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W
ith each September, thoughts turn to the changing 
of the seasons along with the usual schedule of 
ophthalmic conferences planned for the autumn. 
While things are different this year, one thing 

readers can count on from Ophthalmology Times Europe® is 
continued coverage of the virtual congresses of EURETINA 
and the European Society of Cataract and Refractive Surgeons 
(ESCRS). Stay tuned for further updates.

In this month’s issue feature, we begin with ocular infections 
as Dr Omid Kermani shares pearls for minimising risks during 
routine ophthalmic examinations amid the pandemic of the 
coronavirus disease 2019 (COVID-19). Until there is a vaccine 
and a reduction of COVID-19 cases to zero, ophthalmologists 
will need to adjust and take every precaution possible to protect 
staff and patients.

Turning to cataract and refractive surgery and our cover 
story, Dr Cédric Schweitzer highlights the FEMCAT trial, a 
large-scale, independent, randomised clinical study which 
took place at five centres in France. It was designed to 
compare anatomical, visual and refractive outcomes between 
femtosecond laser-assisted cataract surgery and conventional 
phacoemulsification cataract surgery among 907 patients 
(1,476 eyes) who received either bilateral or a unilateral 
cataract surgery by one of these two methods. With cataract 
surgery being one of the most routinely performed operations 
in medicine, it became clear that such a comparison was 
necessary, not just for patients but for healthcare professionals 
and decision-makers as well, to enable them to provide 
recommendations and potentially facilitate the spread of the 
technology.

In retina, Dr J. Fernando Arevalo and Dr Juan David 
Arias weigh in on the use of swept-source optical coherence 
tomography (OCT) and OCT angiography to differentiate 
between choroidal tumours. Ultimately, SS-OCT provides a clear 
view of the eye’s internal structures and any abnormalities, 
helping to differentiate benign from malignant lesions.

Next, Maria S. Romero explains how macular OCT imaging 
is vital in the preoperative evaluation of candidates for 
cataract surgery. Spectral-domain OCT imaging performed 
as part of the preoperative evaluation identified a previously 
undiagnosed macular abnormality in 27 (64%) of 42 eyes 
scheduled for cataract surgery in this study. “Macular disease 
can compromise the visual acuity, not only quantitatively but 

also [in terms of] the quality of vision, by decreasing contrast 
sensitivity, leading to patient dissatisfaction after cataract 
surgery,” Dr Romero says.

Turning to ophthalmologists’ youngest of patients, the 
co-authors of this issue’s paediatric feature assert that remote 
amblyopia screening is possible with the dynamic random 
dot stereo test. Android device-compatible software has been 
shown to overcome some limitations of traditional screening 
methods in recent Hungarian studies.

In glaucoma, Dr Abdelwahhab Azzawi discusses monitoring 
blood reflux during the gonioscopy evaluation in glaucoma. 
Gonioscopy may offer a reasonable and cost-effective method 
to evaluate the function of the trabecular micro-bypass device 
post-implantation and it could help in adjusting the therapy 
after the surgery.

With an update in gene therapy, Dr Aditya Venkatesh 
explains how targeted augmentation of nuclear gene output 
(TANGO), a novel therapeutic approach developed by Stoke 
Therapeutics, has been validated in vitro and in vivo as a way 
to address autosomal dominant optic atrophy, one of the most 
commonly occurring optic neuropathies. This method aims to 
overcome the protein deficiency seen in this genetic condition. 
“The data support our belief that this new RNA-based approach 
to the upregulation of proteins may be well-suited to the 
treatment of diseases like autosomal dominant optic atrophy, 
which are caused by insufficient protein production,” Dr 
Venkatesh says.

We close this September issue of Ophthalmology Times 
Europe® with a look at how the coronavirus pandemic has 
triggered a seismic shift in the way ophthalmologists interact 
with their patients, forcing them to find ways to quickly 
adapt their workflows. However, it is becoming apparent 
that some of the changes they have had to make, such as 
increasingly opting for virtual consultations, could become 
more permanent, as evidence of their benefits to doctors and 
patients alike starts to mount.

To that end, Editor Caroline Richards speaks with Prof. 
Mariya Moosajee about how ophthalmologists can continue 
to provide the best care for their patients both during the 
pandemic and beyond. If there’s a bright spot in all this, the 
pandemic has paved the way for positive changes for patients 
with genetic eye disease.

We wish you a safe and healthy autumn.

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

Summer fades into autumn, 
full of colour and contrast
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inside ocular infections inside ocular infections 

Minimising risks during routine ophthalmic 
examinations in the COVID-19 era
Vigilance measures include providing face masks and measuring temperature

By Omid Kermani M
uch has been published about the risks of 
contracting COVID-19 from tears and the 
precautions that need to be taken. This 
article will evaluate the risks surrounding 

the most commonly performed procedures during 
an ophthalmic exam, focusing particularly on 
procedures requiring contact with the eye, such as 
tonometry.

Given that the COVID-19 pandemic involves a new 
virus, which has spread and behaved unpredictably, 
our understanding of patient management in this new 
reality has evolved. Consider that in March, a study 
published in the journal Ophthalmology concluded 
that it was unlikely that COVID-19 patients shed virus 
through their tears.1

However, less than two months later, a new study 
from Johns Hopkins University, Baltimore, United 
States, concluded differently: “These results indicate 
that ocular surface cells including conjunctiva are 
susceptible to infection by SARS-CoV-2, and could 
therefore serve as a portal of entry as well as a 
reservoir for person-to-person transmission of this 
virus.”2 They added that the results showed that the 
ocular surface could be an even more significant 
reservoir for virus particles than suggested by other 
recent clinical studies.2

Given these recent findings, we must be vigilant 
about reducing the risk of virus transmission for our 
staff, as well as our patients. In our clinic, we have 
implemented specific safety measures that should 
reduce the risk of infections in general. 

These include: providing face masks to each 
patient when entering the clinic; measuring body 
temperature by a non-contact method; excluding 
patients with any potential COVID-19 symptoms; 
frequent ventilation of all rooms; adding barriers 
around instruments and the reception area; and 
disinfection of all surfaces every hour. We have also 
made it mandatory for the entire clinic team to wear 
gloves, safety glasses and facemasks. 

According to a World Health Organisation-
funded study, face masks and eye protection/safety 
glasses provide the best protection in reducing 

the risk of infection. Writing in the Lancet, the 
researchers looked at 216 studies with more than 
25,000 COVID-19 patients and found that face 
masks resulted in the largest reduction of risk (95% 
CI: 0.07–0.34), followed by eye protection (95% CI: 
0.12–0.39).3

In addition, most eyecare practitioners very quickly 
adopted the placement of a plastic barrier around 
their slit lamps in order to reduce transmission risk. 
But what about other routine eye exams – what are 
the risks and how can we minimise them?

Highest risk of exposure
SLIT LAMP
Among the first recommendations made by the 
American Academy of Ophthalmology (AAO) and 
other ophthalmic societies was to place a plastic 
shield around the exterior of slit lamps.4 But how 
effective is this barrier? 

A recent study published in a letter to the editor 
in the British journal Eye tested two sizes of plastic 
shields using a breathing simulator to replicate 
a normal adult breathing pattern.5 Researchers 
measured spray without the plastic barrier, with 
an 11x11x0.2-cm barrier and a larger 45x44x0.2-cm 
barrier. 

They then measured the number of particles over 
a 1-minute period. The slit lamp arm was offset at 
60° and the test was repeated five times for each 
shield. A linear regression analysis determined the 
effectiveness of no barrier and the two barriers, as 
well as the particle count.

Without any shield in place, the mean log particle 
count was 3.59 (95% CI: 3.48–3.70). With the standard 

  Until there is a vaccine and a reduction of 
COVID-19 cases to zero, ophthalmologists 
must adjust and take every precaution 
possible to protect staff and patients.

IN SHORT 

Dr Kermani



shield in place, there was a reduction to 3.01 
(95% CI: 2.90–3.13; P<0.01) and a further 
drop was seen with the larger barrier in 
place, which lead to a mean count of 2.62 
particles (95% CI: 2.50–2.73; P<0.01).5

However, while the larger barrier 
provided the greatest reduction in particle 
transmission, the authors pointed out 
that the larger shield can lead to contact 
transmission of the virus due to the 
need to manipulate the slit lamp arm or 
during tonometry. As a result, the authors 
noted that the barrier should be used in 
combination with hand hygiene and surface 
cleaning.5

IMAGING DEVICES, INCLUDING OCT 
A highly useful article published in the 
June issue of the journal Glaucoma outlines 
the risks and best practices for various 
ophthalmic tests, including the use of 
imaging devices, such as those used for 
optical coherence tomography. The obvious 
contact points on these devices are the 
chin rest and head guard where the patient 
has direct contact, but if the patient is 
unmasked, droplets from breathing and 
speaking can also contaminate the surface 
of the device.6 

While cleaning and disinfection after 
each patient is the obvious solution, most 
imaging device manufacturers have specific 

recommendations about how this is done 
without damaging these devices. All 
manufacturers have developed guidelines 
for this purpose.

AUTOMATED PERIMETRY 
This test places both the patient and the 
technician at risk due to its lengthy nature 
and the need for the technician to be in 
proximity to the patient while the patient 
is performing the visual field test. The 
corrective lens and bowl of the perimeter 
can be exposed to respiratory droplets, 
while the response button, occluder, head 
strap and chin rest are in direct contact with 
the patient. The authors suggest replacing 
the occluder with a disposable amblyopia 
patch or gauze, as well as following 
manufacturers’ cleaning and disinfecting 
instructions.6

TONOMETRY 
This procedure has attracted a certain 
amount of debate given that the two forms 
of tonometry—contact and non-contact— 
have the potential to result in infection 
transmission. With contact tonometry, the 
risk is clear from the name – the tonometer 
encounters the cornea. 

Published studies have shown that 
applanation tonometry can potentially 
transmit a number of infectious diseases, 
including adenovirus B and herpes simplex 
virus 1, while reusable tonometer prisms 
are able to transmit hepatitis B & C, as well 
as HIV and Creutzfeldt-Jakob disease.6 
The AAO notes that there is no optimal 
way to disinfect Goldmann tonometers 
without potentially damaging the device 
and recommends the use of disposable 
tonometer prisms, if available, to reduce the 
risk of viral transmission.4

In a separate letter to the editors of Eye 
published online in April, ophthalmologists 
from the University of Hong Kong noted 
that they had suspended all tests that 
might result in micro-aerosol, including 
non-contact tonometry (NCT).7  Shabato et 
al. note in their article that there is no set 
evidence that there is aerosol transmission 
with current devices and also point out that 
NCT enables clinic staff to put more distance 
between themselves and patients. 

However, surfaces around the testing area 
should be disinfected between patients. The 
Centres for Disease Control and Prevention 
also recommends caution in performing 
tests that result in “aerosolisation of viral 
particles.” 

Interestingly, a 1991 study of NCTs 
attempted to show the alleged danger of 
the air puff approach using fluorescence 
photography to capture droplet splatter 
when drops were instilled into eyes as the 
puff of air was applied. However, they could 
not replicate it with just the patients’ tears.8

Can safety rules make vision 
exams 100% safe?
Based on our review of literature and 
recommendations that have been published 
in recent months, it is clear that both 
societies and ophthalmic equipment 
manufacturers are providing as much 
guidance as possible to help clinicians 

According to a World 
Health Organisation-funded 
study, face masks and eye 
protection/safety glasses 
provide the best protection 
in reducing the risk of 
infection. 

(FIGURE 1)   Tonometry has the potential to cause infection.
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navigate these unchartered waters. It is 
also certain that, based on our current 
knowledge of the role of the tear film in 
COVID-19 patients, with proper safety, 
cleaning and disinfecting procedures, the 
risk of viral transmission will remain low. 

Of course, virus transmission can never 
be completely excluded by the discussed 
transmission pathways. The remaining 
risk under these circumstances must be 
estimated. 

Wearing masks and safety glasses 
is a good barrier against direct droplet 
transmission even within the proximity 
between patient and examiner in the case 
of Goldman applanation tonometry or 
rebound tonometry. Gloves protect the 
examiner while he touches the patient’s face 
and eyes. But care must be taken to avoid 
cross-contamination of surfaces or other 
instruments, even when wearing gloves. 

In addition to clinic staff wearing masks, 
it is critical that patients are also masked in 
order to prevent aerosol contamination from 
breathing or speaking,9 given that aerosols 
induced by breathing or sneezing have a 
much higher virus concentration and are 
much more likely to be infectious. Recent 
experiments in clinics have shown that 
glasses worn by the patient steam up by their 
breath even when a mask is being worn. This 
illustrates that aerosol production is difficult 
to avoid in clinical practice.

These examples demonstrate that 
potential risks caused by the proximity 
between patient and examiner in case of 
applanation and rebound tonometry can 
be reduced in theory, however, in clinical 
practice potential risks remain. Again, 
distancing between patients and examiners 
and frequent ventilation should be the main 
ways of minimising these risks, as well as 
the use of NCT.  

Summary  
The Johns Hopkins study sends a strong 
message to the ophthalmic community – 
that ACE2 (the receptor for SARS-CoV-2) and 
TMPRSS2 (a cell surface-associated protease 
that facilitates viral entry) are present in 
conjunctival and corneal epithelial cells. 
This means that the ocular surface can 
be a potential site of infection or serve 
as an entry port for the virus to enter the 

blood stream. In addition, they conclude 
that ocular virus shedding does have the 
potential to infect others.2

Clearly, in order to provide eye care 
for our patients, resuming practice is the 
right thing to do. However, until we have 
a vaccine and see a reduction of COVID-19 
cases down to zero, we must adjust and 
take every precaution possibly to protect our 
staff, as well as our patients. The use of tests 
such as NCT, as well as placement of plastic 
barriers, provide distance between the 
clinic team and patients, reducing the risk of 
aerosol viral transmission.

We have implemented specific safety 
measures in our clinic that should reduce 
the risk of infections in general. By adhering 
to these as well as implementing some other 
rules, we consider NCT measurements to be 
safe with a very low remaining risk. 

The greatest threat to professional 
healthcare providers arises from the close 
doctor-patient proximity, which is reduced 
in the case of NCT measurements. Complete 
avoidance of tonometry in the clinic could 
cause much more harm than the very low 
remaining risk for an infection if all safety 
rules are considered.
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(FIGURE 2)   Gloves protect the examiner while she touches the patient’s face. 
(Photos courtesy of Dr Kermani)
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T
he femtosecond laser is widely used in ocular 
surgery, particularly in refractive surgery with 
LASIK flap creation or small incision lenticule 
extraction, as well as in corneal graft or corneal 

inlays for keratoconus. Owing to the very short pulse 
of the laser, the technology provides highly precise 
ocular tissue cuttings without causing collateral 
damage to surrounding structures. 

The application of femtosecond laser to cataract 
surgery was the obvious next step of the technology 
and has led to femtosecond laser-assisted cataract 
surgery (FLACS) emerging as a recent breakthrough. 
However, it has required additional developments 
such as specific docking systems and real-time 
imaging to enable cuttings of the opacified crystalline 
lens to be made without distortion of ocular 
structures during the laser procedure. Safety zones to 
preserve surrounding structures within the eye also 
needed to be considered (Figure 1). 

As expected, laser-created capsulotomy is 
more precise, circular and centred than manual 
capsulotomy. In addition, corneal incisions have 
more reproducible squared-edge architecture 
and greater resistance to leakage than manual 
incisions using a calibrated knife. Furthermore, the 
fragmentation of the lens provided by the specific 
pattern of femtosecond laser impacts within the lens 
significantly reduces the amount of ultrasound used 
to remove the remaining pieces of the lens during the 
phacoemulsification phase. 

However, despite the femtosecond laser’s high 
level of technical capabilities in cataract surgery, 
the clinical benefit for patients remained unclear 
and a Cochrane meta-analysis could not determine 
the equivalence or the superiority of FLACS to 
phacoemulsification due to a very low certainty of 
the available evidence and the unclear risk of bias in 
included studies. 

With cataract surgery being one of the most 
routinely performed operations in medicine, it 
became clear that such a comparison was necessary, 
not just for patients but for healthcare professionals 
and decision-makers as well, to enable them to 

provide recommendations and potentially facilitate 
the spread of the technology.

Examining the clinical benefit 
The FEMCAT trial was a large-scale, independent, 
randomised clinical study which took place at 
five centres in France. It was designed to compare 
anatomical, visual and refractive outcomes between 
FLACS and conventional phacoemulsification cataract 
surgery among 907 patients (1,476 eyes) who received 
either bilateral or a unilateral cataract surgery by 
one of these two methods. We included a wide range 
of cataract severity grades that were likely to be 
representative of the French population who undergo 
cataract surgery every year in France. 

The success rate was defined by four relevant 
outcomes in cataract surgery: the absence of 
perioperative complications up to the 3-month visit; a 
best corrected visual acuity of 0.0 LogMAR or better; 
an absolute manifest refractive error below 0.75 
dioptres; and the absence of significant change in 
corneal astigmatism between the preoperative visit at 
month 3 post-operatively.

The femtosecond laser was found not to be 
superior to phacoemulsification in cataract surgery 
and thus FLACS failed to provide an additional 
clinical benefit for patients despite its advanced 
technical performance. Indeed, we observed a high 
rate of uncomplicated surgery of 94.2% up to the 
3-month visit without significant difference between 
the two groups. These results were recently reported 
in The Lancet.

The rate of absolute manifest refractive error below 
0.75 dioptres or 0.5 dioptres were up to 81.4% and 

  With its higher costs, FLACS failed to provide 
an additional benefit over phacoemulsification 
for patients or in healthcare settings, despite 
its advanced capabilities.
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76.5%, respectively, again without 
significant difference between the 
two groups (Figure 2). Interestingly, 
we did not observe any difference 
in visual, refractive or anatomical 
outcome measures between the two 
groups whatever the cataract type or 
the cataract severity grade. 

Level of evidence 
In order to provide robust data on 
a large sample size, the FEMCAT 
trial was designed to minimise the 
risk of bias. We strived to provide 
masking procedures until the last 
follow-up visit wherever we could, 
including having a sham laser 
procedure for patients randomly 
allocated to the phacoemulsification 
group. Additionally, an independent 
adjudication committee composed of 
three independent ophthalmologists 
masked to the trial allocation was 
designated to evaluate all adverse 
events for increasing objectivity in 
safety evaluation. 

We also standardised all the 
associated procedures (IOL optical 
and biomaterial characteristics or 
phacoemulsification machines) in 
each centre to limit the risk of bias 
and to analyse only the safety and 
efficacy profile of the studied surgical 
procedures. Finally, four surgeons 
experienced in cataract surgery 
were involved in the trial at each 
centre. They were also likely to be 
representative of cataract surgeons 
in France. 

Current cost-effectiveness  
of FLACS
FEMCAT was also a cost-
effectiveness trial and so we collected 
all direct expenses related to the 
surgery using a real-life micro-
costing approach based on detailed 
resources used during the surgery. 
It included the prices of items such 
as knives, viscoelastic products, 
syringes or cannulas; the expense 
of the laser and disposable docking 
systems; and all costs related to 
phacoemulsification machines. 

We also estimated all inpatient 
and outpatient costs, including 
those related to the follow-up or 
rehabilitation care arising until the 
treatment success measurement was 
obtained using the French national 
health data system, a claim database 
encompassing 98.8% of the French 
population. With comparable clinical 
outcomes between the two groups, 
the cost of FLACS was significantly 
higher and thus the laser was found 
not to be a cost-effective procedure 
for cataract surgery. 

Indeed, all inpatient and outpatient 
costs as well as all direct costs of 
surgical items or phacoemulsification 
machines were not significantly 
reduced in the FLACS group. Thus 
the financial loss incurred by laser 
was not compensated, even in part, 
by either better clinical efficacy or a 
significant reduction in other direct 
costs during the surgical procedure 
or thereafter. 

It is likely that the technology’s 
expansion will need to be facilitated 

by a significant reduction in 
femtosecond laser procedure costs 
in the future, including those 
incurred indirectly, for example by 
phacoemulsification machines that 
are used to aspire the fragmented lens.

Technical performance 
The femtosecond laser was confirmed 
to be reliable and precise regardless 
of the cataract severity grade or the 

The femtosecond 
laser was found not 
to be superior to 
phacoemulsification in 
cataract surgery and thus 
FLACS failed to provide 
an additional clinical 
benefit for patients 
despite its advanced 
technical performance. 

(FIGURE 1)   Real-time imaging system showing an automated recognition of 
anterior and posterior faces of the cornea, and anterior and posterior faces of 
the lens. The green zone is the laser treatment zone within the lens and the red 
zone is the safety zone based on the pupillary margin and the posterior capsule 
of the lens. (Image courtesy of Dr Cédric Schweitzer)
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clinical experience of surgeons in our trial. 
Also noteworthy was that the laser enabled 
reliable images of the anterior structure of 
the eye to be obtained irrespective of the 
cataract severity grade, even for very mature 
cataracts, and allowed for reproducible 
cuttings of ocular tissues in the FLACS group. 

Moreover, we did not observe any 
significant adverse event during the 
femtosecond laser phase. We reported only 
six cases of incomplete capsulotomy without 
subsequent anterior capsule tear. 

Ultrasound time and energy were 
also significantly reduced in the FLACS 
group. Finally, we can also confirm the 
learning curve of FLACS was short without 
significant adverse events seen in the first 
cases by each surgeon.

FLACS perspectives
While FLACS does not provide an 
additional clinical benefit for patients over 
phacoemulsification cataract surgery today 
and was not found to be a cost-effective 
strategy in our trial, it is fair to acknowledge 
that this technology is still in its infancy and 
some perspective exists. Indeed, FLACS has 
provided new insights into anterior segment 
surgery, particularly in paediatric cataracts, 
by enabling posterior laser capsulotomy, 

which, when it is performed following 
crystalline lens extraction, could limit the 
risk of amblyopia related to the posterior 
capsule opacification. 

Additionally, owing to the real-time 
imaging technology and the three-
dimensional zones of laser treatment or 
safety zones the surgeon can define prior 
to the laser procedure, this technology can 
also improve the surgical outcomes of some 
severe anterior segment diseases such as 
severe capsulophimosis. The development 
of new IOLs that would be a better fit to 
the very precise and circular capsulotomy 
provided by the femtosecond laser machine 
could also help improve IOL stability or 
centration along the visual axis. 

Furthermore, innovations such as new 

aspiration machines associated with the 
femtosecond laser could help limit the need 
to use the phacoemulsification machine 
and reduce the overall cost of the surgical 
procedure. Finally, FLACS may also pave 
the way to a new era of automation and 
robotics in cataract surgery.

In conclusion, we believe that 
the FEMCAT trial provides useful 
information that healthcare providers 
and decision-makers should consider 
before implementing this new technology 
in routine practice for cataract surgery. 
Although FLACS represents an 
innovation that could open new doors in 
ophthalmology, it is necessary to rationalise 
the overall costs of cataract surgery as 
well as consider the individual patient’s 
journey when considering whether or not 
it is appropriate to choose FLACS over 
phacoemulsification.

Total
(n=1,389 eyes)

FLACS Group
(n=704 eyes)

PCS Group
(n=685 eyes)

Odds Ratio*
(95% Cl)

P Value

Overall success rate (%) 42.3%
(588)

41.1%
(289)

43.6%
(299)

0.85
(0.64-1.12)

0.250

Overall rate of uncomplicated 
surgery (%)

94.2%
(1,308)

94.3%
(664)

94.0%
(644)

1.17
(0.26-5.36)

0.840

Overall rate of Best Corrected 
Visual Acuity at 0.0 LogMAR (%)

80.2%
(1,114)

78.7%
(554)

81.8%
(560)

0.74
(0.28-1.96)

0.541

Overall rate of absolute manifest 
refractive error ≤0.75D (%)

81.4%
(1,131)

80.1%
(564)

82.8%
(567)

0.78
(0.32-1.90)

0.583

Overall rate of postoperative 
change in corneal astigmatism 
≤0.5D and change in axis of 
corneal astigmatism ≤20° (%)

57.5%
(799)

56.7%
(399)

58.4%
(400)

0.89
(0.66-1.19)

0.429

*Logistic Regression Model with patient random effect adjusted on centres

(FIGURE 2)   FEMCAT trial: Safety and efficacy analyses at 3 months in modified intent-to-treat populations. (Data courtesy of Dr Cédric Schweitzer)

It is likely that the 
technology’s expansion will 
need to be facilitated by 
a significant reduction in 
femtosecond laser procedure 
costs in the future.
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Using SS-OCT and OCT angiography to 
differentiate between choroidal tumours
Method’s speedy scanning and targeted wavelength gives detailed visualisations

By Dr J. Fernando 
Arevalo and Dr Juan 

David Arias C
ompared with traditional spectral domain 
optical coherence tomography (SD-OCT), 
swept-source OCT (SS-OCT) allows us to 
image the eye’s deep tissues with excellent 

fidelity and consistency. The technology’s rapid 
scanning speed and targeted wavelength helps us to 
visualise the choroid and sclera in remarkable detail, 
and enables us to acquire 6, 9 and 12 mm scans in a 
fast and efficient manner.

Recently, we collaborated to investigate the use 
of SS-OCT and in particular, swept source OCT 
angiography (SS-OCTA*) to differentiate between 
a range of intraocular tumours. Over the course of 
our study, we used our imaging platform (DRI OCT 
Triton, Topcon Medical Systems) to capture detailed 
images that helped us to find evidence-supported 
diagnoses and treatment plans.

In our prospective study, we evaluated 40 intraocular 
tumours, including 16 choroidal nevi, ten melanomas, 
six choroidal hemangiomas, three choroidal 
metastasis, three retinal haemangioblastomas and 
two melanocytomas. All patients enrolled in the study 
underwent a complete ophthalmic evaluation including 
ultrasound, SS-OCTA and fluorescein angiography. To 
help the reader to better understand the value of swept 
source technology, we are pleased to share case details 
and images.

Choroidal nevi and melanoma
For choroidal nevi, we typically found a dome-shaped 
lesion associated with choriocapillaris compression 
and choroidal shadowing. In a representative case 
(Figure 1A-C), we encountered retinal pigment 
epithelium (RPE) irregularities which indicated the 
presence of drusen, thus demonstrating the chronicity 
of these lesions (Figure 1B and C). We also see 
marked photoreceptor loss (Figure 1C). OCTA analysis 
shows a more hyperreflective ring than the centre 
of the lesion in the superficial capillary plexus map 
(Figure 1A). 

This is supported by corresponding fundus 
photography (Figure 1B). Both images, as well 
as additional visualisations, are produced by the 

SS-OCTA platform in very little time.
For choroidal melanoma, however, differences 

emerge. In this case (Figure 2A-D), we identified 
a dome-shaped lesion in addition to compression 
of the choriocapillaris. There is still choroidal 
shadowing, but these lesions also typically present 
intraretinal oedema, shaggy photoreceptors, loss of 
photoreceptors and subretinal fluid (Figure 2D). 

OCTA demonstrates that these conditions present 
observable artefacts because the subretinal fluid 
is present (Figure 2A and B). We are currently 
investigating additional cases to try to correlate 
these patterns with tumour growth and possibly, 
metastasis. Hyperreflectivity and vascular patterns 
can likely be correlated with prognosis, but more 
confirmatory research is needed.

Choroidal haemangiomas
For choroidal haemangiomas (Figure 3A-D), we 
often observed a dome-shaped lesion associated 
with chronic RPE and cystic changes. There is no 
compression of the choriocapillaris. We also see 
dilated choroidal vessels, a hallmark in structural 
OCT visualisation (Figure 3A) given the large vessels 
that correlate with histopathology. 

In this example, we see that OCTA (Figure 3C-D) 
shows a hyper-reflectivity of vessels. However, the 

The technology enables us to 
acquire 6, 9 and 12 mm scans 
in a fast and efficient manner.

IN SHORT 
  SS-OCT provides a clear view of the eye’s 

internal structures and any abnormalities, 
helping to differentiate benign from 
malignant lesions.

Dr Arevalo



(FIGURE 1)   Choroidal nevus case. OCTA analysis (shown in A) 
demonstrates a more hyperreflective ring than the centre of 
the lesion in the superficial capillary plexus map.  
(FIGURE 2)   Choroidal melanoma case. OCTA (shown in A–B) 
demonstrates that this condition presents observable artefacts 
owing to the subretinal fluid present.  (FIGURE 3)   Choroidal 
haemangioma case. OCTA (shown in C–D) demonstrates hyper-
reflectivity of vessels. However, the areas lacking observable 
flow could also represent large vessels with slow flow. 

1 2

3

areas lacking observable flow could also 
represent large vessels with slow flow. After 
treatment, the pattern of hyperreflectivity 
decreases in the periphery.1 In some 
patients, certain vessels can be detected in 
the central retina.

Choroidal metastasis
Choroidal metastasis (Figure 4A-C) is 
another type of lesion SS-OCT can help 
differentiate. It presents as a lumpy, bumpy, 
contour-like lesion, often with granular 
changes of the RPE.1 There are empty spaces 
between the neurosensory retina and RPE. 
Additionally, there is tumour-infiltrated 
choroid, as well as hyperreflective points/
dots in the external retina on the tumour.

The example in Figure 4 shows 

the metastatic lesion (Figure 4A) and 
hyperreflective pinpoint lesions on the retina 
(Figure 4B) with a bumpy appearance and 
visible subretinal fluid (Figure 4C). When 
patients like these are treated (with systemic 
chemotherapy), we see better visibility of the 
choroidal vessels because of RPE atrophy. 
After the treatment, large choroidal vessels 
become apparent on OCT-A (Figure 4D; 
shown here from another patient). 

Melanocytomas and 
haemangioblastomas
A melanocytoma is a bilobular mass 
with highly pigmented choroidal vessels 
protruding through the lamina cribrosa.1 
These tumours are often characterised 
by posterior shadowing, as well as 

cystic changes between the normal 
retina and melanocytoma lesion (Figure 
5AD). The lesions typically appear with 
hyperreflectivity of the tumour’s vessels on 
the surface. 

OCTA images (Figure 5A-B) show that the 
diameter of the tumour can be delineated 
(see yellow colouring), whilst the violet 
colouring shows the areas in which flow 
of the lesion is detected both in the retinal 
superficial and deep plexus. There is relative 
hyporeflectivity of the lesion, but there are 
some superficial vessels that can be seen 
here as well. We monitor these vessels for 
potential malignant transformation.

A haemangioblastoma is generally an 
exophytic mass protruding from the internal 
retina. There is exudation and large vessels 

retina
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(FIGURE 4)   Choroidal metastasis case. On structutal OCT, it 
presents as a lumpy, bumpy, contour-like lesion, with granular 
changes of the RPE (shown in C). After the treatment, large 
choroidal vessels become apparent on OCT-A (shown here from 
another patient in D).

(FIGURE 5)   Melanocytoma case. OCTA 
images (shown in A–B) demonstrate in 
yellow the diameter of the tumour that can 
be delineated, and in violet the areas in 
which flow of the lesion is detected both in 
the retinal superficial and deep plexus.  
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from the optic disc can extend to the 
periphery, which are the classical 
feeder vessels (Figure 6A-E). There are 
hyperreflective dots on the external 
layers of the retina that correspond to 
exudation (Figure 6A-B). 

The posterior hyaloid seems to be, 
in most of the cases, very strongly 
attached, creating traction in these 
vascular tumours; this traction 
and exudation can decrease after 
treatment and after posterior vitreous 
detachment (Figure 6A-B). Figure 
6D depicts OCTA, demonstrating 
the feeder vessels and alterations 
of foveal avascular zone in the 
superficial and deep vascular plexus 
after treatment.

Concluding thoughts
Ultimately, SS-OCT provides 

clinicians a clear view on internal 
structures and abnormalities, 
allowing us to measure and 
compare with confidence. In a way, 
SS-OCT functions like an optical 
biopsy of intraocular tumours, 
helping us differentiate between 
benign and malignant lesions. In 
the future, SS-OCT, particularly 
with OCTA functionality, could 
play an important role in helping 
to differentiate, diagnose, 
prognosticate and manage 
intraocular tumours.
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(FIGURE 6)   Haemangioblastoma case. OCTA (shown in D) demonstrating the feeder vessels and alterations of foveal 
avascular zone in the superficial and deep vascular plexus after treatment. 
(All images courtesy of Dr J. Fernando Arevalo and Dr Juan David Arias)
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Macular OCT imaging is vital in 
work-up of cataract surgery patients
Investigators find value in screening for macular disease in preoperative evaluation

By Cheryl Guttman 
Krader;

Reviewed by  
Dr Maria S. Romero

F
indings from a review of a prospective 
consecutive surgical series of patients 
reinforce the value of incorporating optical 
coherence tomography (OCT) to screen for 

macular disease in the preoperative evaluation of 
candidates for cataract surgery.

The research was presented by Dr Maria S. 
Romero at the 2020 American Society of Cataract 
and Refractive Surgery (ASCRS) virtual annual 
meeting. According to Dr Romero, findings from 
imaging performed with a spectral-domain 
(SD)-OCT platform showed that previously 
undiagnosed macular abnormalities were common 
among patients who had been referred to her for 
cataract surgery. 

Patients with abnormal findings on SD-OCT 
were referred to a retina specialist prior to cataract 
surgery for further evaluation and treatment. 
Evaluations performed at 1 and 3 months after 
cataract surgery showed that good visual outcomes 
were achieved overall and there was no evidence 
that any existing vitreomacular disease worsened 
after the procedure. 

“Macular disease can compromise the visual 
acuity, not only quantitatively but also [in terms 
of] the quality of vision, by decreasing contrast 
sensitivity, leading to patient dissatisfaction after 
cataract surgery,” said Dr Romero, who is the 
medical director at Precision Eye Care in Baltimore, 
Maryland, United States. 

“In most of the cases in this study, the macular 
disease revealed by OCT imaging was subtle and 
overlooked by the referring providers, [who were] 
performing a standard clinical exam through the 
cataractous lens,” she said. “These findings are 
very important not only for advising the patients 
about intraocular lens technology that would 
benefit and improve their quality of life, and to 
set appropriate outcome expectations, but also for 
proper monitoring for progression of the macular 
disease per se and prevention of loss of vision.”

The study included 42 consecutive eyes of 
33 patients. Patients with any known retinal or 

IN SHORT 
  Spectral-domain optical coherence 

tomography imaging performed as part of 
the preoperative evaluation identified a 
previously undiagnosed macular abnormality 
in 27 (64%) of 42 eyes scheduled for 
cataract surgery.

Dr Romero

OD Horizontal B-Scan              BScan: 102

OS Horizontal B-Scan              BScan: 121

(FIGURE 1) Horizontal scans show the 
epirretinal membrane. (Photos courtesy of 
Dr Maria S. Romero)

retina



macular pathology or prior history of 
retinal surgery or laser surgery were 
excluded. 

Dr Romero performed all the 
cataract surgeries and the patients 
received a standard postoperative 
management regimen for preventing 
infection and treating pain and 
inflammation.

The patients in the series had a 
mean age of 73 years. Glaucoma 
was present in 21 eyes, and 
trabeculectomy and selective laser 
trabeculoplasty had each been 
performed in four eyes. Ocular 
surface disease was also common 
(21 eyes), one eye had a history of 
strabismus surgery and high myopia 
was present in two eyes. 

Of the 42 eyes, 27 (64%) were 
found on the SD-OCT imaging to 

have a previously undiagnosed 
macular abnormality. An epiretinal 
membrane was the most common 
pathology followed by posterior 
vitreous detachment, drusen, 
macular hole, retinal pigment 
epithelium hypertrophy and 
vitreomacular traction. 

“The relatively high incidence of 
vitreomacular disease in this series of 

patients is likely explained by the high 
prevalence of ocular comorbidities, 
including glaucoma,” Dr Romero said. 
Among eyes found to have a macular 
abnormality on SD-OCT, mean 
BCVA improved from 0.31 logMAR 
preoperatively to 0.07 logMAR at 3 
months following surgery. 

“The preoperative and 
postoperative visual acuity in the 

“Macular disease can compromise the visual 
acuity, not only quantitatively but also [in terms 
of] the quality of vision, by decreasing contrast 
sensitivity, leading to patient dissatisfaction after 
cataract surgery.”

– Dr Romero
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study was impacted by the pre-existing conditions,” Dr 
Romero said. She reported that a change in the SD-OCT from 
baseline to 3 months after surgery, indicating worsening 
or new onset of macular pathology, was found in only one 
eye, which developed cystoid macular oedema after cataract 
surgery in a patient with glaucoma and uncontrolled 
diabetes.

According to Dr Romero, a limitation was that the study 
included a relatively small number of patients. Additionally, 
she observed that not all surgeons have access to OCT 
within their practice setting because of financial limitations 
in the developing world or institutional constraints. In those 
cases, she recommends that surgeons work closely with 
their retinal colleagues.
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Demographics and 
Ocular Pathology

VARIABLE VALUE (n)

Mean age
Female sex

73
17

Race/ethnicity
Black
White
Hispanic

14
18
1

Ocular pathology
Glaucoma
OSD
Fuchs dystrophy
Exotropia
Amblyopia

21
21
4
1
1

Previous ocular surgery/laser
Trabeculectomy
Selective laser trabeculoplasty
Strabismus surgery

4
4
1

Diabetes mellitus 7

Data courtesy of Dr Maria S. Romero
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Remote amblyopia screening possible with 
the dynamic random dot stereo test
Android-compatible software overcomes limitations of traditional screening methods

By Prof. Gábor Jandó,  
Prof. Eszter Mikó-Baráth,  

Dr András Czigler,  
Dr Ahmed Harmouche,  

Prof István Szabó,  
Dr László Závori and  
Prof. David P. Piñero

A
mblyopia originates from abnormal 
early binocular visual experience due 
to strabismus, anisometropia or form 
deprivation in young childhood and is 

accompanied by the loss or severe impairment of 
binocular depth perception.1,2 In this condition, the 
corrected visual acuity of the suppressed eye suffers 
a reduction as a consequence of the associated 
visual cortex changes, even though no visible 
abnormalities are present.3 

The worldwide prevalence of amblyopia is 
between 1 and 5%3 and is approximately three 
times higher in an unscreened population 
compared with a screened cohort.4 Unrecognised 
amblyopia can lead to various functional deficits 
of the visual system that become more difficult to 
treat with increasing age.5 Accordingly, there is an 
evident need for a reliable screening method for the 
condition, which also needs to be easy to perform 
and fast considering that it is largely needed for 
young children.

Since a deficit of the binocular visual function 
is present in amblyopia, the use of stereo vision 
tests has been proposed as potentially useful 
for amblyopia screening.6-9 However, most of 
the conventional stereopsis tests available on 
the market contain monocular cues for various 
reasons,10,11 and so can lead to inaccurate 
stereoacuity values. 

Likewise, all tests have a predetermined set 
of stimuli displayed on a plastic or paper board 
which encourages motivated children to memorise 
expected responses. In school or kindergarten 
screenings, biased results can be obtained if 
children have an opportunity to communicate with 
their friends after the evaluation. 

These factors have been demonstrated to affect 
the ratio of both the false-positive and false-
negative passes.12 Stereotest disadvantages such 
as these create the need for more versatile tools 
using new technologies to be developed (e.g., 
tablets and smartphones) to facilitate their use by 
ophthalmologists.

A new stereotest concept
A new screening system called EuvisionTab 
has been developed by the University of Pécs, 
Hungary, and comprises software that can be 
used on Android devices, overcoming most of the 
limitations of currently available stereotests.13 Part 
of the system is a stereovision module, based on a 
random dot stereogram (RDS), which is essentially 
an RDS image generator with great flexibility as 
the parameters of the RDSs are freely adjustable 
(Figure 1).

It also includes a dynamic version of the RDS, 
which had an embedded, disparity-defined Snellen-E 
optotype (DRDSE) that is presented in random 
orientations (up, down, left or right). The orientation 
of the ‘E’ is only visible if the images are perceived 
binocularly through red-green anaglyph glasses 
(low-pass red R26 and YG09 band-pass green gelatin 
filters)14 and the observer has intact stereopsis. 

The first version screening set of Euvision 
comprises a series of nine binocularly visible 
Snellen E letters and two monocularly visible 
Snellen-Es. The latter two serve as control, to 
check if the subjects have really understood 
the task and are able to identify the Snellen E 
orientation regardless of the existing ocular 
condition. 

The disparity and the dot size of the images 
are 420 sec of arc, which is the lowest within the 
optimum range.15 The line thickness of the Snellen 
E optotype subtends 2° of visual angle from the 
25–30 cm viewing distance. 

  A new amblyopia screening system 
that can be used on Android devices has 
performed better than some of the ‘gold 
standard’ stereotests in recent Hungarian 
studies.

IN SHORT 

Continues on page 26 : Amblyopia



Corneal topography provides information on corneal 
shape and the condition of the ocular surface that can in-
fluence IOL selection and affect the outcome of cataract 
surgery. Therefore, it is an essential tool in the preop-
erative evaluation of patients seeking refractive cataract 
surgery with an advanced technology IOL, but it also has 
a valuable role for optimizing planning of standard cat-
aract surgery.

In August 2020, Carl Zeiss Meditec introduced Central 
Topography as a new feature provided by the IOLMaster 
700. Now, surgeons using the IOLMaster 700 with inte-
grated central corneal topography can check visually the 
cornea without adding another step and another device 
into the workflow. With a single measurement, the IOL-
Master 700 provides biometry data, total keratometry, 
fixation check, and Central Topography information. 

INSIGHTS FROM TOPOGRAPHY
Identifying irregularities of the cornea with a topogra-
pher is critical in the preoperative assessment of patients 
for cataract surgery because these abnormalities can in-
fluence surgical planning and affect outcomes.

By showing unusual steepening or flattening, imaging 
with a corneal topographer can alert surgeons to the pos-
sibility that a patient had previous excimer laser refrac-
tive surgery, a fact that might fail to be elicited during 
clinical history taking. The corneal topographer can also 
reveal a decentered ablation and indicate other cornea 
issues, including keratoconus, forme fruste keratoco-
nus, or postLASIK ectasia. Suspicion for any of these 
conditions indicates a need for a more comprehensive 
diagnostic evaluation because of their relevance for IOL 
decision-making, IOL power determination, surgical 
planning, and setting proper patient expectations regard-
ing postoperative vision. 

IOLMASTER 700 INTEGRATED CENTRAL 
TOPOGRAPHY
The IOLMaster 700 generates anterior and total axial 
power maps representing approximately the central 4 
mm of the cornea, an area that corresponds to the op-
tically relevant zone for patients undergoing cataract 
surgery. It utilizes a consistent telecentric keratometry 
measurement principle to directly measure the surface 
slopes on each of 18 spot locations. This methodology 
nullifies perspective error from system misalignment, 

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

and because every spot is an individual and independent 
measurement, it also avoids skew error that can occur 
with Placido disk technology. Curvature maps and diop-
tric maps are derived from the measured centroids.

The total axial power map is constructed by using the 
anterior curvature and adding pachymetry data and 
the posterior surface power, both derived from Swept-
Source OCT, to the anterior surface power via a thick 
lens formula. Because the posterior surface power on 
the IOLMaster 700 is calibrated so that Total Keratom-
etry (TK®) matches the keratometry in normal eyes, the 
anterior and total axial power maps are approximately 
the same in “normal” eyes. Dissimilarity in the appear-
ance of the two maps support the identification of eyes in 
which the ratio of anterior to posterior corneal curvature 
is “abnormal”. Included in this category are eyes with a 
history of keratorefractive surgery along with outliers in 
the virgin eye population. In these cases, it is especially 
important to use TK for IOL power calculation. 

In normal eyes, the ratios of anterior to posterior corneal 
curvatures lie within a narrow band. The use of kerato-
metric index of refraction, without having to measure 
the posterior cornea, is mostly adequate. However, in 
post-keratorefractive surgery eyes where these consis-
tent anterior-posterior relationships are altered, using 
TK powers that include the posterior corneal power has 
proven to be important.

Map interpretation
Using the ISO 19880 color scale, the IOLMaster 700 
power maps might be seen to be more intuitive to read. 
The default fixed scale setting for the IOLMaster 700 
Central Topography power maps covers most corneas. 
It has a 10 D range (39 D to 49 D) and uses 21 col-
ors to display powers in 0.5 D steps with 44.0 D (mid 
scale) shown in bright green. However, the scale adjusts 
automatically and dynamically upward or downward, 
to adapt to the atypical flat (<39 D) or steep corneas  
(>49 D). In highly irregular corneas with wide variation 
of powers, an extended scale with >21 colors is automat-
ically deployed.

Reliable reporting
To evaluate the performance of the Central Topogra-
phy maps generated by the IOLMaster 700, I compared 
its anterior axial maps with the same from a dedicated 

topographer (Sirius, CSO) in a study that included 36 
eyes of 22 patients. Both maps are limited to about the 
same zone size. We looked for agreement in powers, axis 
alignments, and cornea shape classification. We found 
89%, 89% and 72% of the maps were within 0.5D step 
for minimum power, maximum power and range of pow-
er, respectively. Axes agreement within 10 degrees were 
noted for the superior steep (75%), superior flat (69%), 
inferior steep (66%) and inferior flat (63%). We noted 
about 72% of the eyes had the same shape classification. 
These findings give me confidence that the IOLMaster 
700 provides reliable Central Topography data.

CLINICAL CASE
A patient who had a history of myopic LASIK present-
ed for cataract surgery. Typical of a post-myopic LASIK 
eye, IOLMaster 700 Central Topography showed a very 
flat central cornea (Figure 1a). The finding was con-
firmed using a dedicated topographer (Orbscan, Bausch 
+ Lomb) (Figure 1b). 

CONCLUSION
Biometry is an obligatory component in the evaluation 
of patients for cataract surgery. Corneal topography is 
important in a cataract practice to guide, plan and cus-

tomize cataract management. The IOLMaster 700 Cen-
tral Topography is a functional unit, albeit only within 
the central cornea. It does not replace a dedicated corne-
al topographer for more detailed analysis of the cornea. 
Being integrated, it allows for seamless and streamlined 
cataract workflow.

Methods for improving workflow efficiency are al-
ways of interest to physicians, and finding strategies for 
streamlining protocols has gotten even greater attention 
as the COVID-19 pandemic continues. In that regard, the 
IOLMaster 700 with integrated Central Topography is an 
advance for providing surgeons more comprehensive pa-
tient data without any additional measurement or need 
for extra hardware.
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Figure 1a, b: Axial power maps for a post myopic LASIK patient from IOLMaster 700 Central Topography (a) and Orbscan (b) 
showing a flat central cornea

Figure 1a

Figure 1b
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aract surgery.
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for cataract surgery because these abnormalities can in-
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mm of the cornea, an area that corresponds to the op-
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measurement principle to directly measure the surface 
slopes on each of 18 spot locations. This methodology 
nullifies perspective error from system misalignment, 
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and because every spot is an individual and independent 
measurement, it also avoids skew error that can occur 
with Placido disk technology. Curvature maps and diop-
tric maps are derived from the measured centroids.

The total axial power map is constructed by using the 
anterior curvature and adding pachymetry data and 
the posterior surface power, both derived from Swept-
Source OCT, to the anterior surface power via a thick 
lens formula. Because the posterior surface power on 
the IOLMaster 700 is calibrated so that Total Keratom-
etry (TK®) matches the keratometry in normal eyes, the 
anterior and total axial power maps are approximately 
the same in “normal” eyes. Dissimilarity in the appear-
ance of the two maps support the identification of eyes in 
which the ratio of anterior to posterior corneal curvature 
is “abnormal”. Included in this category are eyes with a 
history of keratorefractive surgery along with outliers in 
the virgin eye population. In these cases, it is especially 
important to use TK for IOL power calculation. 

In normal eyes, the ratios of anterior to posterior corneal 
curvatures lie within a narrow band. The use of kerato-
metric index of refraction, without having to measure 
the posterior cornea, is mostly adequate. However, in 
post-keratorefractive surgery eyes where these consis-
tent anterior-posterior relationships are altered, using 
TK powers that include the posterior corneal power has 
proven to be important.

Map interpretation
Using the ISO 19880 color scale, the IOLMaster 700 
power maps might be seen to be more intuitive to read. 
The default fixed scale setting for the IOLMaster 700 
Central Topography power maps covers most corneas. 
It has a 10 D range (39 D to 49 D) and uses 21 col-
ors to display powers in 0.5 D steps with 44.0 D (mid 
scale) shown in bright green. However, the scale adjusts 
automatically and dynamically upward or downward, 
to adapt to the atypical flat (<39 D) or steep corneas  
(>49 D). In highly irregular corneas with wide variation 
of powers, an extended scale with >21 colors is automat-
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phy maps generated by the IOLMaster 700, I compared 
its anterior axial maps with the same from a dedicated 

topographer (Sirius, CSO) in a study that included 36 
eyes of 22 patients. Both maps are limited to about the 
same zone size. We looked for agreement in powers, axis 
alignments, and cornea shape classification. We found 
89%, 89% and 72% of the maps were within 0.5D step 
for minimum power, maximum power and range of pow-
er, respectively. Axes agreement within 10 degrees were 
noted for the superior steep (75%), superior flat (69%), 
inferior steep (66%) and inferior flat (63%). We noted 
about 72% of the eyes had the same shape classification. 
These findings give me confidence that the IOLMaster 
700 provides reliable Central Topography data.
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A patient who had a history of myopic LASIK present-
ed for cataract surgery. Typical of a post-myopic LASIK 
eye, IOLMaster 700 Central Topography showed a very 
flat central cornea (Figure 1a). The finding was con-
firmed using a dedicated topographer (Orbscan, Bausch 
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Biometry is an obligatory component in the evaluation 
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important in a cataract practice to guide, plan and cus-

tomize cataract management. The IOLMaster 700 Cen-
tral Topography is a functional unit, albeit only within 
the central cornea. It does not replace a dedicated corne-
al topographer for more detailed analysis of the cornea. 
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The dot density of the images is 
1%, with 3% uncorrelated noise. 
Images are updated at 10 Hz. Before 
the presentation of the nine + 
two DRDSE, eight other, easier-to-
practice RDS images are shown to 
enable the user to become familiar 
with the task and the stimuli. These 
RDS images are composed of either 
static (non-refreshing) dots, or they 
have larger disparities and a higher 
dot density. 

Euvision is under constant 
development, with regular clinical 
validation of the newer screening 
sets taking place. Once the product is 
commercialised, its users will always 
be provided with the upgrade of the 
most efficient state-of-the-art vision 
screening methods. 

The screening system can 
also be used to perform a remote 

examination by using different video 
conference programmes (e.g., Skype, 
Zoom, Microsoft Teams, Cisco 
Webex, etc.) The only requirement is 
that the anaglyphic glasses should be 
passed to the patient prior to the date 
of examination. 

After sharing the examination 
screen, the stereo vision test can be 
conveniently carried out with the 
video guidance of the examiner. 
Limitation of the frame rate in 
dynamic RDSs can occur due to 
insufficient internet bandwidth but 
static RDS can be applied with no 
problems.

First clinical validation 
A clinical study was conducted 
with the Euvision system at the 
Department of Ophthalmology 
of the University of Pécs to define 
its sensitivity and specificity for 
amblyopia detection and also 
for the detection of other visual 
conditions.13 Specifically, our DRDSE 

test (presented on version 10.1 
of a Samsung Galaxy tablet) was 
compared with the Lang II stereotest 
in a sample of 141 children (aged 4–14 
years; mean age 8.9).

In this series, DRDSE was found to 
have better sensitivity than Lang II 
for the detection of amblyopia (100% 
versus 81.8%), convergent strabismus 
(100% versus 80.9%) and uncorrected 
(75% versus 52.8%). The specificity 
of DRDSE was 61.2%, 67.3% and 
68.6% for amblyopia, strabismus 
and hyperopia, respectively, whereas 
these values were somewhat better 
for Lang II (73.8%, 79.2% and 77.9%, 
respectively).

Significant improvements were 
introduced in the EuvisionTab system 
before a second clinical trial took 
place. Now, the frame rate can be 
precisely maintained constantly 
regardless of the type of hardware 
used; it can be adjusted between 
1 and 60 Hz. The dot arrangement 
became insensitive to the quality 

(FIGURE 1) EuvisionTab system  (Image courtesy of Dr Piñero and co-authors)
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of anaglyphic filters, and no monocular 
cues are visible even if commercial paper 
glasses are used. 

Second clinical validation 
The second clinical study was conducted 
at the Department of Ophthalmology of 
the Vithas Medimar Hospital, Alicante, 
Spain, in 473 children (aged 4–14 years). 
Good sensitivity and specificity for the 
detection of amblyopia were obtained 
using different dot density and pass/fail 
criterion for the DRDSE test in this larger 
sample (100% and 81%). 

With the Lang II system, sensitivity 
was only 48.4%, with a specificity of 98%. 
More detailed results of the study will be 
published soon.

Conclusion
The DRDSE test with the latest 
improvements in dot density and pass/
fail criteria is a valuable tool for amblyopia 
screening and gives a better performance 
than other tests considered as the gold 
standard for screening. The test is very 
sensitive and specific enough for the 
detection of amblyopia in children. 

The main advantages are that the test 
is performed in only 5 minutes (including 
the explanation of the task to the children) 
and is easy to use (after a short amount of 
training) for non-professional examiners 
such as teachers, parents, district nurses 
or social workers. As for the technical 
requirements, a tablet or mobile phone 
with the appropriate software and red-
green spectacles are required.

More studies are being conducted 
to evaluate the recent improvements 
that have been made to the test in large 
samples as well as to analyse its diagnostic 
performance for other visual conditions.
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Monitoring blood reflux during the 
gonioscopy evaluation in glaucoma 
Assessing effectiveness of iStent Inject helps to optimise patients’ therapy

By Dr  
Abdelwahhab 

Azzawi G
onioscopy forms an essential part of the 
glaucoma evaluation, enabling the structure 
of the iridocorneal angle to be seen, which 
is important in diagnosing and monitoring 

eye conditions associated with glaucoma. However, 
Schlemm’s canal (SC) can be poorly visible in the 
angle, especially in excessively pigmented eyes. 

Blood reflux from episcleral veins to the SC is a 
well-known sign that helps one to visualise the SC1 
and can be caused by the pressure of the goniolens 
on the episcleral veins, reduced intraocular pressure 
(IOP) or both.2 Three quarters of outflow resistance 
of the aqueous humour in normal eyes comes from 
the trabecular meshwork (TM), while 25% of the 
resistance comes from SC.3 The juxtacanalicular 
meshwork is responsible for normal outflow 
resistance in the TM.2  

Many glaucoma surgeries aim to overcome this 
resistance of outflow, which may reduce the IOP. 
The trabecular micro-bypass implant iStent Inject 
(Glaukos Corporation), which received CE Mark 
clearance in Europe in 2010 for the treatment of 
open-angle glaucoma,4 aims to connect the anterior 
chamber directly with SC, thus overcoming the 
resistance of the TM.5 

In one study, blood reflux was seen in nearly 
all (91%) of eyes immediately after implanting 
iStent,6 but there are few case reports about the 
late hyphaema that can occur through the implant 
following surgery.7-8 We evaluated blood reflux during 
gonioscopy 3 to 6 months following implantation 
of either the trabecular micro-bypass devices iStent 
Inject or the newer-generation device, iStent Inject 
W, to evaluate the effectiveness of the implantation 
and adjust the drugs therapies patients were on if 
necessary. 

Design 
In a case series, 22 eyes from 20 patients who had 
been diagnosed with either early primary open-angle 
glaucoma (POAG) or ocular hypertension (OHT), 
and who also had cataracts and prior difficulties 
with eyedrops, received implants of either iStent 

Inject or iStent Inject W combined with their cataract 
surgeries. All procedures were carried out by the 
same surgeon at the department of ophthalmology in 
Staedisches Klinikum Dresden hospital in Dresden, 
Germany.

Two stents were implanted in each eye nasally. 
Fourteen eyes received iStent Inject and eight eyes 
were implanted with iStent Inject W. Patients were 
treated with at least one hypotensive eye drop before 
the surgery. 

The patients were controlled regularly after the 
surgery and the IOP was measured at each visit. The 
required drugs therapy was reduced in most cases 
and adjusted to reach the target pressure according 
to the guidelines of European Glaucoma Society, with 
consideration of the IOP before the surgery. 

There were no significant complications 
intraoperatively or after the surgery. Gonioscopies 
with Goldmann 3 mirror classic contact lens 903 was 
performed on the eyes 3-6 months after surgery to 
evaluate the blood reflux through the devices. 

The gonioscopy lasted about 1 minute with light 
pressure applied to the lens and slightly greater 
pressure applied nasally, before the pressure was 
eased off and evidence sought of possible blood reflux 
from the lumina of either of the stents. 

Results
Following the surgeries, patients had a mean IOP of 
18 mmHg and a mean of 1.25 glaucoma eye drops 
was used. The patients did not require any further 
interventions and there were no complications 
observed intraoperatively or postoperatively. 

Three of the patients who had an IOP of less than 

IN SHORT 
  Gonioscopy may offer a reasonable and 

cost-effective method to evaluate the 
function of the trabecular micro-bypass 
device post-implantation and it could help 
in adjusting the therapy after the surgery.

Dr Azzawi



(FIGURE 1)  
Progression of 
blood reflux from 
the iStent from 
A to C can be 
seen following 
gonioscopy in 
82-year-old 
woman. 

(FIGURE 2)   Gonioscopy results in 85-year-
old male. The details in photo B are blurred 
because of the red blood cells in the anterior 
chamber, demonstrating blood reflux.

CASE 1

CASE 2

15 mmHg had blood reflux through one of 
the two iStents during gonioscopy, but this 
was not visible in the other 19 eyes. The 
three cases are described as follows.

CASE 1 
An 82-year-old woman with POAG had 
an IOP of 13 mmHg. She was prescribed 
brinzolamid (Azopt, Alcon Laboratories) 

eyedrops with a dosing schedule of twice 
a day. 

Gonioscopy was performed 3 months 
following the surgery. The iStent Inject W 
was implanted. The results can be seen in 
Figure 1.

CASE 2 
An 85-year-old male with POAG had an 

IOP of 12 mmHg. He was provided with 
derzolamide plus timolol eyedrops (Cosopt, 
Merck & Co) for twice-daily use.

A gonioscopy was performed 5.5 months 
after the surgery. The iStent Inject was 
implanted (see Figure 2).

CASE 3 
A 72-year-old male with POAG had an IOP 

A

A

B

B

C
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of 15 mmHg. He was prescribed tafluprost 
(Taflotan, Santen Pharmaceutical) eyedrops 
to be taken once a day. 

Gonioscopy was performed 3.5 months 
following his surgery. The iStent Inject 
W was implanted. Results can be seen in 
Figure 3.

Discussion 
From the findings of these three cases, we 
can see that all the patients who had late 
blood reflux had an IOP under 15 mmHg, 
whereas other patients with higher IOPs did 
not. It is well known that the IOP following 
iStent implantation should not be lower than 
the pressure in the episcleral veins, which is 
usually 6-9 mmHg, but it can be elevated in 
glaucoma patients.9 

Moreover, it is widely accepted that 
blood reflux in SC is more likely to occur in 
eyes with low IOP since lowering the IOP 
reportedly facilitates blood movement into 
SC.10

The blood reflux has been classified into 
three patterns: 

1. No filling, suggesting the collapse of SC 
and atrophy of collector channels; 

2. Patchy filling of SC suggesting the partial 
collapse of SC; and

3. Full filling of SC with blood indicating 

patent SC and healthy collector 
channels.10 

It is important to note that the diameter of 
SC is between 50.8 μm and 393.5 μm,11 and is 
smaller in older patients in comparison with 
children. Moreover, the diameter of SC is 
smaller in glaucoma patients compared with 
those who do not have glaucoma.11 

We know that the central outlet in iStent 
Inject and iStent Inject W is 80 μm and that 
the side flow outlet is 50 μm. This may lead 
to the ineffective implantation of the device 
in some cases, such as where the diameter of 
SC is small, which may obstruct the outflow. 

This could be the explanation for 
observing blood reflux just from one stent 
in our three patients and not in both stents, 
but it could also be related to the IOP and the 
amount of blood in SC. These considerations 
may also explain the minimal blood reflux 
seen in the third patient, which does not 
obscure the vision of the angle. 

On the other hand, the excessive 
treatment of IOP in glaucoma patients 
following implantation of the stent may lead 
to a spontaneous recurrent microhyphaema 
in the anterior chamber. In these patients, 
reducing the therapy would be more 
reasonable and IOP phasing may offer a 
better view to optimise it.

(FIGURE 3)   Gonioscopy results in 72-year-old male. Minimal blood reflux can be seen in 
image B. (Photos courtesy of Dr Azzawi)

CASE 3

A B

In conclusion, gonioscopy may offer a 
cost-effective method of evaluating the 
function of iStent after implanting it and 
could help in adjusting the therapy after the 
surgery.
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T
argeted augmentation of nuclear gene output 
(TANGO), a novel therapeutic approach 
developed by Stoke Therapeutics, has been 
validated in vitro and in vivo as a way to 

address autosomal dominant optic atrophy, one of the 
most commonly occurring optic neuropathies. 

This disease is characterised by structural and 
functional deficits in the mitochondria that result 
in deterioration of the retinal ganglion cells and, 
ultimately, visual loss. Most affected patients, 
estimated to be from 65% to 90%, have protein 
deficiencies in the OPA1 gene, for which there is no 
treatment, according to Dr Aditya Venkatesh, the lead 
author of a recent study on the subject, and a senior 
scientist at Stoke Therapeutics. 

Using TANGO to target the OPA1 gene
TANGO treats the underlying cause of this genetic 
disease by reducing the nonproductive messenger 
RNAs (mRNAs) and restoring (upregulating) the 
missing proteins from healthy genes, they explained. 
One of the major advantages of TANGO is that the 
approach is mutation-independent and that one 
antisense oligonucleotide (ASO) can be used to 
potentially target multiple OPA1 mutations, according 
to Dr Venkatesh.

Their in vitro experiments showed that 
administration of ASOs reduced non-productive 
splicing and increased the OPA1 mRNA and protein 
expression in a dose-dependent manner. Among the 
various ASOs tested (ASO1-18), ASO-14 was the most 
effective in increasing OPA1 mRNA by 30% in vitro. 

ASO-14 also increased OPA1 expression in an OPA1 
haploinsufficient cell line (OPA1+/– HEK293) by 50%, 
which translated to 75% of wild-type levels. An in 
vivo study in a wild-type rabbit model showed that 
the test ASO decreased non-productive splicing and 
increased OPA1 protein levels in the retinas of the 
animals, and was found to be well tolerated for up to 
15 days after the injection. 

Based on these results, the investigators concluded 
that TANGO is a potential new therapeutic technique 
that may be able to address autosomal dominant optic 

atrophy that results from OPA1 haploinsufficiency. 
They also pointed out a few advantages of using 
this technique for treating ocular diseases, in that 
intravitreal injections of ASOs facilitate diffusion 
throughout the eye, including the retinal neurons. 

The effects of one intravitreal injection lasted for 1 
year in a murine model. This type of therapy does not 
require a specialised formulation or encapsulation; 
and it can target large genes for which adeno-
associated virus-based therapy cannot be used.

“These data are the first in vivo proof of concept 
for TANGO ASOs in an ocular disease,” Dr Venkatesh 
pointed out. “The data support our belief that this 
new RNA-based approach to the upregulation of 
proteins may be well-suited to the treatment of 
diseases like autosomal dominant optic atrophy, 
which are caused by insufficient protein production.” 

Next steps
Work is underway to develop in vitro assays to assess 
mitochondrial function with ASO treatment using 
high-resolution imaging of mitochondrial morphology 
and mitochondrial bioenergetic assays to measure 
function. Investigators also look to developing 
additional OPA1+/–  in vitro systems using fibroblast 
lines from patients with autosomal dominant optic 
atrophy and retinal ganglion cells differentiated from 
OPA1+/– induced pluripotent stem cells.

IN SHORT 
  Circumventing protein deficiencies in 

inherited ocular diseases is on the horizon. 

Addressing optic atrophy with TANGO 
approach helps produce more protein
Method aims to overcome the protein deficiency seen in this genetic disease

By Lynda Charters; 

Reviewed by  
Dr Aditya Venkatesh
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COVID-19: How one ophthalmologist 
is dealing with non-urgent cases 
Pandemic has paved the way for positive changes for genetic eye disease patients

By Caroline 
Richards, editor, 
Ophthalmology 

Times Europe® T
he coronavirus pandemic has triggered a 
seismic shift in the way ophthalmologists 
interact with their patients, forcing them to 
find ways to quickly adapt their workflows. 

However, it is becoming apparent that some of the 
changes they have had to make, such as increasingly 
opting for virtual consultations, could become more 
permanent, as evidence of their benefits to doctors 
and patients alike starts to mount. 

I asked Prof. Mariya Moosajee, consultant 
ophthalmic surgeon and clinical academic 
ophthalmologist at Moorfields Eye Hospital, London, 
how ophthalmologists can continue to provide the 
best care for their patients both during the pandemic 
and beyond. 

Prof. Moosajee’s speciality is genetic eye disease, 
so the majority of her patients have been deemed 
non-urgent during the pandemic. A lot of such 
patients across the UK have seen their appointments 
cancelled, but Prof. Moosajee decided to consult all 
her patients virtually from the start of the crisis.

 » HAS YOUR WORKING DAY CHANGED?
I have been able to work from home and consulted 
patients either by telephone or using ‘NHS attend 
anywhere,’ a secure web-based platform for patients 
with pre-arranged video consultation appointments, 
which was nationally funded by National Health 
Service (NHS) England and NHS Improvement in 
response to the COVID-19 outbreak. 

I hold my clinics at the same time as they would 
have been held pre-COVID-19 and allocate patients to 
my team. I then meet with my colleagues at the end 

of every clinic on Microsoft Teams so that they can 
present each case.

We discuss the patients’ future management as 
a multidisciplinary team; we have a family support 
officer; a developmental paediatrician; a genetic 
counsellor; an extended role orthoptist; a low vision 
optometrist and a paediatric ophthalmology fellow. If 
we feel our patients need a low vision assessment or 
specific paediatric input (as a vast number of genetic 

eye disease patients have systemic features), then the 
relevant personnel will follow up the patient with a 
further phone call. It has worked really well; we have 
consulted 220 patients in total: 150 children and 70 
adults with genetic eye disease.

We are restarting face-to-face clinics soon. At that 
stage we will have prioritised patients who will need 
to come in for clinical assessment and to give blood 
samples for genetic testing. 

Adults who have had recent ophthalmology 
assessments locally or in other services at Moorfields 
can be sent blood packs which enables them to take 
their own blood without having to travel. In fact, the 
whole process can be undertaken remotely. 

 » WHAT ARE YOUR VIEWS ON VIRTUAL 
CONSULTATIONS?

I have been pushing for virtual consultations in 
genetics for a long time. Prior to COVID-19 (last April–
June 2019), we undertook a patient-reported survey 
with just over 100 paediatric or adult participants, 
who were either new or follow-up patients, to 
ascertain their views on virtual consultations and 
their acceptability. 

“I do not think we can go back to the way we were 
working. We can greatly increase our efficiency and 
patient experience by a combination of virtual and 
face-to-face consultations.”  

– Prof. Mariya Moosajee



We found that over 65% percent 
of participants prefer to have their 
investigations carried out locally, 
followed by a virtual consultation with 
specialists at Moorfields Eye Hospital 
for the review of these results. Adult 
participants favour video calls, with 
contact via the telephone being the 
least popular. 

The opposite is true for parents and 
guardians of children, who prefer 
contact via telephone. There was no 
difference between the views of new 
and follow-up patients. Interestingly, 
despite most patients preferring 
virtual contact, the majority do not 
want to be seen virtually for every 
appointment until a treatment or trial 
becomes available.

 » WHAT INNOVATIONS MIGHT BE 
NEEDED IN THE FUTURE?

I do not think we can go back to the 
way we were working. We can greatly 
increase our efficiency and patient 
experience by a combination of virtual 
and face-to-face consultations.

Patients do not want to wait for 
hours to have imaging and see a 
consultant, but they definitely want 
to see specialists who know about 
their rare genetic eye condition 
and who can assess the results of 
investigations undertaken locally, 
as well as inform them of the latest 
research and trials. 

The long, detailed records we 
take in genetics on the onset and 
progression of symptoms, and 
prenatal, birth and family history 
can all be undertaken virtually. 
Genetic counselling is also a lengthy 
process that involves an unrushed 
conversation to ensure patient 
understanding of the complex topic 
of inheritance and genetic mutations, 
informed consent and family 
planning. 

Studies in cardiac and oncogenetics 
in the Netherlands showed high 
levels of patient satisfaction for those 
receiving virtual genetic counselling. 
I would strongly recommend 
Telegenetics. 

In the UK, genomic medicine 
services are being introduced across all 
medical specialities, funding for genetic 
testing is becoming centralised and 
whole genome sequencing will soon 
be available to most patients on the 
NHS. We are trying to encourage more 
ophthalmologists around the country 
to order genetic tests for patients. 

Moorfields Eye Hospital is also 
hoping to provide a virtual genomic 
service to ophthalmologists, to offer 
guidance and advice on how to 
manage genetic eye disease patients 
locally without the need to send them 
to tertiary referral centres unless 
necessary. I think this will be a huge 
step forward for patients who have 
previously not been able to access 
genetic services due to local funding 
restrictions. 

I have also created an open 
access web-resource called Gene.
Vision, which is an A-Z of genetic 
eye disease with two interfaces; one 
for healthcare professionals and the 
other for patients. The version for 
patients includes in-depth sections 
on how to cope with sight loss and 
associated aspects of daily life that can 
be affected, such as driving, education 
and employment.  

The aim of the resource is to feature 
the signs; symptoms; genetic causes; 
patient management; referral needs; 
current information on research 
and trials for a disease/gene; and 
any support groups that would be 
beneficial for the patient, for each 
genetic eye disease. It has been tested 
by patients with sight loss with input 
from digital accessibility consultants, 
one of who is deaf-blind with Usher 
syndrome. It will be launched next 
month (www.gene.vision). 

 » HOW CAN YOU BEST SERVE YOUR 
PATIENTS DURING THE PANDEMIC?

Most genetic eye disease patients had 
their appointments cancelled during 
the lockdown. When you are forced 
into isolation, it can cause some 
individuals to focus more strongly on 
their own health and well-being. 

Calls to sight loss charity helplines 
increased but they had no expertise 
to answer the medical queries. So, 
I offered to undertake a voluntary 
weekly ‘Ask the expert session’ 
for Retina UK, Microphthalmia, 
Anophthalmia and Coloboma Support 
(MACS) charity and Aniridia Network.

I spoke to at least six patients 
per session and issues raised 
included not getting access to expert 
services, deterioration in vision and 
interestingly, I received a number 
of calls from patients who were 
experiencing increased visual 
hallucinations as part of Charles 
Bonnet syndrome (CBS). Based on this 
anecdotal evidence, we undertook 
a survey of 45 elderly patients with 
sight loss due to CBS, with over 40% of 
them having macular-related disease. 

We found that:
> Over 55% of patients reported 
increased frequency of visual 
hallucinations;
> Approximately 50% had alter-
ations in the nature of their hal-
lucinations and emotional re-
sponse in terms of more sinister 
hallucinations, with more associ-
ated fear and anxiety; and
> Nearly 70% felt greater feel-
ings of loneliness but 60% had 
not accessed support services. 

It is clear from this that we must 
learn to stay connected with our 
patients, ensuring they do not 
feel isolated. Sending a letter of 
cancellation or discharge is not 
appropriate during these difficult 
times. Sight loss charities may be able 
help in this regard but, like many, they 
have been suffering from reduced 
income and furloughed staff. 

focal points
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Visualization

Image Quality

Upgradeability

Visualize the whole eye based on multimodal high-resolution OCT 
technology. 

ANTERION allows you to image anterior segment structures in detail  
and to precisely measure them in order to optimize your surgical  
planning and follow-up.

SPECTRALIS enables you to distinguish all 10 retinal layers and  
assists you in diagnosing and tracking retinal diseases with  
confidence. 

www.ANTERION.info   

www.SPECTRALIS.info

Montage composed of 5 SS-OCT images acquired with ANTERION and 6 SD-OCT images acquired with SPECTRALIS. Not to scale, for illustrative and promotional purposes only. 
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https://business-lounge.heidelbergengineering.com/us/en/products/spectralis/spectralis/



