systems, 
clinical endpoints, artificial 
intelligence and disease modelling 
at the cellular level, and new clinical 
endpoints such as functional cellular 
imaging of retinal neurons,” he 
concluded.
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N
ovel procedures continue to provide  
refractive patients with surgical options 
that are safe, virtually painfree, and with 
reduced risk of postoperative complications.  

    The Switzerland Eye Research Institute, for one, 
is oriented toward less-invasive corneal techniques 
that reshape the corneal surface without penetrating 
the eye. FemtoLASIK and FemtoLASIK Xtra are 
established procedures worldwide,1–3 and involve 
customised reshaping of the cornea to eliminate 
myopia, hyperopia, astigmatism and presbyopia. 

Over the past 6 years, we have been approaching 
corneal surgery in Lugano using a novel procedure 
that unites FemtoLASIK and transepithelial 
crosslinking. 

This combined technique is known as FemtoLASIK 
Lux, and aims to increase the stability of the visual 
outcome in patients, thereby maintaining a healthy 
and robust cornea. 

FemtoLASIK Lux is a non-invasive, “no-touch” 
procedure, which—at no point touching the eye with 
any instrument—uses three different light sources 
to resolve any visual defect in a few minutes without 
pain.

This procedure leads to a final sharp refractive 
result, provides a stronger corneal tissue that is 
less vulnerable to curvature change, and reduces 
refractive error regression and incidence of corneal 
ectasia.

Safety, effectiveness and excellent long-term results 
have been demonstrably achieved.

There is a protocol for this technique called the 
Lugano Protocol. ParaCel eye drops are used to soak 
the corneal epithelium for a time that can range from 
30 to 50 seconds after the repositioning of the flap. 

Soaking is thus customised and a very minimal 
quantity of riboflavin is delivered to the cornea in 
a short time, which is possible due to its osmotic 
properties.4

Exposure to UV-A is performed with Avedro 
technology at 30 mW/cm2. This quantity of ParaCel 
and timing of exposure are enough to permit ParaCel 
to penetrate the flap and spread into the stroma.

Unlike other data reported in the current literature, 
we osmotically soak the cornea over the flap leaving 
the interface free from any possible irregularity due to 
riboflavin on the cornea.

The purpose is to take advantage of CXL treatment, 
usually performed to strengthen corneal tissue, in 
order to stiffen a prospective weakened cornea and 
prevent corneal ectasia, which is every refractive 
surgeon’s nightmare. 

Though the chances of ecstasia occurring have 
become very much reduced over the past decade, 
it nonetheless remains a remote possibility to be 
avoided. I am pleased to report that after our 6 years 
with this procedure, we have not experienced one 
case of ectasia.

As far as side effects are concerned, I believe that 
there are no adverse events to report and no flap 
wrinkles (Figure 1).

It seems that the riboflavin penetration did not 
induce any refractive change. On the contrary, a 
greater stability and a better and softer crosslinking 
of the cornea were observed, as well as a reduced 
amount of regression, particularly regarding myopic 
astigmatism.

With ParaCel being osmotic, its penetration 
through the cap to the corneal stroma probably 
restores biomechanical strength to the cornea. This 
aspect enables the flap to become better reintegrated 
into the cornea, becoming one with the other corneal 
layers, and thereby more stable and less susceptible to 
dislodging, unlike the situation in the past. I believe 
that this is why we don’t see any ectasia.

In addition to the assessment of post-operative 

Procedures set a new horizon  
in refractive surgery cases
Combined technique aims to increase stability of the visual outcome

By Dr Roberto 
Pinelli

  A novel procedure leads to a final sharp 
refractive result, provides a stronger corneal 
tissue that is less vulnerable to curvature 
change, and reduces refractive error 
regression and incidence of corneal ectasia.
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visual data, the self-perceived 
satisfaction with the procedure 
was evaluated by our Psychology 
of Vision Unit: objective/subjective 
outcomes were found to be equally 
positive.

Researchers said their experience 
with FemtoLASIK Lux with the 
Lugano Protocol has also been 
positive, and they fully intend to 
continue with this technique in order  
to restore vision and improve overall 

quality of life for their patients.

REFERENCES 
1. Aslanides IM, Mukherjee AN. Adjuvant 

corneal crosslinking to prevent hyperopic 
LASIK regression. Clin Ophthalmol. 
2013;7:637-641.

2. Wu Y, Tian L, Wang LQ, Huang YF. Efficacy 
and Safety of LASIK Combined with 
Accelerated Corneal Collagen Cross-Linking 
for Myopia: Six-Month Study. Biomed Res 
Int. 2016;2016: Article number: 5083069.

3. Rajpal RK, Wisecarver CB, Williams D, Rajpal 
SD, Kerzner R, Nianiaris N, Lytle G, Hoang 

K. Lasik Xtra Provides Corneal Stability 
and Improved Outcomes. Ophthalmol Ther. 
2015;4:89-102.

4. Raiskup F, Pinelli R, Spoerl E. Riboflavin 
osmolar modification for transepithelial 
corneal cross-linking. Curr Eye Res. 
2012;37:234-238.

(FIGURE 1)   Top, observations 4 hours post-treatment. Bottom, results 6 months post-treatment. 
(Photos courtesy of Dr Roberto Pinelli)
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O
phthalmic viscosurgical devices (OVDs) are 
routinely used in cataract surgery to fulfil 
important functions in phacoemulsification 
and implantation of IOLs. Even experienced 

surgeons regard manual capsulorhexis as one of 
the most technically demanding phases of cataract 
surgery. In specific preoperative situations, such 
as pseudoexfoliation syndrome (PEX) or mature 
cataracts, vital dyes are therefore frequently used to 
improve the visibility of the anterior capsule. Among 
the various vital dyes, Trypan Blue is considered to be 
one of the most effective in terms of staining degree 
and is also classified as safe for the human cornea and 
the cells of the trabecular meshwork.1,2

To limit staining to the region of interest, methods 
have been described to mix dyes, e.g., Trypan Blue or 
Indocyanine Green, preoperatively with viscoelastic 
substances.3,4 However, this method involves the 
risk of contamination. A new development in the 
field of OVDs was recently presented by Albomed 
(Schwarzenbruck, Germany). The blue viscoelastic 
Pe-Ha-Blue PLUS (Figure 1) is a combination of bio-
fermented sodium hyaluronate (1.7%) and Trypan 
Blue (0.020 mg/ml), and is supplied sterile and 
premixed in a ready-to-use syringe. It is CE-approved 
and allows simultaneous injection of OVD and 
Trypan Blue in a single step, making ophthalmologic 
procedures safer, easier and faster.

We conducted a prospective study in our clinic 
(Privatklinik der Kreuzschwestern, Graz, Austria) 
to evaluate this new OVD.5 The objective was to 
investigate whether the use of Pe-Ha-Blue PLUS 
(group A; 26 patients) during cataract surgery in 
patients with PEX and narrow pupils has advantages 
over the use of a clear standard OVD (POLYHYL 
1.6%; Polytech Domilens GmbH) in combination with 
Trypan Blue (VisionBlue/Blue Color Caps) (group 
B; 26 patients) (Figure 2). In all cases, a Malyugin 
ring (6.25 mm) was used intraoperatively to ensure 
sufficient pupil dilation. 

The median age in both groups was 75 years. Post-
operative examinations were performed 6 hours, 20 
hours and 4 weeks after surgery. With Pe-Ha-Blue 

PLUS, it is possible to fill the anterior chamber with 
OVD and Trypan Blue in a single step, which shortens 
the entire operating room (OR) duration. The primary 
study endpoint was therefore the evaluation of the 
safety aspect and the operation time. Our results were 
unambiguous and showed a statistically significant 
lower OR duration in group A. Median surgery time 
for this first phase of surgery was 112 seconds in 
group A versus 165 seconds in group B (P<0.001). 

This corresponds to a time saving of 53 seconds 
for the entire OR duration. By using Pe-Ha-Blue 
PLUS, the total number of necessary surgical steps 
(1: paracentesis, 2: corneal incision, 3: Suprarenin 
injection, 4: OVD injection, 5: Malyugin ring 
insertion, 6: OVD aspiration, 7: Trypan Blue injection, 
8: Trypan Blue aspiration, 9: re-injection of the OVD) 
could be reduced to only five steps (eliminating 
steps 6–9). The shorter OR time increases the 
effectiveness of the surgical workflow and is therefore 
particularly interesting for high-volume clinics. In 
addition, the safety of the procedure is enhanced as a 
shortened operating time can reduce the incidence of 
complications such as endophthalmitis. In addition, 
less corneal edema and faster recovery are expected 
post-operatively due to the shorter contact time and 
less manipulation. In our opinion, this could be one 
reason why distance visual acuity on the first post-
operative day was better in group A (median UDVA: 
0.15 logMAR) compared to group B (median UDVA: 
0.22 logMAR). For the patient, a shorter OR time 
subjectively results in an additional “comfort factor”, 
also with regard to local anaesthesia.

To evaluate satisfaction with the surgical procedure 
and the OVD used in the study, the surgeon and 
the surgical nurse completed a short questionnaire 

  Simultaneous injection of an ophthalmic 
viscosurgical device (OVD) and Trypan Blue 
in a single step offers numerous advantages 
in cataract surgery.
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‘Blue period’: The new stylistic  
phase of ophthalmic surgeons?
New development in OVDs aims to make procedures faster, easier and safer
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immediately after the procedure. A small 
advantage in favour of group A was 
shown, which in retrospect also confirms 
our subjective impression. The overall 
satisfaction was rated “very good” or “good” 
in 89% (group A) and 73% (group B) of 
cases. 

After our clinical experience with Pe-Ha-
Blue PLUS in more than 100 challenging 
cases, we see further advantages of this new 
OVD. The blue viscoelastic is clearly visible 
to the surgeon, allowing full aspiration of all 
residues, reducing the risk of post-operative 
IOP increase. In our study, we demonstrated 
that the post-operative IOP was on average 1 
mmHg lower in the Pe-Ha-Blue PLUS group. 
Further evaluations with a larger number 
of cases are planned. In the case of toric 
IOLs, complete OVD removal between the 
lens and the posterior capsule also reduces 
the risk of post-operative IOL rotation. For 
IOLs with large optic diameters or lenses 
with plate haptic designs, any residual OVD 
can be visualised and completely removed. 
Thus, this OVD would also be an option 
in refractive procedures like clear lens 
extraction.

If an “Argentinian flag sign” occurs 
intraoperatively in cases of cataracta 
provecta/hypermatura during rhexis, 
the anterior chamber can be refilled 
again with Pe-Ha-Blue PLUS. This creates 
an endothelium-friendly space and at 
the same time improves visualisation 
without the risk of Trypan Blue entering 
the posterior chamber or the vitreous 
body. The same applies to intraoperative 
complications such as capsule tearing with 
vis-à-tergo. Furthermore, it was observed 
that pronounced synchisis scintillans and 
vitreous opacities are less disturbing for the 
surgeon intraoperatively, since the fundus 
reflex is reduced by the blue dye in the 
anterior chamber or in the capsular bag 
during the operation and thus the “moving 
shadows” are perceived less strongly. 
Disturbing air bubbles in the anterior 
chamber can also be identified more quickly 
during phacoemulsification and aspirated 
more easily. The resulting visco-free area, 
which appears as a bright spot surrounded 
by blue OVD, can then be quickly re-filled 
with new OVD without affecting the 
endothelium.

Of particular interest for educational 
purposes and trainees is the fact that 
Pe-Ha-Blue PLUS and clear standard OVD 
can be used simultaneously to highlight 
structures in the eye and to achieve better 
stereoscopic vision. The fact that Pe-Ha-
Blue PLUS reduces the UV component of 
the microscope light also contributes to 
intraoperative protection of the macula, 
which seems to be particularly useful 
during long surgeries. If complications such 
as capsular defects or vitreous body loss 
occur, the blue OVD may also be useful to 
stain the posterior capsule without entering 
the vitreous and causing possible toxic 
side effects on the retina. In addition, the 
vitreous body becomes more visible in the 
anterior chamber and can be aspirated more 
easily (anterior vitrectomy).

It should be noted that Pe-Ha-Blue PLUS 
stains the capsule less intensively than 
conventional Trypan Blue and that it cannot 
be used unrestrictedly during surgery for 
external applications, e.g., as protection 
or moisturisation of the epithelium and 
conjunctiva, as this would impair the 
surgeon’s view. In exceptional cases of 
a pronounced subcapsular cataract in 
high myopic eyes with fundus myopicus 
the visualisation during the OR may be 
somewhat limited when using Pe-Ha-Blue 
PLUS (reduced fundus reflex).

In order to achieve the maximum 
colouring effect of Pe-Ha-Blue PLUS, it is 
very important to have a good proportion 
of blue light in the light source of the 
operating microscope. In general, Xenon or 
LED light sources offer a higher wavelength 
proportion corresponding to the blue colour 
than tungsten or halogen light sources. 

The study results as well as our clinical 
experience show that the new OVD offers 
numerous advantages, such as more 
selective staining, improved visualisation 
of anatomical structures in the eye and a 
reduction of the OR time in difficult cases. 
In addition to cataract surgery, we also 
see applications for Pe-Ha-Blue PLUS in 
glaucoma (MIGS) and corneal surgery. 
In summary, this OVD can be a helpful 
alternative to clear standard OVD in 
challenging cases to improve the surgical 
workflow and make the entire procedure 
faster and safer.
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(FIGURE 1) The new blue OVD, Pe-Ha-
Blue PLUS.  (FIGURE 2) Incident-light 
microscopic examination of the Pe-Ha-
Blue PLUS and the clear Polyhyl 1.6%; 
performed by A. F. Borkenstein at the 
Technical University of Graz (Austria). 
(Images courtesy of Dr A. F. Borkenstein)
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A
s the largest provider of premium IOLs in 
the UK, Optical Express has a long history of 
using advanced technology to help patients 
see and function well after surgery. With 

the proliferation of new presbyopia-correcting IOLs, 
we have offered patients a range of options over the 
years, from bilateral high, low or mid-add multifocal 
IOLs to extended depth of focus (EDOF) IOLs, and 
various combinations of these technologies.  

Recently, we conducted a retrospective analysis 
of clinical and patient-reported outcomes with three 
different combinations of presbyopia-correcting IOLs.  
We looked at a large data set of patients who had 
undergone bilateral lens surgery at Optical Express 
over a 4-year period between 2015 and 2018 and who 
had at least a 3-month follow-up. We compared three 
different lens combinations used during this time 
period: 3,362 patients with bilateral Tecnis Multifocal 
+2.75 (the lowest available add power for this lens); 
1,250 patients with the Tecnis Symfony EDOF lens in 
one eye and the Tecnis Multifocal +2.75 in the other; 
and 665 patients with Symfony in one eye and the 
mid-add Tecnis Multifocal +3.25 in the other.  

Demographic characteristics and preoperative 
refractions were similar among all three groups.  
The lens groups were not random, however. Lens 
selection was determined preoperatively, based on 
conversations with the patient about his or her visual 
requirements and goals, as well as anatomical or 
optical factors relevant to the decision.

Clinical results
Subjects did very well with all three lens 
combinations. At 3 months, 62.4% were seeing 6/5 
(20/16) or better and 86.4% were seeing 6/6 (20/20) 
or better binocularly at distance without correction. 
There were no statistically significant differences in 
the rate of 20/20 uncorrected distance visual acuity 
(UDVA) among the groups. The Symfony/3.25 group 
was more likely to have 20/40 or better UDVA. At the 
3-month timepoint studied in this analysis, some 
patients may still have had residual refractive error. 
Secondary procedures to enhance the refractive 

effect, if necessary, had not yet been performed.  
Uncorrected near visual acuity (UNVA) was N5 

(J6) or better in 73.4% of all patients, regardless of 
the lens combination (Figure 1). The Symfony/3.25 
and bilateral 2.75 groups were more likely than the 
Symfony/2.75 group to have UNVA of N6 (J8) or 
better.  

The manifest refraction spherical equivalent 
(MRSE) was very good, with 76.6% of all patients 
being within 0.5 D of emmetropia. The bilateral 2.75 
patients were statistically significantly more likely 
than either of the EDOF/multifocal combinations to 
be within 0.5 D. In terms of corrected distance visual 
acuity (CDVA), more than 90% of patients gained 
lines or maintained the same CDVA after surgery. Of 
all the patients, 16.9% lost one line of vision; 2.3% lost 
two lines; and 0.5% lost more than two lines. There 
was no statistically significant difference among the 
groups in the loss of more than two lines. There was 
no difference in complication rates, so safety was 
excellent with all three IOL combinations.

We are fortunate to have 
presbyopia-correcting IOLs in 
a range of add powers and 
optical designs that provide the 
opportunity to customise the IOL 
choice to the patient needs.

Presbyopic outcomes at Optical 
Express: A retrospective analysis 
Data: different combinations of IOLs provide excellent results

By Dr David Teenan

Dr Teenan

  Retrospective data analysis reveals that 
several different combinations of certain 
IOLs provide excellent results.

IN SHORT 
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Patient-reported outcomes
Overall, patients with all three IOL 
combinations were happy with their 
outcomes, with 90.9% being satisfied 
or very satisfied, and even higher 
percentages saying they would have 
the procedure again or recommend 
it to friends and family. There was 
no statistically significant difference 
between groups in the satisfaction 
rate.

Overall, more than half the 
patients reported experiencing no 
postop glare, halo or starburst at all. 

However, at the other end of the 
spectrum, as we have come to expect 
with presbyopia-correcting IOLs, 
approximately 18–20% of patients 
reported moderate to severe glare, 
halos and starbursts after bilateral 
lens surgery.  

Although I expected to see a 
lower rate of photic phenomena in 
the EDOF/multifocal combination 
groups, this turned out not to be the 
case. 

Rates for moderate to severe 
symptoms were similar across all 
three groups. However, we would 
have expected to see these decrease 
by 6 or 12 months postop, due to 
neuroadaptation and (where needed) 
enhancements.

Some patients experienced 
symptom resolution after surgery 
while others worsened, similar to 
what has been reported in other large 
studies of refractive procedures. 

About 15% of all patients reported 
a 2-point increase in the symptoms 
compared to preoperatively, while 
10–12% reported a decrease in 
symptoms from preop to postop. 

About 9% of patients reported 
moderative to severe difficulty with 
night driving after surgery; about 6% 
said night driving worsened postop 
compared to preop. 

Patients in the bilateral 2.75 group 
were least likely to report no glare, 
but otherwise, patient reports of 
visual disturbances and night driving 
experience were quite similar across 
the three groups.

Implications for practice
Although all three IOL combinations 
produced good results and would 
be good options for patients, the 
bilateral low-add multifocal group 
had the best near vision outcomes 
and seemed to be the more highly 
preferred option by both surgeons 
and patients.  

We are fortunate to have 
presbyopia-correcting IOLs in a 
range of add powers and optical 
designs that provide the opportunity 
to customise the IOL choice to 
the patient needs. Based on the 
data in this analysis, I tend to rely 
most heavily on bilateral low-add 
multifocal IOLs for the majority of 
my patients. Implanting the same 
lens bilaterally helps to cut down 
on patients comparing the IOL 
performance between their two eyes. 
However, there are certainly still 
patients for whom it may make sense 
to personalise the refractive outcome 
by combining two different IOLs. In 
particular, this may be warranted 
when the results of the first eye are 
not as desired. I usually implant the 
nondominant eye first. If the patient 
is dissatisfied with the near vision or 

already symptomatic with glare and 
halo, for example, I might choose 
a different lens for the dominant 
second eye.  

Given that the lens pairs in 
this study were selected by the 
surgeon as the best combination for 
each patient, it is also possible, of 
course, that patients in each group 
were relatively equally satisfied 
because the lens combination was 
appropriately tailored to each group’s 
varying needs and expectations. 
Ultimately, there is no substitute for 
talking to the patients about their 
visual demands and expectations, 
understanding the pros and cons 
of each presbyopia-correcting IOL 
available to us, and identifying the 
best match between the two.
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Lens Combination 275/275 SYM/275 SYM/325

N6 or Better (%)* 91.6 89.7 93.4

N8 or Better (%)* 97.5 97.4 98.5

*Statistically significant between each combination except for 275/275 vs SYM/325

(FIGURE 1) Binocular UCNVA. (Chart courtesy of Dr Teenan)
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Novel patient-specific, cell-based 
therapy to treat geographic atrophy
First US clinical trial using replacement tissues from patient-derived iPSCs

By Michelle Dalton R
esearchers at the National Eye Institute 
(NEI) are launching a clinical trial to test the 
safety of a novel patient-specific, stem-cell-
based therapy to treat geographic atrophy 

(GA), the advanced dry form of age-related macular 
degeneration (AMD), a leading cause of vision loss 
among people age 65 and older. The GA form of AMD 
currently has no treatment.

“The protocol, which prevented blindness in 
animal models, is the first clinical trial in the US to 
use replacement tissues from patient-derived induced 
pluripotent stem cells (iPSCs),” said Kapil Bharti, PhD, 
head of the NEI Ocular and Stem Cell Translational 
Research Section, MD, USA.

The therapy involves taking a patient’s blood 
cells and, in a lab, converting them into iPSCs, 
which have the potential to form almost any type 
of cell in the body. The iPSCs are programmed to 
become retinal pigment epithelial (RPE) cells, the 
type of cell that dies early in the GA stage of macular 
degeneration. RPE cells nurture photoreceptors, the 
light-sensing cells in the retina. In GA, once RPE cells 
die, photoreceptors eventually also die, resulting 
in blindness. The therapy is an attempt to shore up 
the health of remaining photoreceptors by replacing 
dying RPE with iPSC-derived RPE.

Before they are transplanted, the iPSC-derived RPE 
are grown in sheets one cell thick, replicating their 
natural structure within the eye. This monolayer 
of iPSC-derived RPE is grown on a biodegradable 
scaffold designed to promote the integration of the 
cells within the retina. Surgeons position the patch 
between the RPE and the photoreceptors using a 
surgical tool designed specifically for that purpose 
(see Figure 1).

From the beginning
In 2014, researchers with the NIH developed a 
technique to speed up the production of stem-cell 
derived tissues. The method simultaneously measures 
the expression of multiple genes, allowing scientists to 
quickly characterise cells according to their function 
and stage of development. The technique should help 

the researchers streamline efforts to use patients’ skin 
cells to regenerate RPE, the NEI said at the time.

“Progress in stem-cell-based therapies has been 
limited by our capacity to authenticate cells and 
tissues,” Dr Bharti said. The stem cells that Dr Bharti 
used to make RPE are iPSCs, which are produced by 
reverting mature cells to an immature state, akin to 
embryonic stem cells. iPSCs can be derived from a 
patient’s skin or blood cells, coaxed into other cell 
types (such as neurons or muscle), and in theory, 
re-implanted without causing immune rejection.

To verify the identity of RPE made from iPSCs, 
scientists use microscopy to ensure the tissue looks 
like RPE and physiological assays to ensure the tissue 
behaves like RPE. But quantitative measurement 
only permits the simultaneous measurement of a few 
genes per sample, Dr Bharti said. His group teamed 
up with Marc Ferrer, PhD, of NIH’s National Center 
for Advancing Translational Sciences to develop 
a multiplex assay—a method for simultaneously 
measuring multiple genes per RPE sample in a 
highly automated fashion. The assay is based on a 
commercially available platform from the biotech 
company Affymetrix. In the assay, tiny snippets of 

‘Progress in stem-cell-based 
therapies has been limited by our 
capacity to authenticate cells and 
tissues.’ 

– Dr Kapil Bharti

IN SHORT 
  Transplantation of patient iPSC-derived 

retinal pigment epithelium shows promise, 
with transplanted cells functioning properly.



DNA tethered to beads are used to 
capture RNA molecules—created 
when genes are expressed by cells in 
the RPE sample. Once captured, the 
RNA from distinct genes is labeled 
with a fluorescent tag.

In the animal study, Dr Bharti 
describes tested the approach in rat 
and pig models.1 Ten weeks after the 
human iPSC-derived RPE patches 
were implanted in the animals’ 
retinas, imaging studies confirmed 
that the lab-made cells had integrated 
within the animal retina.

The investigators report the 
transplanted cells functioned 
properly. Immunostaining 
confirmed that the iPSC-derived 
RPE expressed the gene RPE65, 
suggesting the lab-made cells had 
reached a crucial stage of maturity 
necessary to maintain photoreceptor 
health. RPE65 is necessary for the 
regeneration of visual pigment within 
the photoreceptors and is an essential 
component for vision.

Further tests showed that the 
transplanted RPE cells were pruning 
photoreceptors via phagocytosis, 

another RPE function that helps keep 
photoreceptors healthy. In addition, 
electrical responses recorded from 
photoreceptors rescued by RPE 
patches were normal, whereas 
photoreceptors treated with a control 
empty scaffold had died.

Earlier research
Under the Phase I/IIa clinical trial 
protocol 12 patients with advanced-
stage GA will receive the iPSC-
derived RPE implant in one of their 
eyes and be closely monitored for a 
period of at least one year to confirm 
safety.

A concern with any stem-cell-
based therapy is its oncogenic 
potential: the ability for cells to 
multiply uncontrollably and form 
tumours. In animal models, the 
researchers genetically analysed the 
iPSC-derived RPE cells and found no 
mutations linked to potential tumour 
growth.

The use of an individual’s 
autologous (own) blood cells is 
expected to minimise the risk of the 
body rejecting the implant. Should 

early safety be confirmed, later study 
phases will include more patients to 
assess the efficacy of the implant to 
prevent blindness and restore vision 
in patients with GA.
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(FIGURE 1) Researchers will take a patient’s own blood cells, and in a lab, convert them into iPS cells capable of 
becoming almost any type of cell in the body. In this case, the iPS cells are then programmed to become retinal 
pigment epithelial cells, the type of cell that dies early in the GA form of AMD.  (Image courtesy of National Eye Institute)
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A
rtificial intelligence (AI)-enabled radar may 
be an improvement over the traditional 
method of visual field analysis. Investigators 
note that by using AI-enabled radar they 

can better assess the functionality of patients with 
glaucoma and determine which 
patients have slowly and rapidly 
progressing visual field damage. 

This technology is designed 
to address the shortcomings of 
traditional visual field analysis, 
specifically, i.e., that they rely 
on traditional paradigms such 
as linear regression and do not 
generate detailed results beyond 
progression or no progression, 
do not provide objective 
identification of progression, 
and lack advanced visualisation 
and interpretation, according to 
Siamak Yousefi, PhD.

“We have proposed a 
glaucoma radar, a dashboard, 
that is a pipeline of linear and 
non-linear data transformations 
and unsupervised machine 
learning that provides advanced 
visualisation with three layers of 
glaucoma knowledge—including 
the global visual functional 
severity, extent of visual 
functional loss in the hemifields 
and local patterns of visual field 
loss,” explained Dr Yousefi, 
assistant professor, Departments 
of Ophthalmology and Genetics, 
Genomics, and Informatics, 
University of Tennessee Health 
Science Center, Memphis, TN, 
USA.

“The system also provides 
personalised monitoring, data 
from thousands of previous 

glaucoma patients, and can identify rapid or slow 
progression,” he added.

Although the basis for this advanced-visualisation 
technology is highly complex, the investigators sought 
to develop a screen for monitoring glaucoma that is 

AI-enabled radar in the assessment 
of glaucoma patients
Technology allows ophthalmologists to determine severity of disease

By Lynda Charters;  
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Dr Siamak Yousefi

Dr Yousefi
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(FIGURE 1)   Validating the artificial intelligence enabled radar (dashboard) 
using eyes from two benchmark datasets. Solid lines represent visual 
functional change over time for each eye. Black color indicates that visual 
function is not worsening (not progressing). Blue  indicates that the visual 
function is possibly worsening (borderline). Red indicates that visual 
function is likely worsening. The green circles represent the mapped visual 
field from the first visit. (Image courtesy of Dr Yousefi)
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user-friendly and able to be understood by 
non-medical individuals. It includes more 
than 13,000 visual fields cross-sectionally. 

“We applied principal component analysis 
to linearly reduce the number of dimensions 
and extracted the global characteristics of 
the visual fields,” Dr Yousefi said. “We then 
applied manifold learning to grab the local 
patterns of visual field loss and eventually 
generated this to a map.”

Glaucoma data
To make sense of the data from the 
collected visual fields, the investigators 
first identified very dense areas,  and then 
applied unsupervised clustering to identify 
32 non-overlapping clusters that represented 
different levels of visual field severity. 
According to Dr Yousefi, when the mean 
deviation of each cluster was computed, the 
observation was that the severities of the 
visual fields increased moving from the top 
right to the bottom left of the screen. 

“The AI pipeline was able to identify the 
global functional severity of the eyes in the 
various clusters, i.e., mostly normal eyes 
on the right and those with severe visual 
field loss on the left and bottom left of the 
screen,” he said.

The researchers also computed the 
glaucomatous severity in the inferior and 
superior hemifields. 

“We noticed that the AI wisely put eyes 
with similar hemifield characteristics into 
different clusters, although statistically their 
global severity may have been similar,” noted 
Dr Yousefi, indicating that the AI was able 
to differentiate similar damage in different 
locations and cluster those eyes together.

Testing technology
Investigators conducted a study in which 
they tested a method to identify and 
decompose visual fields to 17 different 
archetypes or patterns. They tried to 
decompose the visual fields at each cluster, 
Dr Yousefi explained, to the different 
archetypes and then identify the dominant 
pattern attributable to each cluster. 

“Collectively, each region of the 
dashboard can demonstrate global visual 
field loss, the extent of visual field loss in the 
hemifields, and local patterns of visual field 

loss,” he said.
Because of the capabilities of the radar, 

the technology can be used for personalised 
glaucoma monitoring, retention of the 
history of previously monitored patients, 
and identification of rapidly and slowly 
progressing eyes. 

The availability of this information 
allows clinicians to easily adjust treatment 
regimens based on the glaucoma trajectory 
in a given patient’s eyes; clinicians will be 
able to adjust the treatment based on the 
cluster to which the patient is progressing 
and possibly positively impact the patient’s 
quality of life. As a proof of concept, Dr 
Yousefi and colleagues tracked eyes from 
benchmark data that indicated that the 
glaucoma was not progressing using ten 
visual fields for each eye. 

“As expected, most of the eyes did not 
have substantial changes in the visual 
fields,” he explained. “Some eyes that 
had visual field changes that were not 
in the direction of progression also were 
considered stable.”

Based on these data, Dr Yousefi pointed 
out that the specificity of the radar was 
about 94%,” he said. 

Investigators also performed the same 
analysis in eyes based on data from a 
separate algorithm that indicated that 
they eyes would progress. Most of these 
eyes showed glaucomatous changes in the 
direction of glaucoma worsening.

Dr Yousefi concluded that with this 
method, ophthalmologists can perform 
better functional assessment of patients 
with glaucoma compared to the currently 
available tools. 

“Advanced computational tools can 
provide more informative objective 
outcomes,” he said. “While deep learning 
typically generates black box and yes/no 
outcomes, our proposal may be helpful for 
developing models that can be interpreted 
more. Next-generation glaucoma assessment 
tools can provide multiple layers of 
glaucoma knowledge using advanced 
visualisation.”IN SHORT 

  Artificial intelligence can push 
the boundaries of glaucoma 
diagnosis and monitoring. 

(FIGURE 2)   Principal component analysis and manifold learning was applied on 13,231 VFs 
from normal and glaucoma patients to generate the glaucoma radar. It can identify global 
visual functional severity, extent of visual loss at hemifields, local characteristics of visual 
functional loss, fast progressor eyes, and information on future impact of function loss.   
(Image courtesy of Dr Yousefi)
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Boost Epi-On is making an 
impression on cornea surgeons
Supplemental oxygen improves efficacy without need for epithelial removal

T
he Dresden protocol for epithelium-off (epi-off)
corneal collagen cross-linking (CXL) has long 
been considered standard of care around 
the world.1-4 Recently, however, a number of 

cornea specialists have turned to a new epithelium-on 
(epi-on) procedure that is performed with the Boost 
Goggles (Avedro) and utilises supplemental oxygen.

“At 6 months, we are seeing consistent, early 
flattening (Figure 1) and deep, clear demarcation 
lines in a higher percentage of cases than we did even 
with epi-off procedures,” said Brendan Cronin, MBBS 
(Hons), DipOphthSci, B.Com, LLB, FRANZCO, an 
anterior segment surgeon and Director of Education at 
the Queensland Eye Institute in Brisbane, Australia.

Dr Cronin has performed about 100 procedures to 
date and says the advantages of epi-on are clear. “Not 
only should an intact epithelium reduce the risk of 
infection, but it also dramatically speeds up visual 
recovery,” he said. 

“Keratoconus patients are young, so faster visual 
recovery is a very positive development.” Dr Cronin 
said he typically treats on Thursdays and tells patients 
they can expect to return to work or school on 
Monday. 

“Faster visual recovery means we can also treat the 
second eye sooner and get the patient back in contact 
lenses sooner, as well,” he said.

In general, epi-on procedures have been considered 
less effective than epi-off.3,5,6 “Frankly, I had 
abandoned the old transepithelial techniques due 
to the failure to achieve long-term stabilisation of 
ectasia,” said Cosimo Mazzotta, MD, PhD, Assistant 
Professor of Corneal Pathology and Surgery at the 
University of Siena, Italy, and Director of the Siena 
International Crosslinking Center. 

“We are learning now that the reason the old epi-on 
techniques failed in stabilising ectasia was their 
superficial penetration and low saturation of cross-
links,” he said. 

“There were several missing pieces in prior 
attempts; we needed both higher fluence and more 
oxygen (see sidebar) to compensate for the UV-A and 
oxygen absorption of the epithelium.”

The role of oxygen
Oxygen is essential for the photochemical 
polymerisation reaction in CXL.4 Under normoxic 
(room air) conditions, mid-stromal oxygen depletes 
to nearly zero for both epi-on and epi-off protocols.7 
But it is of particular concern with an intact 
epithelium, Prof. Mazzotta explained. “The corneal 
epithelium accounts for about 40% of the total oxygen 
consumption, which is ten times higher than stromal 
oxygen consumption per micron of tissue,” he said. 
“We needed to find better ways to compensate for that 
oxygen consumption.” 

Pulsing the UV light delivery reduces the rate of 
oxygen consumption. Prof. Mazzotta has previously 
developed pulsed light protocols for iontophoresis 
CXL to improve the efficacy of that procedure.8 

But pulsing alone may not be enough. Preclinical 
studies showed that providing supplemental oxygen 
to the anterior surface during UV illumination in 
high-irradiance, epi-on CXL could balance mid-
stromal oxygen supply and demand1 and produce 
significantly more corneal stiffening (P=0.013)9 than 
epi-on protocols without supplemental oxygen.

“We are also learning more about the biochemistry 
and biomechanics of CXL,” said Prof. Mazzotta. 
“Short-wave UV cross-linking utilises only 20% of 
the aminoacidic constituents in corneal collagen, 
which means the cross-links in a particular collagen 
layer quickly reach a saturation point. Supplemental 
oxygen increases the saturation level and deepens 
the stromal penetration, both of which improve the 
biomechanical effects of CXL.” 

Epi-on with oxygen
In the new procedure, called Boost Epi-On, the cornea 
is soaked for 10 minutes with a high-concentration, 

IN SHORT 
  A new epithelial-on procedure that uses 

supplemental oxygen may provide better 
results than epithelial-off procedures.
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two-part riboflavin solution. After 
instilling the riboflavin drops, the 
Boost Goggles (Avedro), are placed 
over the patient’s eyes and deliver 
oxygen continuously throughout 
the rest of the procedure. Once 
the corneal surface reaches >90% 
oxygen, irradiation with a high 
intensity, pulsed, 30 mW/cm2 365-nm 
UVA light begins. 

Both Dr Cronin and Prof. Mazzotta 
have performed Boost Epi-On with 
both KXL as well as with customised 
topography guided CuRV treatments. 
In a CuRV treatment, the UV energy 
is differentially delivered across the 
cornea, with total energy ranging 
from 7.2 J to as much as 15 J at the 
corneal apex. 

For the 25 eyes that Prof. Mazzotta 
has treated to date, the demarcation 
lines were quite deep (Figure 2) and 
average flattening of maximum 
keratometry (KMax) at 6 months 

was 3.0 D in Boost Epi-On CuRV 
treatments and 1.5 D in regular Boost 
Epi-On treatments. The magnitude of 
topographic cylinder reduction was 
1.4 D and 0.8 D, respectively. “We 
actually see these results quite early, 
in the fìrst postoperative month,” 
he said. Prof. Mazzotta reported no 
adverse events in his series. “We 
began very conservatively, only 
performing the treatments on eyes 
with corneal thickness of ≥450 µm 
prior to CXL,” he said. 

Dr Cronin said the epithelium 
remains intact after the Boost Epi-On 
procedure. “Effective utilisation of 
preservatives to make the epithelium 
more porous without destabilising 
it has played an important role in 
that,” he said. “In addition, the 
speed of the procedure and the 
use of humidified oxygen seem to 
minimise the risk of postoperative 
epithelial sloughing.”

Patient selection
Dr Cronin said he now chooses Boost 
Epi-On for nearly all his CXL patients, 
in part because of patient preference. 
He reports that he has had six cases 
(out of >100) with epithelial defects 
following Boost Epi-On. “I have found 
that extremely intensive lubrication 
postoperatively greatly reduces the 
risk of epithelial sloughing,” he said. 
Dr Cronin said that his patients who 
had epi-off treatments in their first 
eye and have then undergone Boost 
Epi-On in the fellow eye have been 
much happier with the experience 
the second time around. “I’m 
essentially only performing an epi-off 
procedure if I plan to do a topo-
guided phototherapeutic keratectomy 
(PTK) at the same time,” he said. 

The speed of recovery following 
epi-on has led some surgeons 
to considering routine bilateral 
same-day surgery.10 Although Dr 

2

1

(Figure 1) Topographical flattening seen 1 month after Boost Epi-On CXL. (Image courtesy of Dr Cronin, Queensland Eye Institute).  
(Figure 2) A Boost Epi-On case, with 1.5 D of flattening 6 months after CXL treatment. (Image courtesy of Prof. Mazzotta, Siena 
CXL Center)

cornea
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Cronin said he still performs cross-linking 
on only one eye at a time, he said, “I think I 
would be more likely to consider a bilateral 
treatment with Boost Epi-On for specific 
cases, such as patients who require general 
anaesthesia, must travel long distances, or 
are progressing very rapidly”. 

“In my practice, Boost Epi-On is 
appropriate for patients who already have 
good spectacle-corrected visual acuity and 
just need stabilisation of their keratoconus, 
said Prof. Mazzotta. “But for those 
who would also benefit from refractive 
improvements, I prefer epi-on CuRV.” 

Boost Epi-On procedures may not be 
appropriate for those with very thin corneas. 
“In the past, epi-on has been considered 
a reasonable alternative for thin corneas, 
because it was less effective,” said Dr 
Cronin. “But with these supplemental 
oxygen treatments, the demarcation line 
is quite deep and may not be appropriate 
for a thin cornea. You really need to be just 
as cautious with pachymetry and patient 
selection as with epi-off,” he said.

Prof. Mazzotta agrees. “I’m very 
interested in the opportunities for adjusting 
the treatment energy dose. Not only is this a 
key element of the customised procedures, 
but the difference in demarcation line 
we see with different fluences in CuRV 

demonstrates that adjusting the fluence may 
also be useful in controlling the penetration 
depth of regular Boost Epi-On treatments, 
as well,” he said. He is working on a 
nomogram to balance penetration depth 
and energy, much as he developed for epi-off 
with the M nomogram.11 

“There is much exciting research still to 
be done in this area,” said Prof. Mazzotta, 
“But I think that epi-on is the future of cross-
linking”. 
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CORNEAL COLLAGEN cross-linking (CXL) has three crucial ele-
ments: Riboflavin, UV light and oxygen. More than five years ago the 
Geneva group demonstrated that, in the total absence of oxygen, CXL 
does not work. During the past 10 years, it has been shown that CXL 
loses efficacy with higher irradiances, which was suspected to be due 
to higher oxygen consumption and depletion rates. However, the oxy-
gen availability has never been systematically investigated in respect 
to depth and irradiance.

We are currently investigating the oxygen availability at different cor-
neal depths with UV irradiances ranging from 3 to 30 mW/cm2 in an 
epi-off model. As soon as CXL is initiated, a substantial reduction of 
available oxygen is observed at all measured depths ranging from 100 
to 300 µm. Although the oxygen decay seems to be dependent on the 
irradiance level, the equilibrium concentration of oxygen is the critical 
parameter for efficacy of CXL. For example, at a depth of 100 µm, we 
found a residual steady state oxygen of 2%, which means that there is 

still excess oxygen during the active process of CXL.
The first finding was that under atmospheric 20% oxygen environ-

ment, the detectable oxygen equilibrium threshold during UV irradiation 
shifts anteriorly from 200 µm at 3mW/cm2 to less than 100 µm depth at 
30 mW/cm2. When using a hyperoxygenated environment, this thresh-
old of available oxygen shifts posteriorly for all irradiances, reaching 
200 to 300 microns at irradiances of 15 mW/cm2. These depths corre-
spond remarkably well with the clinically found demarcation line depths.

For the clinician, this means that providing supplemental oxygen can 
compensate for the lack of oxygen at higher irradiance levels. Poten-
tially, continuous irradiances up to 15 mW/cm2 UV might achieve similar 
results to 3mw/cm2 in only one-fifth of the treatment time. Preliminary 
4-month results of epi-off customized CXL with supplemental oxygen 
show substantially increased corneal flattening and regularisation rates. 
In the absence of additional complications seen after 1 year this new 
technique may become the next generation of CXL.

Oxygen, the forgotten gap to enhance CXL?
by Dr Theo Seiler
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Dr Nischal

New tools available for paediatric 
surgeons to optimise surgeries
Wide range of technologies can impact outcomes in young ophthalmic patients

By Lynda Charters; 

Reviewed by Dr Ken K. 
Nischal N

ew devices for use in paediatric surgeries 
are making challenging procedures less 
so. Ken K. Nischal, MD, MBBS, FRCOphth, 
described how he benefits from use of the 

bag-in-the-lens (BIL), precision pulse capsulotomy, 
and integrated intraoperative optical coherence 
tomography (OCT) in children, whose tissues react 
differently from those of adults. 

According to Dr Nischal, the new technologies 
can positively impact the surgical outcomes in these 
patients. 

BIL
This innovation, developed by Mary Jose Tassignon, 
MD, and colleagues in 2005 (Verh K Acad Geneeskd 
Belg 2005;67:277-288), involves creation of one 
opening of the same size in both the anterior and 
posterior capsules. A lens that is grooved fits by 
placement of two leaves into the groove. 

“This results in sequestration of the lens epithelial 
cells and thus elimination of opacification in the 
visual axis,” according to Dr Nischal, division chief 
and professor ophthalmology, University of Pittsburgh 
and Children’s Hospital of Pittsburgh of the University 
of Pennsylvania Medical Center, Pittsburgh, USA. 

Dr Tassignon developed foldable rings to ensure 
creation of a precise capsulotomy. The rings are 
placed on the capsule and covered with a viscoelastic 
agent and serve as a template to create the opening. 

“If surgeons are having difficulties doing paediatric 
cataract surgeries, the rings can be used to get the 
correct sizing of the opening,” Dr Nischal said. “Even 
though a child’s capsule is elastic, this works.”

A posterior capsulorhexis is created using the 
anterior opening as the template. Dr Nischal 
explained that in a 4-year-old child. The lens 
appeared the same two years postoperatively as it did 
on the first day postoperatively, with a perfectly clear 
visual axis. 

There is a learning curve attached to this 
procedure, in that it can be difficult to get the two 
capsules anchored into the groove, Dr Nischal noted. 

Precision pulse capsulotomy
Capsulotomies are always challenging, so 
simplification of the process is desirable. Ramesh 
Kekunnaya, MD, and colleagues developed a 
technique to automate capsulotomies in paediatric 
patients to remove the guesswork that is associated 
with the manual procedure (BMJ Open Ophthalmol 
2019;4:e000255).

Dr Nischal explained that the technique uses 
a fine alloy that is extremely flexible and, in this 
procedure, is placed in a hood of silicone. The hood 
opens and applies suction to the capsule. Nanopulses 
of electricity travel along the alloy and vaporise the 
water between the alloy and the capsule to create 
a 360º simultaneous capsulotomy, Dr Nischal 
described.

After the lens material is removed, an opening left 
is slightly larger than it was originally.

“This technology may become useful if it can be 
made to a small size for use with children,” he said.

OCT for paediatric cataract
Dr Nischal believes integrated intraoperative OCT is 
helpful for planning and teaching and is especially 
helpful in complex cases. A benefit is that while 
looking through the microscope, the surgeon can see 
the OCT image and the surgical image in one ocular. 

‘This technology may become 
useful if it can be made to a 
small size for use with children.’

– Dr Ken K. Nischal

  New technologies provide better 
outcomes for paediatric patients.

IN SHORT 



He explained how he uses this technology in 
a number of different clinical scenarios.

While performing all of his paediatric 
cases, Dr Nischal first removes the 
peripheral soft lens material, which differs 
to the approach in adult surgeries, and 
removes the nuclear material last. 

“At this stage, if vitreous emerges, it 
can be tamponaded; remember congenital 
defects in the posterior capsule are much 
more common in children with cataracts,” 
he advised and pointed out that the OCT 
visualises vitreous in real time, and because 
of this the need for air or triamcinolone 
staining is eliminated.

In the demonstration of a case, he 
tamponaded the vitreous with a viscoelastic 
agent and then converted the opening into a 
posterior rhexis and performed an anterior 
vitrectomy.

In cases of traumatic cataracts, using 
OCT, the surgeon can easily differentiate 
lens material from vitreous. “This integrated 
OCT is a very useful technology for that,” 
he stated.

Cases of intumescent cataracts are 
always problematic because of the presence 
of fissures filled with fluid that are under 
pressure. Upon entering the eye, the fluid 
is released rapidly, which results in a tear 

to the equatorial region. To counter this, Dr 
Nischal simultaneously uses an irrigating 
cannula and an MVR blade or needle. 

“When I enter the eye, I aspirate at 100%, 
which results in a controlled tear,” he said. 
This procedures eliminates the lakes of 
fluid, which helps control the surgery.

A pearl for performing paediatric surgery 
is recognising that removal of the lens 
matter results in forward bowing of the 
posterior capsule due to positive vitreous 
pressure. 

“In this scenario, the posterior capsule is 
being pushed into the anterior chamber,” Dr 
Nischal said. “For novice surgeons learning 
paediatric cataract surgery, this is not 
readily apparent. I have seen many fellows 
enter the eye with an instrument and 
inadvertently hit the posterior capsule.”

Using integrated OCT provides surgeons 
with a much better understanding of what is 
happening in the eye.

Another pearl involves creating a 
posterior capsulorhexis in children, which 
differs from adult cataract surgery where the 
posterior capsule is invariably left intact. 

In children, an intact posterior capsule 
will opacify. Once a posterior capsulorhexis 
is done and the lens placed in the capsular 
bag, the viscoelastic is removed. 

At this time, Dr Nischal explained that 
the infusion bottle is lowered so that the 
pressure of the infusion does not push the 
IOL through the posterior capsular opening 
into the vitreous.

Complex case
Finally, he described a highly complex case 
of a 4-year-old boy who ran into the end of a 
kitchen knife, which resulted in a traumatic 
cataract and scarring and the need for a 
corneal transplant and cataract removal. 

Dr Nischal planned a dual surgery, which 
would not have been possible before OCT 
was integrated into the process, which 
visualised the stalk between the damaged 
lens and the scarred cornea. This allowed 
the severing of the stalk and inflation of the 
anterior chamber with viscoelastic. 

Dr Nischal said the cataract was removed, 
an IOL placed in the bag and the corneal 
graft completed. 

“The availability of this technology 
changed the outcome for this child,” he 
concluded.

+ NEW MODEL PREDICTS 
ROP BASED ON BIRTH 
CHARACTERISTICS
A model based on simple birth 
characteristics may provide a new, more 
efficient method for predicting the need 
for retinopathy of prematurity treatment 
in infants. Aldina Pivodic, MSc, and 
colleagues wanted to see if they could 
avoid unnecessary screenings by using a 
predictive model for ROP risk based only on 
postnatal age, birth weight, sex, gestation 
age and important interactions. 
Go to OphthalmologyTimes.com/Retina/
PrematureBirthModel

+ TOPICAL DME DRUG 
SHOWS PROMISE IN PHASE 
II TRIAL
A novel eyedrop formulation of 
dexamethasone was found to reduce 
swelling and improve vision in a phase 
II trial of patients with diabetic macular 
oedema (DME). The proof-of-concept study 
evaluated the efficacy of the drug, OCS-O1, 
based on the change to central macular 
thickness and best-corrected visual acuity 
at the end of 12 weeks when compared 
with a vehicle eye drop. 
Go to OphthalmologyTimes.com/DME/
Phase3Trial

+ COMING TO TERMS WITH 
‘ULTRA-WIDEFIELD’ AND 
‘WIDEFIELD’ IMAGING
The International Widefield Imaging Study 
Group has released recommendations for 
classifications and guidelines for defining 
“widefield” and “ultra-widefield” imaging. 
Though ultra-widefield is the new standard 
of care for fundus imaging in patients with 
retinal vascular diseases, no standardized 
definition existed. 
Go to OphthalmologyTimes.com/
ComingTermsImaging
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Janssen RP gene therapy candidate  
receives EMA designations
The Janssen Pharmaceutical Companies of Johnson & Johnson 
announced that the European Medicines Agency (EMA) has granted 
both PRIME (PRIority MEdicines) and Advanced Therapy Medicinal 
Product (ATMP) designations to the company’s adeno-associated virus 
(AAV)-RPGR gene therapy product for the treatment of inherited retinal 
disease X-linked retinitis pigmentosa (XLRP). 

PRIME is awarded to increase interactions, optimise development 
plans and accelerate innovative treatments where there is unmet med-
ical need. 

Similarly, ATMP status is granted to medicines that are based on 
genes, tissues or cells and can offer groundbreaking opportunities for 
the treatment of disease. 

The novel AAV-RPGR asset, which is being jointly developed with 
MeiraGTx Holdings plc, also received fast-track designation from the 
FDA and orphan designations from the FDA and the EMA.

The PRIME designation is based on data from the ongoing Phase I/II 
clinical trial (NCT03252847). 

“The PRIME and ATMP designations for our gene therapy asset are 
important achievements for Janssen’s growing retinal portfolio and bring 
us one step closer to delivering a transformational therapy to European 
patients living with X-linked retinitis pigmentosa,” said Dr James List, 
global therapeutic area head, cardiovascular and metabolism, Janssen 
Research and Development LLC. 

XLRP represents one of the most severe forms of retinitis pigmen-
tosa, resulting in juvenile onset and progression to legal blindness in 
adulthood. Currently, there are no approved treatments. Janssen’s AAV-
RPGR gene therapy is designed to treat the most common form of XLRP, 
caused by mutations in the RPGR gene, by slowing the retinal degenera-
tion and preserving visual function.

For more information, go to www.janssen.com

Heidelberg Engineering 
relaunches HRT3 RCM in  
vivo corneal microscope 
Heidelberg Engineering announces the re-introduction of its HRT3 
Rostock Cornea Module (RCM) to offer in vivo corneal confocal micros-
copy in its anterior segment product portfolio, supporting cornea special-
ists worldwide to further improve patient care. 

The compact ophthalmic device uses confocal scanning laser micros-
copy to provide high-resolution images of the cornea, the conjunctiva, 
or the limbus at the cellular level. The company collaborated with the 
research group of Prof. Dr Rudolf Guthoff at the University of Rostock, 
Germany, to develop a dedicated lens and software application for the 
HRT platform that enables in vivo microscopy of the cornea. 

The device provides unique en face images of corneal cells and struc-
tures. It scans the cornea with a field of view of up to 400 x 400 μm, 
resulting in high-resolution images that allow the user to navigate through 
all corneal layers—including the subdifferentiation of various epithelial 
cell layers—to identify keratocytes subpopulations and even visualise 
the corneal subbasal nerve plexus. This comprehensive in vivo assess-
ment of the cornea can aid clinicians in the diagnosis and monitoring of 
corneal pathologies, pre- and post-surgery evaluation, the assessment 
of dry eye disease, and in the evaluation of corneal nerve structure in dia-
betic patients. 

HRT3 RCM will be relaunched in spring 2020, including a new headrest 
for corneal assessment. It will also integrate into the company’s HEYEX 2 
image management software environment, which enables new function-
alities for streamlined workflows, such as automated report generation 
and archiving, or drag-and-drop exports for paperless data sharing. 

For more information, go to www.heidelbergengineering.com (Image courtesy of Heidelberg Engineering)
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