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Balancing Act
This ultra-widefield image of a choroid was submitted by Kelly Aileen Oldstein, an Ophthalmic Photographer at Chester
County Eye Care, PA, USA. Explaining how producing art reignites her passion for ophthalmic photography, Oldstein says:
“Like a muscle, creativity can atrophy. To find balance in work, space must be left for play.”

Credit: Kelly Aileen Oldstein, Certified Ophthalmic Photographer at Chester County Eye Care, and owner of Kelly Aileen Photography, Chester County, PA.

Do you have an image you’d like to see featured in The Ophthalmologist?
Contact edit@theophthalmologist.com
www.theophthalmologist.com

C o n te n t s

ISSUE 58 - OCTOBER 2018
Editor - Ruth Steer
ruth.steer@texerepublishing.com
Assistant Editor - Phoebe Harkin
phoebe.harkin@texerepublishing.com
Content Director - Rich Whitworth
rich.whitworth@texerepublishing.com
Publishing Director - Neil Hanley
neil.hanley@texerepublishing.com
Associate Publisher - Abigail Mackrill
abigail.mackrill@texerepublishing.com
Head of Design - Marc Bird
marc.bird@texerepublishing.com
Designer - Hannah Ennis
hannah.ennis@texerepublishing.com
Junior Designer - Charlotte Brittain
charlotte.brittain@texerepublishing.com
Digital Team Lead - David Roberts
david.roberts@texerepublishing.com
Digital Producer Web/Email - Peter Bartley
peter.bartley@texerepublishing.com
Digital Producer Web/App - Abygail Bradley
abygail.bradley@texerepublishing.com
Audience Insight Manager - Tracey Nicholls
tracey.nicholls@texerepublishing.com
Traffic & Audience Database Coordinator - Hayley Atiz
hayley.atiz@texerepublishing.com
Traffic & Audience Associate - Lindsey Vickers
lindsey.vickers@texerepublishing.com
Traffic Manager - Jody Fryett
jody.fryett@texerepublishing.com
Traffic Assistant - Dan Marr
dan.marr@texerepublishing.com
Events Manager - Alice Daniels-Wright
alice.danielswright@texerepublishing.com
Marketing Manager - Katy Pearson
katy.pearson@texerepublishing.com
Financial Controller - Phil Dale
phil.dale@texerepublishing.com
Accounts Assistant - Kerri Benson
kerri.benson@texerepublishing.com
Vice President (North America) - Fedra Pavlou
fedra.pavlou@texerepublishing.com
Chief Executive Officer - Andy Davies
andy.davies@texerepublishing.com
Chief Operating Officer - Tracey Peers
tracey.peers@texerepublishing.com

10

Change of address
info@texerepublishing.com
Hayley Atiz, The Ophthalmologist,
Texere Publishing, Haig House, Haig
Road, Knutsford, Cheshire, WA16 8DX, UK

05

Image of The Month

09

Editorial

Minor Modification,
Major Impact by Ruth Steer.
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Minor Modification, Major Impact
Change – it’s what drives the world forwards.
But do we always recognize when it’s needed?

Ed i to r ial

n page 40, Erin Shriver shares how she saw the
need for change, and explores how she was
stirred into action – and why she is urging
other ophthalmologists to recognize the same
need for change.
For Erin, it all started with an awkward conversation.
When faced with a patient who had an orbital floor fracture
– the result of intimate partner violence (IPV) – she realized
that she didn’t know what to say. And she is not alone. On
discovering that 45 percent of IPV-related injuries occur around
the eye, it dawned on Erin that other ophthalmologists weren’t
getting involved in a clearly important issue – and that it might
be because they are also unsure of what to say. Making it her
mission to improve matters, Erin began conducting research
in earnest and teamed up with an IPV specialist – and she has
been leading a global call to action ever since.
The reason for my editorial title? Erin’s call to action – which
aims to have big impact on the lives of patients affected by IPV
– actually relies on ophthalmologists making just a few small
changes. By being more aware of the issue and by altering just
a few practical elements of care, it is possible to more easily
identify and manage those who may have sustained an IPVrelated injury – with a view to their future safety.
Erin has also fully considered the bigger picture: “As
ophthalmologists, we have the ability to permanently – and
positively – alter our patient’s lives. But why stop there? We are
also in a unique position as clinicians to affect large scale social
change.” By partnering with global organizations, and being
involved in initiatives to celebrate “Champions of Change,”
Erin is making the most of that unique position – and I find her
inspiring. Not only did she recognize the need for change and
tackle it head on – she also made it her mission to help others
make the same changes. It is often said that “change is never
easy,” but it seems to me that Erin has clearly demonstrated
that minor modifications can have a big impact.

O

Ruth Steer
Editor

www.theophthalmologist.com
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Printed Vision
US researchers are the first to
fully 3D-print a ‘bionic eye’
In the quest to beat blindness, a team at
the University of Minnesota, USA, has
successfully 3D-printed a “bionic eye”
(1). The hemispherical photodetector
array is made of five material layers,
and can be 3D-printed in an hour
under ambient conditions. “The
organic photodetectors are the active
layer, and translate optical information
into electric readout through excitation
from external light,” explains Ruitao
Su, one of the researchers working on
the project.
The team, which holds a patent on
3D-printed semiconducting devices,
measured the efficiency of light-toelectricity conversion by calculating the
ratio between the number of generated
electrons and incident photons –
k now n as the ex terna l quant um
efficiency (EQE). The photodetector
performed admirably with an EQE of
25.3 percent. “The high efficiency of
the photodetectors, and the ability to
readily customize the design size and

Credit: University of Minnesota, McAlpine Group.
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layout, demonstrated that 3D-printed
optoelectronics have the potential to match
those of microfabricated devices,” says Su.
Unsurprisingly, the bionic eye is still a
long way off being useful to patients…
“A vision system with on-board power
supply and interface to visual neurons
needs to be developed first,” says Su. “We
also need to verify our ability to print the
photodetector array conformally onto
eyeball-shaped soft tissues, and conduct
experiments to validate biocompatibility
and functionality.”
Reference
1.

SH Park et al., “3D printed polymer

photodetectors”, Adv Mat, [Epub ahead of
print], (2018). PMID: 30151842.

YAMANE
Then There
Was Light
Jody Culham, Professor
of Psychology at Western
University, Ontario, Canada,
describes a curious case
of blindness
Who?
Milena Canning suffered a respiratory
infection and a series of strokes that
damaged her occipital lobe – the part
of the brain responsible for processing
vision. When she emerged from an
eight-week coma, she was completely
blind. One day, when a friend brought
in a gift bag, she noticed that it looked
“sparkly” – the first of many experiences
where she was able to report seeing
motion. When she told her physicians,
they suggested she was hallucinating.
Someone suggested she meet with
a neurologist, Gordon Dutton, in
Glasgow, UK. He diagnosed it as
Riddoch syndrome.
What is it?
Riddoch syndrome was first described by
George Riddoch in 1917 after studying
five soldiers who had damaged the visual
parts of their brains. Like Canning,
these patients couldn’t see stationary
objects in some parts of their visual field,
but they could see moving objects.
What happened next?
Rather than telling Milena
to d isreg a rd her st r a n g e
perceptions, Gordon
encouraged her to learn
how to use them in
everyday tasks; for
example, navigating
around obstacles. He
even ‘prescribed’ a
rocking chair (on the

notion that if Milena were
moving, she may have more
awareness) and horseback
riding lessons at a school for
the blind. Her vision continued to
improve. Gordon put her in touch with a
colleague of mine at Western University:
Mel Goodale. Along with our colleagues
and trainees, Mel and I tested Milena
several times over about a decade.
How?
Using anatomical and functional brain
scans, we found that although most of
her occipital lobes were damaged, she
had sparing of a region known as MT+
that is critical for seeing motion. We
learned that some “blind” patients can
learn to take advantage of some residual
vision even if it’s not enough for normal
vision. The next big issue to address is
whether certain therapies – or even the
encouragement to use residual motion
perception in everyday life – may aid in
the recovery of vision.
The upshot?
It’s highly unlikely that Milena would
ever recover full, normal vision,
considering the extent of damage to
her occipital lobe. Nevertheless, the fact
that she has recovered some vision and
learned how to use it to function better
in daily life is still a benefit. Each time
we’ve tested her, she’s said her vision
is better, so there’s hope that it will
continue to improve, even if not
to full capacity.
One of the reasons Gordon
Dutton has been passionate
about this case is that he thinks
it’s important that physicians
gain a better realization
that vision is not all or
none, and some of the
strange phenomena
patients report
may, in fact, aid in
partial recovery.
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Retinal Imaging
in Your Hand
Introducing HAOSLO –
a breakthrough pocketsized device able to image
individual photoreceptors
in infants
Making a cumbersome device more
portable often results in broader
applicability and greater convenience
(think desktop>laptop>tablet). Some
miniaturization challenges, however,
seem insurmountable: how exactly do
you turn an adaptive optics scanning laser
ophthalmoscope (AOSLO) – something
the size of a billiard table – into a pocketsized device? After all, AOSLO has to
be big to accommodate and integrate the
AO components: a wavefront sensor to
detect optical aberrations and a deformable
mirror to compensate for those aberrations.
Without them, you can’t achieve accurate,
high-resolution imaging. With them,
AOSLO is limted to ‘easy’ patients who can
sit upright and fixate for several minutes,
which excludes young children and supine
or semi-recumbent adults (for example,
anaesthetized patients).
Or can they? Now, a team from Duke
University (Durham, NC, USA) has
managed to reduce AOSLO to the size
of a small book (about 10 x 5 x 14 cm).
An essential element of this impressive
shrinking exercise was the adoption of

Mapping
Mechanisms
Using high-throughput
screening to uncover novel
genes for retinal regulation

wavefront sensorless
(WS) technology, which
replaces the physical
wavefront sensor with an
algorithm. This innovation,
when combined with a novel
opto-mechanical design and
a miniaturized deforming
mirror, eliminated much of
the volume requirement of
standard AOSLO. But
miniaturization alone
wasn’t sufficient; the
movement associated
with a hand-held device
continually changes the
path of light through the
eye’s optics, so the team had
to develop a novel stochastic
Zernike gradient descent (SZGD)
algorithm to allows dynamic correction.
Sounds great in theory – but how does
the hand-held AOSLO (HAOSLO) fare
in reality? In healthy volunteers (seven
undilated, semi-supine adults and five
pharmacologically dilated, supine adults),
HAOSLO imaged individual cones close
to the fovea. Importantly, HAOSLO also
provided images of individual cones in two
anesthetized infants – the first known use
of AO in young children.
What are the implications? The ability
to image cones within or at the edge of
the foveal vascular zone, with a portable,
hand-held device, could dramatically
enhance the study and management of
ophthalmological disease. For example,
assisting diagnosis of retinal disease, or

The more complex a tissue’s function, the
more complex its structure. The retina
is no exception; its intricate function
depends on the precise organization of
its neural and vascular components. And
though vision relies on retinal structure,
little is known about what actually
drives – and controls – such precise

assessing the efficacy
of gene therapy.
Furthermore,
H AOSL O c ou ld
be combined w it h
other modalities, such
as split detector AOSLO
or fluorescence imaging, to provide
clinicians with a multifunctional platform
technology. Other future developments
could also include algorithm modification
for use in eyes where light scatter is an issue.
Such improvements will be facilitated by
the team’s decision to make their optical
and mechanical design and software –
including the novel SZGD algorithm
– open source, effectively putting their
breakthrough work into the hands of the
community (2).
References
1.

T DuBose et al., “Handheld adaptive optics

2.

http://people.duke.edu/~sf59/HAOSLO.htm

scanning laser ophthalmoscope”, Optica, 5,
1027-1036 (2018).

regulation. A team from the Baylor
College of Medicine, USA, developed
a high throughput retina screening tool
– INSiGHT – to dig deeper into the key
genes driving retinal regulation.
By analyzing 102 mutant mouse lines
for topographic patterning of blood
vessels and retinal cells, cellular integrity

Figure 1. Graphical abstract showing how the team uncovered 16 genes

responsible for distinct aspects of retina organization. Credit: NE Albrecht et al., (1).

and synaptic organization, the team identified 16 key genes
involved in regulating retinal structure and function (Figure
1). “The results of our study represent a leap forward in our
ability to identify and map gene function in the eye,” says
Melanie Samuel, corresponding author (1). “One surprising
feature was the diversity in the biological functions of the genes
we uncovered, which highlights the importance of conducting
unbiased screens in animals in order to map regulators of the
retina, brain and other organ systems.”
The team hope that identifying these 16 genes will enable
further understanding of the pathways that control normal
retinal organization and function. They also hope it will help
identify new causes of retinal dystrophy, as well as provide
an opportunity to model the disease process and perhaps
even test potential therapies. But their work also feeds into a
bigger picture: “All of the genes we identified have orthologs
in humans, and several have been implicated in rare forms
of human brain disease. This is important because, from a
biological perspective, the retina is a literal window into the
brain,” says Samuel. “This study thus provides a platform for
understanding the pathways and pathologies that affect not
only the retina but also the brain.”

Making the
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Oertli makes the difference. With surgical platforms and
instruments of impressive quality that make cataract,
glaucoma and vitrectomy surgery even safer, easier
and more efficient. With lasting innovations and new
technologies that have long term impact on ophthalmology.
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OR personnel. And in consistent persuit to accomplish the
very best for users and patients.
www.oertli-instruments.com

Reference
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NE Albrecht et al., “Rapid and integrative discovery of retina regulatory
molecules”, Cell Rep, 24, 2506–2519 (2018). PMID: 30157441.

E yE surgEry. swis s madE .

14

 I n M y V iew

In My
View
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deal with any aspect
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Contact the team at edit@
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Unlock the
Surrogates

approaches are routinely invoked as the
basis for treatment decisions and surgical
interventions, they are known to be
suboptimal (1). In particular:

Current methods of
diagnosing and monitoring
glaucoma sometimes fail
physicians and patients alike
– could molecular biomarkers
open the door to better
outcomes?

•

•

•
By Rajendra S. Apte, Paul A. Cibis
Distinguished Professor of Ophthalmology
and Visual Sciences, Developmental Biology
and Medicine, Washington University School
of Medicine, St. Louis, MO, USA
The importance of adequate monitoring
and management of glaucoma needs no
reinforcement. Glaucoma-related death
of retinal ganglion cells (RGCs) cannot
be reversed: early diagnosis is therefore
critical, as without timely detection,
therapeutic intervention may be too late
to prevent permanent vision loss. Yet our
options for screening and monitoring the
progression of this disease, particularly
in its early stages, are profoundly
unsatisfactory – and glaucoma remains
one of the leading causes of blindness
worldwide. How might we resolve this
situation? In my view, development of
molecular biomarkers – quantifiable
surrogates of disease progression
and therapeutic response – could
transform the management of this most
problematic disease.
At present, glaucoma diagnosis and
monitoring rely on measurements of
IOP, visual field (VF) changes and optic
nerve (ON) imaging. But although these

Perimetric VF tests are subjective
in that they depend on the patient
responding to a projected light,
and changes in VF testing can take
a long time to manifest. They are
also reflective of RGC death which
is not reversible.
IOP is not precisely correlated with
disease diagnosis or severity, and
tonometric IOP measurements can
be affected by other factors, such as
variations in corneal thickness.
Assessments based on ON imaging
techniques such as OCT require
normative databases – which are not
yet fully validated, and may introduce
errors related to the subjective
definition of the rim margin.

Clearly, we need to replace these measures
with new surrogates that specifically reflect
glaucomatous neurodegeneration. The ideal
marker would be present in accessible
biological tissues, and would also predict
clinical outcomes and treatment effects.
Could such molecules exist?
According to our recent findings, they
just might. We recently reported (2) that
growth differentiation factor 15 (GDF15) could be a biomarker of RGC death
and glaucoma severity. In brief, we tested
the effect of axonal injury (rodent optic
nerve crush (ONC) model) on a panel
of 88 retinal cytokines / growth factor
genes, and demonstrated that only one
of these genes, gdf-15, had an expression
pattern that specifically correlated with
RGC death. We also showed GDF-15
increased in the aqueous humor (AH)
following ONC, and that these GDF15 elevations originated in the retinal
nerve fiber layer, where RGCs reside.
Importantly, gdf-15 expression was
unrelated to age and was not upregulated

I n M y V iew
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in murine models of photoreceptor death
or ocular inflammation; the elevated
expression therefore appeared to be
specific to axonal injury. We also found
increased gdf-15 expression in a murine
glaucoma model and elevated GDF15 protein in aqueous humor samples
from human patients with primary open
angle glaucoma (POAG). Finally, we
demonstrated that higher GDF-15 levels
were correlated with increased disease
severity, and predicted worse VF test
results, in human POAG patients.

Collectively, these preliminary studies
suggest that AH levels of GDF15 cou ld ind icate glaucomatous
neurodegeneration. Although further
studies are needed to investigate the
potential of GDF-15 as a biomarker
of disease and predictor of therapeutic
response, GDF-15 may be one of the
strongest candidates yet identified.
But there may be more waiting to be
found, and identifying quantifiable
biomarkers such as this is essential
if we are to reliably monitor disease

and rationally manage patients, as well
as significantly enhance our ability to
influence retinal neurodegeneration.

AI: The Future
Is Now

the temptation to change the title to “The
Future Was Yesterday.”
AI is indeed coming to your clinic, and
it is doing so at lightning fast speed. For
instance, RETINA-AI has just developed
and released Fluid Intelligence, the world’s
first mobile AI app for eye care providers,
capable of detecting macular edema and
subretinal fluid on OCT scans. And earlier
this year, the FDA issued the first approval
of a diagnostic AI device in medicine, IDxDR, for use in primary care settings as an
automated diabetic retinopathy screening
tool. And these two developments are just
the beginning.
One potential source of worry for many
people – not just in ophthalmology but
across all industries – is how AI will affect
the workforce. “Will I lose my job to AI or
to a robot? If a robot can someday perform
cataract surgery flawlessly, how will such
a development affect my income?” These
concerns are understandable. Some AI
proponents swear that there will be no
changes to the healthcare workforce in
the age of AI. This is not true. Some AI
antagonists, on the other hand, swear that
AI will lead to massive job loss and overall
apocalyptic change. Also not true.
Undeniably, AI will change the way
we care for our patients. It will indeed
eliminate the need for humans to perform
certain types of healthcare tasks; however,

it will also create a need for new healthcare
tasks that can only be done by humans.
It is no wonder some are calling AI the
fourth industrial revolution. The first was
steam-powered, the second was electricitypowered, the third was information
technology and internet-powered, and
now the fourth is AI-powered. Just like the
three prior, this revolution also represents
advancement in human technological
capacity, which is generally a good thing.
Of note, the development of AI systems
is necessarily a ‘cottage industry,’ which
requires direct input and direction from
human experts — indeed, the use of AI
systems within ophthalmology will always
require oversight by ophthalmologists.
For instance, though AI can now
diagnose macula edema and a number
of other conditions from OCT scans, an
ophthalmologist is still needed to confirm
the diagnosis and to make the final
treatment decision.
We live at an exciting time in history.
We are entering the era where ophthalmic
care will be driven by ophthalmologists
but enhanced by AI. This time presents
the opportunity to both build and use
revolutionary AI technology to attain
unprecedented benefits for our patients.
It is a time of smarter diagnostics,
smarter treatments and smarter AIenhanced physicians.

How artificial intelligence
(AI) is revolutionizing
ophthalmology – for patients
and physicians.

By Stephen Odaibo, retina specialist,
computer scientist, full-stack AI engineer
and co-founder of RETINA-AI
I recently spent an afternoon working
from my local coffee shop. As I pulled
out my laptop, I couldn’t help but think
how fast the year had gone by. I was there
to prepare for a course I first taught in
2017 at the Joint Commission on Allied
Health Personnel in Ophthalmology
(JCAHPO). It was called “Using Artificial
Intelligence to Improve Retina Care: The
Future Is Now.” One thing that struck
me was the staggering progress that had
been made in AI in the short 12 months
since I first taught the course. I resisted

References
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Trends in Molecular Medicine, 24, 7-17
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Leaders in the field share their
insights on adjustable lens
technologies – and look ahead to
changing times for cataract and
refractive surgery
Focused on the Future
L o ok i ng a head t o
t he adju s t a ble len s
te c h nolo g ies of
t omor row

refractive error, a piggyback IOL may be considered. If it is a
rare large refractive error or other indication, such as intolerable
dysphotopsias, an IOL exchange may be indicated. However,
adjustable lens technologies may represent a future paradigm in
cataract and refractive surgery, and the algorithm for managing
the unhappy patient will evolve – as will our approach to surgery.

B Y G E O R G E O. WA R I NG I V

Adju s t a ble te c h nolo g ies

When faced with a patient who is unhappy with their refractive
outcome, we follow a specific diagnostic and treatment algorithm.
First, we evaluate for residual refractive error. Next, we need to
ensure that the ocular surface is optimized, as light scatter can
often be a contributing factor to refractive outcomes. We also
evaluate for posterior capsule opacification (PCO); as early PCO
can result in light scatter, which may impact visual quality. A
small residual refractive error will likely be corrected through a
laser vision enhancement on the cornea. For a larger hyperopic

Adjustable lens technologies fall into two main sub-categories:
directly adjustable technologies and modular approaches, each
with their unique benefits and potential indications.
Direct refractive adjustment technologies hold great promise.
As they are minimally invasive, they can be performed in
office so there is no need for the patient to re-enter the OR.
The recent FDA approval for RxSight’s light-adjustable lens
was a milestone in the history of refractive cataract surgery,
and it represents a big ‘win’ for our profession with the first
FDA approval for a modifiable IOL technology.
www.theophthalmologist.com
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One of the most exciting things I have had the pleasure
of being involved with over the last few years is refractive
index shaping of IOLs (RIS; Perfect Lens), which is designed
to adjust an implanted IOL using a femtosecond laser in a
minimally invasive fashion. With preliminary bench data
showing that the technology can modulate and correct for
most optical circumstances – myopia, hyperopia, astigmatism
and spherical aberration – as well as add, reverse or customize
multifocality, this extraordinarily flexible technology would
be applied in a very straightforward fashion with application
of an in-office femtosecond laser, with the option of multiple
treatment applications.
We have also had the pleasure of working with evolving
modular technologies which could also be game-changing for
our field. The Gemini refractive capsule (Omega Ophthalmics)
represents one of the first modular IOLs. I believe that the
technology has great promise as it gives us scope for multiple
aspects. Not only will the technology allow insertion of a
prosthetic capsule, but it will also allow the possibility of
IOL exchange in the future; if a patient wishes to upgrade or
downgrade their lens, it will become more straightforward.
The technology will also allow surgeons to account for
effective lens position (ELP) fluctuation over time and, as the
refractive capsule appears to have a unique characteristic of
decreasing PCO incidence (through keeping the anterior and
posterior capsule surfaces separated), ELP fluctuation should
be minimized. Another exciting aspect of the technology
is the potential working space for the integration of future
technologies, such as drug eluting implants or monitoring
devices. And perhaps most exciting of all is the potential to
integrate augmented reality technologies, which could allow
the user to check their email or a google map, or watch a
movie through a microchip. It is very futuristic, but it could
be within the realm of possibility. Other promising modular
technologies such as the Harmoni adjustable IOL (ClarVista
Medical) are also in development.

L o ok i ng a head

The aforementioned adjustable technologies should have widespread
applications in our field. Undoubtedly, pediatric cataract patients
would benefit as they can undergo adjustments as their refraction
changes over the years. Modular technologies would be great for
pediatric cataract patients as they tend to have more rapid PCO,
and PCO reduction is where modular technologies really shine.
On the other hand, adjusting an implanted lens non-invasively with
RIS would be wonderful for pediatric patients as they wouldn’t
need multiple surgeries throughout their lifetime. Similarly, as
RIS can be performed on different commercially-available acrylic
IOLs, there exists a potential universal solution to retrospectively

adjust the millions of IOLs that have been implanted in patients
who now want multifocality – or don’t like their multifocality
because it was an earlier iteration or lens design.
Given the disruptive nature of these technologies, we could see
a major paradigm shift in the market. RIS could really flip things
on their head; instead of having hundreds of different IOLs
manufactured and in stock, there could be a single model that
can be customized preoperatively for the patient and finetuned
after implantation. Who knows? We might even reach a stage
where these technologies ‘crossover.’ Imagine an IOL implanted
into the Gemini refractive capsule that could be adjusted by RIS,
without the need to go back into the OR – whilst also leaving
flexibility for the implementation of futuristic technologies.
Whatever happens, adjustable lens technologies are set to be
a gamechanger for cataract and refractive surgery, and I am
excited to be a part of this change.
George O. Waring IV is Founder and Medical Director of The
Waring Vision Institute in Mount Pleasant, SC, USA.
Waring reports that he is on the scientific advisory boards for
Perfect Lens and Omega Ophthalmics.

E x a mp l e s of A dj u s t a b l e
L e n s T e c h n ol o g i e s (1)
Technologies requiring surgical adjustment
• Multicomponent lenses featuring a base lens and
an exchangeable front optic
• Precisight (InfiniteVision Optics)
• Harmoni (ClarVista Medical)
• Mechanically adjustable
• Acri-Tec AR-1 IOL
Non-invasive adjustment technologies
• Magnetically adjustable
• Liquid crystal technology with wireless control
• Femtosecond laser adjustment technologies
• Perfect Lens
• Alcon
• Chemical adjustment using two-photon
chemistry
• Light-adjustable technology
• Light adjustable lens (RxSight)

Feature

Pe r s p e c t iv e s
f r o m t h e B e nc h
W E DISCUS S TH E
POTEN TI A L OF
A D J U S TA B L E L E N S
T E C H NO L O G Y W I T H
L I L I A NA W ER N ER , ON E OF
T H E WO R L D L E A D E R S I N I O L R E S E A R C H
What has driven the development of adjustable lens technologies?
Incorrect IOL power calculation resulting from incorrect
measurements of the eye is the most likely cause of refractive
errors after cataract surgery, and this may require explantation
of the lens. Furthermore, as current standards regarding IOL
power labeling allow a certain tolerance, the power in the label
may not reflect the actual precise power of the lens. In the
near future, the problem of incorrect IOL power will likely
be exacerbated by the rising popularity of laser refractive
surgeries, the increasing expectations that patients place on their
physicians to give them ‘perfect’ vision, and the arsenal of IOLs
currently available. All of these facts warrant the development
of postoperative IOL adjustment technologies.
Which adjustable technologies hold the most potential?
Many technologies – which we described in a 2014 review (1)
– have potential (see Examples of Adjustable Technologies).
Although some of them are still far from reality, other examples
of non-invasive technology are really promising and closer to
reality, with upcoming clinical studies. For example, take the
Perfect Lens femtosecond laser system, where in vitro and ex
vivo studies have shown that the modulation transfer function
(MTF) values obtained after inducing multifocality are similar
to those of commercially available multifocal lenses. You cannot
only choose the add power, but you can also choose how the
light energy is going to be split for near and far.
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What key results have come from your laboratory?
We have worked on several adjustable technologies. We have
performed all the pre-clinical studies on the light adjustable
lens (Calhoun/RxSight) to establish the biocompatibility of
the adjustment and lock-in procedure, as well as assessing
if irradiation of the lens was associated with any toxicity to
intraocular tissues, such as the cornea or retina (2, 3).
We have also performed different pre-clinical studies on the
Harmoni modular lens system (ClarVista Medical) to evaluate
biocompatibility, and ease of explantation and exchange of
the optic component (4–6). Through in vitro studies, we have
evaluated the optical quality of commercially available lenses
after power adjustment by the Perfect Lens femtosecond laser
system, as well as pre-clinical in vivo studies to evaluate the
biocompatibility of power adjustment (7, 8).
What are the notable benefits – and potential pitfalls
– of adjustable technologies?
• Light adjustable lens: a clear benefit of this procedure is
that the adjustment procedure is non-invasive. However,
a specialized three-piece silicone lens is required, and
patients have to wear UV protective glasses until the new
lens power is ‘locked in’ – once the power is locked in, no
more adjustments are possible.
• Harmoni modular IOL technology: with this system,
the optical component can be easily exchanged, without
manipulating the base and causing stress to the zonules. A
secondary surgery is however required for the adjustment.
• Perfect Lens: the power adjustment can be performed in
commercially-available lenses in a non-invasive manner
using the femtosecond laser. The adjustment procedure
is very fast and multiple adjustments are possible – and
potentially reversible. Ongoing studies are so far very
promising, but I am sure we will learn a great deal from
upcoming clinical studies, including any possible side
effects from lens modification.

“In the near future, the problem of incorrect IOL
power will likely be exacerbated by the rising popularity
of laser refractive surgery and increasing patient
expectations for perfect vision.”
www.theophthalmologist.com

20

Feature

Re f r ac t iv e I n d e x
S h ap i n g ( R I S ) (1)
What key qualities should new lens technologies possess?
For adjustable technologies, the adjustment procedure has to be
simple, fast, and preferably non-invasive, as well as reversible and
open to multiple adjustments. For IOLs, I think key qualities
are: biocompatibility, clarity, excellent optical quality, insertion
through very small incisions, adjustability, and let us not forget
accommodation!

In RIS, a femtosecond laser is used to create a ‘lens’
inside the IOL. The femtosecond laser induces hydrolysis
of polymeric material inside the IOL, which increases
the hydrophilicity of the acrylic material and shifts
the index of refraction. The laser is used to create a
‘pattern’ and 3D shape inside the lens, the shape of
which determines which refractive properties are being
applied to the lens – spherical correction, reversing
multifocality, inserting multifocality, and so on. Through
a process called ‘phase wrapping’, dioptric changes can
be induced without changing the height of the IOL.

Liliana Werner is Professor of Ophthalmology and Visual
Sciences, and Co-Director of the Intermountain Ocular Research
Center, at John A. Moran Eye Center, University of Utah, Salt
Lake City, UT, USA.
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A Pe r f e c t
S ol u t i o n?
WHY I THINK
F EM TOSECON D L A SER
A DJ USTM EN T OF
IOLS I S TH E F U T U R E
O F C ATA R AC T A N D
R E F R AC T I V E S U R G E R Y
BY R A L PH C H U
This is an exciting time in refractive cataract surgery as different
adjustable lens technologies approach the marketplace. Truly
customizing a lens to a patient’s optical system is the dream, and
the Perfect Lens technology – which uses a femtosecond laser to
alter asphericity, toricity and refractive error of lenses in vivo – could
help surgeons make this dream a reality.
Perfect Lens technology adjusts lens power through refractive
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index shaping (RIS; see Refractive Index Shaping). This process
essentially uses a specialized femtosecond laser to induce hydrolysis
in the lens, which alters the refractive index and changes the nature
of the IOL. The femtosecond device works very similarly to other
femtosecond lasers, and can alter a lens in vivo in less than 30 seconds.
I have been involved with Perfect Lens from a very early stage,
when I was invited to sit on the scientific advisory board. As a
surgeon, it is challenging to predict effective lens position (ELP)
once the IOL settles after implantation. Having a technology that
could ‘fix’ refractive variability would remove the uncertainty with
predicting ELP. Surgeons also face the challenge of multifocal
patients who are not happy with their quality of vision – even if
they are achieving good Snellen acuity. Having the ability to undo
multifocality would be a huge advantage for surgeons, and it would
provide patients with the peace of mind that any issues with their
vision could be fixed. What has been shown in the laboratory about
the Perfect Lens technology is that i) adjustment induces very little
change to the quality of the modulation transfer function (MTF)
curve, ii) the adjustment procedure is repeatable and reversible

OPHTEC | Cataract Surgery

Before (left) and after (right) RIS. Credit: Perfect Lens.

(over multiple times), and iii) the procedure is compatible with
any commercial lens. For instance, a 23 D lens could be altered by
2 D to 21 D, but then treated again and brought back to 23 D, all
with very little change in the quality of the optics. Monofocals can
also be adjusted into multifocals, and multifocals can be adjusted
into monofocals, all in a reversible manner. In this way, Perfect
Lens could provide incredible flexibility. And when considering
patients, I think it goes without saying that adjustable technology
has to be easy for them – with minimal disruption to their daily
routine following adjustment. I believe that modifying IOLs
through a short femtosecond laser procedure will be much more
acceptable to patients than having to undergo a completely new
type of procedure.

N EW!

C on f idenc e i n t he f ut u re

As well as providing multiple options after cataract surgery, the
possibility to adjust an implanted IOL postoperatively could
boost surgeon confidence in being able to achieve the vision that
patients want. More importantly, when using a multifocal platform,
surgeons will be confident when talking to patients, as they have
the option for later adjustment. In turn, this will give confidence
to patients, which is even more important.
Right now, cataract and refractive surgeons are faced with two
main groups of patients – the younger refractive surgery patients
whose lenses are still functioning, and the older patients whose
lenses are no longer accommodating or are becoming cataractous.
Though I still think that laser vision correction will probably remain
the procedure of choice for younger patients, I do think that, as
adjustive technologies become available, more patients may consider
a refractive lens exchange. One of the main variables concerning
patients and surgeons with lens exchange is predictability; the
ability to customize an implanted lens to a patient is something
that many surgeons have been waiting for.
Ralph Chu is Founder and Medical Director of Chu Vision Institute
and Chu Surgery Center, Bloomington, MN, USA. Chu reports that
he is a member of the scientific advisory board for Perfect Lens.
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A dj u s t i n g t o t h e F u t u r e
L E A D I NG L I G H T S I N T H E F I E L D O F
C ATA R AC T A N D R E F R AC T I V E S U R G E R Y
C O N S I D E R T H E I M PAC T O F A D J U S TA B L E
T E C H NO L O G I E S
“I think one of the biggest advantages with
adjustable lens technologies would be
improved surgeon confidence. Right now,
potential problems down the road may limit
the surgeon’s willingness to recommend
what they ultimately think will give their
patient the best chance of a full range of vision.
Indeed, surgeons can be very cautious about which patients they
recommend a multifocal lens to – and for good reason: surgeons
don’t want unhappy patients. Nor do they want to perform IOL
exchanges because of the high chance of complications. But with
an exchangeable or adjustable platform, the risk is lowered and the
conversation with the patient can be very upfront. Being able to
provide the patient with a recommendation, and reassurance that,
if they are unhappy with their lens, it can be exchanged or adjusted
will make the dynamics of the surgeon-patient conversation easier
– and improve surgeon confidence in trying to provide the best
vision for patients.”
Gary Wörtz, Ophthalmic Surgeon at Commonwealth Eye Surgery, and
Chief Medical Officer, Omega Ophthalmics, Lexington, KY, USA.

“I think that the
‘ Holy Gra i l ’ of
IOL technology
will be a perfect
accommodat ing
lens that provides
great quality optics, and
functions as close as possible to what nature
provided us when we were in our youth
in terms of focus and accommodation. If
it is an artificial lens technology, having
the ability to adjust that technology in the
patient’s eye through a minimally invasive
short procedure would also provide
surgeon confidence.”
Ralph Chu, Founder and Medical Director
of Chu Vision, Bloomington, MN, USA.

“I believe that the advent
of a n adjust ment
procedu re t hat is
simple, non-invasive,
can be performed in or
using different lenses,
is reversible, and has the
possibilities of multiple and
different types of adjustments will
certainly make the clear lens exchange
procedure extremely popular.”
Liliana Werner, Professor of
Ophthalmology and Visual Sciences;
Co-Director, Intermountain Ocular
Research Center; John A. Moran Eye
Center; University of Utah, UT, USA.

“Cata ract surger y is
increasingly becoming
a refractive procedure.
Implantation of new aspheric,
multifocal or toric IOL designs is only
truly effective when postoperative emmetropia
is achieved. However, despite advances in IOL
power calculation, residual refractive errors still occur, a major concern
for both patient and surgeon. Secondary procedures for correcting residual
refractive errors carry additional burden, making the possibility of adjusting
the optical power or customizing the primarily implanted IOL an appealing
alternative. Several options allow this possibility: modular lenses, the light
adjustable lens and refractive index shaping. Future developments in adjustable
lens technology may allow further advances, such as correction of higher-order
aberrations, all in a non-invasive manner. In fact, IOL customization may become
the standard for cataract surgery.”
Tiago Ferreira, ophthalmic surgeon, Hospital da Luz, Lisbon, Portugal.

“I believe adjustable lens technologies are the
future to correct for refractive error after
lens surgeries. Currently, light adjustable
technology is very promising, but it can be
time consuming for the patient. A laserbased technology to change the refractive
power of the IOL for sphere and cylinder might
be best. My wish would be a solution that allows us to modify
the IOL not only for spherical and cylindrical powers, but also
to correct for presbyopia with the ability to choose from different
optical properties, such as modifying aberration, implementing
diffractive or refractive profiles, while still being able to reverse
the effect for optimal safety and efficiency for our patients.”
Florian Kretz, CEO of Augenärzte Gerl, Kretz &
Kollegen; Lead Surgeon, Augentageskliniken Rheine
& Greven; Consultant & Research Coordinator of
The International Vision Correction Research
Center Network (IVCRC.NET), University
of Heidelberg; and CEO of the NGO
Augenärzte Für Die Welt GmbH, Germany.

“Despite all of
the remarkable
advances that
are occurring
in biometry and
IOL calculation
formulas, I believe that we will always
encounter refractive surprises—and
patients who want them corrected.
An accurate, safe, non-invasive way
to modify IOL power in vivo will
be a game-changer now and for the
foreseeable future. I am particularly
attracted to methods that can be applied to
any IOL material, as this will open up this
option to the millions of ametropic pseudophakes
who desire better uncorrected vision.”
Doug Koch, Professor and Allen, Mosbacher, and
Law Chair in Ophthalmology, Cullen Eye Institute,
Baylor College of Medicine, Houston, TX, USA.
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“It’s exciting and daunting to think about
the impact that different forms of adjustable
lens technologies will have on lens-based
surgery in the not-so-distant future. Between
refractive indexing with a femtosecond laser or a
UV-light adjustable technology, a great opportunity will exist for
surgeons to meet patients desires for their visual needs. Our surgical
diagnostics, biometry and advanced IOL formulas already allow
surgeons to achieve >90 percent refractive predictability, when
carefully done. But these newer technologies should only help
refine all surgeons to more accurately achieve predicted refractive
targets. It also intrigues me to think that refractive indexing will
help our patients by potentially addressing the unwanted effects
of current advanced-technology IOLs, including disruptive night
vision issues, incorrect toricity magnitude and/or meridian, or
adjusting the ‘sweet spot’ and defocus curve for near vision needs.”
Elizabeth Yeu, Assistant Professor at Eastern Virginia Medical School
and Cornea, Cataract and Refractive Surgeon with Virginia Eye
Consultants, VA, USA.

“Adjustable lens technologies may revolutionize
today’s concepts related to accuracy and
precision of refractive outcomes after
cataract/refractive lens exchange surgery.
But not only do they offer the possibility
to adjust large and small refractive surprises,
at an almost-neglectable surgical risk, there
is a lot more that these technologies could achieve. In theory,
changing the refractive properties of an already implanted IOL
may allow to add or cancel multifocality, change asphericity, or
compensate for wavefront aberrations, just to highlight some
of the additional advantages. Patients may have the possibility
of experiencing different visual scenarios and change them
according to their real-time, real-life preferences. There are at
least five different technologies I am aware of, and most of them
involve proprietary IOL materials and dedicated laser sources to
change their optical properties. Instead, the one looking more
appealing and promising to me involves the use of femtosecond
laser technology to reshape any hydrophobic IOL, regardless to
the brand. I like this idea because surgeons may still continue
using their preferred IOL model.”
Francesco Carones, Medical Director, Carones Ophthalmology Center,
Milan, Italy.
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Building Blocks
H OW MO D U L A R
T E C H NO L O G I E S H O L D
T H E P RO M I S E O F
PER F ECT V I SION FOR
PAT I E N T S
BY H A RV E Y U Y
Being human, we don’t always achieve perfection. And even
when we do achieve surgical perfection, a significant number
of patients are still dissatisfied with their vision following
cataract and refractive surgery – particularly patients with
multifocal IOLs.
Although several options exist for managing an unhappy
patient, I would like to focus on IOL exchange. It is a good
option, as it provides the capability to address both errors of
refraction and IOL intolerance. But when we are contemplating
IOL exchange, we have a dilemma: performing the exchange
too early might deprive the patient of the chance to adapt to
the lens, but performing it too late increases the possibility of
increased surgical complexity due to capsular fibrosis. Ideally,
we need a solution without time constraints, and I believe the
new generation of multicomponent or modular lenses will give
us this capability.
With multicomponent IOL technologies there is one fixed
or stable component and one which can be changed– much like
Lego blocks; however, unlike Lego, the two lenses don’t contact
each other and there is space between them when implanted. The
applications of modular technology are numerous: if the patient
has a significant error of refraction, then we simply exchange
the front lens for one of the correct power; if the patient has
multifocal intolerance, then we change the multifocal lens to a
monofocal optic – we can even do the opposite for a patient who
wants presbyopia correction; and if a patient later develops retinal
disease, we can exchange the multifocal lens for a monofocal.
One of the biggest indications for multicomponent technology is

pediatric cataract, because as the child grows and develops – and
their eyeball gets longer and their error of refraction changes – the
optic can be changed over time.
In my center, we have experience with two multicomponent
systems: the Harmoni lens (ClarVista) – for which we performed
the first in human studies – and more recently the Precisight
system (InfiniteVision Optics). Here, I will discuss Precisight,
overview how to use it and present some recently obtained data.

P re c i sight ex pl a i ne d

The Precisight system features a base lens containing spherical
power, and a smaller front lens that is exchangeable (Figure 1);
the front lens can be pretty much any type of optic (monofocal,
multifocal, toric, aspheric, telescopic). The base lens sits inside
the capsular bag, and its ‘fan-like’ haptics mean that there
are no folds down the center of the bag. Implantation of the
system is very simple. The lenses are pre-assembled outside
of the eye by fixing the tabs on the front lens into the bridges
on the base lens to secure it in place. The assembled system
is then loaded into the injector, and inserted into the eye
– just like any conventional IOL – through a 2.2–2.4 mm
incision, and the combined lens system is tucked into the bag.
Exchanging the front lens has a little bit of a learning curve,
but we have discovered a way to make it easier: by injecting
OVD into the dialing hole, we can lift the front optic up
from the base lens. Using the cannula, we can disengage the
tab of the front lens from the bridge. No cutting is needed –
the front lens tab can simply be grasped using IOL forceps
and removed from the eye through the original corneal incision
(Figure 2). I certainly find it faster than cutting an optic into
pieces and trying to remove each piece separately. The new
optic is simply injected into the eye, and the tabs are guided
into position using Sinskey hooks; the base lens protects the
posterior capsule during the exchange procedure. The whole
exchange procedure generally takes less than five minutes.
Interestingly, capsular fibrosis actually helps the exchange
procedure as it stabilizes and fixes the base lens into position,
making exchange of the front lens easier.

“Exchanging the front lens has a little bit
of a learning curve, but we have discovered
a way to make it easier.”
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Figure 1. a. Multicomponent IOL implanted in the capsular bag. Credit: InfiniteVision Optics. b. Slit lamp view of multicomponent IOL 3 months after implantation. Credit: Harvey Uy.

a.

E x p er ienc e so fa r

My center has implanted Precisight in around 100 eyes,
and we have found that the quality of vision is very good
with the primary implantation. But in patients where there
is a significant error of refraction, we have proceeded with
exchanging the front optic to provide even better outcomes.
I recently reported results from 65 eyes that received the
Precisight system and underwent this enhancement/exchange
procedure (1). Three months after the primary implantation,
manifest refraction spherical equivalent (MRSE) was 1.06 ±
0.77 D (n=65); 3 months after the enhancement, there was
a significant reduction of postoperative refractive error to
0.31 ± 0.50 D (n=30; p=0.0001). That’s a post-enhancement
increase in uncorrected distance visual acuity from 0.19 to
0.02 logMAR (p=0.0001). Rotational stability was also
excellent, there was no change in anterior chamber depth or
endothelial cell count after the enhancement, and no safety
issues were observed.

A mu lt ic omp onent f ut u re

From our experiences so far, we confirm that multicomponent
lenses are safe and effective for correcting errors of refraction.
The primary implantation is the same as conventional cataract
surgery, and the front optic can be removed quickly and
easily should an enhancement procedure be required. As the
lens axis remains stable after enhancement, the platform is
suitable for toric IOLs. Further, traditional IOL exchange
procedures can have issues with uncertain lens position, but
a multicomponent system with a stably positioned base lens
overcomes these issues.

b.

c.

Figure 2. Surgical microscope view of enhancement procedure. a. IOL forceps
are used to grab one tab and pull the front lens out of the eye through the

original main incision site. b. A new front lens with correct dioptric power is
injected through the original main incision site into the anterior chamber. A
Sinskey hook is used to guide the tabs into both bridges of the base lens. c.

Surgical microscope view of completed enhancement procedure with new front
lens secured by the base lens bridges. There is no change in the IOL axis after
enhancement. Credit: Harvey Uy.

With the current low adoption of presbyopia-correcting
IOLs being driven by residual errors of refraction and
multifocal IOL intolerance, I believe that multicomponent
IOLs could be a solution. Not only are they safe for correcting
errors of refraction and multifocal IOL intolerance, they can
provide a safety net for patients who want to receive presbyopiacorrecting IOLs – and give the surgeons the confidence to use
multifocal technologies.
Harvey Uy is an ophthalmic surgeon at Peregrine Eye and Laser
Institute, Bel Air Makati, The Philippines. Uy reports that his
institute has received research funding from InfiniteVision Optics.
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T h e L i ght
A dj u s t a b l e L e n s
ROY FREEMAN OF RXSIGHT
GUIDES US THROUGH
THE TECHNOLOGY
How did the concept of light adjustability arise?
The selection of IOL power for cataract surgery is not an exact
science. Inaccuracies in biometry and the unpredictability of
effective lens position and wound healing often result in residual
refractive errors and unsatisfactory visual outcomes for patients.
The rationale for the development of the Light Adjustable Lens
was to address these important issues, given that cataract removal
is one of the most commonly practiced surgeries in the world. The
project started in 1997 with a collaboration by Daniel Schwartz
from the University of California, San Francisco, and Robert
Grubbs, Chemistry Professor at the California Institute of
Technology. The objective? The creation of a biocompatible

Ap p r ov e d A dj u s t a b i l ity
BY VANCE THOMPSON, FOUNDER OF VANCE
THOMPSON VISION, SIOUX FALLS, SD, USA
The RxSight Light Adjustable Lens is the
only FDA-approved IOL that can be
customized after implantation in the
patient’s eye – and that’s what I love about
it. Being able to adjust the lens power
postoperatively can overcome many of the
healing issues that limit refractive accuracy –
such as effective lens position, posterior corneal
astigmatism, and incisional healing issues that can increase or
decrease astigmatism.
When a patient truly understands how implant measurements
and calculations are performed preoperatively – and that certain
aspects (such as effective lens position) are an “estimate” – I have
found that they really appreciate the idea of a lens implant that uses
modern-day formulas but can be adjusted in their eye. A lens that
is truly customized and individualized to their life vision needs.
The technology is a paradigm shift in cataract surgery because
it will help overcome the predictive limitations that all surgeons
struggle with. Currently, we have to try to ‘paint’ pictures with
words preoperatively for the blurry cataract patient on their vision
options. We can’t truly show them what their options are as we

lens that could be safely and non-invasively reshaped with a
laser after surgery to correct myopic, hyperopic and astigmatic
refractive errors.
How does the technology work?
The Light Adjustable Lens is implanted using standard surgical
techniques for conventional cataract surgery. After the eye has
healed, the patient comes in for a routine vision exam. The surgeon
can then customize the lens power by directing a low intensity
beam of UV light onto the lens from outside the eye. The light is
delivered via the office-based light delivery device (LDD; RxSight),
and the special photosensitive material of the lens reacts to the
UV light and changes shape to match the prescription the patient
selected during their eye exam. Multiple adjustments can be made
to ensure the best result prior to making the changes permanent.
How does it feel to be involved with the first approved
adjustable lens technology?
We are incredibly grateful to all the patients, surgeons, medical

would do in contact lens fittings and before refractive surgery,
because their cataracts and blurry vision will not allow such testing.
But being able to adjust the power with the Light Adjustable Lens
means we can simulate various refractive options and adjust their
power to the desired correction. We can also perform another
adjustment if they so desire – for example, more powerful near
vision – and when they are satisfied with their final vision, we
can lock it in so they can enjoy that implant power for the rest
of their life.

Figure 1. The Light Adjustable Lens. The 6 mm optic is comprised of

customizable silicone, featuring a square edge and PMMA haptics. The optic
is adjusted using a device that delivers light at 365 nm, which induces a
change in radii of curvature and a change in power. The patient wears

UV-blocking spectacles until the ‘power’ adjustment of the lens is ‘locked in.’
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staff, study teams, scientists and employees who worked to
deliver the technology. After all, a great deal of work – nearly
two decades – has gone into the research, development and
approval of the light adjustable and light delivery technologies.
Though there are many advanced IOLs on the market and in
development, we believe we are in a good position as the only
approved IOL technology that can be non-invasively adjusted
after implantation.
Which patients are most likely to benefit from the technology?
The technology will be beneficial for any cataract patient who

T w i n B e n e f it s
K E E P I NG T H E F U T U R E
O F O P H T H A L MO L O G Y
OPEN TO A DJ USTM EN T
AND NEW
T E C H NO L O G I E S
BY GA RY WÖ RTZ
Two years out of my residency, I was frustrated with the disconnect
between performing a successful cataract surgery, and achieving
imperfect refractive results. I started thinking about why so much
refractive variability exists in cataract surgery, and it suddenly struck
me that we are removing a 4–5 mm thick cataract and allowing the
capsular bag to collapse around a 1 mm thick optic. The final resting
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wants improved visual acuity, reduced likelihood of significant
myopia or hyperopia, and reduction of astigmatism after cataract
surgery. In the US, the product is currently indicated for adult
patients, with pre-existing corneal astigmatism of at least 0.75 D,
who have a cataract and need it removed by phacoemulsification.
The approved device allows correction of up to 2 D of postoperative
sphere and/or -0.75 D to -2 D of residual postoperative refractive
cylinder. Under European CE Mark, the indication has been
expanded to include -0.5 D to -3 D of cylinder.
Roy Freeman is Senior Director of Marketing for RxSight.

position of the optic determines the effective power of the lens.
There had to be a better solution than simply leaving this to chance.
My idea? To find a way to keep the capsule in its native extended
volume and insert the lens in a way that would provide a defined
plane to perform intraoperative measurements and calculations. If
we could create a platform to keep the capsular volume essentially
unchanged, there would be a much better chance of the lens being
positioned in the middle of the bag after surgery. Although cataract
volume and capsular bag size differs between individuals, they fall
into a fairly narrow range, which led me to design the Gemini
refractive capsule: a form-fitting capsule platform made of a flexible
silicone polymer that is essentially a ‘one size fits all’ device (see Box:
The Gemini Refractive Capsule). The capsule itself doesn’t have any
refractive power, but has been engineered to be compatible with all
popular available IOLs, as well as compatible with intraoperative
aberrometry to ensure accurate refractive outcomes. A channel in

Simplicity
Sophi’s design is simple and straightforward.
Complexity lies inside the device and therefore
facilitates a simple user handling. This helps to
save time and to increase productivity.

Please note: Device is not yet approved. It has been
submitted for EU-market (CE) approval but cannot
be purchased until approval has been granted.

Explore Sophi‘s features on:

www.sophi.info

Box – The Gemini
Refractive Capsule

the midpoint of the Gemini refractive capsule holds the IOL haptics
to maintain the optic in a stable position.
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The Gemini refractive capsule is a circular capsule with a
6 mm opening at the top and the bottom.
The capsule can be compressed to a small size, and
injected through a 2.1 mm injector. Current human
trials are investigating the capsule through an 2.4–
2.75 mm incision.
The capsule is engineered to hold a single piece acrylic
IOL, and is compatible with the most popular available
models. IOLs can be inserted as part of the primary
implantation procedure, and IOLs can be upgraded or
replaced in the future.
The capsule is engineered to work with
intraoperative aberrometry.
The open space and protective environment inside
the capsule could provide a platform for drug delivery
devices and biometric sensors, as well as new intraocular
technologies, such as augmented reality.

But my aim wasn’t just centered on providing a potential
solution for reducing refractive variability – I also wanted to
offer more in terms of adjustability and integration with other
technologies. We anticipate that exchanging IOLs from the capsule
would be very easy. The most difficult part of a traditional lens
exchange is removal from the natural capsule because the capsule
collapses and causes fibrosis after IOL insertion. As all optics
inserted into the Gemini refractive capsule are protected from the
natural capsule, rather than having to ‘tease’ out the haptics from
a compressed and fibrosed capsular bag, the IOL can simply be
removed from its silicone capsule.
Although the Gemini refractive capsule is designed to be
compatible with any traditional C arm haptic IOL, we have also
designed a proprietary optic – Bravo – that can fixate onto the
back surface of the capsule. As this leaves the rest of the capsule
unoccupied, there are options for ‘piggyback’ lenses that can sit
in the center of the Gemini refractive capsule in the event that
further refractive corrections are required. Leaving the center of
the Gemini refractive capsule unoccupied also provides the option
to insert other devices such as wireless pressure sensors or drug
delivery devices. Because we have the opportunity to separate lenses
by a few millimeters, there is also the ability to create a complex lens
system like a reverse Galleon telescope. We could actually insert
a lens on the back surface and a lens on the top surface to create
a low vision aid for patients with macular degeneration or other
low vision challenges. Each surgeon can potentially build on our
platform whatever they want. A patient might not need a pressure
sensor or a low vision aid upon primary implantation, but if they
develop glaucoma or macular degeneration later, the system can be
modulated to accommodate those events.
From animal studies conducted in the Mamalis and Werner
laboratory at the University of Utah, the Gemini refractive capsule
was shown to fit and center itself within the eye (1). In the first
part of 2018, we performed a first-in-human trial in Panama. The
capsule was implanted in a total of eight patients, and we have seen
very good results with all patients doing well. As well as achieving
good refractive results, there were no incidences of PCO; the
natural capsule does not opacify at the same rate when it is held
open by a refractive capsule. We are currently planning a 30-person
trial outside of the US that should be starting in Q4 of 2018. We
are also planning another animal trial at the University of Utah
to test some advanced pressure-sensing technology in the capsule.

T he f ut u re i s op en…

I believe that keeping the capsular bag open and accessible could
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November 2011 – The idea for the
refractive capsule is born
January 2013 – Omega Ophthalmics
was formed
April 2013 – First prototype designed
July 2014 – Animal studies show
feasibility of the device
August 2014–August 2015 – Device
is redesigned and tested in animal
studies. Version 8 of the prototype
was shown to fit through a 2.2 mm
injector.
November 2015 – Preliminary results
from a four-week animal study
validate the start of human trials
Q1 2018 – First in human trials
performed in Panama (n=8)
Q3 2018 – Outside of US study in 30
patients begins

a. Injecting the Gemini refractive capsule

b. Unfolding of the capsule following injection

c. Injecting an IOL into the Gemini

d. IOL inside the refractive capsule

refractive capsule

hold the key to the future of ophthalmology. Right now, we are
performing refractive lensectomies on patients who are in their
40s and 50s who have 30 or more years left to live. But we
know – and hope – that lens technologies are improving and
that we might reach the point where we have accommodating
lenses available. The problem is that any patient operated on
now will not be eligible for such new technologies when they
become available. By keeping the capsular bag open with our
Gemini refractive capsule, there will finally exist the option
to adjust or upgrade to newer technologies. We envisage that
our Gemini refractive capsule will represent a platform for
all cataract surgeries, whether standard or premium, that

will give surgeons and patients further viable options down
the road. There is even scope for truly advanced technologies,
such as augmented reality – watch this space, as the future is
open to anything.
Gary Wortz is an Ophthalmic Surgeon at Commonwealth
Eye Surgery, and Chief Medical Officer, Omega Ophthalmics,
Lexington, KY, USA.
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Omega Ophthalmics. “Omega ophthalmics receives successful animal study

results”. Available at: http://bit.ly/2NM6D6L. Accessed: September 4, 2018.
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Reference: 1. EYLEA (aflibercept solution for injection) Summary of Product Characteristics Berlin, Germany: Bayer Pharma AG; July 2018.
Eylea 40 mg/ml solution for injection in a vial (aflibercept) Prescribing
Information. (Refer to full Summary of Product Characteristics (SmPC) before
prescribing). Presentation: 1 ml solution for injection contains 40 mg aflibercept.
Each vial contains 100 microlitres, equivalent to 4 mg aflibercept. Indication(s):
Treatment of neovascular (wet) age-related macular degeneration (wAMD),
macular oedema secondary to retinal vein occlusion (branch RVO or central RVO),
visual impairment due to diabetic macular oedema (DMO) in adults and visual
impairment due to myopic choroidal neovascularisation (myopic CNV). Posology
& method of administration: For intravitreal injection only. Must be administered
according to medical standards and applicable guidelines by a qualified physician
experienced in administering intravitreal injections. Each vial should only be used
for the treatment of a single eye. Extraction of multiple doses from a single vial may
increase the risk of contamination and subsequent infection. The vial contains
more than the recommended dose of 2 mg. The extractable volume of the vial (100
microlitres) is not to be used in total. The excess volume should be expelled before
injecting. Refer to SmPC for full details. Adults: The recommended dose is 2 mg
aflibercept, equivalent to 50 microlitres. For wAMD treatment is initiated with
1 injection per month for 3 consecutive doses. The treatment interval is then
extended to 2 months. Based on the physician’s judgement of visual and/or
anatomic outcomes, the treatment interval may be maintained at 2 months or
further extended using a treat-and-extend dosing regimen, where injection
intervals are increased in 2- or 4-weekly increments to maintain stable visual and/
or anatomic outcomes. If visual and/or anatomic outcomes deteriorate, the
treatment interval should be shortened accordingly to a minimum of 2 months
during the first 12 months of treatment. There is no requirement for monitoring
between injections. Based on the physician’s judgement the schedule of monitoring
visits may be more frequent than the injection visits. Treatment intervals greater
than 4 months between injections have not been studied. For RVO (branch RVO or
central RVO), after the initial injection, treatment is given monthly at intervals not
shorter than 1 month. Discontinue if visual and anatomic outcomes indicate that
the patient is not benefiting from continued treatment. Treat monthly until
maximum visual acuity and/or no signs of disease activity. Three or more
consecutive, monthly injections may be needed. Treatment may then be continued
with a treat-and-extend regimen with gradually increased treatment intervals to
maintain stable visual and/or anatomic outcomes, however there are insufficient
data to conclude on the length of these intervals. Shorten treatment intervals if
visual and/or anatomic outcomes deteriorate. The monitoring and treatment
schedule should be determined by the treating physician based on the individual
patient’s response. For DMO, initiate treatment with 1 injection/month for
5 consecutive doses, followed by 1 injection every 2 months. No requirement for
monitoring between injections. After the first 12 months of treatment, and based
on visual and/or anatomic outcomes, the treatment interval may be extended such
as with a treat-and-extend dosing regimen, where the treatment intervals are
gradually increased to maintain stable visual and/or anatomic outcomes; however
there are insufficient data to conclude on the length of these intervals. If visual
and/or anatomic outcomes deteriorate, the treatment interval should be shortened
accordingly. The schedule for monitoring should therefore be determined by the
treating physician and may be more frequent than the schedule of injections. If
visual and anatomic outcomes indicate that the patient is not benefiting from

continued treatment, treatment should be discontinued. For myopic CNV, a single
injection is to be administered. Additional doses may be administered if visual
and/or anatomic outcomes indicate that the disease persists. Recurrences should
be treated as a new manifestation of the disease. The schedule for monitoring
should be determined by the treating physician. The interval between 2 doses
should not be shorter than 1 month. Hepatic and/or renal impairment: No specific
studies have been conducted. Available data do not suggest a need for a dose
adjustment. Elderly population: No special considerations are needed. Limited
experience in those with DMO over 75 years old. Paediatric population: No data
available. Contraindications: Hypersensitivity to active substance or any excipient;
active or suspected ocular or periocular infection; active severe intraocular
inflammation. Warnings & precautions: As with other intravitreal therapies
endophthalmitis, intraocular inflammation, rhegmatogenous retinal detachment,
retinal tear and iatrogenic traumatic cataract have been reported. Aseptic injection
technique is essential. Patients should be monitored during the week following the
injection to permit early treatment if an infection occurs. Patients must report any
symptoms of endophthalmitis or any of the above mentioned events without delay.
Increases in intraocular pressure have been seen within 60 minutes of intravitreal
injection; special precaution is needed in patients with poorly controlled glaucoma
(do not inject while the intraocular pressure is ≥ 30 mmHg). Immediately after
injection, monitor intraocular pressure and perfusion of optic nerve head and
manage appropriately. There is a potential for immunogenicity as with other
therapeutic proteins; patients should report any signs or symptoms of intraocular
inflammation e.g pain, photophobia or redness, which may be a clinical sign of
hypersensitivity. Systemic adverse events including non-ocular haemorrhages and
arterial thromboembolic events have been reported following intravitreal injection
of vascular endothelial growth factor (VEGF) inhibitors. Safety and efficacy of
concurrent use in both eyes have not been systemically studied. No data is
available on concomitant use of Eylea with other anti-VEGF medicinal products
(systemic or ocular). Caution in patients with risk factors for development of retinal
pigment epithelial tears including large and/or high pigment epithelial retinal
detachment. Withhold treatment in patients with: rhegmatogenous retinal
detachment or stage 3 or 4 macular holes; with retinal break and do not resume
treatment until the break is adequately repaired. Withhold treatment and do not
resume before next scheduled treatment if there is: decrease in best-corrected
visual acuity of ≥30 letters compared with the last assessment; central foveal
subretinal haemorrhage, or haemorrhage ≥50%, of total lesion area. Do not treat
in the 28 days prior to or following performed or planned intraocular surgery. Eylea
should not be used in pregnancy unless the potential benefit outweighs the
potential risk to the foetus. Women of childbearing potential have to use effective
contraception during treatment and for at least 3 months after the last intravitreal
injection. In patients presenting with clinical signs of irreversible ischaemic visual
function loss, aflibercept treatment is not recommended. Populations with limited
data: There is limited experience in DMO due to type I diabetes or in diabetic
patients with an HbA1c over 12% or with proliferative diabetic retinopathy. Eylea
has not been studied in patients with active systemic infections, concurrent eye
conditions such as retinal detachment or macular hole, or in diabetic patients with
uncontrolled hypertension. This lack of information should be considered when
treating such patients. In myopic CNV there is no experience with Eylea in the

treatment of non-Asian patients, patients who have previously undergone
treatment for myopic CNV, and patients with extrafoveal lesions. Interactions: No
available data. Fertility, pregnancy & lactation: Not recommended during
pregnancy unless potential benefit outweighs potential risk to the foetus. No data
available in pregnant women. Studies in animals have shown embryo-foetal
toxicity. Women of childbearing potential have to use effective contraception during
treatment and for at least 3 months after the last injection. Not recommended
during breastfeeding. Excretion in human milk: unknown. Male and female fertility
impairment seen in animal studies with high systemic exposure not expected after
ocular administration with very low systemic exposure. Effects on ability to drive
and use machines: Possible temporary visual disturbances. Patients should not
drive or use machines if vision inadequate. Undesirable effects: Very common:
Visual acuity reduced, conjunctival haemorrhage (wAMD phase III studies:
increased incidence in patients receiving anti-thrombotic agents), eye pain.
Common: retinal pigment epithelial tear (known to be associated with wAMD;
observed in wAMD studies only), detachment of the retinal pigment epithelium,
retinal degeneration, vitreous haemorrhage, cataract (nuclear or subcapsular),
corneal abrasion or erosion, increased intraocular pressure, blurred vision, vitreous
floaters, vitreous detachment, injection site pain, foreign body sensation in eyes,
increased lacrimation, eyelid oedema, injection site haemorrhage, punctate
keratitis, conjunctival or ocular hyperaemia. Serious: cf. CI/W&P - in addition:
blindness, culture positive and culture negative endophthalmitis, cataract
traumatic, transient increased intraocular pressure, vitreous detachment, retinal
detachment or tear, hypersensitivity (during the post-marketing period, reports of
hypersensitivity included rash, pruritus, urticaria, and isolated cases of severe
anaphylactic/anaphylactoid reactions), vitreous haemorrhage, cortical cataract,
lenticular opacities, corneal epithelium defect/erosion, vitritis, uveitis, iritis,
iridocyclitis, anterior chamber flare, arterial thromboembolic events (ATEs) are
adverse events potentially related to systemic VEGF inhibition. There is a
theoretical risk of arterial thromboembolic events, including stroke and myocardial
infarction, following intravitreal use of VEGF inhibitors. As with all therapeutic
proteins, there is a potential for immunogenicity. Consult the SmPC in relation to
other side effects. Overdose: Monitor intraocular pressure and treat if required.
Incompatibilities: Do not mix with other medicinal products. Special Precautions
for Storage: Store in a refrigerator (2°C to 8°C). Do not freeze. Unopened vials may
be stored at room temperature (below 25°C) for up to 24 hours before use. Legal
Category: POM. Package Quantities & Basic NHS Costs: Single vial pack £816.00.
MA Number(s): EU/1/12/797/002. Further information available from: Bayer plc,
400 South Oak Way, Reading RG2 6AD, United Kingdom. Telephone: 0118 206 3000.
Date of preparation: July 2018. Eylea® is a trademark of the Bayer Group

Adverse events should be reported. Reporting forms and
information can be found at www.mhra.gov.uk/yellowcard
or search for MHRA Yellow Card in the Google Play or
Apple App Store. Adverse events should also be reported to Bayer plc.
Tel.: 0118 2063500, Fax.: 0118 2063703, Email: pvuk@bayer.com
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Technology to Empower:
Retinal Management
When it comes to retinal health and disease, technology plays
a key role in advancing patient diagnosis and management, and
improving the skill set of vitreoretinal surgeons and physicians alike.
It’s why many teams across the globe are continually striving to
develop new and innovative technologies to keep driving forwards
the field. Here, companies at the forefront of retinal management
showcase their latest innovations – and highlight what they can
bring to today’s retinal physicians and surgeons.
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Wide-angle Contact
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Technolog y to Empower

IMAGES
THAT
EMPOWER
Heidelberg Engineering makes the most of
both SS-OCT and SD-OCT, optimizing them
for the anterior and posterior segments

Heidelberg Engineering burst onto the OCT scene back in
2007 with the SPECTRALIS® diagnostic imaging platform
– a powerful combination of confocal scanning laser
ophthalmoscopy (cSLO), spectral domain OCT (SD-OCT)
and patented eye-tracking technology that has set the standard
for multimodal retinal imaging for over a decade. Having
explored the potential of swept-source OCT technology
(SS-OCT) since 2011, the company entered into a patent
license agreement with Massachusetts General Hospital in
Boston, USA, in 2015, granting global and exclusive rights
to 77 basic patents and patent applications which relate to
SS-OCT technology and its application in ophthalmology.
Developing both of these OCT technologies side-by-side
for the last seven years, the company has carefully assessed
the advantages and limitations of each technology in order
to capitalize on their strengths by optimizing each for specific
ocular imaging applications.
Clinical benefit first and foremost
Heidelberg Engineering has always felt a strong sense of
responsibility to deliver technical innovations with strong
clinical benefits, as well as to preserve the continuity of
patient data in both the research and clinical settings. Since the
commercial release of SS-OCT in 2012, clinical research has
been comparing SD-OCT and SS-OCT technologies applied
to retinal imaging. Evaluating divergent research studies for
years, Heidelberg Engineering has found no confirmation that
the longer wavelength employed by commercial SS-OCT
devices provides clinically significant information beyond that
of SD-OCT imaging.
In fact, some research has shown that deep ocular
structures, such as the choroidal/scleral interface, can
be equally visualized by SS-OCT and by SD-OCT using
enhanced-depth imaging (EDI) (1).. SS-OCT devices once
offered speed advantages over that of SD-OCT. However,
advancements in both OCT technologies have kept pace,
with current SD-OCT devices being faster with reported
speeds up to 250 KHz (2). While SS-OCT devices use a
longer wavelength to better penetrate media opacities,
Heidelberg Engineering has been combining the benefits of
confocality and OCT automatic real-time image averaging
to successfully minimize the impact of media opacities for
over 10 years.
SPECTRALIS – The SD-OCT based multimodal imaging platform
optimized for the posterior segment.
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SPECTRALIS OCT2 Module – With a fast scanning speed of 85 KHz for

ANTERION – High-resolution SS-OCT image of the entire

enhanced image quality from vitreous to choroid. (Image by Matteo Cereda, Milan, Italy)

anterior segment.
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results in the best imaging conditions for the
anterior segment of the eye. Heidelberg
Engineering has optimized SS-OCT
technology to combine all relevant
anterior segment examinations in one
modular, upgradeable platform. The
ANTERION®* offers topography,
tomography, anterior segment
metrics, and axial length in one device.
The stunning SS-OCT images provide
visual confirmation of the reliability and
accuracy of the measurements.
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The clinical advantages of the SS-OCT
angiography technique also remain to be
seen. At the same time, the potential to
further enhance the axial resolution
of the SD-OCT images, which is not
currently possible for SS-OCT, could
play a significant role in the future clinic.
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Conclusion
Heidelberg Engineering’s optimization of SSOCT technology for anterior segment imaging and
SD-OCT technology for retinal imaging will continue to deliver
images that empower eye care professionals to make confident
diagnostic decisions that will ultimately improve patient care.
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SS-OCT for the anterior segment
While SS-OCT technology has not revolutionized retinal imaging,
the higher light output at the longer wavelength of 1,300 nm
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The value of data continuity
Since continuity of data is vital to
accurate assessment of disease
progression, Heidelberg Engineering has
and will continue to optimize SD-OCT
technology for the posterior segment.
The SPECTRALIS OCT2 Module was designed
to keep pace with advancements in speed and depth
penetration without sacrificing data continuity and image quality.
Shorter wavelengths provide higher contrast for inner retinal layers.
The company’s patented active eye-tracking technology continues
to advance, allowing for image averaging up to 100 times within an
entire volume scan. The higher contrast is further appreciated as
a result of image averaging due to increased signal-to-noise ratio.

*Please note that ANTERION is not available for sale in the
United States at this time.
References:
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SM Waldstein et al., Eye, 29, 409–415 (2015). PMID; 25592119.
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L An et al., Biomed Opt Express, 2, 2270–2283 (2011). PMID: 22025983.

www.heidelbergengineering.com

AN
EYE FOR
PERFECTION
How the new BIOM ® HD Disposable
Lens and HD Disposable LenZ from OCULUS
provide vitreoretinal surgeons the perfect
view – in every case

From viewing the macula under high magnification to
focused viewing of the peripheral retina, high-quality imaging
is essential for safe and effective vitreoretinal surgery. But
how can vitreoretinal surgeons achieve high-quality optimal
imaging in every case? Enter the BIOM HD Disposable Lens
and the OCULUS HD Disposable LenZ single-use front lens
solutions. The BIOM HD Disposable Lens, included in the
BIOM Optic Set, is designed for single-use on the
OCULUS BIOM system, whereas the OCULUS
HD Disposable LenZ is designed for single-use
on the ZEISS RESIGHT® fundus viewing system.
Both provide an extremely wide field of view
with high definition clarity in conjunction with the
most popular non-contact panoramic viewing systems, making
them ideal for all stages of vitreoretinal surgery.
Each lens works on the principles of indirect ophthalmoscopy:
a non-contact front lens projects an inverted intermediate
image that is viewed through the microscope. The reinversion of the intermediate image is performed by the SDI®
(Stereoscopic Diagonal Inverter) in the BIOM system, or by

inverter tubes built into the microscope.
Although both the BIOM HD Disposable Lens
and the OCULUS HD Disposable LenZ are
designed to provide high-quality wide-field
viewing with different imaging systems,
they share some common features. Both
front lenses share an innovative singleuse design based on high-precision,
aspheric, injection-molded polymer optics,
which allows up to 130° field of view (oro to ora)
observation with outstanding resolution and depth
of field in fluid-filled eyes or under air – even under
high magnification. Available in a convenient, sterile blister
pack, each lens is ‘always ready’ for the surgeon to use,
with minimized risk of infection and cross-contamination.
Moreover, OR efficiency is boosted because there is no
sterilization ‘down-time’.
With the new HD disposable front lenses from OCULUS,
every vitreoretinal surgeon can experience the perfect view
in every case. To find out more, visit www.oculussurgical.com.
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Figure 1.

The HD Disposable LenZ in Action

OCULUS HD Disposable LenZ Features:

“The new HD Disposable LenZ allows
for a wide field of view with a greatly
increased depth of focus. This allows
visualization of a wide field extending
from the macula to the retinal periphery
while keeping everything in focus. This
is illustrated in Figure 1, where during
scleral depression, the peripheral
retina as well as the macula are both
in focus. During repair of tractional
retinal detachment (Figure 2), or during
removal of preretinal and subretinal
bands or membranes in proliferative
vitreoretinopathy (Figures 3 and 4),
the depth of field and resolution allow
a large area to be in focus at all times
whilst maintaining enough detail even
under high magnification for the removal
of membranes. The resolution offered
by the lens is adequate to allow peeling
of the internal limiting membrane and
epiretinal membrane without the need
to switch to a contact lens, which allows
for increased efficiency and cost saving in
the operating room. The HD Disposable
LenZ allows for excellent visualization
under air (Figure 5), allowing for efficient
laser delivery, which is very valuable
towards the end of the case.”

• 130° wide-angle field of view
with outstanding resolution in the
periphery
• HD clarity under high
magnification reduces the need
for a contact lens
• Full-field clarity for decreased
scleral depressing and
panretinal laser
• Excellent depth of field for
better stereopsis
• Improved view during
air/fluid exchanges
• For single-use on the ZEISS
RESIGHT

Dr Dilraj Grewal, attendee at Duke
University in Durham, NC, USA.

BIOM HD Disposable Lens Features:
• 130° wide-angle field of view
• Outstanding resolution in the
periphery – whether in a fluid
filled eye or under air
• HD clarity under high
magnification reduces the need
for a contact lens when working in
the macular region
• Superb depth of field – even
under high magnification
• Single-use design for reduced OR
turnaround time and lower costs
• Compatible with all OCULUS
BIOM 3/4/5 systems

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Credit: Dr Dilraj Grewal

www.oculussurgical.com

INNOVATIONS
IN WIDE-ANGLE
RETINAL IMAGING
Introducing the Phoenix ICON

In 1998, Bert Massie PhD – the founder of Phoenix Technology
Group – created the first digital camera to image the retinas of
prematurely born babies, creating a new category in which digital
images could be relied upon to help ophthalmic physicians screen
for ROP and prevent blindness. In the years that followed, digital
imaging replaced colored pencil drawings and became the standard
of care for photo documentation and ROP screening.
Dr. Massie left that business and formed Phoenix Technology
Group in 2008. At Phoenix, he invented the first in vivo retinal
imaging microscope to image the eyes of laboratory animals,
transforming eye research and creating yet another new category.
Today that product line – known as Phoenix MICRON – includes
fundus imaging, FA, OCT and ERG.
Knowing Dr. Massie’s reputation for innovation, a group
of leading vitreoretinal surgeons got together in 2015 and
suggested it was time for a new breakthrough in retinal imaging.
Mobile phones had driven a revolution in digital imaging, and
yet his 1998 invention had not changed.
That was the genesis of the recently released, patented Phoenix
ICON wide-angle retinal imaging camera. With the Phoenix ICON
camera, Dr. Massie succeeded in delivering high-contrast, highresolution retinal images, even on darkly pigmented retinas.

Sponsored Section

“High-contrast, high-resolution retinal images – even on
darkly pigmented retinas”
Dr. Massie approached the problem without the constraint
of simply improving on an existing design. He completely
reinvented the optics and camera system. Legacy systems
inject light through the pupil at an angle, causing scatter as the
returned light passes back to the camera system. To achieve
high contrast, Dr. Massie and the team at Phoenix invented
an optical system that uses annular illumination, establishing
a clear, scatter-free return path “inside” the illumination ring.
The team took the design even further by building a single-lens
system with the magnification of a 30 degree lens, yet with a
fully-illuminated 100 degree instantaneous field of view. This
crucial step eliminated the onerous multi-lens process used
in legacy cameras.
The Phoenix ICON delivers fundus imaging, and, by
implementing interchangeable LED light modules, is capable
of easily producing brilliant fluorescein angiograms. Simply
change the light module in the hand piece, and flip the switch
to position the barrier filter, and the operator is ready to
capture angiograms.
The result? Stunning high-contrast, high-resolution fundus
images and fluorescein angiograms, delivered from a single
lens system capable of imaging for 6 hours on battery.
The Phoenix team was not finished innovating. The team
recognized that the installed legacy imaging platforms are
“islands” in the context of hospital and clinic information
systems. Put another way, images were captured and stored
on a local camera hard drive. Although they support “DICOM
format,” the images needed to be manually exported to a
thumb drive, and then manually uploaded to the hospital
information system. No hospital IT person is happy with
images moving around on a thumb drive – and clinicians are
frustrated by the upload time.
Any change to image sharing processes need to take
into consideration privacy, security and image management
requirements. As a result, Phoenix has just announced a
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new DICOM connector for the Phoenix ICON. The DICOM
connector completes the integration loop by implementing
the DICOM networking protocol.
“The new Phoenix DICOM connector integrates with the
hospital PACS, eliminating manual uploads, and complying with
critical IT policies”
Now, with the new DICOM connector for the Phoenix ICON,
an operator can select images from a study, push a button, and
deliver those images to the hospital or clinic Photo Archive
and Communications System (PACS). When images are in
the PACS they can be accessed by all the constituents that
need them for interpretation, documentation, and reporting.
And that means the ICON camera saves time, eases the
workflow, and complies with security, data retention, and
patient information management required of hospital and
clinic operations.
The Phoenix team takes pride in being an innovator yet
recognizes that without adoption, all the innovation in the
world is meaningless. After over 20 years of innovating in
the wide-angle, contact retinal imaging arena, Phoenix has
earned the endorsements and accolades from a host of
trailblazing ophthalmologists, including Dr. Mike Trese and
Dr. Carol Shields, who use Phoenix ICON cameras to image
their patients.

Retinal image taken with Phoenix ICON system (left) and image taken with
legacy system (right).

www.phoenixtech.com
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A Global Call to Action
Ophthalmologists deal with IPV
patients every day - they just don‘t
know it. Erin Shriver is looking to
change that by introducing potentially
life-saving IPV protocols.
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A Global Call
to Action
As ophthalmologists, we have
a duty of care to our patients
– and sometimes that means
asking difficult questions.
By Erin Shriver
I have only felt truly unprepared once in
clinic. My patient was a mother of two
and she had an orbital floor fracture. I
had been performing orbital surgery for
a while, so I wasn’t nervous about the
procedure. It was the patient who made
me uncomfortable. Why? Because her
injury was a result of intimate partner
violence (IPV). The World Health
Organization (WHO) defines IPV as
“acts of physical, sexual and/or emotional
abuse by a current or former intimate
partner” (1). It transcends the boundaries
of ethnicity, culture and socio-economic
class, and occurs in all relationship types.
It is the most common violence against

At a Glance
•
•

•

•

One in every 13 orbital fractures
in female patients is the result of an
IPV-related assault
Patients who have experienced IPV
typically present with several injury
sites, including head, neck and tissue
trauma, with eyes being injured in
around 45 percent of cases
My aim is to raise awareness of
IPV-related assaults, and to help
ophthalmologists identify potential
victims and refer them on to
ancillary services
It is only by having these
conversations that we are able
to help our patients, opening the
door for surgical intervention and
psychological recovery.

women (2), and a leading cause of death
and disability worldwide – so why aren’t
we, as ophthalmologists, talking about it?
To put it simply, we don’t know what to
say. I didn’t know what to say. We aren’t
taught how to speak to IPV patients
in medical school, or what signs we’re
supposed to look out for. And, at that
time, there wasn’t much data on ocular
signs or symptoms of IPV-related injuries.
In fact, there is little information on IPV
prevalence or impact as a mechanism of
ocular and orbital trauma – strange when
you consider that 45 percent of IPVrelated injuries occur around the eyes (3).
Are you surprised by that statistic?
Because I was. It hadn’t even occurred
to me how many of my patients might
have been victims of IPV until I began
treating this one patient. As she met
some criteria for surgery but not all, I
was left debating whether to operate.

This woman has been through so
much trauma, why would I put her
through more? My fellow, Rachel
Sobel, disagreed. She had treated
two other IPV patients and they said
surgery actually helped with the healing
process. The procedure confirmed they
had been victims of a major assault, and
made them feel as if they were physically
being put back together. Perhaps
unsurprisingly, my patient decided to
have the surgery. I held her hand as she
went under anesthetic, in tears, telling
me how she put her children at risk. But
when she came out of surgery, she was a
new woman. She said she felt incredible.
My fears of causing another trauma didn’t
play out at all. Not only did she feel better,
she healed incredibly well too. The whole
episode made me realize ophthalmologists
are not doing enough to understand IPV
– so I decided to educate myself.

In Practice

“With ERs
failing to identify
IPV, it falls on us as
ophthalmologists to
detect it in the
clinic.”
Identifying IPV
I started by looking at orbital floor
fractures – the kind my patient had – with
a medical student, Thomas ‘TJ’ Clark, and
what we found formed the basis of the
paper, “Intimate Partner Violence: An
Underappreciated Etiology of Orbital Floor
Fractures” (4). We found the leading causes
of orbital floor fractures in female patients
were motor vehicle accidents (29.9 percent)
and falls (24.7 percent). IPV was the third
leading cause (7.6 percent), followed by
non–IPV-associated assault (7.2 percent).
To put that in context, 1 in every 13 orbital
fractures in female patients resulted from
IPV-related assault. Shockingly, 20 percent
of cases had no documented cause. Among
the women with orbital floor fractures
due to assault, leading patterns of injury
included isolated orbital floor fractures
(38.7 percent, 12/31), zygomaticomaxillary
complex fractures (35.5 percent, 11/31),
and orbital floor plus medial wall fractures
(16.1 percent, 5/31).
Female patients who have experienced
IPV typically present with several injury
sites, including soft tissue trauma (61
percent), and trauma to the head or neck
(88–94 percent) (5). Almost immediately,
I started seeing patients with these injuries
in clinic. But I had been seeing them all
along – I just never noticed before. More
importantly, I never asked. As it turns out,
I was not alone. When asked about IPV

in their patient population, 87 percent of
surveyed Canadian orthopedic surgeons
reported prevalence at one percent or less.
The actual figure was closer to 32 percent
(6). This disconnect between patients and
clinicians is not uncommon. I used to justify
my own reluctance to talk about the cause
of my patient’s injuries in two ways. The
first was thinking the patient would talk to
me if they wanted to. This is not the case:
a recent study found that the majority of
female patients expect a healthcare provider
to initiate the conversation, with only one
in four IPV patients spontaneously offering
testimony (7). My patients weren’t keeping
quiet because they had nothing to say, they
were just waiting for me to speak first.
The second way I justified my silence
was by assuming it was the emergency
department’s job to detect IPV. I was
wrong about that too. Most IPV patients
are only identified after repeatedly accessing
the healthcare system, and 56 percent
go undetected or unaddressed in the
emergency department setting (8). With
ERs failing to identify IPV, it falls on us
as ophthalmologists to detect it in the
clinic. But how? To find out, I enlisted the
help of Lynette Renner at the University
of Minnesota. Lynette is Director of the
Minnesota Center Against Violence and
Abuse, and has dedicated her life to IPV.
Together, we created two screening tools
for physicians to use (see IPV Screening).
But first, you need to identify who might
need this screening.
Injury patterns
Unlike child abuse, there is no agreed upon
injury pattern or history for IPV. This is
something we are working to address
but, until then, there are some signs to
look out for. The first concerns the type
and severity of the injury sustained. In a
study Ali Cohen, a medical student, and I
conducted of 190 patients with traumatic
ocular injuries, five had IPV-related ocular
trauma (9). All five had also sustained
scleral lacerations or ruptured globes,
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IPV Screening
BE AWARE intimate partner
violence screening tool
• Be educated on IPV and
its sequelae
• Establish contacts with
community-based agencies
• Arrange a confidential
environment with patient
unaccompanied
• Welcome discussion by
introducing the study
participant of IPV
• Ask direct questions about
IPV and patient safety
• Review resources and
options for service referrals
• Endorse patient’s wishes on
whether or not to
take action

with four requiring enucleation due to
permanent vision loss. Such an injury
pattern – multiple severe ocular or orbital
injuries – can be an indication of IPV.
The second is location. The majority of
intentional violence injuries are located
in the maxillofacial region, with nasal
fractures accounting for the highest
percentage of maxillofacial fractures (33
percent), followed by trauma to the bony
orbit (20.2 percent) and the zygoma (16.7
percent). More specifically, 81 percent of
IPV facial fractures occur on the left side.
This statistic could reflect the fact that 90
percent of the population is right handed
(10) and the majority of IPV injuries are
the result of blunt trauma from a closed fist.
It is worth noting that although both
men and women can be victims of (or
subject to) IPV, women are significantly
more at risk. Studies estimate that IPV
prevalence ranges from 10 to 69 percent
www.theophthalmologist.com
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Approach to
screening
Introducing the study participant
“Because IPV is so common, there
are some standard questions I ask
my patients.”
Screen directly
“Have you been physically, sexually,
or emotiona l ly abused by an
intimate partner?”
“Are your current injuries a result of
this kind of abuse?”
Response to positive screening
“I am glad you shared this with me and
I am so sorry this happened to you.”
“This is not your fault,”’ “You are not
alone,” “Help is available.”
Patient safety
“Do you feel safe going home?”

internationally – with some regions
reporting rates as high as 71 percent
(11). The average IPV patient is a woman
between the ages of 20 and 40 (12). She
is 7.5 times more likely to present at the
emergency department with head, neck
or facial trauma than a female patient
with other injury patterns. If you believe
your patient has been the victim of IPV
for any or all of these reasons, they are
worth screening.
Screening and referral
First of all, it is important to remember
we are not experts in IPV – and we are
not expected to be. But we are expected to
help our patients, and we can do that by
being aware of IPV screening protocols. If
a patient presents with a traumatic orbital
or ocular injury of questionable cause, ask
the questions outlined in this article. If you
live in a US state with mandatory reporting,

you must tell your patient you are legally
required to disclose information to the police
before conducting the screening. It is best to
have the conversation unaccompanied in a
quiet setting. I normally say there is an exam
I need to do down the hall, and take them
somewhere private. There, I introduce the
purpose of the screening: “Because IPV is so
common, there are some standard questions
I ask my patients”, asking “Have you been
physically, sexually or emotional abused by
an intimate partner?” At this point, most
people say, “Thank you, but my injury has
nothing to do with my partner.” In this
case – a negative screening – I take them
back to the room and continue my clinic as
usual. If the patient responds with a “Yes.” I
ask “Are your current injuries a result of this
kind of abuse?” If the screening is positive,
I tell the patient: “I am glad you shared this
with me and I am so sorry this happened
to you,” “It is not your fault”, and “You
are not alone.” I offer to contact a social
worker right away or refer the patient to the
appropriate community-based service, who
will then brief them on their options and
decide on the best course of action.
It is impossible to underplay the
importance of early identification. IPV
injuries escalate. It is estimated 50 percent
of women who have been killed by their
intimate partner presented at an emergency
department prior to that. The nature of
our profession means we have a unique
opportunity to intervene before it is too
late and save these patients lives. I have had
residents tell me they think their patients
have sustained IPV, and they missed the
opportunity to help them. This isn’t true.
If you have treated a patient for an injury
you believe was the result of IPV, simply
screen them at their next appointment.
If they don’t come to their follow up, call
and ask them to come in to follow up on
their ophthalmic condition. You can speak
with them about the circumstances of their
injury when they are in the clinic. It may
seem uncomfortable or intrusive at first,
but it gets easier with time.

Patients don’t care whether is it the
physician, nurse or technician who
initiates the conversation, or whether
the screener is male or female, so it is
important every member of the healthcare
team – technicians, nurses and residents
– is trained to screen for IPV. With
comprehensive training, healthcare
providers will gain confidence in their
ability to question patients and refer
them on to ancillary services, including
crisis centers, social services and domestic
violence hotlines.
Though these services will take care of
the patients emotional and psychological
needs, it is our job to assess patient safety.
In a landmark study, researchers found of
all patients presenting with confirmed or
probable IPV injuries at a Level 1 trauma
center, 63 percent were discharged without
any assessment of their safety at home
(13). Our own research yielded similar
results. Only 1.7 percent of the women
with assault-related fractures in our study
population had documentation relating to
patient safety in their medical charts. This
statistic needs to change. The potentially
lethal nature of IPV makes it essential for
clinicians to assess patient safety – so ask.
Ophthalmologists for social change
Since our paper was published, I have
given talks both here in the US and
internationally, and written a short
course for the American Academy of
Opthalmology (AAO) on IPV screening
and referrals. At last year’s AAO annual
meeting, I was moved by Ekta Rishi’s
poster describing severe ophthalmic
complications from acid attacks. With
the support of Women in Ophthalmology,
the Women Ophthalmologists Society
(WOS) in India - founded by Mohita
Sharma - is now currently researching
IPV, as it relates directly to the ocular
injuries sustained from acid attacks. It is
believed there are around 1,500 acid attacks
worldwide each year, and in 80 percent of
cases, the victim is female (14). In time, we
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hope other institutions will publish their data
and help improve the understanding of IPV
victimization, and treatment, internationally.
In the US, the rate of IPV stands at 30
percent – or more than 12 million Americans
every year (15). These women aren’t just our
patients – they are also our colleagues, our
family and our friends. By finding a way
to detect and discuss IPV, we are opening
the door for detection, intervention and
psychological recovery.
As ophthalmologists, we have the ability
to permanently, and positively, alter our
patient’s lives. But why stop there? We are
also in a unique position as clinicians to
affect large-scale social change. In Iowa,
for example, hospital residents helped stop
firework legislation for several years and
are currently advocating to make helmets
mandatory for drivers under 18 when riding
a moped or motorcycle. Why not make IPV
our next challenge? We, as a team, have a key
role to play in identifying victims, providing
support, and making appropriate referrals
– but we can’t do it by staying silent. We
need to start asking questions. Pediatricians
implemented a protocol to protect children
showing signs of abuse 50 years ago, and
improved safety for children everywhere.
The same could happen for victims of IPV.
I previously mentioned that 20 percent
of the orbital floor fractures we found
had no documented cause. Given the
highly under-reported nature of IPV, it
is likely that many of these patients also
sustained injury secondary to IPV that
went undocumented. This is something
we’re working on in Iowa. Our emergency
department now has a box on the patient’s
chart to say whether or not they have had a
discussion about IPV. It’s a confidential way
for healthcare teams to document what has
– or hadn’t – been said, so clinicians know
how to proceed at follow-up appointments.
By playing a part in coordinated care
efforts, healthcare practitioners can
improve outcomes for millions of women
worldwide – and become better clinicians
in the process.
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Time to PACK?
Could PACK-CXL become the
standard of care for infectious
keratitis? Sneha Konda and Bala
Ambati disscuss the technique and
review the current evidence.

Time to PACK?
Assessing the use of corneal
crosslinking for the treatment
for bacterial keratitis
By Sneha Konda and Bala Ambati
Corneal crosslinking (CXL) initially came
to prominence over three decades ago as a
potential treatment modality to stabilize
corneal ectasia and halt the progression
of keratoconus. Its components – a
photoactivated chromophore (riboflavin)
and ultraviolet (UV) light – act on the
corneal stroma, the collagen-rich central
layer that comprises 90 percent of corneal
thickness and contributes the bulk of
corneal biomechanical stability. Effective
stromal crosslinking strengthens corneal
biomechanics by facilitating the formation of
corneal fibrillar covalent bonds, which alters
the biochemical structure of corneal collagen
fibers and increases stromal resistance to
enzymatic degradation or keratolysis.
As researchers investigate ways to
further improve the CXL procedure,
newer potential applications of crosslinking
are also under investigation. Transfusion
medicine has harnessed the antimicrobial
properties of crosslinking, and treats blood
concentrates with crosslinking procedures to

At a Glance
•

•

•

Corneal crosslinking (CXL)
is traditionally used to
stabilize corneal ectasia and
keratoconus progression
Photoactivated chromophore for
infectious keratitis-crosslinking
(PACK-CXL) is currently being
studied as a potential treatment
modality for infectious keratitis
Here, we overview current
PACK-CXL research for bacterial
keratitis, and consider the future
potential for managing the disease.

inactivate any existing microbial pathogens
and decrease pathogen load. This advance
has spurred the concept of using crosslinking
in the management of infections, specifically
corneal infections – namely, photoactivated
chromophore for infectious keratitiscrosslinking (PACK-CXL) (a term that
has been coined to differentiate from
conventional CXL). Here, we will review
what is currently known about PACKCXL, and discuss the future therapeutic
possibilities for the procedure.
Infectious keratitis
Infectious keratitis is a leading cause of
blindness, ocular morbidity and permanent
visual impairment worldwide, with
prolonged contact lens wear in developed
countries and poor access to ophthalmic
healthcare services in developing countries
representing major sources of complex
infections. Onset and progression of the
disease can be rapid, leading to clinical
manifestations, such as corneal infiltration
(stromal abscess formation, corneal edema,
corneal ulceration, corneal melting) and
anterior chamber inflammation.
Current management strategies range
from conservative measures with antibiotics
to aggressive surgical management with
corneal transplantation. Treatment can,
however, be challenging because of the
intensive medication regimen required to

combat infection, as well as the associated
risks of antibiotic resistance and the
invasiveness of corneal transplantation with
subsequent risks of rejection. As such, many
research groups are looking to crosslinking
as a potential adjunctive therapy to standard
antibiotic treatment for the following reasons:
•
•
•
•
•
•

to shorten duration and modify clinical
course of the disease, reducing risks of
corneal melting and corneal scarring
to improve visual outcomes
to prevent the need for
corneal transplantation
to minimize antibiotic resistance
to reduce financial burden
of medications
to minimize reinfection rates.

PACK-CXL has been investigated in the
context of bacterial, fungal and amoebic
keratitis, with equivocal and controversial
results. The majority of infectious etiologies
are reported to be bacterial keratitis from
mostly gram positive organisms (40–60
percent), with fungal keratitis (10–15
percent) and Acanthamoeba keratitis (5–10
percent) also reported, as well as a varied
percentage of mixed infections (1). For this
article, we will focus on PACK-CXL in
relation to bacterial keratitis – the major
etiology for infectious keratitis (see Sidebar
– Bacterial keratitis).
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Reported techniques
PACK-CXL exerts its disinfectant, antimicrobial and bactericidal properties via
the following biochemical mechanisms (2):
•

•

•

inhibition of pathogen replication
by the chromophore’s chemical
alteration of pathogen’s nucleic acids;
the chromophore intercalates between
the pathogen’s DNA and RNA bases,
causing oxidation and inactivation.
alteration of tertiary structure
of collagen fibers, increasing
resistance to collagenases and other
degradative enzymes.
reduction of inflammatory and
immune cells, corneal nociceptive
signaling, and inflammatory
neovascularization.

Reviewing meta-analyses of existing case
series/case reports, most PACK-CXL
methodologies use the UV-X Lamp (Peschke
Meditrade, Hueneberg, Switzerland) as the
crosslinking instrument. Vega CBM X
linker (CSO, Florence, Italy) was also used
with less frequency (1, 3). Standard Dresden
protocol was used in most cases:
1. Induction – application of riboflavin
solution (0.1% riboflavin-5-phosphate
and 20% dextran T-500) to the
corneal surface for 20–30 minutes at

intervals of 2–3 minutes; hypotonic
riboflavin was used in cases of thinner
corneas (less than 400 µm). Some
studies experimented with isoosmolar riboflavin drops (4).
2. Irradiance – 30 minute exposure of
365–370 nm wavelength of UV-A
light source at an irradiance of 3
MW/cm2; riboflavin drops continued
at 5 minute intervals.
3. Post-treatment – soft contact lens
with good oxygen transmissibility
removed 5–7 days post-procedure;
topical antibiotics for at least one week
following treatment.
A small proportion of studies varied the
duration of irradiation from 15 minutes to
45 minutes. One interventional cohort study
studied the effect of accelerated crosslinking
on therapy-resistant bacterial corneal ulcers,
with no adverse effects and similar efficacy
profiles as conventional settings (5).
Reported outcomes
Published studies discuss the use of
PACK-CXL in cases where the infection
fails to respond to medical therapy, or
to delay emergency keratoplasty which
has a greater rejection rate than standard
keratoplasties: both are listed as common
inclusion criteria in the literature. The first
case series was performed in 2008 by Iseli
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and colleagues in five patients unresponsive
to medical treatment, and concluded that
crosslinking was effective in arresting the
progression of corneal melt and reducing
size of infiltration in four of the patients
(6). Most of the published literature on
this topic consists of isolated case reports
and case studies, with only a handful of
prospective (only one which is randomized),
and retrospective clinical studies. In a metaanalysis of 210 eyes of 209 patients with
infectious keratitis, 96 eyes had keratitis of
bacterial etiology. The proportion of eyes
that healed with CXL was 85.7 percent
(95 percent confidence interval, 78.5–91.7)
(3). Makdoumi and colleagues reported
one of the few studies that used CXL as a
first-line therapy for bacterial keratitis with
initial presentation of corneal ulcer: initially,
all patients responded to CXL, with 12.5
percent needing adjunctive treatment with
systemic and topical antibiotics (7).
In a prospective study of 40 eyes – 21
undergoing PACK-CXL and 19 undergoing
conventional antimicrobial therapy – the
complication rate in the control group was
found to be 21 percent, whereas there were
no complications (corneal perforation or
recurrent infection) in the PACK-CXL
group (8). However, no significant difference
in corneal healing time (epithelization) and
final visual outcomes were noted between
the two groups.
Numerous other cases have reported the
use of crosslinking to reduce the risk of
perforation by strengthening the cornea,
promoting epithelization and corneal
healing, and reducing pain/inflammation
as well as shortening the course of treatment
(9–11). In a meta-analysis of 12 articles and
104 eyes, faster epithelization was reported
in gram-positive bacterial keratitis versus
gram-negative bacterial keratitis (1).
Furthermore, lower transplantation rates
were reported in bacterial keratitis versus
fungal or amoebic keratitis (1). Fungal and
amoebic infections penetrate deeper into
the cornea, and it is known that the risk of
endothelial cell loss related the procedure is
www.theophthalmologist.com

Bacterial keratitis
Common organisms that
cause bacterial keratitis include
Staphylococcus Aureus, Pseudomonas
aeruginosa, Staphylococcus epidermidis,
Streptococcus Pneumoniae and
Escherichia coli. Patients are
typically started on broad-spectrum
quinolones (for example, ofloxacin)
until confirmatory cultures to select
a specific antibiotic regimen
are obtained.

Staphylococcus aureus

increased if the infection penetrates to more
than 250 µm depth. As such, the depth of
infiltration has been noted as an important
exclusion criterion in literature. In cases
of deep infiltration, some have proposed
the use of a longer duration of irradiance
coupled with hypo-osmolar riboflavin.
Few complications have been reported
post-procedure. Those reported include
initial worsening of hypopyon (<40 percent),
corneal edema (<5 percent), and dendritic
lesions (<5 percent). Shetty and colleagues
described a case series of nine patients with
bacterial keratitis, who were treated with
antibiotics two weeks prior to CXL (12).
Although 6 out of the 9 cases resolved, cases
with deep stromal keratitis or endothelial
plaque did not respond to the treatment
leading the authors to conclude that CXL
was effective in microbial keratitis with
superficial stromal involvement.

Challenges and controversies
Despite a wealth of published studies, it is
difficult to delineate clear clinical outcomes
due to (13):
•
•
•
•
•
•

variability in reported
visual outcomes
variability in grades of infiltrate,
size of epithelial defects, and
severity of infections
non-homogeneity of infectious
organisms; variability in etiology of
infections
absence of control groups
lack of defined, uniform inclusion/
exclusion criteria and safety/efficacy
endpoints
lack of standardization in the use of
PACK-CXL; limited single firstline therapy studies with majority
of studies reporting varying

antibacterial drugs prior to, during,
and after CXL treatment.
Though many studies do support the use
of crosslinking therapy in cases of bacterial
keratitis, some suggest it could be toxic to
the cornea, especially the endothelium.
In conventional forms of crosslinking,
corneal epithelium is ‘scraped off ’ to
allow sufficient penetration of therapeutic
UV-A light and riboflavin. This epithelial
debridement causes damage to the
stromal keratocytes, which are integral
to corneal immune response, increasing
risk of infection. Studies have reported
worsening of existing infectious keratitis,
enlargement of corneal ulcers, persistent
corneal haziness/opacity, endothelial cell
damage and corneal edema following
keratoconic management with epi-off
CXL (14, 15).

PACK-CXL – a new application?
Crosslinking seems to have a beneficial
effect for treatment of bacterial keratitis
and possibly for fungal keratitis,
especially if the infective lesions are
shallow (less than 50 percent depth
in the cornea). It would seem to be
contraindicated in viral or amoebic
disease, and less likely to be effective
in deep ulcers. Crosslinking would
be a welcome addition to the present
armamentarium for keratitis, especially
in cases of microbial keratitis, which
touts the highest numbers of drugresistant organisms, and advanced
or progressed keratitis either as a
temporizing measure or a long-term
option for high-risk surgical patients.
St ud ie s a r e d i v e r s e a nd l a c k
standardization, making it difficult to
derive clinical utility at the present time.
The general consensus, however, advocates
crosslinking as a potential therapeutic
agent to promote epithelialization and
arrest corneal melting in infectious
keratitis. In short, PACK-CXL is a
new application that the ophthalmic
community should continue to pursue.
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A Job for Life
Sitting Down With… Carol Shields, Chief of the Ocular
Oncology Service at Wills Eye Hospital and Professor of
Ophthalmology at Thomas Jefferson University,
Philadelphia, PA, USA.

Sitting Down With

What led you to ocular oncology?
When I came to Wills Eye Hospital as
a resident in 1984, I enjoyed all aspects
of ophthalmology. With every rotation,
I fell in love with a new field. Then I
got to ocular oncology. It seemed like
an orphan subspecialty; it didn’t have
much interest, and very few people were
working in it. I saw a potential to make
a big difference. I did some research on
tumors of the caruncle, retinoblastoma
and uveal melanoma, and found it was
my calling.

in ocular oncology, and I am enormously
indebted to him. He has a gentle way
about him. He takes his time to show
you what happens if you do it right,
and what happens if you do it wrong.
He was – and is – a wonderful teacher.

What are you working on right now?
We’re doing the first ever prospective
study to assess injectable nanoparticles
for the treatment of melanoma. The
study is taking place in eight centers
throughout the United States, and we’re
about to invite European centers to
participate. If the trials are successful,
this will be a novel non-radiation
treatment for melanoma.

What is the next big step in
ocular oncology?
Better treatments for ocular melanoma.
It’s been a long and winding road to
raise awareness that melanomas need
to be treated when they are small – not
medium or large. Our plan is to teach
people how to identify small melanomas
when they’re the same size as a nevus.
We are already seeing a trend towards
referral of smaller melanomas, but I want
us to reach a point where all patients
with small pigmented lesions are seen
by an ocular oncologist. When you’re
dealing with something as serious as
melanoma that could lead to metastasis
and death, you need an expert opinion.

What drives you?
A lot of who I am goes back to my
childhood. Even as a kid, I liked to do
meaningful things. I enjoyed reading
books about science, and participating in
team sports – and so did my brothers and
sisters. I am one of eight kids and most of
my siblings are now physicians or lawyers.
I put it down to my parents. My dad was
a very dedicated internist with an interest
in cardiology. He didn’t have a big salary
but he had a big impact on his kids. He
created a sense of wellbeing in each of
us – everything we did was important
to him – and it was the same for my
mom. She was a registered nurse but took
time off to raise us. It was her peace and
organization and my dad’s support that
allowed me to develop into a research
physician and to believe in myself.
What is it like working with
your husband?
Jerry is actually the one who trained me

Does medicine run in your family?
Of our seven kids, five have gone into
medicine. We had hoped they would
choose ophthalmolog y or ocular
oncology, but you have to let them do
their own thing!

Are you making any progress?
We’ve started a HIPAA-protected
website – OORCA.org – where doctors
can submit an image or OCT scan for
interpretation whether it’s a nevus
or melanoma. It stands for Ocular
Oncology Reading Center of America.
If a patient has a pigmented lesion they
want us to look at, we ask that they
send it to OORCA.org or consults@
shields.md.
How do you find the time?
I receive emails every day regarding
unusual intraocular tumors, or questions
on management. My answers are
generally short and sweet – sometimes
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“I’ve been in the field
34 years and I’m still
at my first job. I
never even signed a
contract, I just
started working.”
just one sentence. But for a doctor who
is really struggling with a case, one
sentence might be all they need. I’ve
seen virtually every eye cancer known
to humankind so I figure my input
could help out. So far this year, I have
answered 373 email consults.
You’ve had a great career.
And I’m not done yet! I think I have
a good 15 years left. Believe it or not,
I’ve been in the field 34 years and I’m
still at my first job. I never even signed
a contract, I just started working. I
didn’t know my salary, vacation days,
or benefits. That’s pretty different
from today’s world. We put in a lot of
work over the years, our patients have
tremendously benefited, and our reward
is their satisfaction.
What is your proudest achievement?
My professional success is thanks to the
help of my associates, fellows, residents,
and medical students. My success is a
result of strong teamwork. But aside from
that, I am most proud of my family. My
husband has been a role model in ocular
oncology. He has lived his life honestly,
worked hard, and shared his knowledge.
My children are now young adults. They
are good to their friends, take care of each
other, and love their parents – they are
our happiness and our legacy.

Product name: SAFLUTAN tafluprost 15 micrograms/ml eye drops, solution in
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