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OZURDEX® (Dexamethasone 700  micrograms intravitreal implant in 
applicator)
Abbreviated Prescribing Information 
Presentation: Intravitreal implant in applicator. One implant contains 700 micrograms 
of dexamethasone. Disposable injection device, containing a rod-shaped implant which 
is not visible. The implant is approximately 0.46 mm in diameter and 6 mm in length. 
Indications: Treatment of adult patients: with macular oedema following either Branch 
Retinal Vein Occlusion (BRVO) or Central Retinal Vein Occlusion (CRVO), in� ammation of 
the posterior segment of the eye presenting as non-infectious uveitis and visual 
impairment due to diabetic macular oedema (DME) who are pseudophakic or who are 
considered insu�  ciently responsive to, or unsuitable for non-corticosteroid therapy. 
Dosage and Administration: Please refer to the Summary of Product Characteristics 
before prescribing for full information. OZURDEX must be administered by a quali� ed 
ophthalmologist experienced in intravitreal injections. The recommended dose is one 
OZURDEX implant to be administered intra-vitreally to the a� ected eye. Administration 
to both eyes concurrently is not recommended. Repeat doses should be considered when 
a patient experiences a response to treatment followed subsequently by a loss in visual 
acuity and in the physician’s opinion may bene� t from retreatment without being exposed 
to signi� cant risk. Patients who experience and retain improved vision should not be 
retreated. Patients who experience a deterioration in vision, which is not slowed by 
OZURDEX, should not be retreated. In RVO and uveitis there is only very limited information 
on repeat dosing intervals less than 6 months. There is currently no experience of repeat 
administrations in posterior segment non-infectious uveitis or beyond 2 implants in Retinal 
Vein Occlusion. In DME there is no experience of repeat administration beyond 7 implants. 
Patients should be monitored following the injection to permit early treatment if an 
infection or increased intraocular pressure occurs. Single-use intravitreal implant in 
applicator for intravitreal use only. The intravitreal injection procedure should be carried 
out under controlled aseptic conditions as described in the Summary of Product 
Characteristics. The patient should be instructed to self-administer broad spectrum 
antimicrobial drops daily for 3 days before and after each injection. Contraindications:
Hypersensitivity to the active substance or to any of the excipients. Active or suspected 
ocular or periocular infection including most viral diseases of the cornea and conjunctiva, 
including active epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, 
mycobacterial infections, and fungal diseases. Advanced glaucoma which cannot be 
adequately controlled by medicinal products alone. Aphakic eyes with ruptured posterior 
lens capsule. Eyes with Anterior Chamber Intraocular Lens (ACIOL), iris or transscleral 
� xated intraocular lens and ruptured posterior lens capsule. Warnings/Precautions:
Intravitreous injections, including OZURDEX can be associated with endophthalmitis, 

intraocular in� ammation, increased intraocular pressure and retinal detachment. Proper 
aseptic injection techniques must always be used. Patients should be monitored following 
the injection to permit early treatment if an infection or increased intraocular pressure 
occurs. Monitoring may consist of a check for perfusion of the optic nerve head immediately 
after the injection, tonometry within 30  minutes following the injection, and 
biomicroscopy between two and seven days following the injection. Patients must be 
instructed to report any symptoms suggestive of endophthalmitis or any of the above 
mentioned events without delay. All patients with posterior capsule tear, such as those 
with a posterior lens (e.g. due to cataract surgery), and/or those who have an iris opening 
to the vitreous cavity (e.g. due to iridectomy) with or without a history of vitrectomy, are 
at risk of implant migration into the anterior chamber. Implant migration to the anterior 
chamber may lead to corneal oedema. Persistent severe corneal oedema could progress 
to the need for corneal transplantation. Other than those patients contraindicated where 
OZURDEX should not be used, OZURDEX should be used with caution and only following 
a careful risk bene� t assessment. These patients should be closely monitored to allow for 
early diagnosis and management of device migration. Use of corticosteroids, including 
OZURDEX, may induce cataracts (including posterior subcapsular cataracts), increased 
IOP, steroid induced glaucoma and may result in secondary ocular infections. The rise in 
IOP is normally manageable with IOP lowering medication. Corticosteroids should be 
used cautiously in patients with a history of ocular herpes simplex and not be used in 
active ocular herpes simplex. OZURDEX is not recommended in patients with macular 
oedema secondary to RVO with signi� cant retinal ischemia. OZURDEX should be used 
with caution in patients taking anti-coagulant or anti-platelet medicinal products. 
OZURDEX administration to both eyes concurrently is not recommended. Visual disturbance 
may be reported with systemic and topical corticosteroid use. If a patient presents with 
symptoms such as blurred vision or other visual disturbances, consider evaluating for 
possible causes which may include cataract, glaucoma or rare diseases such as central 
serous chorioretinopathy (CSCR) which have been reported after use of systemic and 
topical corticosteroids. Interactions: No interaction studies have been performed. 
Systemic absorption is minimal and no interactions are anticipated. Pregnancy: There 
are no adequate data from the use of intravitreally administered dexamethasone in 
pregnant women. OZURDEX is not recommended during pregnancy unless the potential 
bene� t justi� es the potential risk to the foetus. Lactation: Dexamethasone is excreted 
in breast milk. No e� ects on the child are anticipated due to the route of administration 
and the resulting systemic levels. However OZURDEX is not recommended during breast-
feeding unless clearly necessary. Driving/Use of Machines: Patients may experience 
temporarily reduced vision after receiving OZURDEX by intravitreal injection. They should 
not drive or use machines until this has resolved. Adverse E� ects: In clinical trials the 

most frequently reported adverse events were increased intraocular pressure (IOP), cataract 
and conjunctival haemorrhage*. Increased IOP with OZURDEX peaked at day 60 and 
returned to baseline levels by day 180. The majority of elevations of IOP either did not 
require treatment or were managed with the temporary use of topical IOP-lowering 
medicinal products. 1% of patients (4/347 in DME and 3/421 in RVO) had surgical 
procedures in the study eye for the treatment of IOP elevation. The following adverse 
events were reported: Very Common (≥ 1/10): IOP increased, cataract, conjunctival 
haemorrhage*. Common (≥1/100 to <1/10): headache, ocular hypertension, cataract 
subcapsular, vitreous haemorrhage*, visual acuity reduced*, visual impairment/
disturbance, vitreous detachment*, vitreous � oaters*, vitreous opacities*, blepharitis, 
eye pain*, photopsia*, conjunctival oedema*, conjunctival hyperaemia. Uncommon 
(≥1/1,000 to <1/100): migraine, necrotizing retinitis, endophthalmitis*, glaucoma, 
retinal detachment*, retinal tear*, hypotony of the eye*, anterior chamber in� ammation*, 
anterior chamber cells/� ares*, abnormal sensation in eye*, eyelids pruritus, scleral 
hyperaemia*, device dislocation* (migration of implant) with or without corneal oedema, 
complication of device insertion resulting in ocular tissue injury* (implant misplacement). 
(*Adverse reactions considered to be related to the intravitreous injection procedure 
rather than the dexamethasone implant). Please refer to Summary of Product 
Characteristics for full information on side e� ects. Basic NHS Price: £870 (ex VAT) per 
pack containing 1 implant. Marketing Authorisation Number: EU/1/10/638/001. 
Marketing Authorisation Holder: Allergan Pharmaceuticals Ireland, Castlebar Road, 
Westport, Co. Mayo, Ireland. Legal Category: POM. Date of Preparation: May 2019. 
UK/0288/2019

Adverse events should be reported. Reporting forms and 
information can be found at https://yellowcard.mhra.gov.uk/ 

Adverse events should also be reported to Allergan Ltd. 
UK_Medinfo@allergan.com or 01628 494026

JOB CODE: INT-OZU-2050228
DATE OF PREPARATION: DECEMBER 2020

OZURDEX® (dexamethasone 
intravitreal implant) acts 
fast1,2 and lasts3–5 with 
less treatment visits
compared with anti-VEGFs.5

Effective DME treatment 
doesn’t have to be 
a burden.6

The most commonly reported adverse events reported following treatment with OZURDEX® are those frequently 
observed with ophthalmic steroid treatment or intravitreal injections (elevated IOP, cataract formation and 
conjunctival or vitreal haemorrhage respectively). Less frequently reported, but more serious, adverse reactions 
include endophthalmitis, necrotizing retinitis, retinal detachment and retinal tear.

This advert is consistent with the UK marketing authorisation.
Licences may vary by country, please refer to your local country SmPC.

DME, diabetic macular edema; IOP, intraocular pressure; VEGF, vascular endothelial growth factor.

1. Lo Giudice G et al. Eur J Ophthalmol 2018;28(1):74–79. 2. Veritti D et al. Ophthalmologica 2017;238(1–2):
100–105. 3. Escobar-Barranco JJ et al. Ophthalmologica 2015;233(3–4):176–185. 4. Allergan. OZURDEX®

Summary of Product Characteristics. 5. Kodjikian L et al. Biomed Res Int 2018:8289253. 6. Boyer DS et al. 
Ophthalmology 2014;121:(10):1904–1914.
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eNEWSLETTER
Subscribe to our 
eNewsletter to get 
our latest articles 

FIND US ON

S
eptember often signals the return 
to routine, especially with the 
annual autumn conferences 
in view. Ophthalmology Times 

Europe® Editor Caroline Richards highlights 
what attendees can expect at next month’s 
European Society of Cataract and 
Refractive Surgeons (ESCRS) congress 
in Amsterdam, the Netherlands, from 
8–11 October. For those who are unable 
to attend in person, the event will also be 
held virtually, making  participation in 
some capacity a reality for all. 

Also, be sure to follow our website and 
social channels for updates from this 
month’s EURETINA 2021 Virtual, which 
will take place from 9–12 September.

On our cover this month, Dr Victor 
A. Augustin, Dr Maximilian K. Köppe 
and Prof. Gerd U. Auffarth explore how 

artificial Descemet membrane endothelial 
keratoplasty (DMEK) could help tackle 
an endothelial donor tissue shortage. 
We learn how a newly developed acrylic 
implant can safely restore corneal 
homeostasis.

In retina, Dr Lloyd P. Aiello speaks to 
improving macular pathology detection in 
telemedicine screening. Dual imaging for 
diabetic retinopathy may improve disease 
identification. Integration of spectral-
domain optical coherence tomography 
with ultra-widefield imaging can increase 
accurate detection of diabetic macular 
oedema and epiretinal membrane.

Turning to the cataract and refractive 
space, topical therapies are on the horizon 
for the temporary correction of presbyopia, 
says Dr Marguerite B. McDonald. A variety 
of beneficial therapeutic choices may 
be available in fewer than 3 years. Dr 
Filomena J. Ribeiro discusses a new IOL 
that combines the advantages of diffractive 
multifocal and extended-depth-of focus 
lenses, providing a natural range of vision. 
Dr David F. Chang highlights the results 
from a recent survey in which cataract 
surgeons and nurses say they would 
support having re-usable equipment and 
supplies to reduce operating theatre waste 

and carbon footprint. Much of today’s 
surgical refuse is due to the single use of 
virtually everything.

Next, Dr Friederike C. Kortuem 
shares how gene therapy sparks foveal 
morphological changes in Leber congenital 
amaurosis. Improvements to foveal layer 
appear as early as 2 weeks after treatment.

Shifting to glaucoma, Dr Sayoko Moroi 
casts an eye toward plateau iris and 
its implications for patients. Exploring 
subtleties helps ophthalmologists 
understand postoperative surprises.

Dr Laurent Bataille, Dr Ainhoa 
Molina-Martín and Dr David P. Piñero 
consider the relationship between myopia 
and conjunctival-scleral geometry in 
paediatrics. Nasotemporal sagittal height 
asymmetry could be a potential biomarker.

That’s not all. In our special focal points 
section, Dr Robert C. Sergott touches 
on ophthalmologists’ role in the early 
detection of Alzheimer’s disease; Dr Aaron 
M. Fairbanks sheds light on Horner’s 
syndrome; and Dr Winfried M. K. Amoaku 
provides pearls for managing endogenous 
endophthalmitis.

Wherever your continued learning takes 
you this autumn, please continue to stay 
safe. Thanks for reading.

Reuniting with autumn rituals 
for renewed vision
Mike Hennessy Sr, Chairman/founder of Ophthalmology Times Europe®’s 
parent company, MJH Life Sciences

Wherever your continued 
learning takes you this 
autumn, please continue to 
stay safe.

“

chairman’s letterchairman’s letter
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Opportunities lie ahead at  
the 39th ‘hybrid’ ESCRS
By Caroline Richards

T
he 39th Congress of the European 
Society of Cataract and Refractive 
Surgeons (ESCRS) plans to open 
its doors for the first time since 

the COVID-19 pandemic began at the 
RAI Congress Centre in Amsterdam, 
the Netherlands, from 8–11 October 
2021. In-person attendance at this much-
anticipated yearly event is sure to be an 
appealing prospect to many. And for those 
who are unable to attend in person, the 
Congress will also be held virtually, making 
the chance to participate in some capacity a 
reality for all.

So, what is in store for attendees this 
year over the four action-packed days? At 
the time of going to press, the ESCRS had 
not released the full, in-depth programme, 
however, a range of symposia, programmes, 
video sessions and workshops will be on 
offer and are discussed in this brief preview 
article. There will also be a daily exhibition, 
giving people the chance to experience 
the latest technologies in ophthalmology 
and providing the ideal location for 
ophthalmologists and researchers to 
network with their peers.

I spoke with two of Ophthalmology 
Times Europe’s® editorial advisory board 
members: Dr Albert Augustin, professor 
of ophthalmology and chairman of the 
Department of Ophthalmology at the 
Karlsruhe Municipal Hospital, Germany, 

and Dr Paolo Fazio, head of the refractive 
surgery service of the Catanese Centre of 
Medicine in Catania, Italy, to gain their 
insights into the topics on the agenda at this 
year’s event. Read on to find out more!

Friday 8 October
The Main Symposium to be held in the 
morning of the opening day of the Congress 
will be on the interesting-sounding topic 
“Managing Herpetic Keratitis”. There will 
also be a Clinical Research Symposium 
entitled “Stem Cells: Basics and Clinical 
Perspectives”, taking place after lunch. 
Two further symposia planned for the 
afternoon are the “JCRS” (Journal of 
Cataract and Refractive Surgery) and the 
“ISRS” (International Society for Refractive 
Surgery) sessions.

A Video Session due to be held between 
5.15pm and 6.45pm will showcase 
“Challenging Cases”, a topic that proves 
popular every year at the ESCRS, as 
ophthalmologists seek to learn how to 
manage the more difficult patients and/or 
surgeries. Learning opportunities will also 
present themselves during the three courses 
planned for Day 1, whose topics have yet to 
be disclosed. Friday also marks the day the 
Exhibition Hall will open (between 9am and 
5pm).

Saturday 9 October
The more junior ophthalmologists among 
attendees will have the chance to network 

and learn tips and tricks in the “Young 
Ophthalmologists Programme”, which 
begins on the Saturday. Dr Augustin 
comments: “This format is becoming 
increasingly popular, since young 
ophthalmologists, and especially young 
surgeons, now have a new platform to 
discuss problems or situations in the clinical 
practice which are unique for beginners and 
may not be a topic suitable for other formats. 
This is true for both scientific and surgical 
questions.”

Meanwhile, the Clinical Research 
Symposium will be on “Advances in Corneal 
Cross-Linking”, which is currently a very 
hot topic. “Corneal crosslinking is an 
increasingly standardised procedure, with 
new accelerated protocols that reduce the 
duration of treatment with similar results to 
standard ones,” says Dr Augustin.

Emphasising the importance of 
the “Selecting Advanced IOLs” Main 
Symposium taking place, Dr Fazio 
comments: “This is a Symposium that will 
probably be held for several ESCRS meetings 
to come since the list of advanced IOLs is 
becoming more crowded by the day.”

“MIGS: The Evidence-Based Approach” 
will be the topic of the second of the Main 
Symposia taking place on the Saturday. Dr 
Augustin says: “The introduction of MIGS 
has simplified the approach to glaucoma 
surgery. A review of recent evidence is 
important to improve the outcomes in terms 
of both IOP reduction and complication rate.” rh
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For those wishing to participate in 
courses, attendees will have the option to 
either do so in person or virtually, with both 
types (seven in-person and two virtual) 
being on offer on Saturday. Free Paper 
sessions are also expected to place before 
the day wraps up with a video “Award 
Session”, between 6.30pm and 8pm.

Sunday 10 October
Sunday is shaping up to be a very busy 
day at the ESCRS, with two Symposia 
taking place in the morning—on “Imaging 
Techniques of the Anterior Segment 
and Beyond” and “Practical Digital 
Ophthalmology”—and a couple taking place 
after lunch. 

Referring to the afternoon’s Research 
Symposium on “Cost Effectiveness and 
Value-based Healthcare: Have They Entered 
Ophthalmology?”, Dr Augustin points 
out: “Limitations on resources make the 
cost-effectiveness of any procedure very 
important for all of us. The information in 
this session should help ophthalmologists 
to engage with both payers and hospital 
administration staff.”

Regarding the Main Symposium covering 
“Enhancements after Refractive Surgery”, 
he comments: “Enhancement of refractive 
surgery is also a hot topic because refractive 

patients have very high expectations, which 
very often cannot be met with the first 
procedure. Thus, enhancement procedures 
can be necessary to produce superior 
results.”

“Euro Times Satellite Education 
Symposia” also appear in the schedule 
at various times throughout the day and 
there is also a Symposium entitled “IIIC” 
(Intraocular Lens Implant Club) at the end of 
the day. The IILC is a group of international 
specialists which will, no doubt, present 
the newest developments in IOL design. Dr 
Augustin believes that development in the 
field of IOLs is in “constant turmoil, with the 
introduction of ever more precise lenses for 
the correction of refraction errors and the 
management of presbyopia”.

With educative opportunities remaining a 
major theme at the Congress, nine courses, 
two of which are offered virtually, are 
planned to be held at varying times. The 
Video Session will cover surgical methods, 
which is always a good opportunity for 
ophthalmologists to hone their techniques 
and learn from peers. Sunday also marks 
the last day the Exhibition is open.

Monday 11 October
On the final day of the Congress, glaucoma 
is the subject of the two “Masterclasses” 

in the morning, which demonstrates the 
importance that cataract and refractive 
surgeons need to have a high level of 
understanding of this disease entity. There 
will also be a “Hyperopia Workshop”, a 
total of five in-person courses and a session 
discussing the work of the non-profit 
organisation Orbis Flying Eye Hospital; a 
teaching hospital on board a flight, which 
delivers eyecare to low- and middle-income 
countries. 

“Don’t miss the ORBIS session,” Dr 
Augustin advises. “This charity project was 
established many years ago. You will see 
and hear the newest activities of this group.” 

Dr Augustin also strongly advises 
attending the “CSCRS Symposium”. “This 
symposium of the ‘united cataract surgeons 
of the world’ will provide you with latest 
news on cataract surgery from a global 
perspective,” he says.

The final day will be rounded up, as 
has become something of a tradition at the 
ESCRS Congress, with the “Best of the Best”, 
a session that will enable attendees to go 
away with the main pearls of the event.

7europe.ophthalmologytimes.com
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Improving macular pathology 
detection in telemedicine screening
Dual imaging for diabetic retinopathy may improve disease identification

By Cheryl Guttman 
Krader;

Reviewed by  
Dr Lloyd P. Aiello

F
indings of a retrospective, comparative 
cohort study demonstrate the benefits of 
integrating spectral-domain optical coherence 
tomography (SD-OCT) with ultra-widefield 

(UWF) imaging in a diabetic retinopathy (DR) 
telemedicine screening programme.

Dr Aiello, a professor of ophthalmology at Harvard 
Medical School and director of the Beetham Eye 
Institute of Joslin Diabetes Center, Massachusetts, 
United States, presented study data from 422 eyes of 
211 patients with diabetes who were consecutively 
imaged between 8 January and 16 March 2020, using 
the commercially available platform Monaco (Optos), 
which allows SD-OCT and UWF imaging in a single 
sitting. Participants were seen in a UWF image-based 
DR teleophthalmology programme at the Joslin 
Diabetes Center.

The results showed that the dual imaging 
substantially increased detection and reduced false 
positive assessments of diabetic macular oedema 
(DMO) and epiretinal membrane (ERM). “Given 
the reduced effort, compact footprint and reduced 
overall cost of integrated SD-OCT/UWF devices, 
their use in large DR screening programmes could 
substantially improve disease identification and 
reduce unnecessary referrals,” said Dr Aiello.

“However, it should be noted that this study only 
evaluated 422 eyes and all images were evaluated 
in a centralised reading centre using standardised 
protocols,” he said. “Thus, the applicability of the 
findings in other settings is unknown.”

Evaluation of the images
Because US Food and Drug Administration (FDA) 
approval of normative OCT measurements for the 
Monaco instrument is pending, the OCT images 
were evaluated qualitatively using a standardised 
template. Each scan was evaluated for macular 
pathology, including looking at the foveal contour and 
looking for macular oedema, ERM, signs of macular 
degeneration and other macular diseases. The UWF 
graders were masked to the OCT images and OCT 
findings, and graders evaluating the SD-OCT images 

were masked to the UWF images.
The 211 patients included in the study had a mean 

age of 53.5 years. Based on UWF grading, DR was 
absent in 58% of eyes and 93% of eyes had no DMO. 
Eyes with DR spanned the spectrum of severity, but 
the distribution was weighted towards less severe 
disease, with most eyes having mild non-proliferative 
DR. Sixty eyes (14.2%) were graded as having 
referrable DR, which was defined as moderate non-
proliferative DR or worse or any level of macular 
oedema. 

With UWF imaging, less than 1% of eyes were 
ungradable for determining DR severity and less than 
1% were ungradable for determining DMO presence. 
For both modalities, less than 1% were ungradable for 
overall macular pathology.

Macular pathology was identified by UWF in 8.1% 
of eyes and by OCT imaging in 13% of eyes. DMO 
was the most commonly identified pathology on UWF 
imaging (75%) but accounted for only 36% of macular 
disease identified by OCT. ERM accounted for 29% 
of macular pathology on UWF imaging but 52.7% of 
macular disease by OCT.

Comparisons between the UWF and SD-OCT 
gradings showed good agreement when the 
determination was that DMO was not present; when 
UWF imaging alone found that DMO was not present, 
SD-OCT found DMO in only 1.5% of those eyes. When 
the UWF image grading identified DMO present, 
however, the determination was not confirmed by 
SD-OCT in 75% of those cases. 

“Overall, UWF image grading suggested that DMO 
was present in 4.7% of eyes, [whereas] grading by 

IN SHORT 
  Integration of spectral domain optical 

coherence tomography with ultra-wide field 
imaging can increase accurate detection 
of diabetic macular oedema and epiretinal 
membrane.



SD-OCT determined DMO 
was present in only 2.1% 
of the cohort,” Dr Aiello 
explained. “Thus, UWF 
alone had low sensitivity 
and low positive predictive 
value for DMO detection, 
but high specificity and 
high negative predictive 
value compared [with] 
SD-OCT.” 

The results were similar 
in considering detection 
of clinically significant 
macular oedema (CSMO), 
although the sensitivity 
of UWF was even lower 
for this diagnosis. 
Approximately 27% of eyes 
with CSMO present on 
SD-OCT were identified by 
UWF imaging alone.

ERM was detected 
by UWF image grading 
in 2.4% of eyes and by 
SD-OCT in 6.8% of eyes. 
Only 3.4% of ERMs 
detected on SD-OCT 
images were identified 
on UWF imaging alone. 
When ERM was absent 
with UWF imaging 
alone, SD-OCT detected 
an ERM in 6.8% of eyes. 
When UWF grading 
showed that ERM was 
present, however, only 
10% of those cases were 
confirmed by SD-OCT.

retina
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LLOYD P. AIELLO, MD, PHD
e: lloydpaul.aiello@joslin. 
harvard.edu
This article is based on a presentation made 
at the Association for Research in Vision 
and Ophthalmology’s 2021 virtual annual 
meeting. Dr Aiello is a consultant to Optos 
but is not paid for his services. 
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P
resbyopia is a natural consequence of ageing. 
It affects more than 1 billion individuals 
globally and approximately 123 million in the 
United States. Over the years, many surgical 

approaches to the correction of the condition have 
been attempted, but none has yet become widely 
adopted for patients without significant cataract. 

A review of available and emerging treatments 
for presbyopia was recently published.1 Finding the 
ultimate solution for this problem has long been the 
holy grail of ophthalmology because the demand—
and the potential rewards—are great. 

Companies have begun testing topical therapies 
for the temporary correction of presbyopia. Several 
of these drugs may be approved over the next 1 to 3 
years, opening a new treatment avenue for patients 
who wish to be less dependent on reading glasses. 

Most of the drops being evaluated aim to modulate 
the pupil for better near vision. There are likely to 
be significant differences among them in duration, 
tolerability and other factors. 

Candidates and trial results
There are various topical agents and clinical results 
available to date, discussed as follows.

PILOCARPINE
Pilocarpine is a cholinergic muscarinic receptor 
agonist well established in managing pupillary 
miosis and is the most employed agent in emerging 
presbyopia therapeutics. What distinguishes 
the emerging presbyopia formulations from 
currently available generic pilocarpine is the lower 
concentration (in most cases, ≤ 1% vs up to 6% in 
generic pilocarpine) and that the investigational 
agents rely on sophisticated delivery vehicles that 
are better at modulating how much of the active 
ingredient reaches the ocular tissues. Several 
companies have pilocarpine-based drops in  
clinical trials: 

• AbbVie/Allergan (AGN-190584)
Two Phase 3 clinical trials (Gemini I and II) with 

a total of 750 participants have been completed. 
No published studies are available, but public 
reports note that primary endpoints in both 
studies2,3 were met, with more patients in the 
treatment group vs the vehicle-controlled group 
gaining three or more lines of mesopic high 
contrast binocular distance-corrected near 
visual acuity (DCNVA) at 3 hours over 30 days of 
bilateral single-dose use.4 

Headache, conjunctival hyperaemia, blurred 
vision and eye pain were each reported by 3% or 
fewer of the patients treated with AGN-190584. 
A New Drug Application has been submitted to 
the US Food and Drug Administration (FDA) and 
approval is anticipated in late 2021.

• Orasis (CSF-1)
A Phase 2 study5 with 166 participants was 
completed in 2019, with reportedly good 
tolerability of the drop and statistically 
significant gains of three or more lines of 
DCNVA when dosed twice daily.6  There was no 
impact on distance or night vision. A Phase 3 
study of 300 participants has recently begun.

• Eyenovia (Microline)
This company has a novel microdose dispenser 
(Optejet) that sprays the drug at the eye. A 
Phase 3 trial in which 84 subjects’ DCNVA 
were tested 2 hours after treatment with 1% 
or 2% pilocarpine1 showed that a statistically 
significant proportion of patients treated had a 
three-line or more increase in DCNVA vs placebo 
in low light 2 hours after treatment.7

Topical therapies are on the horizon 
for temporary correction of presbyopia
A variety of beneficial therapeutic choices may be available in fewer than 3 years

By Dr Marguerite  
B. McDonald

  For ophthalmologists, finding the ideal 
solution for presbyopia has long been the 
‘holy grail’ of the field. Companies have 
begun testing topical therapies.

IN SHORT 

Dr McDonald



PILOCARPINE + PHENTOLAMINE
Ocuphire Pharma is evaluating a 
kit that combines a moderate and 
long-acting evening dose of the 
non-selective a-1/a-2 adrenergic 
antagonist phentolamine 0.75% with 
a morning dose of pilocarpine 0.4%. 
Synergistically activating the iris 
sphincter muscle while inhibiting 
the iris dilator muscle allows for 
lower concentrations of the active 
ingredients and may reduce the 
likelihood of adverse reactions. 

A Phase 2 study in 152 patients 
whose NVA was tested for up to 6 
hours post-dose met its primary 
endpoint with statistical significance 
at 1 hour. More than half (61%) of 
patients treated with Nyxol plus low-
dose pilocarpine gained 15 letters 
(three lines) in near VA.8

ACECLIDINE
Similar to pilocarpine, aceclidine 
is also a parasympathomimetic 
cholinergic muscarinic receptor 
agonist. A Phase 2 study of an 
aceclidine-based miotic treatment 
for presbyopia in 58 participants was 
completed by Presbyopia Therapies 
in 2018.10 At the time, the company 
reported that 47% of study eyes 
gained three or more lines of near 
vision and 92% gained at least two or 
more lines 1 hour after instillation, a 
statistically significant benefit over 
placebo.9 

Approximately half the eyes 
maintained a two-or-greater line 
improvement for up to 7 hours. 
Little information has been 
released about the drop since and 
no additional studies have been 

registered, although the company has 
reorganised and is moving forward 
under its new name, Lenz.10 

FIXED-COMBINATION CARBACHOL/
BRIMONIDINE TARTRATE
Brimochol is a fixed combination 
of carbachol and brimonidine 
invented by Dr Herbert Kaufman and 
now under development by Visus 
Therapeutics for the treatment of 
presbyopia. Carbachol has previously 
been shown to be a more potent 
cholinergic miotic than pilocarpine.11 
Combining it with brimonidine, 
which prevents pupil dilation 
and may inhibit ciliary muscle 
contraction, achieves synergistic 
effects, and may reduce the severity 
of adverse effects. 

Brimonidine also whitens 
eyes,12 which may prevent the 
redness typically associated with 
miotics. Four peer-reviewed studies 
evaluating this combination have 
been published in the literature, 
though using different formulations 
than are currently being tested 
by the company.14-16 One of these 
demonstrated superiority of the fixed 
combination over the individual 
components,13 something that is 
essential for FDA approval of any 
fixed-combination drop.17 

Results of the most recent study, 
in 2019, showed a 12-hour duration 
of effect on near vision in 57 
participants without any reported 
symptoms of headache or brow 
ache.16 A Phase 2 crossover study in 
45 phakic and pseudophakic patients 
dosed once daily with one of two 
different Brimochol formulations or 
carbachol monotherapy has recently 
begun.17

LIPOIC ACID CHOLINE ESTER 
CHLORIDE 
Unlike the other drops that act by 
modulating the pupil, Novartis 
is developing UNR844, a lipoic 
acid choline ester chloride that 
acts on disulphide bonds between 
crystalline lens proteins. The 

idea is that by hydrolysing the 
disulphide bonds, this drug would 
soften the lens and restore some 
accommodative ability. 

Results of an early Phase 1/2 study 
found an improvement in DCNVA 
of 8.1 letters in the treated group vs 
4.3 letters in the placebo group.18 A 
Phase 2 controlled trial evaluating 
safety and efficacy after 3 months 
of twice-daily dosing treatment 
in early presbyopes (aged 45–55) 
has also been completed, with an 
improvement of 6.1 letters in the 
treatment group vs 4.5 letters in the 
placebo group. 

In addition, 25% of the treatment 
group vs 16% of the placebo group 
achieved 75 or more letters in 
total. The most common adverse 
events reported were dysgeusia and 
headache, in 5% and 3% of treated 
participants, respectively. Thus far, 
study sponsors have reported only 
functional effects on vision from this 
lens-softening agent, rather than 
any lens outcomes such as change in 
accommodation. 

Also, as trials are attempting to 
reverse presbyopic lens changes, it 
seems likely that such a drop would 
be used in younger individuals to 
prevent lenticular changes in the 
first place. This would increase 
the burden of proving that the lens 
is safe for long-term use. This is a 
fascinating therapeutic category, but 
I think ophthalmologists are going 
to want to see a great deal more data, 
including whether these drops work 
consistently across the entire lens. 

Factors to consider
As presbyopia-correcting drugs come 
to market, one of the most important 
factors for both physician and patient 
acceptance will be efficacy – how 
well the patient can read and use 
a computer. Everybody likes to see 
J1 clinical trial results, but most 
individuals do not actually need to 
be able to read J1. A drop that can 
provide J6 or better for 8–12 hours, 
which would cover most of a person’s 

Finding the ultimate 
solution for this 
problem has long 
been the holy grail of 
ophthalmology.
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working hours, would be a big 
advancement for patients. 

Although most of the pupil-
modulating drops in development 
are being tested for use in both 
eyes, patients may experiment 
with using the drops monocularly 
and binocularly. The newer drops 
will likely have vehicles that are 
kinder to dry eyes or will make use 
of sustained delivery nanomicelle 
technology. 

Some presbyopia-correcting drops 
may be available in preservative-
free formulations, which will make 
them more comfortable for patients 
with pre-existing ocular surface 
disease. This was true for glaucoma 
patients who had been on 4% or 6% 
pilocarpine for years, which had 
a high concentration of the active 
ingredient and were preserved, but 
it may not be an issue with the much 
lower concentrations of pilocarpine 
that are being developed for 
presbyopia. 

Although there are quite a few 
presbyopia-correcting drops in 
development, there will probably be 
room for all—or at least several—of 
them. It will be relatively easy for 
patients to try several types and 
for practitioners to customise drop 
choice to patients’ lifestyles and 
ocular needs.
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I
n a recent prospective case series, my colleagues 
and I evaluated 3-month outcomes in 27 patients 
undergoing bilateral implantation of the ZFR00V 
lens (Tecnis Synergy, Johnson & Johnson Vision).1 

This new IOL (Figure 1) combines the advantages of 
diffractive multifocal and extended-depth-of-focus 
(EDOF) IOLs. 

Like other EDOF lenses, the elongated focus 
provides a more natural range of vision while 
minimising dysphotopsia symptoms; however, 
because it also has diffractive optics like multifocal 
IOLs, the hope was that this lens would improve near 
vision over EDOF lenses. Our study suggests that 
these goals have indeed been met. 

Patients were followed at 1 day, 1 month and 3 
months after surgery. Uncorrected and distance-
corrected visual acuity was measured under various 
lighting conditions at far, intermediate (66 cm) and 
near (40 cm). Quality of vision, visual symptoms, 

satisfaction and spectacle independence were 
reported by patients via questionnaires at 3 months. 

Defocus curves were also generated at the 3-month 
visit. The study was conducted prior to the availability 
of the toric version of this lens, so all patients had 
≤0.75 D of astigmatism preoperatively. 

Visual acuity
At 3 months, under photopic conditions, the mean 
monocular uncorrected distance acuity was 0.04 
logMAR; mean uncorrected intermediate was 0.04 
and mean uncorrected near was 0.05. Distance-
corrected acuity was 0.03 and 0.00 at intermediate 
and near, respectively. 

Under mesopic conditions, distance-corrected 
acuity was −0.01 for distance and 0.07 for near 
(Table 1). Uncorrected distance acuity of 20/32 (0.20 
logMAR) or better was achieved by 96% of patients.

These distance results are better than those 
reported for multifocal IOLs in several published 
papers.2,3 Our results were better at intermediate 
and near than the FineVision trifocal,4 and better at 
near than the PanOptix trifocal or the combination 
of Tecnis Symfony/ZMB00 lenses.5 The near vision 
is significantly better than has been reported with 
Tecnis Symfony, with similar intermediate and 
distance results.6 

It was exciting to see that patients did not lose 
distance vision in mesopic lighting conditions, as 
this has historically been a weak point for multifocal 
IOLs. The defocus curve was broad and smooth, 
demonstrating that the IOL provides 20/40 (0.30 
logMAR) or better vision from +1.00 to −4.00 D and 
20/25 (0.10 logMAR) or better from +0.05 to −3.00 D. 

New presbyopia-correcting IOL 
provides spectacle independence 
Lens combines diffractive multifocal and extended depth-of-focus properties

By Dr Filomena  
J. Ribeiro 

  A new IOL combines the advantages of 
diffractive multifocal and extended-depth-
of-focus lenses, providing a natural range 
of vision. 

IN SHORT 

(FIGURE 1)  
A Synergy IOL implanted in the eye.  (Image courtesy of Dr Filomena Ribeiro)

Dr Ribeiro



20
06

23
-0

01
 IN

T.
A

E2
1 

©
 H

ei
de

lb
er

g 
En

gi
ne

er
in

g 
G

m
bH



Patient-reported outcomes
At 3 months, none of the patients 
reported using spectacles for distance 
and 96% were totally spectacle 
independent at all distances. One 
patient (3.7%) said he used glasses 
for near and occasionally for 
intermediate.

Although some patients 
experienced glare, halo or starbursts, 
as we would expect with diffractive 
optics, no patient rated their night 
vision symptoms as “severe” or “very 
bothersome”. Eighty-nine per cent of 
patients were fairly to very satisfied 
with their vision.

We have come to expect an inverse 
relationship between near vision and 
nighttime quality of vision. Typically, 
with multifocal IOLs, better near 
vision is associated with higher rates 
of dysphotopsia, but we did not find 
that to be the case with this lens. 

Personal impressions
In my practice, this new lens has 

expanded the pool of candidates for 
presbyopia-correcting IOLs to include 
those with very high near demands. 
In the past, low to moderate myopes 
who remove their glasses to read and 
hyperopes who are accustomed to 
a large magnification for near have 
been very difficult to satisfy with 
presbyopia-correcting IOLs. 

Those who are short in stature or 
have short arms also demand very 
close near vision that has been hard 
for us to provide. Because of its EDOF 
range from near to intermediate, this 
lens can satisfy these patients, as well 
as those who prefer a more traditional 
near point. 

In fact, the lens’s wide range for 
near vision means that patients do 
not need to experiment to find the 
best distance to hold their phone 
or the newspaper – they can just 
read at their normal distance. That 
has reduced the amount of time I 
need to spend on patient education 
and handholding after surgery and 
increased the proportion of happy 
faces I see at follow-up visits. 

The good acuity and quality of 
intermediate vision is also extremely 
important to me. Intermediate 
vision tends to be an afterthought 
for clinicians because it is not a 
standard part of our exam in the 
way that distance and near acuity 
are. However, the reality is that 
much of our patients’ lives happen at 
intermediate range.

As with any lens that incorporates 
diffractive technology, we should 
exclude patients as candidates for 
this lens if they have any other 
ocular pathology, such as glaucoma 
or macular issues. Surgeons 
implanting the new IOL should 
target emmetropia rather than 
mini- or micro-monovision, as some 
have done with other presbyopia-
correcting IOLs, to ensure good  
near vision. 

In fact, a myopic result risks 
compromising distance acuity, so I 
generally aim for the lowest positive 
predicted refraction (closest to plano). 

Additionally, my personal preference 
for this and all presbyopia-correcting 
IOLs is bilateral implantation. 

With neuroadaptation and 
binocular summation, we see 
further gains in vision and 
satisfaction at 3 and 6 months with 
these advanced IOLs, compared 
to largely unchanged vision at 
that point after monofocal IOL 
implantation. This is a welcome new 
addition to the expanding portfolio of 
presbyopia-correcting IOLs. 
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Table 1.  Monocular Vision at  
3 Months (right eyes, logMAR)
Photopic

Uncorrected visual acuity

Distance 0.30 ± 0.15 0.04 ± 0.10

Intermediate 0.04 ± 0.09

Near 0.05 ± 0.13

Corrected/ distance-corrected acuity

Distance 0.22 ± 0.13 –0.02 ± 0.07

Intermediate 0.03 ± 0.11

Near 0.00 ± 0.08

Mesopic, corrected/ distance-corrected

Distance -0.01 ± 0.05

Near 0.30 ± 0.12 0.07 ± 0.09
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A 
recent survey1 of cataract surgeons and 
nurses found that most are concerned 
about operating theatre waste and believe 
that having more re-usable products in the 

operating theatre is a step in the right direction. The 
survey was developed by the Ophthalmic Instrument 
Cleaning and Sterilization Task Force, which has 
representatives from the American Society of Cataract 
and Refractive Surgery, the American Academy of 
Ophthalmology (AAO), the Outpatient Ophthalmic 
Surgery Society and the Canadian Ophthalmological 
Society.

Some impetus for the survey, which was 
disseminated to the members of all four societies, 
came from two published studies from the 
Aravind Hospital System in India. The first report 
in 20172 found that their carbon footprint for 
phacoemulsification was one-twentieth of that in the 
UK and the United States, largely because they re-use 
as many surgical supplies and drugs as possible. 
A second study in 20193 found that despite such 
widespread re-use, the rate of endophthalmitis in the 
Aravind system was 0.01% – lower than that in the 
US, with the AAO IRIS registry rate of 0.04%. 

“The results suggested that much of our 
surgical waste due to single use of everything is 
excessive and of unproven benefit for preventing 
endophthalmitis,” said Dr David F. Chang, clinical 
professor of ophthalmology, University of California, 
San Francisco, US. Dr Chang co-authored the survey 
report with Dr Cassandra Thiel, assistant professor, 
New York University School of Medicine, US.

What generates waste?
The respondents felt that the major factors accounting 
for operating theatre waste were wasteful packaging 
of single-use items (71%), hospital/regulatory policies 
(74% and 82%, respectively) that limit surgeon 
discretion in re-using supplies, manufacturer 
mandates in instructions for use (IFU) for single-use 
products to limit liability (70%) and manufacturers 
driving the market towards more profitable single-use 
products (77%). Surgeon or patient preference for 

single-use products was felt to be a driver by only 
26% and 7%, respectively. 

Support of re-use of devices and supplies 
The surgeons strongly/somewhat agreed that 
manufacturers of devices and supplies should 
use recycled content in packaging of medical 
supplies (90%) and that they should consider the 
environmental/carbon footprint in product design 
(92%). “However,” Dr Chang said, “the real impact 
would be to offer more re-usable instruments and 
supplies as options (94%) and allow surgeons greater 
discretion within their IFUs for re-using supplies 
(93%).”

Other areas with which surgeons strongly/
somewhat agreed were more surgical discretion in 
the re-use of supplies by regulatory bodies (95%) and 
advocacy by medical societies to reduce the carbon 
footprint in operating theatres (87%).

Regarding the use of topical pharmaceuticals 
and intra-ocular pharmaceuticals, 98% and 95%, 
respectively, would consider using them in multiple 
patients; there was also strong agreement for re-using 
compounded pharmaceuticals (86%). Most surgeons 
are or would consider sending pharmaceuticals home 
with patients from the operating theatre (93%). 

Surgeons were very willing to re-use phaco tips 
(92%); phaco tubing and irrigation bottles (77%); 
cystotomes (72%); single-use cannulas and metal 

Two-thirds of respondents were 
open to not changing surgical 
gowns between every case.

Cataract surgeons on operating 
theatre waste: Less is often more
Much of today’s surgical refuse is due to the single use of virtually everything 

By Lynda Charters;

Reviewed by  
Dr David F. Chang

  Cataract surgeons and nurses would 
support having re-usable equipment and 
supplies to reduce operating theatre waste 
and carbon footprint. 

IN SHORT 
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blades (74%); iris retractors (72%); and the 
unused halves of sutures (59%). During 
cataract surgeries, 91% are or would 
consider using short-cycle sterilisation 
and 56% would consider simultaneous 
sequential bilateral cataract surgery, 
although 34% would not be willing to do so. 

Among other proposals, eliminating the 
full-body drape was supported by 95%, not 
having the patient wear a hospital gown 
was supported by 90% and operating 
theatre staff using the same surgical mask 
all day was supported by 95%. Two-thirds 
of respondents were open to not changing 
surgical gowns between every case, but 
77% would not be willing to re-use surgical 
gloves. Endophthalmitis (48%) and toxic 
anterior segment syndrome (43%) risks and 
malpractice liability (51%) were factors that 
decreased willingness to use supplies and 
medications on multiple patients. 

Factors potentially driving single-use 
instruments included reduced staff 
processing requirements (45%) and 
improved operating theatre efficiency 
(37%). “However, the main factors driving 
manufacturers to promote single-use 
instruments were felt to be increasing profit 
(62%), reducing liability (66%) and an easier 
regulatory approval pathway (65%),” Dr 
Chang said.  

According to Dr Chang, the findings 
showed that more than 90% of surgeons 
are concerned about global warming; 
excessive operating theatre refuse; the 
need for more re-usable and multi-use 
options; strong preference for re-usable 
over disposable instruments; discretion 
from regulatory agents and manufacturers 
in re-using materials; and greater 
manufacturer consideration of carbon 
footprint.
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The 23-question survey was completed in full by 1,317 of the 1,563 respondents; 
more than 1,050 of those who completed the survey were doctors.

THE SURVEY FINDINGS WERE AS FOLLOWS:

93% 
also believe that 

approaches should 
be sought to 

reduce waste.

only 
5% 

thought that no 
changes were 

needed.

90% 
of respondents were 

concerned about global 
warming and climate 

change, with 59% very 
concerned.

78% 
believe that ways 

should be found to 
re-use supplies 

and instruments.

93% 
believed that 

operating theatre 
refuse is excessive, 

with 68% stating that 
such refuse is 
“far too much”.
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Dr Kortuem

T
reatment with voretigene neparvovec-rzyl 
(Luxturna, Spark Therapeutics) resulted in a 
short-term change in foveal morphology in one 
young visually impaired patient, according 

to Dr Friederike C. Kortuem of the Eye Clinic 
Tübingen, Eberhard Karls University of Tübingen in 
Baden-Württemberg, Germany. The patient was a 
15-year-old girl whose visual impairment included 
nyctalopia and decreased visual acuity (VA) in early 
childhood.

Visual deterioration generally occurs early in 
Leber congenital amaurosis type 2 (LCA2) and 
early-onset severe retinal dystrophy (EOSRD), from 
as soon as birth to 5 years of age. Characteristically, 
rapid degeneration of the rods and cones; visual 
field reduction; sluggish or near-absent pupillary 
responses; photophobia; nystagmus; and nyctalopia 
can occur. By the fourth decade of life, patients are 
usually legally blind.  

Sub-retinal administration of voretigene 
neparvovec-rzyl in an adeno-associated viral vector 
was approved in the United States by the Food and 
Drug Administration in 2017, and in Germany in 
2019, to treat retinal dystrophies caused by bi-allelic 
RPE65 mutations. RPE65 is involved in the vitamin A 
restoration cycle in the eye.

Case report
The aforementioned patient had an RPE65 
homozygous mutation. The VA in the right eye at 
examination was 20/63 and the anterior segment 
was unremarkable. The retinal examination in that 
eye showed central macular atrophy, narrowed 
vessels and diffuse peripheral atrophy. Dr Kortuem 
demonstrated the overall decreased retinal thickness 
in the right eye.

The clinical examinations included measurement 
of the best-corrected VA (BCVA), spectral-domain 

Gene therapy sparks foveal 
morphological changes in LCA
Improvements to foveal layer appear as early as 2 weeks after treatment

By Lynda Charters;

Reviewed by  
by Dr Friederike  

C. Kortuem

(FIGURE 1)   Disrupted photoreceptor 
cells are characteristic of inherited 
retinal diseases. 
(Image courtesy of Dr Friederike C. Kortuem)



optical coherence tomography (OCT) and 
adaptive optics retinal imaging. At baseline, 
the patient was injected with the gene 
therapy vector, which was successfully 
positioned between the neural retina and 
the retinal pigment epithelium. She was 
evaluated at baseline and then at 2 and 5 
weeks and 3 months following treatment.

At baseline, compared with healthy 
individuals of the same age, this patient’s 
retina was thinner. Dr Kortuem showed that 
the central fovea had alterations in its layers 
and the retinal structures were not well 
demarcated, in contrast to the parafoveal 
layer with a preserved outer retina and 
photoreceptors.

As soon as 2 weeks after treatment, the 
foveal layer started to change. The external 
limiting membrane was visualised in the 
fovea. 

“The overall disrupted appearance 
improved,” Dr Kortuem commented. After 

5 weeks, the layering of the central fovea 
further improved out to 3 months.

The adaptive optics images obtained 
at baseline showed a mosaic of disrupted 
photoreceptor cells that, according to Dr 
Kortuem, is characteristic of inherited 
retinal diseases. Following treatment, the 
superior nasal area appeared partly clear 
and the cones were identifiable. 

In the first 5 weeks following treatment, 
the initially patchy areas seemed to be 
decreasing over time. These morphological 
rescue parameters changed gradually 
and were correlated partly with the 
improvement in the foveal-mediated vision 
after the treatment. 

Regarding the safety of the treatment, 
no signs of inflammation were observed. 
Cone functionality improved slightly and 
the patient reported “brighter” vision, which 
she also reported 5 weeks after surgery. At 3 
months following the surgery, the objective 

changes persisted.
From baseline to week 5, the VA remained 

stable and then improved by one line 
to 20/50. The contrast sensitivity also 
remained stable over time. 

Chromatic pupil campimetry showed a 
dramatic increase in the central 10 degrees 
of the pupil from week 2 to week 5, and this 
improvement persisted to month 3. “Rapid 
changes in the photoreceptor morphology 
seen on OCT and adaptive optics imaging 
after successful gene therapy in patients 
with LCA and EOSRD can be quantifiable at 
the individual level,” Dr Kortuem concluded.

gene therapy
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Ophthalmologists have role in early 
detection of Alzheimer’s disease
Clues can be gleaned from patient/family histories and examination techniques

By Lynda Charters;

Reviewed by  
Dr Robert C. Sergott S

igns and symptoms of Alzheimer’s disease in 
the retina, optic nerve and the more posterior 
afferent visual system in the temporal 
and parietal lobes may point physicians 

to a diagnosis of Alzheimer’s disease earlier than 
previously realised, according to Dr Robert C. Sergott, 
director of the Neuro-Ophthalmology Service at 
Wills Eye Hospital and founding director and CEO of 
the Annesley EyeBrain Center at Thomas Jefferson 
University in Philadelphia, Pennsylvania, United States.

Dr Sergott pointed out the importance of being 
aware of the—often—subtle signs and symptoms in 
patients 55 years and older. With diseases such as 
Alzheimer’s and Parkinson’s, patients may present 
first to an ophthalmologist rather than a neurologist 
because of the associated visual disturbances.

Pearls gleaned from a case
Dr Sergott described a 68-year-old man who presented 
with progressive field constriction for 2 years and the 
inability to drive at night for approximately 1½ years. 
The patient described seeing oncoming lights when 
driving as starbursts. 

Constricted visual fields may be an initial 
presentation of possible Alzheimer’s disease. 
However, the differential diagnosis is large and 
includes retinal degenerations; quinine toxicity; 
central retinal artery occlusion; end-stage glaucoma 
or papilloedema; confluent optic disc drusen; bilateral 
occipital lobe infarctions; non-physiological response; 
and cognitive impairment on automated perimetry.

Dr Sergott explained that visual field constriction 
implicates a visual field defect in the retina, optic 
nerve or occipital lobe; the photophobia, a problem in 
the retina; and night blindness and depth perception, 
a retinal or cortical issue. Consideration of the three 
locations suggests that there may be more of a retinal 
or a cortical problem, or both. 

“Alzheimer disease affects them all: i.e., the 
retina, optic nerve and the visual system posterior 
to the lateral geniculate,” he said. The patient’s 
history was positive for prostate cancer and basal 
and squamous cell cancers, without metastases; 

hypertension; and hyperlipidaemia. 
“A rule to live by in neuro-ophthalmology is to 

determine if the patient’s problem at hand is caused 
by the cancer recurrence, especially with breast 
cancer, or cancer therapy,” Dr Sergott emphasised. 
The patient’s ocular examination was unremarkable, 
with 20/40 vision bilaterally. 

Interestingly, the patient could see only the test 
Ishihara plate, although he had no history of colour 
blindness. The acquired loss of colour vision could be 
in the cones, optic nerve or cortical system. 

“This provides a subtle hint of an afferent visual 
problem. Colour vision measures contrast sensitivity,” 
Dr Sergott said. “Using low-contrast visual acuity 
[VA], a deficit worse than 20/40 might be identified.”

Optical coherence tomography imaging was 
unremarkable but showed slight flattening, with the 
fovea-macular contour slightly broadened. Fundus 
autofluorescence also showed no striking abnormality 
suggestive of early Alzheimer’s disease. 

Multifocal electroretinography (ERG), however, 
showed an almost isoelectric tracing in the right 
eye despite 20/40 vision. In the left eye, multifocal 
ERG abnormalities were present but was not as 
pronounced as in the right eye.

Cranial MRI showed both non-specific changes 
and that paraneoplastic autoantibodies and the 
lumbar puncture cerebrospinal fluid profile were 
negative. Automated perimetry showed an inferior 
quadrantanopia in the left eye and a more subtle 
defect in the right eye. This localisation pattern was in 
the right parietal temporal lobe.

“From this testing, we know that this patient has 
brain disease in the right parietal temporal lobe,” 
Dr Sergott explained. “The multifocal ERG results 
indicated the presence of retinal disease. This proved 
to be an extensive process in the visual system.” 

In addition to the constricted visual fields, colour 
vision deficit and abnormal ERG, the patient’s history 
showed dissatisfaction with the results of cataract 
surgery despite 20/40 bilateral VA and a depth 
perception of only 40 seconds of arc. “One reason for 
dissatisfaction postoperatively with a good Snellen VA 



may be Alzheimer’s disease,” he said. 
“The root of the dissatisfaction may be 

subtle problems with difficulty reading and 
finding words and mild short-term memory 
loss.” Other clues are that the patient never 
arrived alone at appointments and often did 
not answer questions, Dr Sergott added.

Potential presentations
Patients who present with predominantly 
visual symptoms may have posterior 
cortical atrophy. However, Dr Sergott 
cautioned that patients who present with 
mildly disrupted memory and functioning 
may have a more global deficit of visual 
processing, e.g., a progressive decline in 
visuospatial, visual perception and literacy 
skills, which can appear in patients who are 
on average 50 to 65 years of age. 

Experts disagree about whether 
posterior cortical atrophy is a pure form of 
Alzheimer’s disease or a separate entity. 

Lewy body dementia and prion disease may 
also have similar visual symptoms.

Dr Sergott summarised the various 
ophthalmological findings that 
ophthalmologists should prioritise when 
confronted with similar patients to the one 
described. The presentations of Alzheimer’s 
disease include the unhappy patient with 
good VA after cataract surgery and, in 
patients who have not had recent cataract 
surgery, loss of colour vision, loss of depth 
perception and photoreceptor dysfunction 
manifesting as glare and night blindness.

Dr Sergott also advised physicians to be 
alert to patients with visual field defects 
who have trouble with the automated 
perimetry test, especially with repeated 
attempts. Patients may also present with a 
homonymous hemianopsia but a normal 
MRI scan. This clinical presentation should 
alert ophthalmologists and neurologists to 
the possibility of Alzheimer’s disease. 

“When such patients present, Alzheimer’s 
disease should be suspected. Hopefully, 
during 2021 some treatments will become 
available,” Dr Sergott said. “[As with] 
most treatments, they will work better 
the sooner they are instituted before the 
disease destroys most of the brain and a 
large segment of the retinal and optic nerve 
function. Ophthalmologists may be the key 
to get the diagnostic process moving.”

Dr Sergott added that he believes that the 
multifocal ERG may be the most sensitive 
test to identify retinal abnormalities in 
patients with dementia syndromes.
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Shedding light on Horner’s syndrome: 
Prompt, accurate diagnosis is vital
Clues to dangerous aetiologies include pain and positive imaging findings

By Lynda Charters;

Reviewed by  
Dr Aaron M. Fairbanks H

orner’s syndrome is characterised by 
ipsilateral ptosis, miosis and anhidrosis 
that result from a lesion affecting the 
oculosympathetic pathway. The syndrome 

may be benign if idiopathic or iatrogenic, however, it 
can also be predictive of a life-threatening event such 
as demyelinating inflammatory, infectious, vascular 
or neoplastic problems. 

It is important to promptly and accurately diagnose 
the cause; ophthalmologists are likely to be on the 
front lines. According to Dr Aaron M. Fairbanks, 
a senior ophthalmology resident at Mayo Clinic, 
Rochester, Minnesota, United States, no definitive 
information is available about the pathologies 
associated with Horner’s syndrome and the incidence 
rate in US adults is unknown.

Because no US population-based studies of the 
syndrome had been undertaken, Dr Fairbanks and his 
colleagues set out to determine its population-based 
incidence in adults, evaluate the underlying causes 
and disease manifestations, and investigate the value 
of imaging in patients with a neurologically isolated 
Horner’s syndrome.

Retrospective review
The investigators conducted a retrospective chart 
review of all adults diagnosed with Horner’s 
syndrome in Olmsted County, Minnesota, using the 
Rochester Epidemiology Project database, between 
1 January 2000 and 31 December 2018. According to 
Dr Fairbanks, the team of investigators reviewed the 
charts for the correct diagnoses, and recorded patient 
demographic data, presenting signs and symptoms, 
imaging results and aetiologies, and analysed all  
the results. 

Of the 736 patients identified in the review of cases, 
78 confirmed cases were included in the study; the 
rest were excluded because of their non-resident 
status, disease onset outside the study time frame, or 
miscoded or incorrect diagnoses. 

According to the team of investigators, the causes 
varied widely from those that were benign, including 
idiopathic and surgical causes, cluster headache and 

goitre, to neurologically or systemically dangerous 
causes including carotid artery dissection; stroke; 
neoplastic and traumatic causes; varicella zoster; 
arteriovenous fistula; and fibromuscular dysplasia.

Findings
The median patient age was 57 years and all  
patients were white. The age- and sex-adjusted 
incidence of Horner’s syndrome during the study 
period was 4.24/100,000/year with no difference  
in sex or over time. 

“We did find a significant [P < 0.001] difference 
across age groups, with older patients having 
a higher incidence of Horner’s syndrome,” Dr 
Fairbanks pointed out. Three-quarters of cases were 
diagnosed by neurologists and ophthalmologists, 
with most diagnosed clinically. “Interestingly,” Dr 
Fairbanks said, “idiopathic cases were more likely 
to be confirmed with cocaine or apraclonidine 
eyedrop testing (P = 0.002), and stroke, surgical 
and dangerous causes were more often diagnosed 
clinically (P = 0.008).”

The most common aetiologies in the study were 
idiopathic (20 patients, 25.6%), followed by internal 
carotid artery (ICA) dissection (15 patients, 19.2%), 

The syndrome may be benign if 
idiopathic or iatrogenic, however, 
it can also be predictive of a life-
threatening event.

IN SHORT 
  Investigators found that 56.4% of  

Horner’s syndrome cases resulted from  
a dangerous cause.

Dr Fairbanks
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stroke (12 patients, 15.4%), 
surgical (12 patients, 15.4%) 
and neoplastic (11.5%). 
Analysis of the aetiologies 
indicated that about 56% 
of cases had a dangerous 
neurological or systemic 
origin, according to 
investigators.

Compared with other 
aetiologies, the patients with 
ICA dissections—which were 
more likely to be diagnosed 
in younger individuals with 
a mean age of 49 years (P = 
0.02)—were more likely to 
have pain (P < 0.001), facial 
paraesthesia (P = 0.007), 
blurred vision (P = 0.04) and 
photophobia (P < 0.004). 
Most of the cases with a 
stroke had a lateral medullary 
infarction.

Neoplastic causes
Neoplastic causes included 
four Pancoast tumours that 
affected the oculosympathetic 
pathway at the lung apex. 
It was noted that the most 
common neoplasm was lung 
cancer.

Moreover, as Dr Fairbanks 
explained, the investigators 
found that neuroimaging 
results were surprising in 
that almost 40% of patients 
with a neurologically isolated 
Horner’s syndrome had a 
positive finding on computed 
tomography (CT) or magnetic 
resonance imaging (MRI). Dr 
Fairbanks went on to note that 
in isolated Horner’s syndrome 
cases, pain suggested both 
a dangerous aetiology and a 
positive imaging result, which 
was driven primarily by 
patients found to have an ICA 
dissection. 

In this first US population-
based study of the incidence 
of Horner’s syndrome, the 
primary take-home point 

is that 56.4% of cases 
resulted from a 
dangerous cause; in 
previous reports 
the percentages 
ranged from 
8% to 78%. 
Another 
finding useful 
in diagnosis 
is that about 
40% of 
patients with 
an isolated 
Horner’s 
syndrome had 
positive CT or 
MRI findings, 
which is almost 
double the percentage 
reported previously. 

Conclusion
Finally, investigators 
noted that pain reported 
by patients suggested a 
dangerous aetiology and 
positive imaging, which in 
this study was most likely 
to be secondary to an ICA 
dissection. Ophthalmologists 
should keep in mind that ICA 
dissections are likely to occur 
in younger patients, may look 
like an isolated syndrome 
or present with neurological 
disease and stroke, are 
painful, and may cause facial 
paraesthesia, blurred vision or 
photophobia, compared with 
other causes. 

“We recommend imaging 
of the oculosympathetic 
pathway in all cases of 
Horner’s syndrome without 
a clear aetiology, even in 
neurologically isolated cases, 
particularly when pain 
is present,” Dr Fairbanks 
emphasised.

Causes (n)

 Idiopathic (20)

 Carotid dissection (15)

 Stroke (12)

 Surgical (12)

 Neoplastic (9)

 Trauma (5)

 Varicella zoster (1)

 Arteriovenous fistula (1)

 Fibromuscular dysplasia (1)

 Cluster headache (1)

 Goitre (1)

POPULATION-BASED CAUSES 
OF HORNER’S SYNDROME

25.64%

19.23%

15.38%

15.38%

11.54%

6.41%

6.41%(FIGURE 1)   The causes of 
Horner’s syndrome vary widely.  
(Figure courtesy of Dr Aaron M. Fairbanks)
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Managing endogenous endophthalmitis
A full systemic work-up is needed to determine the source of infection in patients

By Lynda Charters; Reviewed by Dr Winfried M. K. Amoaku

E
ndophthalmitis is a rare occurrence 
in ocular surgery but the percentage, 
no matter how small, remains 
unacceptable. Dr Winfried M. 

K. Amoaku, associate professor/reader 
in ophthalmology and Hon consultant 
ophthalmologist, University of Nottingham 
and Nottingham University Hospitals NHS 
Trust, United Kingdom, recently described 
the management protocol followed in the 
UK to treat older patients with endogenous 
endophthalmitis. 

The endogenous form of the infection is 
exceedingly rare, occurs in 1 per 1 million 
cases annually and accounts for about 10% 
of all endophthalmitis. Intraocular infection 
occurs as the result of haematogenous spread 
from a distant non-ophthalmic source and 
may be bacterial, fungal, parasitic or viral. 

Dr Amoaku explained that the patients 
most (but not exclusively) likely to 
develop endogenous endophthalmitis are 
immunocompromised, and include those 
with diabetes, systemic cancer and HIV, 
as well as those taking antineoplastic 
therapies, broad-spectrum antibiotics and 
immunomodulatory agents. The presentation 
of the infection includes varying degrees of 
pain, inflammation and visual loss. 

The clinical examination shows 
the presence of an anterior segment 
inflammation, vitreous opacification, 
choroidoretinal infiltrates, retinal 
haemorrhages, cotton-wool spots and retinal 
vasculitis. The progression of the infection 
depends on the causative organism. With 
a bacterial infection, rapid progression is 
expected, fungal infections progress slowly 
and the speed of viral progression can vary.

Diagnosis of endophthalmitis
Dr Amoaku warned about the “fair degree” 
of misdiagnosis, which is as high as about 
63%. “A high degree of suspicion for 
endophthalmitis is needed to establish the 
diagnosis,” he cautioned. He also noted 

the importance of ruling out intraocular 
lymphoma, which mimics endogenous 
endophthalmitis. 

Dr Amoaku cited a 2018 report of the 
British Ophthalmological Surveillance Unit1 
that included 48 patients (median age 56.9 
years) from December 2013 to December 
2014. About 46% of patients were older than 
60, the oldest being 85. 

The presenting features in these patients 
included cellulitis; afferent pupillary 
defect; corneal clarity; anterior chamber 
cells; hypopyon; fibrin; vitritis; retinitis; 
and others, which were similar to those 
reported in the literature. “Typically, in these 
patients the endophthalmitis was unilateral 
and included bacterial, viral and fungal 
infections,” he said.

Upon presentation, the vision was already 
poor, with a median of 3 logarithms of the 
minimum angle of resolution visual acuity 
(logMAR VA). Several infection sources 
identified in addition to the strong association 
with diabetes included septic arthritis, colon 
cancer, cardiac valve disease and intravenous 
drug use. 

The blood cultures were positive in 58% of 
patients; in contrast, vitreous biopsies were 
positive in only about 23%. The causative 
organism was more likely to be identified 
in patients who presented early after the 
onset of symptoms. Treatment included a 
combination of systemic intravenous or oral 
antibiotics, intravitreal antibiotics, antifungal 
drugs and mostly topical corticosteroids.

A total of 25 patients, including one 
who died, were followed for 6 months. The 
median VA was 0.18 logMAR; the VA was 
below one in four of 23 patients and below 
0.3 in 19 patients. Poor outcomes were 
characterised by no light perception and light 
perception VA.

UK treatment recommendations
“A full systemic work-up is necessary to 
determine the source of the infection,” 

Dr Amoaku said. “The mandatory 
examinations include ophthalmic 
ultrasound and intraocular biopsy of the 
vitreous for microscopy, culturing and 
sensitivity and blood cultures. Cardiac 
echography, abdominal ultrasound and MRI 
are indicated as appropriate.” Importantly, 
Dr Amoaku noted that diabetes must be 
excluded in all cases. 

The intraocular treatment begins based on 
the clinical features and presumed diagnosis. 
After the vitreous biopsy results are received, 
treatment is modified as needed. Intravitreal 
therapy includes vancomycin 1 mg/0.1 ml 
plus amikacin 0.4 mg/0.1 ml or ceftazidime 
1 mg/0.1 ml for bacterial infections and 
amphotericin B for fungal infections. 
Ganciclovir is prescribed for viral infections. 

At 3–5 days after the initial treatment, 
the treatment is repeated depending on the 
diagnosis and the response. Vitrectomy is 
reserved to treat a few selected cases. 

Dr Amoaku emphasised that the systemic 
anti-infective treatment specific to the 
infectious agent is mandatory for all cases. 
When the infection is under control, systemic 
corticosteroids can be started.

REFERENCE
1. Maling S, King C, Davies N. A British 

Ophthalmological Surveillance Unit study on 
metastatic endogenous endophthalmitis. Eye (Lond). 
2018;32:743-748.
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  In endophthalmitis, the systemic 

anti-infective treatment specific to 
the infectious agent should always 
be used.
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An eye towards plateau iris and its 
implications for patients
Exploring subtleties helps ophthalmologists understand postoperative surprises 

By Lynda Charters;

Reviewed by  
Dr Sayoko Moroi P

lateau iris can be an uncommon diagnostic 
surprise in some patients with unexpected 
postoperative challenges and idiosyncratic 
drug reactions. Dr Sayoko Moroi, chair, and 

Dr William H. Havener, endowed professor at The 
Ohio State University Wexner Medical Center in 
Columbus, Ohio, United States, recently presented 
surprise cases to alert physicians to the possibilities of 
plateau iris and what she gleaned from these patients. 

Plateau iris is a normal anatomical variant: it is a 
ciliary body positioned in such a way that it physically 
changes the anatomy angle. This can obstruct the 
trabecular meshwork as plateau iris syndrome (PIS), 
which is a form of primary angle-closure glaucoma 
(PACG). 

According to the 2020 American Academy of 
Ophthalmology Preferred Practice Pattern for 
Primary Angle Closure (PAC), there are six PAC 
phenotypes: PAC suspect, PAC, PACG, acute angle-
closure crisis, plateau iris configuration (PIC) and PIS. 
These differ depending on the degree (or absence) 
of iridotrabecular contact, presence or absence of 
anterior synechiae, and the intraocular pressure (IOP) 
and optic nerve status.

Plateau iris is also a relatively common disorder that 
occurs in patients with narrow angles treated with 
laser iridotomy and in patients without glaucoma. PIC 
occurs more often in hyperopic than myopic eyes. 

Anterior chamber (AC) examination may show 
a shallow or moderate-depth AC, but the iris may 
“drape” the crystalline lens, with a narrow peripheral 
AC. Gonioscopy shows a flat central-mid iris, an iris 
root that has a steep approach into the angle and 
a double hump sign. High-resolution ultrasound 
or ultrasound biomicroscopy (UBM), Dr Moroi’s 
preference, has the advantage of visualising the 
entire lens and ciliary body compared with anterior-
segment optical coherence tomography, which does 
not have this capability.

Cases
CASE 1 was a 60-year-old man with healthy eyes 
with 20/15 bilateral uncorrected visual acuity (VA); 

the right and left eye IOPs were 14 and 11 mm Hg, 
respectively, and the angles were open with no 
sign of plateau iris. In the study in which the man 
participated as a healthy control, acetazolamide was 
administered orally. 

The next day his VA was 20/25 bilaterally, IOPs 
elevated to 36 and 35 mm Hg, respectively, and the 
angles were closed. UBM showed a shallow AC, iris 
draped over the lens and appositional angle closure. 

A longitudinal view showed a ciliochoroidal 
effusion and a B-scan showed a shallow posterior 
choroidal effusion. The patient was diagnosed with 
an acetazolamide-induced ciliochoroidal effusion; the 
drug was withdrawn, and timolol, prednisolone and 
atropine were prescribed. Two weeks later the VA and 
IOPs returned to the baseline levels.1

In commenting on this case, Dr Moroi compared 
the appearance on UBM of typical plateau iris, in 
which there is a steep insertion of the iris into the 
peripheral angle with the ciliary processes rotated 
more forwards, with that of atypical plateau iris, 
in which the iris is inserted on top of the ciliary 
processes. Another form, PIS, is characterised by 
iridocorneal contact and no sulcus. 

CASE 2 was a 56-year-old woman who presented 
for an opinion about myopic refractive surprise 
after cataract surgery in her left eye. She received 
a diagnosis of malignant glaucoma aqueous 
misdirection. The VA in that eye was 20/25 with 
approximately 4 D of myopia and an IOP of 16 mm Hg. 

Biomicroscopy showed a shallow AC, patent 
iridotomy and a posterior-chamber IOL with 
posterior synechiae on the optic. Gonioscopy showed 
peripheral synechiae to the scleral spur and a PIC. 

IN SHORT 
  A study of plateau iris reveals the features 

of different forms and considers the 
consequences of this anatomical variant for 
surgical procedures. 



The VA in the right eye was 20/20, with 
approximately 2 D of hyperopia and an IOP 
of 16 mm Hg. Biomicroscopy showed a deep, 
quiet AC, patent iridotomy and a clear lens. 
Gonioscopy showed the angle open to the 
trabecular meshwork and PIC.

The patient’s recent ocular history 
showed IOPs in both eyes that were 
uncontrolled; after attempts at control 
with various procedures, pars plana 
vitrectomy was performed bilaterally. 
Ultimately, Dr Moroi recognised the 
plateau iris, and she released the posterior 
synechiae on the optic, placed a capsular 
tension ring and performed endoscopic 
cyclophotocoagulation (ECP) in the left eye. 

After this intervention, her refraction was 
plano, since the effective optic position was 
in the proper plane. The patient refused 
this treatment in the right eye in favour of 
corrective lenses.

CASE 3 was a 71-year-old woman with 
open-angle glaucoma who had undergone 
an uncomplicated phacoemulsification 
with a single-piece IOL with square haptics 
implanted in the capsular bag of her right 
eye. Postoperatively, she had 5 months of 
ocular pain, blurred vision and elevated 
IOP, despite multiple attempts to taper 
corticosteroids. The VA in the right eye was 
20/25 and the IOP was 29 mm Hg. 

Slit-lamp evaluation showed trace cells, 
no transillumination defects and haptics 
within the capsular bag. Gonioscopy 
showed PIC and a fundus evaluation showed 
mild cystoid macular oedema. 

UBM showed ciliary processes that were 

rotated forwards; the iris was directly on 
top of the ciliary process, and the angle was 
open – all consistent with a plateau iris. 
UBM also identified “haptic herniation”, 
by which the square haptic of the IOL 
compressed the ciliary processes. 

The capsular bag over the haptic was seen 
to be fibrotic on endoscopy during surgery. 
Because an IOL exchange was considered 
too dangerous with this fibrosis, Dr Moroi 
performed ECP to shrink the ciliary 
processes away from the haptic.

Observation
Dr Moroi observed that patients with a 
plateau iris may have a smaller interplicata 
diameter (IPD) compared with controls. In a 
study2 of 19 healthy control eyes and 37 eyes 
with plateau iris, 13 of which had angle-
closure glaucoma, Dr Moroi and colleagues 
measured the horizontal and vertical 
interplicata diameters and found the mean 
of these to be much smaller in PIC and PAC 
compared with the controls.

“In eyes with PIC and PIS with smaller 
IPDs, a single-piece IOL with square 
haptics in the bag can theoretically touch 
the ciliary processes and cause uveitis-
glaucoma-hyphaema (UGH) syndrome,” Dr 
Moroi concluded. “In contrast, multipiece 
IOLs with smaller, round haptics may not 
cause mechanical trauma on the ciliary 
processes.”

Dr Moroi’s presentation has several take-
aways. She noted that the plateau iris can 
be missed if it has an atypical appearance, 
as in Case 1. Moreover, the mechanism 

of acetazolamide-induced ciliochoroidal 
effusion may be similar to that of 
topiramate-induced ciliochoroidal effusion.

In a patient with a myopic shift as in Case 
2, plateau iris may be present. Dr Moroi 
also explained that a single-piece IOL may 
cause in-the-bag UGH syndrome. If PIC/PIS 
was identified previously, a multipiece IOL 
may be a better choice; if a high-power optic 
is needed, a single-piece IOL and a small 
capsular tension ring can be used to assure 
that the optic position is appropriate. 

In addition, Dr Moroi believes that the 
capsular tension ring places “horizontal 
tension” on the capsular bag and minimises 
potential touch between the square haptics 
of a single-piece IOL and the anteriorly 
rotated ciliary processes. Lastly, plateau 
iris is a normal anatomical variant 
(approximately 20–30% of eyes) and can 
have clinical consequences due to variation 
in the ocular biometry measurements.

REFERENCES
1. Man X, Costa R, Ayres BM, Moroi SE. Acetazolamide-

induced bilateral ciliochoroidal effusion syndrome in 
plateau iris configuration. Am J Ophthalmol Case Rep. 
2016;3:14-17. 

2. Garza PS, Man X, Queen JH, et al. Size matters for 
interplicata diameter: a case-control study of plateau 
iris. Ophthalmol Glaucoma. 2020;3:475-480. 
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The relationship between myopia and 
conjunctival-scleral geometry
Nasotemporal sagittal height asymmetry could be a potential biomarker

By Dr Laurent 
Bataille, Dr Ainhoa  
Molina-Martín and  
Dr David P. Piñero M

yopia is the most common refractive 
defect of the eye, affecting substantial 
proportions of adult populations; in one 
UK study, it was found to affect 49% of 

adults.1 The exponential increase in the prevalence 
of the condition is sparking increased interest in the 
geometric properties of the conjunctival-scleral tissue.

Generally referred to as short sightedness, myopia 
is an ametropia characterised by an eye that is too 
long for its optical system (cornea and lens). In 
recent years, there has been growing concern about 
the sharp rise in the prevalence of myopia in the 
juvenile population, and this has increased the need 
for research and development of new techniques to 
control axial elongation of the eye.

Because in vitro and post-mortem studies 
in humans have shown that the sclera is more 
extensible in high myopes than emmetropes, and 
that weakening of the scleral structure is related to 
the elongation of the eye, in vivo examination of the 
geometric properties of the anterior sclera in eyes 
with different levels of myopia may improve our 
understanding of the variations in the anterior eye 
properties associated with increased ocular length.2-4

The risk of suffering from diseases such as 
glaucoma or maculopathies increases very 
significantly as myopia increases. Therefore, it is 
important to understand the weakening procedure 
that takes place in the sclera, leading to progressive 
eye elongation, and to see whether this process also 
generates changes in the anterior portion of the 
structure (covered by the conjunctiva), which can be 
measured clinically. In this way, geometric factors at 
the level of the sclera might predict which cases are 
more susceptible to scleral changes.

Considering the existing technology for the 
clinical evaluation of the corneo-scleral geometry,5 
as well as the comparison and validation of the main 
technologies applied in the clinic,6,7 Fourier domain 
profilometry (Eye Surface Profiler [ESP], Eaglet-Eye) 
stands out as an ideal choice of technology, since 
measurement with this device is minimally invasive 
and quickly captures all the data necessary to 

characterise such geometry with high levels of 
precision.7

We recently conducted a prospective study to 
analyse the relationship between corneo-scleral 
geometry, measured with this type of technology, and 
the axial length of the eye, defining the differential 
aspects existing in myopic eyes and developing 
prediction models of the axial length of the eye based 
on clinical data.8

Our study
In total, 64 eyes of 32 healthy participants (mean 
age 33 years) were evaluated in the Optometry 
Clinic of the University of Alicante, Spain, including 
complete analysis of the anterior segment, analysis of 
visual function and evaluation of the corneo-scleral 
topographic profile with the ESP system. The study 
methods adhered to the tenets of the Declaration of 
Helsinki and were approved by the ethics committee 
of the University of Alicante, Spain.

A statistically significant and moderate-to-strong 
negative association was found between the axial 
length and the difference between temporal and nasal 
sagittal heights for different chord lengths (from r 
= −0.701; P < 0.001 for 11-mm chord length to r = 
−0.502; P < 0.001 for 15-mm chord length). This 
suggests that nasotemporal sagittal height asymmetry 
has potential as a biomarker of myopic changes.

It is possible that the decrease in nasotemporal 
sagittal height asymmetry in myopic eyes is due 
to different insertion of the medial rectus muscle 
and the lateral rectus muscle9 combined with the 
noticeably lower rigidity of the sclera in such eyes.2,10,11 
Specifically, there is a rearward displacement of the 
insertion site of the medial and lateral rectus muscles 

  A prospective study of corneo-scleral 
geometry in myopic eyes yielded prediction 
models of ocular length.

IN SHORT 



in myopic eyes,12 with rotation of the eyeball 
around the same nasal and anterior point to 
its geometric centre regardless of the axial 
length of the eye.13

A multiple linear regression analysis 
showed that the axial length could be 
predicted with acceptable levels of precision 
by means of a linear equation relating 
refractive, corneal and corneo-scleral 
variables, although the variables involved 
for the prediction seem to differ in right and 
left eyes. Specifically, the following linear 
equations for predicting the axial length 
(AL) were obtained:

> Right eye (P < 0.001, adjusted R2: 
0.843): AL = 15.62-0.27 × SE + 0.99 
× CD + 2.77 × HOA RMS - 1.77 × 
MinSH14; and
> Left eye (P < 0.001, adjusted R2: 
0.730): AL = 37.20 - 0.40 × SE - 0.33 
× Km + 0.086 × CD - 3.96 × HOA 
RMS [where SE is spherical equiva-
lent; CD, corneal diameter; HOA RMS, 
high order aberration root mean 
square; MinSH14, minimum sagittal 
height for a chord length of 14 mm; 
and Km, mean keratometry].

The slight difference between the linear 
models used to predict axial length from the 
anterior segment parameters for the right 
and left eyes may be related to differences 
in the ocular globe between eyes: the 
asymmetry of the axial length between 
them has been shown to increase with 
increasing axial length.14

These models should be considered 

as a preliminary approach that provides 
information on the potential value of the 
geometry of the anterior sclera for the 
prediction of axial length. Future studies 
should validate and refine these models 
in large samples including subjects with 
different ethnicities.

Conclusion
Analysis of the relationship between the 
corneo-scleral geometry measured with 
Fourier domain profilometry and the 
axial length of the eye has shown that 
nasotemporal sagittal height asymmetry 
may be a good biomarker of myopic 
changes. More studies are needed to clarify 
this issue as well as determine how these 
corneo-scleral parameters change during 
myopia progression.
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(FIGURE 1)   Bi-sphere 
corneo-scleral topographic 
map obtained in an 
emmetropic eye (left) and 
a myopic eye (right).   
(Figure courtesy of Dr Laurent 
Bataille, Dr Ainhoa Molina-Martín 
and Dr David P. Piñero)
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Artificial DMEK could help tackle 
endothelial donor tissue shortage 
Newly developed acrylic implant can safely restore corneal homeostasis

O
ver 115 years ago, in 1905, Eudard Zirm 
successfully performed the first corneal 
transplantation.1 Penetrating keratoplasties 
remained the gold standard for the 

treatment of a variety of corneal conditions for much 
of the 20th century. 

More recently, in 1998, Melles and colleagues 
successfully attached a posterior lamellar graft 
consisting of stroma, Descemet membrane and 
endothelium to the posterior surface of the cornea, 
which initiated a new era in the treatment of corneal 
diseases primarily affecting the endothelium.2 
In 2006, Melles and associates first described the 
selective transplantation of the endothelium and 
Descemet membrane (EDM).3 

Descemet membrane endothelial keratoplasty 
(DMEK) involves the surgical removal of the diseased 
endothelial layer as well as the diseased Descemet’s 
membrane from the posterior corneal stroma.4 
In comparison with traditional full-thickness or 
penetrating keratoplasty, DMEK allows the patient 
faster visual recovery, better refractive outcome and 
superior tectonic integrity.5–7

At present, endothelial keratoplasties such 
as DMEK are the gold standard in endothelial 
dysfunction,8 including Fuchs’ endothelial 
dystrophy;8 pseudophakic bullous keratopathy;9 graft 
failure after penetrating or endothelial keratoplasty;9 
pseudoexfoliation syndrome keratopathy;9 and 
endothelial decompensation due to congenital 
glaucoma.10 Known complications such as primary 
or secondary graft failure, immunological graft 
rejection and interface keratitis remain a challenge 
and can have a negative impact on the success of the 
procedure.8,11,12 

Nowadays, donor tissue preparation and insertion 

into the anterior chamber is routine. However, rupture 
of the EDM during preparation can lead to graft loss, 
which can delay surgical intervention and disrupt 
organisational processes in a clinic.12 Furthermore, 
prolonged or careless manipulation of the EDM in the 
anterior chamber can lead to significant endothelial 
loss. This can potentially cause primary or “early” 
secondary graft failure.12

According to a report published by the 
German Keratopathy Registry, the majority of 
keratoplasties performed these days are posterior 
lamellar keratoplasties; only 30% are penetrating 
keratoplasties.13 Additionally, because human donor 
corneas are in constant short supply,10 there is a 
need for alternative, universally available treatment 
options. 

In 2018, Kinoshita and associates proposed the 
injection of cultured human corneal endothelial cells 
supplemented with a rho-associated protein kinase 
inhibitor into the anterior chamber to increase corneal 
endothelial cell density.14 A 5-year follow up published 
in 2020 by Numa and colleagues confirmed the safety 
and efficacy of this approach, however, it was tested 
only in a very small number of patients and further 
long-term data do not yet exist.15 

Another recently introduced technique with no 
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need for donor corneal tissue is 
Descemet membrane stripping 
only (DSO) with or without the 
topical treatment of rho kinase 
inhibitors. DSO involves removing 
a small area of central endothelium 
that has become dysfunctional, 
without performing an endothelial 
keratoplasty.16 

This method has proven 
successful in a small number of 
patients with Fuchs endothelial 
dystrophy, however, its long-term 
efficacy has yet to be evaluated.16 
A very limited number of patients 
are eligible for this method because 
of the need for healthy peripheral 
endothelial cells as well as central 
corneal guttae. 

The artificial implant 
A novel approach involves the 
implantation of an artificial 
endothelial layer to the posterior 
aspect of the cornea. The EndoArt 
(EyeYon Medical) is a flexible, 
hydrophilic, acrylic, dome-
shaped permanent implant, 6 
mm in diameter and 50 µm thick, 
specifically designed to replace 
the diseased corneal Descemet-
endothelium layer (Figure 1). 
Implanting the lamella on the 
posterior surface of the cornea 
replaces the diseased endothelium 
and impedes the transfer of 
fluids into the central stroma. 
By covering around 40% of the 
back corneal surface, blocking 
the influx of fluids as well as 
epithelial evaporation leads to a 
reduction in corneal oedema to 
restore corneal homeostasis. 

This artificial endothelial 
layer—which has been awarded CE 
certification, breakthrough therapy 
designation by the United States 
Food and Drug Administration 
(FDA) and China’s Innovative 
Device Status—could provide a 
paradigm shift in the treatment of 
patients with endothelial failure 
while eliminating the need for 
human donor tissues.

(FIGURE 1)   The implant.

(FIGURE 2)   Slit-lamp pictures and OCT images before (A+C) and 12 weeks after implantation (B+D). 
Significant corneal oedema is shown in A and quantified via OCT in C. Marked resolution of corneal 
oedema 12 weeks after implantation is shown in B. Significant reduction in corneal thickness is 
measured by means of OCT in D. The white arrows show the outlines of the implant on the posterior 
surface of the cornea in B and D. (Images courtesy of IVCRC Heidelberg)
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The Department of Ophthalmology of 
the University Eye Clinic in Heidelberg, 
Germany, was one of the first centres to 
implant this innovative device, with patients 
having completed 2 years’ follow-up. The 
initial long-term evaluations are promising 
and demonstrate good safety and efficacy 
results. Currently, the implant is undergoing 
a first-in-human, multicentre trial across 
Europe and Asia. 

Surgical technique 
A 9-mm ring marks the central corneal 
surface to outline the peripheral extent of 
the Descemet membrane excision. With two 
paracentesis incisions at the 10 o’clock and 
2 o’clock positions, the implant is folded into 
the cartridge of an IOL-injector and injected 
through a 2.2-mm clear cornea incision 
into the anterior chamber of the eye. The 
lamella then unfolds itself and is manually 
positioned onto the posterior corneal surface 
using an air bubble technique, similar to a 
DMEK procedure. 

Unlike a human donor lamella, the 
implant can actually be touched and moved 
by the surgeon, using a cannula, without 
compromising its function. The experienced 
corneal surgeon who is already familiar 
with the DMEK procedure should be able to 
place the implant without the need for extra 
training. Cataract surgeons may require a 
few extra training sessions. 

The Heidelberg experience: case 
report 
A 79-year-old man presented to our clinic 
after complicated cataract surgery at a 
private practice. DMEK was not a treatment 
option because of his wide and non-light 
reactive pupil and anterior synechiae. The 
patient was complaining of decreased 
vision. 

On examination, the patient showed 
significant corneal oedema with corneal 
bullae and reminiscent lens material in 

the anterior chamber of the left eye. The 
patient perceived finger count with the 
left eye. An epiretinal gliosis was present 
on both eyes and the patient had received 
cryotherapy on the left eye due to a retinal 
tear 10 years earlier. 

Figure 2 shows the diseased cornea 
before and after implantation. After 12 
weeks, the cornea was clear with only a 
slight residual peripheral oedema (Figure 2 
B+D). Corneal thickness was stable at 635 
µm and visual acuity increased to 20/200 
Snellen (Figure 2 D). 

Retinal optical coherence tomography 
imaging revealed a pre-existing macular 
oedema, which is currently the limiting 
factor for visual improvement. The patient 
is being treated with parabulbar injections 
of steroids and further visual improvement 
is expected. 

Conclusion
In conclusion, the technique described 
shows that an artificial endothelial layer 
is feasible for treatment of patients with 
endothelial dysfunction. This shows 
promise for overcoming the worldwide 
shortage of donor endothelial tissue. 
Furthermore, in cases where endothelial 
keratoplasty may not be possible, this may 
be a readily available treatment option. 
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