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EDITORIAL

A new chapter for the Hong Kong 
Journal of Ophthalmology 

I am truly humbled to have been entrusted with the 
role of Editor-in-Chief of the Hong Kong Journal of 
Ophthalmology (HKJO) since June 2023. It is my great 
honor to work with our excellent editorial team and the 
College of Ophthalmologists of Hong Kong to advance the 
development of our Journal. My deep gratitude extends to my 
distinguished predecessors whose invaluable contributions 
elevated HKJO to its current renown. In particular, Dr 
Ian Wong and his editorial team (2015-2019) launched an 
online platform that made HKJO accessible and retrievable 
through Google Scholar. Subsequently, Dr Alvin Kwok and 
his editorial team (2019-2023) paved the way for indexing 
by (1) updating the Journal’s online submission platform 
to meet the requirement of PubMed Central, (2) revising 
the author guidelines and submission processes to meet 
the standards of the International Committee of Medical 
Journal Editors, (3) reformatting the Journal according to 
the standards of the Directory of Open Access Journals 
(DOAJ), and (4) initiating continuous online publication.

With the mission to promote ophthalmology research in 
Hong Kong, we are fully committed to advancing the 

Journal’s scientific standard and reputation. Getting HKJO 
indexed is thus crucial. Building on the solid foundation laid 
by Dr Wong and Dr Kwok and their teams, we are optimistic 
about getting HKJO indexed in the DOAJ soon. Afterwards, 
we shall prepare for indexing in PubMed Central.

Finally, I would like to acknowledge our dedicated Editorial 
Board. In particular, I am grateful to Dr Alvin Au who will 
continue to serve as Associate Editor. With the support of 
our ophthalmology community, we are fully committed to 
taking HKJO to new heights.

Jason CS Yam, MBBS (HK), MPH (HK), FRCSEd, 
FCOphth (HK), FHKAM (Ophth)
Department of Ophthalmology and Visual Sciences, The Chinese 
University of Hong Kong, Hong Kong SAR, China

Correspondence and reprint requests:
Dr Jason CS Yam, Department of Ophthalmology and Visual 
Sciences, The Chinese University of Hong Kong, Hong Kong SAR, 
China. 
Email: yamcheuksing@cuhk.edu.hk

https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
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ORIGINAL 
ARTICLE

AcuFocus IC-8 intraocular lens for 
myopic patients with cataract: a 
retrospective study
Alexander C Poon, MBBS FRACS FRANZCO; Myra B McGuinness, PhD MBiostat
Royal Victorian Eye and Ear Hospital, Melbourne, Australia

Correspondence and reprint requests:
Dr Alexander Poon, 184 High St, Doncaster 3108, Victoria, Australia. Email: alexpoon@ozemail.com.au

Key words: Cataract; Lens implantation, intraocular; Myopia; 
Visual acuity

Introduction

Modern cataract surgery and intraocular lens (IOL) 
implantation require consideration and correction of visual 
outcomes such as spherical errors and astigmatism. In 
patients with plano postoperative refractive target, over 
90% achieved 0.30 logMAR (Snellen chart, 20/40) unaided 
and over 75% achieved 0.18 logMAR (Snellen chart, 20/30) 
unaided.1,2 Optimizing the depth of focus is important so 
that patients are less reliant on optical correction for far, 
intermediate, and near distances.

The IC-8 IOL (AcuFocus, Irvine [CA], USA) is an aspheric 
hydrophobic acrylic monofocal IOL (6 mm in diameter) 
with an embedded opaque mini-ring (Figure 1). The central 
black opaque ring (3.23 mm in outer diameter) comprises 
polyvinylidene difluoride and carbon nano-particles. The 
small aperture in the center (1.36 mm in diameter) extends 
the depth of focus. Extending the depth of focus was first 

Abstract

Purpose: To retrospectively review visual outcomes 
of patients with myopia who were implanted with the 
IC-8 intraocular lens in the nondominant eye and a 
monofocal intraocular lens in the dominant eye at a 
private ophthalmology clinic in Australia.
Methods: We retrospectively reviewed medical records 
of consecutive patients aged ≥18 years who had myopia 
(≥-0.25 diopter) in both eyes and astigmatism (≤-2.50 
diopters) in the nondominant eye and underwent bilateral 
cataract surgery and implantation of the IC-8 intraocular 
lens in the nondominant eye and a monofocal intraocular 
lens in the dominant eye between January 2018 and 
February 2020 at a private ophthalmology clinic in 
Australia. At 6 months, uncorrected monocular and 
binocular distance, intermediate, and near visual acuity 
was assessed. Dysphotopsia symptoms was evaluated 
with the Quality of Vision questionnaire.
Results: Medical records of 15 men and 10 women aged 
28 to 79 (mean, 60.8±11.5) years of Chinese (n=16), 
Caucasians (n=8), and South Asian (n=1) ethnicity were 
reviewed. The mean spherical equivalent improved from 
-2.92 to -1.20 diopters in nondominant eyes and from 
-2.42 to -0.13 diopters in dominant eyes. Binocularly, 
92%, 64%, and 100% of patients achieved uncorrected 
distance, intermediate, and near visual acuity of logMAR 
0 or better, logMAR 0 or better, and logMAR 0.20 (N5) 
or better, respectively. The mean Quality of Vision 
questionnaire score was 32.1 for frequency, 25.4 for 
severity, and 23.9 for bothersomeness of dysphotopsia 

symptoms. The rate of laser capsulotomy was higher in 
eyes with the IC-8 intraocular lens than eyes with the 
monofocal intraocular lens (72% vs 48%, p=0.08).
Conclusions: The IC-8 intraocular lens can extend 
the depth of focus and is a good option for patients 
with myopia. It provides good binocular uncorrected 
distance, intermediate, and near visual acuity when used 
in conjunction with a monofocal intraocular lens in the 
dominant eye. Some patients may have dysphotopsia 
symptoms, but the symptoms are not frequent, severe, 
or bothering.
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Figure 1. IC-8 intraocular lens with an opaque ring.

used in presbyopia correction using the Kamra corneal inlay. 
In 32 patients with emmetropia implanted with the Kamra 
corneal inlay, 74% achieved uncorrected near visual acuity 
(UNVA) of J3 and 87% achieved uncorrected intermediate 
visual acuity (UIVA) of 20/32 acuity at 5 years, but the 
uncorrected distance visual acuity (UDVA) decreased from 
a mean of -0.20 logMAR (Snellen chart, 20/12.5) to -0.10 
logMAR (Snellen chart, 20/16).3 

In 105 patients implanted contralaterally with a monofocal 
IOL (targeted for plano) and an IC-8 IOL (targeted for -0.75 
diopter [D]), 99%, 95%, and 79% achieved 0.20 logMAR 
for binocular UDVA, UIVA, and UNVA, respectively.4 In 
109 patients implanted with the IC-8 IOL (targeted for -0.75 
D), 90% achieved 0.30 logMAR or better unaided vision for 
far, intermediate, and near distances.5 Patients with previous 
corneal refractive surgery or irregular astigmatism have also 
been reported to achieve good visual outcomes with the 
IC-8 IOL.6-8

Patients with low to moderate myopia for cataract surgery 
are often most difficult to please in terms of refractive 
outcome and unaided near vision, because they have 
excellent unaided near vision for most of their adult life 
until they developed cataracts. Monovision enables patients 
to see both far and near distances. The dominant eye is 
usually targeted for plano correction for far distance vision, 
whereas the nondominant eye is targeted for -0.50 D to 
-2.00 D to allow for intermediate and near vision. However, 
some patients cannot tolerate the loss of stereopsis owing 
to a lack of binocularity at any focal point as well as the 
distance blur on the nondominant eye. Using the IC-8 IOL in 
the nondominant near-targeted eye may potentially provide 
distance binocularity and a continuous range of near vision, 
compared with a typical monofocal IOL. We retrospectively 
reviewed visual outcomes of patients with myopia who 

were implanted with the IC-8 IOL in the nondominant 
eye and a monofocal IOL in the dominant eye at a private 
ophthalmology clinic in Australia.

Methods

We retrospectively reviewed medical records of consecutive 
patients aged ≥18 years who had myopia (≥-0.25 D) in both 
eyes and astigmatism (≤-2.50 D) in the nondominant eye 
and underwent bilateral cataract surgery and implantation of 
the IC-8 IOL in the nondominant eye and a monofocal IOL 
in the dominant eye between January 2018 and February 
2020 at a private ophthalmology clinic in Australia. 
Patients with previous cataract surgery and implantation 
of monofocal IOL targeted for plano in the dominant eye 
were also included if the nondominant was myopic and had 
astigmatism ≤-2.50 D. Patients with visually significant 
ophthalmic pathology in either eye other than cataract were 
excluded.

The dominant eye is the eye the patients choose to look 
through a small aperture at a distance target. With contact 
lenses, patients were tested for tolerance to anisometropia 
of -1.50 D or more to determine their suitability for 
monovision. Surgical alternatives such as multifocal and 
extended depth of focus IOLs and monovision with single 
focus IOLs were offered.

All operations were performed under local anesthesia by a 
single surgeon. The nondominant eyes were targeted for a 
refractive outcome of -1.00 D to -1.25 D, which is more 
myopic than that in other studies,4,5 for better unaided near 
vision. The dominant eyes were targeted for plano to -0.25 D.  
The IOL Master Series 700 and the Barrett Universal II 
formula were used to calculate the IOL power required. 
Toric IOLs were selected for patients with astigmatism 
of ≥0.50 D in the dominant eye. The toric power and 
axis were determined by keratometry and OCULUS 
Pentacam (OCULUS Optikgeräte, Wetzlar, Germany). 
The nondominant eyes were implanted with IC-8 IOLs, 
whereas the dominant eyes were implanted with aspheric 
monofocal or monofocal toric IOLs. Self-sealing wounds 
(without sutures) were 3 mm in width for IC-8 and Abbott 
Medical Optics ZA9003 IOLs and 2.4 mm for other IOLs. 
The surgical wounds were made in the plus axis of the 
astigmatism. Phacoemulsification was performed with the 
Alcon Centurion Vision System. The toric IOLs were aligned 
with the Alcon Verion Image guided system. The IOLs were 
implanted into the capsular bag. Postoperatively, topical 
chloramphenicol and prednisolone acetate 1% eyedrops 
were provided for 4 to 8 weeks to prevent inflammation and 
infection.

After 3 months, neodymium-yttrium-aluminum garnet 
laser capsulotomy was performed for posterior capsular 
opacification in patients with visual disturbances or 
decreased visual acuity secondary to posterior capsular 
opacification.
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At 6 months, uncorrected distance, intermediate (60 cm), 
and near (40 cm) visual acuities (UDVA, UIVA, and UNVA, 
respectively) were measured on a Snellen-like chart at 6 m  
(for UDVA) or a Jaeger chart (for UIVA and UNVA). The 
smallest J number read was converted to logMAR for 
analysis. 

At 6 to 9 months, the self-administered 30-item Quality of 
Vision questionnaire9 was used to assess presence of visual 
symptoms related to dysphotopsias. Patients were asked to 
score 10 dysphotopsia symptoms (glare, haloes, starbursts, 
hazy vision, blurred vision, distortion, double or multiple 
images, fluctuating vision, focusing difficulties, and 
difficulty judging distances or depth) in terms of frequency 
(never, occasionally, quite often, or very often), severity 
(not at all, mild, moderate, or severe), and bothersomeness 
(not at all, a little, quite, or very). Scores are converted to 
range from 0 to 100; higher scores indicate worse quality 
of vision. In addition, patients were asked to rate their 
dependency on reading glasses (none, a little, moderate, or 
a great deal) and their satisfaction with vision in bright and 
dim light (very satisfied, satisfied, neutral, dissatisfied, or 
very dissatisfied).

Defocus curves were generated by plotting logMAR visual 
acuity against diopter of defocus based on refractive error. 
Visual acuities between eyes with IC-8 IOLs and eyes with 
monofocal IOLs were compared.

Results

Medical records of 15 men and 10 women aged 28 to 79 
(mean, 60.8±11.5) years of Chinese (n=16), Caucasians 
(n=8), and South Asian (n=1) ethnicity were reviewed. 
Preoperative spherical equivalents for the nondominant and 
dominant eyes of the patients are shown in Table 1. Four 
of them had previous cataract surgery for the dominant eye 
with a monofocal IOL for plano implanted. In the dominant 
eyes, IOLs used included Rayner aspheric nontoric (n=12), 

Millennium Biomedical PreciSal toric (n=7) and PreciSal 
nontoric (n=4), Abbott Medical Optics ZA9003 (n=1), and 
Bausch and Lomb Akreos AO (n=1). Neodymium-yttrium-
aluminum garnet laser capsulotomy for posterior capsular 
opacity was performed for 18 (72%) eyes with IC-8 IOLs 
and 12 (48%) eyes with monofocus IOLs (p=0.08). 

At 6 months, the mean spherical equivalent improved from 
-2.92±1.88 D to -1.20±0.47 (range, -0.25 to -2.125) D in 
nondominant eyes and from -2.42±1.82 D to -0.13±0.22 
(range +0.25 to -0.50) D in dominant eyes, whereas the mean 
astigmatism improved from -0.86±0.67 (range, 0.00 to -2.50) 
D to -0.35±0.41 (range, 0.00 to -1.50) D in nondominant 
eyes (p=0.001) and from -0.76±0.53 (range, 0 to -1.75) D 
to -0.19±0.30 (range, 0.00 to -0.75) D in dominant eyes. 
UDVA tended to be better in eyes with monofocal IOLs 
(p<0.001), whereas UIVA and UNVA tended to be better 
with IC-8 IOLs (both p<0.001) [Table 2].

Defocus curves of a representative patient is shown in 
Figure 2. At the 0.20 logMAR (N5) threshold, the eye with 
the IC-8 IOL had a range of 3.50 D, compared with a range 
of 1.50 D in the eye with the monofocal IOL. With refraction 
of -1.50 D in the eye with the IC-8 IOL, the patient could 
read at 30 cm at an acuity of 0.20 logMAR.

20 (80%) patients reported never or occasionally 
experiencing dysphotopsia symptoms; 20 (80%) patients 
reported not at all or mild severity of symptoms; and 21 
(84%) patients reported not at all or little bothersomeness of 
symptoms (Table 3). The mean score was 32.1 for frequency, 
25.4 for severity, and 23.9 for bothersomeness. No patient 
had adverse effect or complication. For dependency on 
reading glasses, 40% had none, 36% a little, 12% moderate, 
and 12% a great deal. For satisfaction with vision in bright 
and dim light, respectively, 4% and 24% were dissatisfied, 
12% and 20% neutral, and 84% and 56% satisfied or very 
satisfied. No patients were very dissatisfied.

Discussion

Patients with myopia are often dissatisfied with reduced 
unaided near vision after cataract surgery targeting for 
plano. This may be improved by the use of trifocal IOLs, 
extended depth of focus IOLs, or monofocal IOLs targeting 
distance vision for the dominant eye and intermediate/
near vision for the nondominant eye (ie, monovision). The 
optimal anisometropia is approximately 1.50 D, and the 
refractive target for the nondominant eye is -1.50 D.10,11 
However, monovision has several disadvantages: (1) blur in 
the nondominant eye for distance and the dominant eye for 
near, (2) reduced stereopsis, (3) myopia of -1.5 D is often 
inadequate for clear unaided vision closer than 40 cm, and 
(4) nocturnal dysphotopsia. In the present study, 92% and 
100% of patients achieved binocular UDVA of 20/20 and 
binocular UNVA of N5 (0.2 logMAR), which are better 
than the 68% and 56%, respectively, reported in a study of 
pseudophakic monovision.11

Table 1. Preoperative spherical equivalent of the nondominant and 
dominant eyes of patients

Preoperative spherical 
equivalent, diopters

Nondominant eye Dominant eye

No. of patients

0 to <-1 4 7

-1 to <-2 6 4

-2 to <-3 2 5

-3 to <-4 7 3

-4 to <-5 2 4

-5 to <-6 2 0

>-6 2 2
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The IC-8 IOL can enhance monovision by increasing the 
depth of focus in the nondominant eye. This decreases the 
sensation of blur and improves stereopsis. 

In the present study, the refractive target was -1.00 D to  
-1.25 D (compared with -0.75 D in two previous studies4,5) 
in nondominant eyes with IC-8 IOLs, because patients 
were myopic and accustomed to good unaided near vision. 
In the present study, 100% of patients achieved binocular 
UDVA of 0.2 logMAR, compared with the 99%4 and 98%5, 
whereas 92% of patients achieved binocular UIVA of 0.2 
logMAR, compared with 95%4 and 83%5 in two previous 
studies, and 100% of patients achieved binocular UNVA of 
0.2 logMAR (N5), compared with 79%4 and 76.2%5 in two 
previous studies. In the present study, postoperatively, 40% 
of patients did not wear glasses at all and 36% of patients 
wore glasses for a small amount of time when ambient light 
was poor, compared with 54% of patients who were ‘glasses 
independent’.5 The difference may be due to the inclusion 
of both myopic and hypermetropic patients in the previous 
study.5 

The defocus curves of a representative patient support 
the improved near vision with a greater myopic refractive 
target. The eye with the monofocal IOL had a range of  
1.50 D at 0.2 logMAR (N5) acuity, whereas the eye with the 
IC-8 IOL had a range of 3.5 D at 0.2 logMAR acuity. With 
the IC-8 IOL, a refraction of -0.75 D provides 0.2 logMAR 
acuity at 40 cm, whereas a refraction of -1.25 D provides 
0.2 logMAR acuity at 33 cm. A patient tolerant of 1.5 D 
of anisometropia can accept -1.25–D target with the IC-8 
IOL in the nondominant eye, which provides up to 7 cm 
of increased close range compared with the -0.75–D target.

Table 2. Uncorrected distance, intermediate (60 cm), and near  
(40 cm) visual acuity of the nondominant, dominant, and both eyes 
at 6 months

LogMAR Nondominant 
eye (with IC-8 

intraocular lens) 

Dominant eye 
(with monofocal 
intraocular lens) 

Binocular

% of patients

Uncorrected 
distance visual 
acuity

>0.18 to ≤0.30 24 4 0

>0.10 to ≤0.18 44 8 8

>0.00 to ≤0.10 12 8 0

≤0.00 20 80 92

Uncorrected 
intermediate visual 
acuity

>0.30 0 56 0

>0.18 to ≤0.30 0 12 8

>0.10 to ≤0.18 4 12 4

>0.00 to ≤0.10 24 20 24

≤0.00 72 0 64

Uncorrected near 
visual acuity

>0.50 0 76 0

>0.40 to ≤0.50 0 16 0

>0.30 to ≤0.40 0 8 0

>0.20 to ≤0.30 0 0 0

≤0.20 100 0 100

Figure 2. Defocus curves in a representative patient: at the 0.20 logMAR (N5) threshold, the eye with the IC-8 intraocular lens (IOL) 
has a range of 3.50 diopters, whereas the eye with the monofocal intraocular lens has a range of 1.50 diopters. Binocularly, 0.20 
logMAR acuity is maintained across 3.50 diopters from +0.50 diopter to -3.00 diopters.
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Table 3. Frequency, severity, and bothersomeness of symptoms 
based on the Quality of Vision questionnaire

Symptom None /  
not at all

Occasionally / 
mild

Quite 
often / 

moderate

Very  
often / 
severe

% of patients

Glare

Frequency 36 56 8 0

Severity 40 44 16 0

Bothersomeness 44 48 8 0

Haloes

Frequency 68 20 8 4

Severity 72 20 8 0

Bothersomeness 72 28 0 0

Starbursts

Frequency 56 32 12 0

Severity 56 32 12 0

Bothersomeness 64 28 8 0

Hazy vision

Frequency 68 28 4 0

Severity 76 20 4 0

Bothersomeness 76 20 4 0

Blurred vision

Frequency 64 32 4 0

Severity 68 28 4 0

Bothersomeness 68 28 0 4

Distortion

Frequency 100 0 0 0

Severity 100 0 0 0

Bothersomeness 100 0 0 0

Double/multiple 
images

Frequency 84 16 0 0

Severity 84 16 0 0

Bothersomeness 96 4 0 0

Fluctuating vision

Frequency 56 36 8 0

Severity 60 36 4 0

Bothersomeness 76 16 8 0

Focusing difficulties

Frequency 36 60 4 0

Severity 44 52 4 0

Bothersomeness 52 44 4 0

Difficulty judging 
distances or depth

Frequency 68 28 4 0

Severity 72 28 0 0

Bothersomeness 80 20 0 0

Compared with unilateral implantation, bilateral 
implantation of the IC-8 IOL was reported to achieve better 
intermediate and near vision but lower patient satisfaction 
and more dysphotopsias.12 However, in another study, no 
significant difference was reported in patient satisfaction 
between bilateral and unilateral implantation of IC-8 IOL.13 
Disadvantages of bilateral implantation of the IC-8 IOL are 
poorer binocular vision in dim light and increased nocturnal 
dysphotopsias, as 24% of our patients were dissatisfied with 
vision in dim light (compared to 4% in bright light).

The Quality of Vision questionnaire has been used to examine 
the effects of various IOLs on visual performance.14-16 
The AT LISA 809M was reported to have Rasch-adjusted 
mean scores of 27, 21, and 16 for frequency, severity, and 
bothersomeness of dysphotopsia symptoms, respectively, 
whereas the respective scores for the AcrySof ReSTOR 
SN6AD1 were 28, 22, and 19.14 In the present study, the 
respective scores were higher at 32, 25, and 24. The higher 
scores are likely due to differences in study populations, as 
the present study included patients with myopia only and 
the others not. 

The rate of posterior capsulotomy was higher in eyes with the 
IC-8 IOL than in eyes with the monofocal IOL at 6 months 
(72% vs 48%, p=0.08), and was higher than the 31.1% for 
hydrophilic IOLs and 7.1% for hydrophobic IOLs in one 
study.17 As the small aperture lens directs light through the 
small central opening, the quality and clarity of the central 
capsule behind the aperture becomes more significant. In 
eyes with the IC-8 IOL, slight opacities and folds in the 
capsule behind the aperture may affect vision more quickly 
and necessitate earlier laser capsulotomy. The IC-8 IOL is 
made from hydrophobic acrylic material with <4% water 
content, and the posterior surface has a 360-degree square 
edge. Both features should reduce posterior capsular 
opacification.

Contraindications of the IC-8 IOL are those with active retinal 
disease, uncontrolled glaucoma, microphthalmia, chronic 
uveitis, corneal dystrophy, corneal endothelial dysfunction, 
and those aged <18 years. Those with mesopic size of  
>5.6 mm should not use the IC-8 IOL, as light may enter the 
eye outside of the opaque ring and cause dysphotopsias.4,12

Limitations to the present study are the small sample size, the 
lack of controls, and the retrospective nature. Generalization 
of our findings to wider populations may not be feasible. 
Larger prospective randomized controlled studies are 
warranted to compare postoperative unaided visual acuity 
and quality of vision in different patients including those 
with myopia, hypermetropia, and emmetropia. Comparison 
should be made between different levels of monovision with 
the IC-8 IOL and with bilateral multifocal IOLs. 

Conclusion

The IC-8 IOL is a good option for patients with myopia 
who can tolerate monovision. It enhances monovision by 
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extending the depth of focus at near range and binocularity 
at distance when lighting is adequate. Patients who plan to 
have the IC-8 IOL implanted in the nondominant eye should 
be counseled about vision in dim light and the presence of 
dysphotopsias.
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Introduction

Big data and machine learning are transforming healthcare. 
Artificial intelligence (AI) and deep learning have trained 
a wide range of computer models for medical triage and 
diagnostic testing.1 AI has comparable performance to 
medical personnel in certain fields and may offer solutions 
to overburdened healthcare services resulting from an aging 
population and a shortage of healthcare personnel.2,3

Among commercially available AI products for 
ophthalmology,4,5 analysis of fundus photographs6 and 
optical coherence tomography images7 remains the core 
technologies. Two AI systems for diabetic retinopathy 

Abstract

Objective: This study aimed to investigate the sensitivity 
and specificity of the Deep Fundus, an artificial 
intelligence program for diabetic retinopathy screening, 
in Chinese patients with diabetes.
Methods: Fundus photographs of Chinese patients 
with diabetes aged 50 to 90 years who attended Pamela 
Youde Nethersole Eastern Hospital, Hong Kong between 
December 2020 and June 2021 during the public diabetic 
retinopathy screening period were retrospectively 
retrieved in February 2022. Two ophthalmologists 
independently graded the fundus photographs for 
diabetic retinopathy (according to the recommendations 
in the 2017 International Council of Ophthalmology 
Guidelines for Diabetic Eye Care) and any concomitant 
eye pathology such as cataracts or macular diseases. On 
27 February 2022, the photographs were uploaded to the 
Deep Fundus website. Fundus images were classified 
into referable or non-referable diabetic retinopathy 
in accordance with the abovementioned Guidelines. 
Sensitivity and specificity of the Deep Fundus were 
determined.
Results: Of 202 eyes screened, 96 eyes were included 
in the analysis. There was no discordance between 
the two ophthalmologists in the diabetic retinopathy 
gradings. 57 (59.4%) eyes were graded to have positive 
diabetic retinopathy findings. Using gradings of the two 

ophthalmologists as the gold standard, sensitivity and 
specificity of the Deep Fundus were 62.3% and 90.7%, 
respectively. The positive and negative predictive values 
were 89.2% and 66.1%, respectively.
Conclusions: The sensitivity and specificity of the Deep 
Fundus for diabetic retinopathy screening in a Chinese 
population were 62.3% and 90.7%, respectively. Further 
real-world validation studies are needed to assess the 
artificial intelligence model, particularly among Chinese 
patients with cataracts, myopia, diabetic macular edema, 
or proliferative diabetic retinopathy.
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(DR) screening have been approved by the United States 
Food and Drug Administration for marketing.8 AI screening 
for age-related macular degeneration and glaucoma are 
developing as well.6

The International Diabetes Federation estimated that the 
global diabetic prevalence was 9.3% (equaling 463 million 
people) in 2019.9 The concept of DR screening began in 
1989 with the St Vincent Declaration, which aimed to reduce 
diabetes mellitus (DM)–related blindness by one-third in 5 
years.10 DR screening aims to detect important, treatable 
pathology in its early stages with a low-cost, efficient, and 
non-invasive diagnostic test.11 In Hong Kong, DR screening 
is performed by primary care physicians, endocrinologists, 
optometrists, or specially-trained graders with non-
stereoscopic digital color retinal fundus photographs.11 
Most AI models were validated in Caucasian populations, 
but the algorithm may differ in Chinese populations. For 
instance, Chinese populations have a higher prevalence of 
myopia than Caucasian populations. Therefore, this study 
aimed to investigate the sensitivity and specificity of the 
Deep Fundus, an AI program for DR screening, in Chinese 
patients with diabetes.

Materials and methods

Fundus photographs of patients with diabetes who attended 
a public DR screening at Pamela Youde Nethersole Eastern 
Hospital, Hong Kong, between December 2020 and June 
2021 were retrospectively retrieved in February 2022, with 
patient identifiers removed. All fundus photographs were 
taken by the Non-Mydriatic Auto Fundus Camera AFC-330 
(Nidek, Gamagori, Japan). Two photographs were taken 
per eye: one centered on the macula and the other centered 
on the optic disc.12 Photographs of all sorts of quality were 
included to reflect the real-world situation of dense cataracts 
or different media opacities. Patients aged <50 years and >90 
years were excluded to comply with the age range defined 
by the Deep Fundus.13 Non-Chinese patients were excluded, 
as were patients with branch retinal vein occlusion, age-
related macular degeneration, retinal macroaneurysm, or 
missing fundus photographs.

Two ophthalmologists specializing in vitreoretinal diseases 
who were blinded from patient data independently 
graded the fundus photographs for DR (according to the 
recommendations in the 2017 International Council of 
Ophthalmology Guidelines for Diabetic Eye Care)14 and 
any concomitant eye pathology such as cataracts or macular 
diseases.

The Deep Fundus is accessible at www.deepfundus.com  
and is trained in the Eyetelligence (also available online),13,15 
which has been approved as a Class I medical device for 
clinical use in the European Union, United Kingdom, 
Australia, and New Zealand.16-19 On 27 February 2022, the 
photographs were uploaded to the Deep Fundus website. 
Items investigated included valid fundus image, laterality, 
referable DR, DR severity scale, diabetic macular edema, 

and cataracts. Only eyes with valid fundus image and 
laterality were included in the sensitivity and specificity 
analysis. Fundus images were classified into referable or 
non-referable DR in accordance with the recommendations 
in the 2017 International Council of Ophthalmology 
Guidelines for Diabetic Eye Care.14 

The sample size needed to determine the model’s accuracy 
was calculated based on its sensitivity and specificity.20,21 
We searched PubMed, MEDLINE, Embase, and Scopus 
but found no previous publication on the performance of 
Deep Fundus on DR screening; therefore, we assumed the 
sensitivity and specificity to be 95% as claimed by the Deep 
Fundus. We first calculated the true positive (TP) + false 
negative (FN) for sensitivity and the true negative (TN) + 
false positive (FP) as follows:

TP+FN=Z2×[sensitivity×(1−sensitivity)/W2]
TN+FP=Z2×[specificity×(1−specificity)/W2]

where Z is set to 1.96 for the normal distribution value, 
corresponding to the 95% confidence interval (CI), and 
W, the maximum acceptable width of the 95% CI, is set 
to 10%.20 The sample size calculations for sensitivity and 
specificity were TP+FN/P and TN+FP/(1−P), respectively, 
in which P is the prevalence of DR in the Chinese population 
in Hong Kong. In a previous study involving 174 532 
patients, the estimated prevalence of DR was 39%.11 Thus, 
47 and 30 eyes were required for determining sensitivity 
and specificity, respectively, with a total of 77. Statistical 
analyses were performed using SPSS (Windows version 
27.0; IBM Corp, Armonk [NY], USA).

Results

Of 202 eyes screened during the public DR screening 
period, 106 eyes were excluded owing to missing fundus 
photographs (n=1), non-Chinese ethnicity (n=14), or age 
<50 years (n=91), whereas 96 eyes in patients aged 50 to 
77 (mean, 58.3±7.8) years were included in the analysis. 
The male-to-female ratio was 1.29:1. All eyes were graded 
correctly on laterality by the Deep Fundus.

There was no discordance between the two ophthalmologists 
in the DR gradings. 12 (12.5%) eyes were determined 
to be myopic according to the grading system by the 
meta-analysis for pathologic myopia study group.22 57 
(59.4%) eyes were graded to have positive DR findings 
(Table 1). Five (5.2%) eyes had a history of pan-retinal 
photocoagulation laser treatment. No eye had vitreous, pre-
retinal, or subhyaloid hemorrhages. One (1.0%) eye had 
tractional retinal detachment. Nine eyes with proliferative 
DR had neovascularization at disc or elsewhere. Fundus 
photograph quality was suboptimal in 26 (27.1%) eyes 
owing to cataracts. When macular details and the entire 
posterior pole of the fundus were obscured, efforts were 
made to grade the periphery. Nine (9.4%) eyes had macular 
diseases other than diabetic macular edema including dry 
age-related macular degeneration, myopic maculopathy, 
choroidal naevus, chorioretinal scars, and retinal artery 
macroaneurysms. 
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Numbers of referable DR according to the Deep Fundus 
and the two ophthalmologists are shown in Table 2. Using 
gradings of the two ophthalmologists as the gold standard, 
sensitivity and specificity of the Deep Fundus were 62.3% 
(95% CI=47.9%-75.2%) and 90.7% (95% CI=77.9%-
97.4%), respectively. The positive and negative predictive 
values were 89.2% (95% CI=76.0%-95.6%) and 66.1% 
(95% CI=57.7%-73.6%), respectively. Figure 1 shows 
fundus photographs of true positive and true negative 
grading, whereas Figure 2 shows fundus photographs of 
false positive and false negative grading.

Discussion

The Deep Fundus has a high specificity but a low sensitivity 
for detecting referable DR in Chinese patients with diabetes 
aged 50 to 90 years. To the best of our knowledge, this study 
is the first to investigate the clinical application of the Deep 
Fundus in Chinese populations. We used real-world data 
from a 7-month public screening service. The number of 
eyes studied (n=96) was well above the minimum required 
sample size. All diagnostic results from the Deep Fundus 
were generated on the same day (27 February 2022); this 
may eliminate potential bias from the ongoing update or 
learning of the AI model. The Deep Fundus is only valid 
for patients aged 50 to 90 years; 45.0% (n=91) of eyes 
in patients aged <50 years were excluded; some of these 
patients had type 1 DM and/or gestational DM.

Disease prevalence affects the sample size calculation for 
determining the sensitivity and specificity of a diagnostic 
test.20,21 We used the DR prevalence of 39% in primary care 
settings11 to calculate the sample size, but the present study 
had a higher prevalence of DR at 59.4%. This is expected 
among patients in ophthalmology and internal medicine 
departments of a tertiary-level hospital. Consequently, DM 
cases were more complicated and severe than those typically 
encountered in primary care settings. Using the prevalence 
of 59.4% in the sample size calculation, the numbers of eyes 
required for sensitivity and specificity would be 31 and 45, 
respectively, and the minimum sample size would be 76. 
Therefore, our study is powered to demonstrate the real-
world sensitivity and specificity of the Deep Fundus.

DM is a risk factor for the development of cataracts, and 
the prevalence of cataracts in DM patients ranges from 20% 
to 66%.23,24 In our study, 27.1% of our DM patients had a 
visually significant cataract affecting the quality of their 
fundus photographs. However, the sample size of patients 
with cataracts was too small for subgroup analysis. Possible 
confounding factors include the variable severity of cataracts 
and the retrospective study design, which could introduce 

Table 1. Diabetic retinopathy (DR) characteristics of eyes according  
to the recommendations in the 2017 International Council of 
Ophthalmology Guidelines for Diabetic Eye Care (n=96)

Classification No. of patients Referable

No apparent DR 39 No

Mild non-proliferative DR 4 No

Moderate non-proliferative DR 33 Yes

Severe non-proliferative DR 3 Yes

Proliferative DR 9 Yes

Diabetic macular edema 9 Yes

Ungradable (treated proliferative DR 
or unclear fundus photo)

8 Yes

Table 2. Referable diabetic retinopathy (DR) grading according to 
the Deep Fundus and ophthalmologists

Referable DR grading by the 
Deep Fundus

Referable DR grading by 
ophthalmologists

Yes No

Yes 33 4

No 20 39

Figure 1. Fundus photographs 
showing (a) true positive and (b) 
true negative referable diabetic 
retinopathy grading by the Deep 
Fundus, which is graded as myopia 
by ophthalmologists.

(a) (b)
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selection bias. The quality of the fundus images can be a 
confounding factor for the Deep Fundus performance. We 
included photographs of varying quality to reflect the real-
world situation of cataracts or different causes of media 
opacities. However, the prevalence and severity of media 
opacities differ across different populations with different 
demographics.25 This variation would affect the sensitivity 
and specificity of the Deep Fundus in clinical practice. 

The United States Food and Drug Administration has 
approved two AI systems for DR screening: the IDx-DR 
(Digital Diagnostics, Coralville [IA], USA) and EyeArt 
(Eyenuk, Woodland Hills [CA], USA), both of which have 
sensitivity and specificity approaching 90% as demonstrated 
in large-scale studies.26-28 Other AI systems to assess DR 
are also available.29 Retmarker DR (Retmarker, Coimbra, 
Portugal) has been certified as a Class IIa medical device 
in Europe.30 In China, AI-based software for DR includes 
Airdoc (Beijing, China).31 When adopting AI systems 
in clinical settings in Hong Kong, the algorithms should 
ideally be trained by photographs of Asian/Chinese eyes. 
The low sensitivity (62.3%) of the Deep Fundus suggests 
a considerable number of false negative cases of referable 
DR, which might progress rapidly to more severe grades 
of DR that are not timely detected by annual screening. 
Therefore, we suggest manually reviewing all negative 
cases graded by Deep Fundus to avoid missing the golden 
period of referral to ophthalmologists for monitoring. 
Nonetheless, if there are AI models with higher sensitivity, a 
semi-automated model can be considered in Hong Kong, in 
which retinal photographs initially analyzed by an AI model 
to filter out non-referable DR cases, followed by grading by 
ophthalmologists. Such models have been used in the UK 
and Singapore.32

Refraction status can change after corneal refractive or 
cataract surgery. Some of our patients have pseudophakia, 
and the axial length measurement was not available. Thus, 
fundus photographs were used to determine myopia. 
According to the meta-analysis for pathologic myopia study 
group,22 visible signs of myopia on fundus photographs 
include a tessellated fundus, diffuse chorioretinal atrophy, 
patchy chorioretinal atrophy, macular atrophy, lacquer 
cracks, myopic choroidal neovascularization, and Fuchs 
spots. Some of these may mimic DR. For example, 
myopic choroidal neovascularization or lacquer cracks 
can be misinterpreted as DR hemorrhages, given that all 
present as red dots. Similarly, chorioretinal atrophy can 
be misinterpreted as exudate given that both are white in 
color. However, the prevalence of myopia in our patients 
was 12.5%, which is lower than the 41.1% reported in other 
studies in Asia.33,34 Subgroup analysis of myopic patients 
was not possible because of the small sample size (n=12).

Conclusion 

The sensitivity and specificity of the Deep Fundus for DR 
screening in a Chinese population were 62.3% and 90.7%, 
respectively. Further real-world validation studies are 
needed to assess the AI model, particularly among Chinese 
patients with cataracts, myopia, diabetic macular edema, or 
proliferative DR.
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Introduction 

Amblyopia is a neurodevelopmental disorder resulting in 
abnormal visual acuity (VA) in one or both eyes.1 Unilateral 
amblyopia is defined as VA difference of ≥2 lines on 
Snellen chart between eyes, whereas bilateral amblyopia 
is defined as VA of worse than 20/50, 20/40, and 20/30 in 
both eyes in children aged 3 to <4, 4 to ≤5, and >5 years, 
respectively.2 Amblyopia is reversible but can cause vision 
loss if untreated. It affects approximately 1% to 4% of the 
population.3 Early detection and management of amblyopia 
can maximize children’s visual development potential.

Neuroplasticity

Early detection enables timely management during the 
period of greatest plasticity of visual cortex, which is the 

Abstract

Amblyopia is a reversible neurodevelopmental disorder 
but can cause vision loss if untreated, especially within 
critical period of visual neuroplasticity. We review 
different treatment modalities for amblyopia including 
refractive correction, occlusion therapy, medication, 
surgery, perceptual learning, and the more advanced 
binocular therapy. Binocular therapy can improve 
both visual acuity and stereoacuity, but whether it is 
superior to occlusion therapy remains controversial. 
Future studies to determine the optimal treatment 
duration, timing of initiation, dosage, and when to step-
up treatment when other treatments become refractory 
are warranted.

primary site of visual deficit in amblyopia.4 Plasticity is a 
dynamic ability to functionally recognize external stimuli 
and structurally respond to them. This developmental 
mechanism relies heavily on the interaction of cortical 
afferent neurons between both eyes. Reduced connection 
in the deprived eye was due to competition with the non-
deprived eye, rather than the disuse of the deprived eye.5 
Treatment should be started before the age of 7 years and 
can be extended beyond this age to reverse visual deficits 
such as reduced VA, stereoacuity, and contrast sensitivity as 
well as crowding and recurrence.6-8

Many patients with amblyopia are affected by reduced fine 
motor skills and oculomotor skills such as unsteady fixation, 
delayed initiation of saccades, and inaccurate tracking.9 
Amblyopia reduces the quality of life, as it affects school 
and career choices, self-esteem, social acceptance, and self-
perception.10

Treatment 

Treatment is guided by thorough history taking and physical 
examinations to identify any reversible underlying causes. 
Treatment modalities include optical refractive correction, 
occlusion therapy, medication, surgery, Bangerter filters, 
and the more advanced binocular visual stimulation and 
perceptual learning.

For optical refractive correction, the magnitude of 
anisometropia correlates with the degree of amblyopia. 20% 
of patients with a high refractive error develop vision loss 
secondary to amblyopia.11 In patients with anisometropic 
amblyopia (with VA ranging from 20/40 to 20/250) treated 
with optical refractive correction until VA stabilized or 
amblyopia resolved, 77% of patients had improvement 
in VA by ≥2 lines and 27% of patients had resolution of 
anisometropic amblyopia.12 However, those with severe 
amblyopia or higher degree of anisometropic amblyopia did 

https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
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during treatment, whereas patching alone can result in a 
decrease in VA at 90 days after treatment.25,26

Bangerter filters are transparent filters placed in front of 
spectacles and are for those with mild amblyopia who are 
not responsive to spectacles alone. The occlusion effect of 
filters in different densities can change the VA of the fellow 
eye.27 Bangerter filters achieve similar results to patching of 
2 hours per day in patients with moderate amblyopia.28

Surgical treatment should be performed before amblyopia 
management in patients with structural disturbance along 
the visual axes (congenital cataract, vitreous hemorrhage, 
corneal opacities, and ptosis).

Perceptual learning is defined as any relatively permanent 
and consistent change in perception of stimulus array 
following practice or experience with this array by a 
variety of tasks such as vernier acuity, Gabor detection, 
and positional discrimination.29 Perceptual learning aims 
to improve neural processing in visual cortex during the 
critical period. Perceptual learning can improve VA in the 
trained eye, but many patients remain to have a broader 
spatial frequency than normal.30 However, perceptual 
learning is not a popular approach for treating amblyopia. 
The small sample size may overgeneralize the benefits of 
perceptual learning. More large-scale studies are warranted 
to determine the effectiveness of perceptual learning on 
treating amblyopia.

Binocular therapy
Amblyopia was considered to be a monocular visual 
deficit causing secondary binocular visual deficiency, and 
thus treatments are mainly monocular without binocular 
combination of stimuli.31 However, there is growing 
evidence to support a binocular deficit secondary to 
active suppression of the amblyopic eye.32 The cause of 
the binocular deficit in suprathreshold tasks in strabismic 
amblyopia is interocular suppression,33 and the strength 
of which is associated with the degree of amblyopia.34 By 
varying signal length of the attenuation of amblyopic eye, 
the binocular contrast summation in strabismic amblyopes 
can be normalized.35 Thus, various binocular therapies are 
developed to improve both VA and binocular function.

Binocular contrast therapy aims to strengthen binocular 
visual function and reduce interocular suppression by 
providing high-contrast stimuli to amblyopic eye and low-
contrast stimuli to the fellow eye.36,37 The therapy involves 
playing videogames that tessellate high-contrast falling 
blocks to low-contrast stationary base to form a continuous 
row through goggles that split images between the eyes.38-40  
Other binocular games include the Ping-Pong game, Labyrinth 
game, and the Balloon game. Both eyes must be used to play 
the games as each eye does not see the full picture.

Interactive binocular treatment involves presenting 
dichoptic video or video games without contrast balancing 
to both eyes but with foreground elements to the amblyopic 

not respond well to refractive correction alone.

Occlusion therapy (patching) remains the mainstay 
treatment in Hong Kong after refractive correction.13 By 
occluding the fellow eye, neural signal from the fellow eye 
is reduced and thus the amblyopic eye is allowed to be fully 
stimulated and forced to overcome the suppression from the 
fellow eye and activate its visual pathway. Patching is highly 
effective, with stable response until at least 15 years of age. 
In a Pediatric Eye Disease Investigator Group (PEDIG) 
study of the use of an opaque adhesive patch for 2 to 6 hours 
per day, with dosage adjusted according to the VA response 
of patients, visual outcomes were similar between 2 hours 
and 6 hours of occlusion therapy in children aged 3 to 7 
years with moderate amblyopia.14 VA improved by ≥3 lines 
after 4 months of patching in 62% of patients in both 2-hour 
and 6-hour groups. Parents of the 6-hour group expressed 
more concern over social stigma that may lead to lower 
compliance. Patching can be used in older children and 
adolescents, particularly those who are treatment naive.15 
Drawbacks of patching include local irritation, allergy, 
cosmetic impact, reverse amblyopia, and low compliance. 
Recurrence amblyopia is common, especially in those with 
severe amblyopia. Thus, gradual tapering of patching is 
preferable to an abrupt cessation of therapy.16

Medication treatment includes the use of atropine, levodopa, 
and citicoline. In a PEDIG study of the use of atropine 1% 
solution on the fellow eye on weekends or once daily, both 
groups achieved comparable visual improvement.17 In 
another PEDIG study of the use of atropine on weekends, 
improvement in VA was greater in children aged 3 to 
7 years than in children aged 7 to 12 years (4.5-5.1 lines 
vs 1.5 lines).18 Patching can achieve more rapid initial 
improvement, whereas atropine can achieve comparable 
outcome after 6 months,19 with higher compliance and 
lower social stigma.20 Adverse effects of atropine include 
photosensitivity, conjunctival irritation, dry mouth and skin, 
tachycardia, and fever. Atropine is not effective for myopia-
induced amblyopia.

Levodopa-carbidopa combination therapy has been used 
to raise retinal dopamine level and exert neuromodulatory 
effect on visual development.21 In children with severe 
amblyopia, patching plus high-dose levodopa resulted in 
better visual outcomes than patching alone.22 However, in 
children aged 7 to 12 years who were refractory to patching, 
levodopa did not result in greater improvement in VA than 
placebo plus patching.23 Levodopa may cause headache and 
nausea in some patients, but no serious adverse effect such 
as dyskinesia has been reported.

Citicoline increases the level of neurotransmitters 
(catecholamines, serotonin, and dopamine) and thus 
stimulates metabolism of the nigrostriatal dopaminergic 
system. Its cholinergic effect and neuroprotective effect 
protect integrity of neuronal cell membrane.24 Citicoline 
alone is not more effective than patching, but citicoline 
plus patching can stabilize the improvement in VA obtained 
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Table. Binocular therapy for children with amblyopia

Study No. of patients Age, y Binocular therapy Outcome

Cleary et al,42 
2009

12 (refractory to 
prior occlusion)

6.1-11.4 Interactive binocular treatment (I-BiT): 20 minutes 
watching video clip and 5 minutes playing 
interactive driving game for 11 weekly sessions

Sustained improvement in high-contrast visual 
acuity (VA) in 7 (58%) children and in low-contrast 
VA in 8 (67%) children

Knox et al,39 
2012

14 8.5±2.6 Dichoptic perceptual learning by simple computer 
game, 5 sessions, each 1 hour over a week

VA improvement of the amblyopic eye from 
0.51±0.27 to 0.42±0.28 logMAR. Improvement in 
stereofunction in 3 patients

Herbison et al,43 
2013

10 5.4 I-BiT: 20 minutes watching video and 10 minutes 
playing interactive game once a week for 6 weeks

VA improvement in 9 patients 

Li et al,32 2014 75 4-12 Sham games (n=25) or binocular games (n=50) 
with red-green anaglyphic glasses for 4 hours/week 
for 4 weeks

VA improvement from 0.47±0.03 to 0.39±0.03 
logMAR in binocular group. No improvement in 
stereoacuity in both groups

Mansouri et al,44 
2014

22 (refractory 
to patching and/

or surgery)

5-73 Binocular training with dichoptic random dot 
kinematograms for 14.5 sessions in 4-6 weeks

VA improvement by 0.34 logMAR

Birch et al,45 
2015

50 3-6.9 Sham iPad games (n=5) or binocular iPad games 
(n=45) for 4 hours/week for 4 weeks; 4 and 30 of 
children in the respective group received additional 
patching at a different time of day

VA improvement from 0.43±0.03 to 0.34±0.03 
logMAR after dichoptic therapy

Webber et al,46 
2016

20 8.5±1.3 Binocular treatment by dichoptic iPad games for 
5 weeks 

Improvement in fine motor skills especially in less 
severe amblyopia

Herbison et al,47 
2016

75 4-8 I-BiT games using shutter glass technology (n=25), 
I-BiT DVD footage shown to the amblyopic eye 
and common background to both, modified shooter 
game with targets presented to amblyopic eye and 
background to both (n=25), and non–I-BiT games 
with both background and foreground presented to 
both eyes (n=25)

VA improvement by 0.07 logMAR at 6 weeks in 
three arms

Holmes et al,52 
2016

385 5-13 16 weeks of a binocular iPad game for 1 hour a day 
or patching of the fellow eye for 2 hours a day

VA improvement in both groups; primary non-
inferiority analysis yielded indeterminate results

Kelly et al,48 
2016

28 4.6-9.5 Binocular game (n=14) or patching (n=14) Greater stereoacuity and VA improvement in 
binocular game than patching (0.15 vs 0.07 
logMAR)

Bossi et al,49 
2017

22 3-11 Balanced binocular viewing therapy: viewing 
dichoptic movies and gameplay for maximum of 8 
and 24 weeks, respectively

VA improvement by 0.27 logMAR after binocular 
therapy

Singh et al,50 
2017

68 6-14 Video game for 1 hour/day plus occlusion therapy 
for 6 hours/day or occlusion alone for 6 hours/day 

Greater VA improvement in video game plus 
occlusion therapy than occlusion alone (0.61±0.12 
to 0.40±0.15 vs 0.65±0.09 to 0.48±0.10 logMAR)

Gao et al,53 
2018

115 (89 had 
prior occlusion)

7-12, 13-17, 
≥18

Case: playing falling-blocks video games with 
dichotic contrast at home on an iPod Touch for 1 
hour/day for 6 weeks. Control: playing placebo 
video game with identical images to both eyes.

Improvement in visual outcomes was not 
significantly more in binocular therapy than placebo 
video game

Manh et al,54 
2018

100 13-16 Binocular iPad game 1 hour/day or patching of the 
fellow eye for 2 hour/day for 16 weeks 

Binocular therapy was not superior to patching in 
VA improvement of the amblyopia eye

Rajavi et al,55 
2019

40 3-10 I-BiT games or patching with placebo video games 
for 1 month

Both groups achieved similar best-corrected VA 
improvement

Roy et al,51 
2019

55 5-15 Dichoptic video game for 2 hours/day or occlusion 
therapy of 6 hours/day

Improvement in best-corrected VA from 0.70 to 
0.49 logMAR in binocular group and from 0.73 to 
0.52 logMAR in occlusion group. Improvement in 
near vision and contrast sensitivity in both groups. 
Significant improvement in near stereoacuity in 
binocular group only

Yao et al,56 2020 103 3-13 Binocular video game 40 minutes/day, patching 
2-6 hours/day, or a combination of patching while 
playing video games on glasses for 3 months

Improvement in VA of the amblyopia eye and 
binocularity was less effective in binocular therapy 
than patching. No superiority in stereoacuity 
improvement in binocular therapy

Gao et al,57 
2021

105 7-17 Active treatment or placebo videogame 1-2 hours/
day for 6 weeks on iPod Touch device

Younger age groups showed lower adherence to 
binocular treatment 
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eye only. The key element is only seen by the amblyopic eye, 
but both eyes must be used to watch/play the video game. 
For instance, the non-amblyopic eye receives peripheral 
stimuli and the amblyopic eye receives moving stimuli. 
Images can even be moved towards different directions to 
correct the angle of strabismus.41

The Table summarizes outcomes of various binocular 
therapies for children with amblyopia.32,39,42-57 Most binocular 
therapies involve home-based dichoptic video games or 
movie watching for several hours a day over few months. 
Binocular therapy can replace occlusion therapy or can be 
an adjunct when the patient is refractory to conventional 
amblyopic treatment. In some studies, binocular therapy 
is effective in improving VA in amblyopic children and 
is superior to the conventional occlusion therapy.32,39,42-51 
In other studies, binocular therapy is not superior to 
patching.52-56 Acceptability to binocular therapy is generally 
high among children with amblyopia,47 compared with 
patching that has cosmetic concern on self-esteem. No 
major complication or risk is caused by binocular therapy. 
Nonetheless, compliance varies in different localities with 
different cultural and social backgrounds. Low compliance 
to binocular video game playing or watching may affect the 
outcome. Some studies are limited by the short treatment 
duration, short follow-up period, and small sample size; 
more comprehensive randomized controlled trials are 
warranted. 

Optimal treatment duration and dosage as 
well as screening and surveillance

Amblyopia treatment is more effective in the first 6 months 
of treatment. For refractive correction, improvement is 
maximal in the first 400 hours of patching.58 The Monitored 
Occlusion Treatment of Amblyopia Study attempted to 
determine the dose-response relationship of patching, 
but there was difficulty in measuring the actual dose 
received and in ensuring compliance to the prescribed 
therapy.59 Statistical modeling has been used to determine 
the personalized dosage of treatment for maximal visual 
improvement.60 Screening amblyopia at young age enables 
timely management within the critical period. However, 
screening too early may result in high false-positive results, 
whereas delayed screening may result in poor visual 
outcome. Surveillance is required to detect recurrence of 
amblyopia within 52 weeks of treatment cessation. About 
25% of patients have recurrence within the first year of 

treatment cessation, especially when treatment is stopped 
abruptly rather than gradually.16 Improvement in VA can 
deteriorate in long run. Thus, follow-up is important, 
especially in those with poor initial VA. There is no 
consensus on the optimal treatment duration, timing of 
initiation, dosage, screening, and surveillance of amblyopia. 
Further studies are warranted.

Conclusion

Amblyopia is a reversible neurodevelopmental disorder but 
can cause vision loss if untreated, especially within critical 
period of visual neuroplasticity. Apart from conventional 
treatment modalities (refractive correction, occlusion 
therapy, medication, surgery, and perceptual learning), the 
more advanced binocular therapy is increasingly popular. 
Binocular therapy can improve both VA and stereoacuity, 
but whether it is superior to occlusion therapy remains 
controversial. Future studies to determine the optimal 
treatment duration, timing of initiation, dosage, and when to 
step up treatment when other treatments become refractory 
are warranted.
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Abstract

Brolucizumab is a next-generation anti–vascular 
endothelial growth factor (VEGF) agent for the treatment 
of neovascular age-related macular degeneration. 
It is highly potent and thus appropriate for those 
unresponsive to other anti-VEGF agents and those 
undertreated owing to the low adherence or the heavy 
burden of repeated injections. An expert panel of 
10 retina specialists from Hong Kong and Germany 
convened in February 2021 to discuss the benefit-risk 
profile and clinical use of brolucizumab. Evidence 
suggests that brolucizumab provides comparable visual 
outcomes to aflibercept at a more relaxed injection 
schedule. Brolucizumab is superior to aflibercept in 
resolving intraretinal and subretinal fluids and decreasing 
disease activity. Brolucizumab is suitable for patients 
unresponsive to other anti-VEGF agents, especially for 
those with persistent intraretinal and subretinal fluids or 
disease activity. Injection intervals of brolucizumab can 
be extended to 8 to 12 weeks. However, brolucizumab 
has higher risk of adverse events such as intraocular 
inflammation, retinal vasculitis, and retinal occlusion, 
compared with aflibercept. Thus, regular monitoring 
for signs of intraocular inflammation and prompt 
management are important before and during treatment.

Introduction 

Brolucizumab is a next-generation drug for neovascular 
age-related macular degeneration (nAMD).1 The general 
treatment goals are to maintain and improve visual acuity 
(VA), reduce vascular leakage, and induce regression of 
neovascularization.2 Intravitreal injections of anti–vascular 
endothelial growth factor (anti-VEGF) agents (aflibercept, 
bevacizumab, ranibizumab, and brolucizumab) to inhibit 
abnormal blood vessel development are the most effective 
approach (Table 1).2-5 Anti-VEGF agents are effective as 
long as strict and frequent regimens are followed, but in 
clinical settings undertreatment is the norm.6-10 Over 70% 
of patients are undertreated during their first year,11 and 
about 60% of patients are non-adherent after 2 years.12 The 
low adherence may be partly due to the burden of repeated 
injections. Anti-VEGF agents that can be administered at 
less frequent intervals are needed.13

Brolucizumab (Beovu, Novartis, Basel, Switzerland)14 is 
a single-chain antibody fragment comprising a scaffold 
attached to an anti-VEGF-A antibody that inhibits all 
isoforms of VEGF-A at a 2:1 ratio. It binds to VEGF-A 
isoforms and prevents their interaction with receptors 
VEGFR1 and VEGFR2, thereby suppressing endothelial 
cell proliferation, neovascularization, and vascular 
permeability.15-20 The small molecular size of brolucizumab 
enables large molar dosages per injection, better penetration 
into ocular tissue, and greater fluid resolution.1,17,18 These 
benefits result in longer injection intervals (up to every 12 
weeks).14 Furthermore, brolucizumab is easy to tolerate, 
as single-chain antibody fragments generally have high 
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resulted in about 36% less disease activity at 16 weeks after 
first dose, and 30% to 50% less IRF/SRF and sub-RPE fluid. 
Brolucizumab resulted in stronger and more consistent 
reduction in CST than aflibercept, with better improvement 
in the morphology of the macula.

In a study that pooled data from the HAWK and HARRIER 
trials and presented at the European Society of Retina 
Specialists 2020 Congress, brolucizumab resulted in quicker 
resolution of IRF/SRF than aflibercept, with lower incidence 
of persistent IRF/SRF over the first 12 weeks (12.5% vs 
20.4%).24 In patients with early persistent IRF/SRF, VA 
improvement was greater after brolucizumab treatment, 
with 8%, 48%, and 59% more patients achieving BCVA 
gain of ≥15 letters at 16, 48, and 96 weeks, respectively.

Retrospective reviews and case studies confirm 
brolucizumab’s effectiveness at suppressing disease activity 
(in terms of reduction in CST, fluid compartments, and 
large pigment epithelial detachments, and improvement 
in VA outcomes) in the short-term, especially for patients 
unresponsive to other anti-VEGF agents.25-30 In the 
BRAILLE chart review of 20 treatment-naïve patients 
and 74 recalcitrant patients who received a mean of 1.36 
injections of brolucizumab and were followed up for 5 
to 30 weeks, those recalcitrant patients who switched to 
brolucizumab had significant improvement in BCVA from 
0.91 logMAR at baseline to 0.73 logMAR at final checkup, 
whereas all patients had an average reduction in CST of 
>100 μm, and >80% of treated eyes showed reduction or 
complete resolution of SRF, IRF, and pigment epithelial 
detachments.27 In the REBA study of 23 treatment-naïve 
patients and 55 recalcitrant patients who switched to 
brolucizumab and were followed up for >9 months, >70% of 
treatment-naïve eyes had complete resolution of IRF/SRF by 
the end of the loading phase, whereas all recalcitrant patients 
who switched to brolucizumab had complete resolution of 
disease activity by their third brolucizumab injection.29 Both 
groups of patients showed a gain of an average of 10 ETDRS 
(Early Treatment Diabetic Retinopathy Study) letters and a 
reduction of CST of >150 μm.

stability and solubility in vivo.15 Trials in animal models 
suggest rapid systemic clearance and low exposure.17,18,21

In February 2021, an expert panel comprising 10 retina 
specialists from public, private, and academic institutions 
convened to discuss evidence on the use of brolucizumab in 
clinical practice in Hong Kong. This study summarized the 
expert opinions on the benefit-risk profile and clinical use of 
brolucizumab.

Benefit-risk profile

In the HAWK and HARRIER phase III trials, treatment-
naïve patients aged >50 years were randomly assigned 
to receive brolucizumab or aflibercept (HAWK: 3 mg 
brolucizumab [n=358], 6 mg brolucizumab [n=360], 2 mg  
aflibercept [n=360]; HARRIER: 6 mg brolucizumab 
[n=370], 2 mg aflibercept [n=369]) and were followed up 
for 96 weeks.22,23 Both trials began with a loading phase 
of injections at weeks 0, 4, and 8, followed by 8 weeks 
with no injection. The 16-week loading phase was identical 
between arms. Then, brolucizumab was administered 
every 12 weeks (or every 8 weeks in patients with disease 
activity), whereas aflibercept was administered every  
8 weeks. Patients were assessed at weeks 16, 20, 32, and  
44 for best-corrected visual acuity (BCVA), disease  
activity, intraretinal fluid (IRF), subretinal fluid (SRF), 
sub-retinal pigment epithelium (sub-RPE) fluid, and 
central subfield thickness (CST). Patients in the HARRIER 
trial were additionally assessed at weeks 28 and 40. 
Non-inferiority of brolucizumab against aflibercept was 
determined by the BCVA change from baseline to week 48, 
whereas safety was determined by the incidence of adverse 
events.

Benefits
In the HAWK and HARRIER trials, brolucizumab achieved 
comparable BCVA results to aflibercept despite having 
longer intervals (Table 2).22,23 Brolucizumab was superior 
to aflibercept in controlling disease activity and IRF/SRF. 
Compared with 2 mg aflibercept, 6 mg brolucizumab 

Table 1. Comparison of anti–vascular endothelial growth factor agents16

Aflibercept Bevacizumab Ranibizumab Brolucizumab

Molecular structure VEGFR1/2-Fc fusion 
protein 

IgGI antibody Antigen-binding 
fragment 

Single-chain antibody 
fragment

Molecular weight, kDa 97-115 ~149 ~48 26

Clinical dose, mg 2.00 1.25 0.30-0.50 6.00

Equivalent molar dose (to aflibercept) 1.0 0.4-0.5 0.5-0.6 11.2-13.3

Injection interval Every 8 weeks Every 4 weeks Every 4 weeks Every 8 to 12 weeks
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Risks
In the HAWK and HARRIER trials, over half of the patients 
had adverse events such as conjunctival hemorrhage, 
cataracts, vitreous floaters, and VA reduction, and the rate 
was comparable in the brolucizumab and aflibercept arms 
(Table 3).22,23 In the pooled brolucizumab group, nine 
patients had suspected endophthalmitis.1 Of them, three 
were negative and two were positive for Staphylococcus 
or Streptococcus mitis, and the others were not tested or 
uninterpretable.

Brolucizumab is associated with greater risks of intraocular 
inflammation (IOI) than aflibercept.22,23 According to an 
independent safety review committee, brolucizumab carries 
risks of severe vision loss secondary to retinal vasculitis or 
retinal artery/vascular occlusion, which tend to occur in the 
presence of IOI.31,32 Thus, the consensus is to discontinue 
brolucizumab in any case of IOI.31-34 Adverse events tend 
to develop within the first three injections of brolucizumab 
and after 3 weeks of the preceding injection, but the time 
from first injection to first IOI-related adverse event can 

Table 2. Clinical outcomes of the HAWK and HARRIER phase III clinical trials at 16, 48, and 96 weeks22,23

HAWK trial HARRIER trial

6 mg 
brolucizumab 

(n=360)*

2 mg 
aflibercept 
(n=360)*

p Value 6 mg 
brolucizumab 

(n=370)*

2 mg 
aflibercept 
(n=369)*

p Value

Change in best-corrected visual acuity, No. of 
ETDRS letters 

Week 48 6.6±0.71 6.8±0.71 <0.001 6.9±0.61 7.6±0.61 <0.001

Week 96 5.9±0.78 5.3±0.78 - 6.1±0.73 6.6±0.73 -

Disease activity

Week 16 24.0 34.5 0.001 22.7 32.2 0.001

Presentation of intraretinal/subretinal fluid

Week 16 33.9 52.2 0.001 29.4 45.1 <0.001

Week 48 31.2 44.6 <0.001 25.8 43.9 <0.001

Week 96 24.0 37.0 - 24.0 39.0 -

Presentation of sub-retinal pigment epithelium fluid

Week 48 13.5 21.6 0.004 12.9 22.0 <0.001

Week 96 11.0 15.0 0.121 17.0 22.0 0.037

Change in central subfield thickness, μm

Week 16 -161.4 -133.6 <0.001 -174.4 -134.2 <0.001

Week 48 -172.8 -143.7 0.001 -193.8 -143.9 <0.001

Week 96 -174.8 -148.7 0.012 -197.7 -155.1 <0.001

*	Data are presented as least squared mean±standard error, least squared mean, or % of eyes

Table 3. Incidences of adverse events reported by the HAWK and HARRIER phase III clinical trials and an independent safety review committee22,23,31,32

Adverse event HAWK trial HARRIER trial Safety review committee

6 mg 
brolucizumab 

(n=360)

2 mg 
aflibercept 

(n=360)

6 mg 
brolucizumab 

(n=370)

2 mg 
aflibercept 

(n=369)

Brolucizumab 
(n=1088)

Aflibercept 
(n=729)

No. (%) of patients or % of patients

Ocular adverse event at 96 weeks 220 (61.1) 201 (55.8) 174 (47.0) 176 (47.7) - -

Serious ocular adverse event at 96 weeks 12 (3.3) 5 (1.4) 13 (3.5) 6 (1.6) - -

Intraocular inflammation 17 (4.7) 2 (0.6) 3 (0.8) 4 (1.1) 50 (4.6) 8 (1.1)

Retinal vasculitis - - - - 36 (3.3) -

Retinal artery and vascular occlusion 4 (1.1) 0 (0.0) 2 (0.5) 1 (0.3) 23 (2.1) -

Endophthalmitis 4 (1.1) 0 (0.0) 1 (0.3) 1 (0.3) 9 (<0.1) -

Loss of ≥15 ETDRS letters at 96 weeks 8.1 7.4 7.1 7.5 7.4 (at 48 weeks) 7.7 (at 48 weeks)
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be up to 18 months.35 The mechanism of brolucizumab-
related adverse events may be associated with a delayed 
hypersensitivity response, impurities in the serum, or 
excessive VEGF inhibition.36,37

Intraocular inflammation

The safety review committee identified 50 definite or 
probable cases of IOI in all brolucizumab-treated eyes 
(n=1088) in the HAWK and HARRIER trials, compared 
with eight cases in the aflibercept arms (Table 3).31 IOI 
tends to occur early in treatment, with about 50% and 
80% occurring within 3 and 12 months, respectively; 
earlier occurrence is associated with greater risk of vision 
loss.1,31,32,35 According to medical claim data in the IRIS 
Registry and Komodo study, the incidence of IOI within 6 
months of the first brolucizumab injection was 2.4%, with 
prior IOI or retinal occlusion being a risk factor.38 Most 
IOI cases in the HAWK and HARRIER trials were mild 
to moderate and were resolved without sequelae.1,35 Most 
severe IOI cases did not result in diminished VA outcomes; 
of 49 patients with severe IOI, only 14 had loss of BCVA, 
whereas 23 had improved and 12 had stable BCVA.1

IOI may precede retinal vasculitis or retinal occlusion by 
16 to 171 days.35 Uveitis, iritis, vitritis, and iridocyclitis 
are the most common initial presentations of IOI before 
retinal vasculitis or retinal occlusion.35 Signs of IOI include 
inflammatory cells in anterior and/or posterior segments, 
vitreous cells or opacities, non-granulomatous keratic 
precipitates, conjunctival injection, Descemet’s membrane, 
and corneal edema.35

The incidence of IOI appeared to be higher in Japanese 
patients.39,40 According to the Japan AMD Research 
Consortium study of 127 eyes treated with brolucizumab, the 
rate of IOI during the first 6 months was notably high at 9% to 
10%,39 which was nevertheless lower than the 13% reported 
by the safety review committee for Japanese patients in the 
HAWK trial. In a post-hoc analysis of Japanese patients with 
polypoidal choroidal vasculopathy in the HAWK trial, the 
rate of IOI was higher in brolucizumab users than aflibercept 
users (15% vs 0%), but the sample size was too small to 
perform post-hoc statistical analysis.40 Ophthalmologists 
should be aware that Japanese populations may be at greater 
risk of IOI, but the evidence remains inconclusive.

Retinal vasculitis, retinal occlusion, and 
vision loss

Of the 50 eyes with IOI identified by the safety review 
committee, 36 involved retinal vasculitis and 23 involved 
retinal vasculitis and retinal occlusion (Table 3).31,32 
Nonetheless, the overall risk of moderate or severe vision 
loss was <1%, which is similar to that for aflibercept. For 
all vision loss cases, brolucizumab was associated with a 
7.4% risk of vision loss within 2 years, compared with 7.7% 
for aflibercept. Most vision loss cases were caused by the 
degenerative nature of nAMD and were not drug-related.1

Records for adverse events associated with brolucizumab 
are submitted by practitioners worldwide to the website: 
https://www.brolucizumab.info/. From October 2019 to 
September 2021, for every 10,000 injections, there were 
5.4 cases of retinal vasculitis, 3.3 cases of retinal occlusion, 
and 7.0 cases of both (15.7 cases overall), of them 4.9 cases 
were severe vision loss.

Recommendations

Brolucizumab is comparable with aflibercept in terms of VA 
outcomes but has a more relaxed treatment schedule that 
may facilitate adherence. Brolucizumab achieves better 
outcome in terms of resolving fluids, controlling disease 
activity, and improving macula morphology. Brolucizumab-
associated adverse events are rare. Nevertheless, patients 
should be regularly assessed for IOI signs after administering 
brolucizumab, as onset may be nonspecific and may develop 
weeks after injection. Early diagnosis is important for timely 
intervention, treatment, and monitoring. Brolucizumab is 
contraindicated when IOI is suspected.35 Measures to reduce 
risk are the same as those for other anti-VEGF agents. It is 
important to avoid injecting any anti-VEGF agent into an 
inflamed eye. Ophthalmologists should arrange the times of 
assessment and injection close to each other and follow up 
on any reports of suspicious symptoms. A management plan 
for the clinical use of brolucizumab is shown in the Figure.

Patient selection
Brolucizumab can be used in both treatment-naive patients 
and patients with ongoing anti-VEGF therapy. Currently, 
brolucizumab is mostly used in patients with ongoing 
anti-VEGF therapy. It is advisable to keep using the 
existing agents if effective; there is no need to switch to 
brolucizumab if the injection schedule can be extended to 
at least every 8 weeks. Brolucizumab should be avoided 
in patients with a history of IOI or retinal occlusion in the 
preceding 12 months. Brolucizumab can be considered in 
treatment-naïve patients with persistent SRF and sub-RPE 
fluid (eg, polypoidal choroidal vasculopathy). Brolucizumab 
can also be considered in patients with difficulty controlling 
disease activity or improving macula morphology and in 
patients struggling to extend treatment interval beyond 
4 to 6 weeks.22,23 Brolucizumab is appropriate in patients 
unresponsive to other anti-VEGF agents including those 
with polypoidal choroidal vasculopathy or pigment 
epithelial detachments.25,40 Guidelines are helpful to avoid 
selecting patients at risk of adverse events and to provide 
treatment approaches.33,34 Screening patients for IOI risks 
may help alleviate concerns.

Monitoring
Pre-existing IOI and signs of inflammation should be 
ruled out with a dilated-pupil fundus examination before 
the loading injection. When switching to brolucizumab, 
patients should be closely monitored for any manifestation 
of drug-associated IOI during the initial 6 months and even 
18 months, as IOI can develop up to 18 months from the 
first injection.35 Complete ophthalmic examination with 

https://www.brolucizumab.info/
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Figure. Proposed management plan for clinical use of brolucizumab33-35

Patient selection
•	 No history of autoimmune disease
•	 No history of intraocular inflammation (IOI), 

retinal vasculitis (RV), or retinal occlusion (RO)
•	 Already using anti–vascular endothelial growth 

factor (VEGF) agents
And at least one of the following:
•	 Disease activity (eg intraretinal/subretinal fluid) 

persists
•	 Macula remains thick or diffuse
•	 Injection interval cannot extend beyond 8 weeks
•	 Polypoidal choroidal vasculopathy
•	 Large persistent pigment epithelial detachments

Informed consent
Patient must be aware of risks associated with RV, 
RO, and vision loss

Pre-injection assessment to rule out pre-existing IOI
•	 Dilated-pupil fundus examination
•	 Slit-lamp biomicroscopy
•	 Optical coherence tomography
For evaluation of anterior and posterior segments 
and vasculature inside and outside the macula

Management of infectious 
endophthalmitis

Full investigation
Prompt examination to grade IOI and assess 
endophthalmitis, RV, and RO
•	 As per pre-injection assessment
•	 Color fundus photography
•	 Include wide-field and peripheral sweeps 

when possible
If available, consider including
•	 Intravenous fluorescein angiography
•	 Wide-field fluorescein angiography
•	 Optical coherence tomography 

angiography
•	 Indocyanine green angiography

Cease brolucizumab injection

Suspend anti-VEGF therapy until IOI 
completely resolved, then consider 

returning to anti-VEGF therapy with an 
alternative agent

IOI, RV, or RO
•	 Frequent monitoring and check-ups
•	 Include long-term monitoring for 

neovascularization in case of RO
•	 Low thresholds for increasing intensity of 

treatment as following:
•	 Topical corticosteroids and/or non-

steroidal anti-inflammatory drug (eg 
nepafenac)

•	 Intravitreal and/or systemic corticosteroids
•	 Corticosteroid implant and/or subtenons
•	 Vitrectomy and/or pan-retinal 

photocoagulation
Use immunomodulatory therapy if steroid 
intolerance

No signs of IOI IOI suspected

Patient education
Provide education at each 
visit. Patient must immediately 
report any signs of:
•	 New floaters
•	 Eye pain or discomfort
•	 Visual acuity loss
•	 Light sensitivity
•	 Pressure sensations
•	 Eye redness

Monitoring
•	 Dilated-pupil fundus 

examination
•	 Slit-lamp biomicroscopy
•	 Optical coherence tomography
•	 Critical during loading phase
•	 Be suspicious of IOI up to 18 

months after starting treatment
•	 Perform assessments at each 

visit or every 4 to 6 weeks
•	 Check for signs of IOI
•	 Treat-and-extend decisions

Injection protocol
Follow label directions 
and standard anti-VEGF 
protocols
•	 6 mg/0.05 mL
•	 Loading dose: ×3 every 

4 weeks 
•	 Initial interval: every 8 

to 12 weeks 
•	 Avoid bilateral 

injections in the same 
setting

Interval decisions
Re-treat or shorten interval if:
•	 Persistent or increasing 

intraretinal/subretinal fluid
•	 Persistent or increasing sub-

pigment epithelial fluid
•	 Diffuse retinal thickness
•	 Developing hemorrhages
•	 Increases in central subfield 

thickness >10% or 100 microns
•	 Choroidal vascularization
Otherwise extend interval by every 
4 to 6 weeks

No signs of IOI

slit-lamp biomicroscopy, dilated fundoscopy, and optical 
coherence tomography should be performed at every visit 
before injection or at regular intervals of 4 to 6 weeks.35 
Signs of IOI, retinal vasculitis, and retinal occlusion at 
any stage should be managed with prompt and intensive 
treatment.33,34 Patients must be educated about symptoms 
such as floaters, pain, pressure sensations, light sensitivity, 
and decreased VA to be reported to physicians.34 Education 
must be provided at each visit, and immediate reporting must 
be stressed. Any reports of suspicious symptoms should be 
examined immediately, and brolucizumab should be halted 
at any sign of IOI. Optical coherence tomography can be 
used to monitor disease activity and inform decisions on 
injection intervals. An injection interval of 12 to 16 weeks 

should be targeted, although stability at every 8 weeks is 
acceptable. Decision to extend interval should be supported 
by the absence of signs of recurring disease activity.

Diagnosis and treatment of intraocular 
inflammation, retinal vasculitis, and retinal occlusion
Guidelines for diagnosis and treatment of adverse events 
have been reported.33,34 Differential diagnosis of infectious 
endophthalmitis must be ruled out, as it requires a different 
treatment course (intravitreal antibiotics). Infectious 
endophthalmitis typically has a more acute onset of symptoms 
such as hypopyon arising within 1 week of injection, 
compared with subacute symptoms that tend to arise about 
3 weeks after injection and lack hypopyon. Patients should 
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Abstract

The use of the three-dimensional (3D) digital heads-up 
microscope is increasingly popular in ophthalmology. 
Its advantages include improved depth of field, excellent 
visualization, lower illumination requirements, better 
ergonomics, and more effective teaching. A pilot 
study involving 18 ophthalmologists was conducted 
to compare the 3D microscope with the traditional 
optical microscope in performing microsurgical steps. 
Although the mean total operating time to complete 
five tasks was longer using the 3D microscope than the 
optical microscope (545 vs 410 seconds, p=0.0009), a 
downward trend was observed for the mean duration for 
each task using the 3D microscope. The rapid learning 
curve reflects the ease of learning and fast adaptation to 
the new instrument. Operating times may improve with 
more practice.

Background 

Use of the three-dimensional (3D) digital heads-up 
microscope is increasingly popular in the field of ophthalmic 
microsurgery. It allows surgeons to view stereoscopic 
3D images on a large high-definition monitor in a heads-
up position rather than peering through the oculars of a 
microscope.1 

3D display systems can be classified as active or passive 
systems.2 An active system shows alternating consecutive 
images for the right and left eyes rapidly; special electronic 
glasses are required to actively suppress the image in the 
contralateral eye. It is mostly used for head-mounted 
systems. In a passive system, two images are mixed 
horizontally and then split and viewed by polarized glasses.2 
The passive system is used in commercially available 
display systems including the ZEISS ARTEVO 800 (Carl 
Zeiss Meditec, Jena, Germany) and the NGENUITY 3D 
Visualization System (Alcon, Fort Worth [TX], USA)

The use of 3D heads-up display systems in cataract surgery 
was first reported by Weinstock et al.3 Other applications 
include Descemet’s membrane endothelial keratoplasty,4 
strabismus surgery,5 glaucoma surgery,6 and vitrectomy.1

The ZEISS ARTEVO 800 microscope was introduced in 
2019 and launched in North America, Germany, and the 
United Kingdom over the course of 2020. In March 2020, 
The University of Hong Kong was among the first places 
in Asia to use the microscope. Unlike the NGENUITY 3D 
Visualization System in which a video system is adapted 
to optical microscopes, the ZEISS ARTEVO 800 has a 
built-in digital and optical system. This enables a higher 
resolution sensor, integrated optical coherence tomography, 
simultaneous optical and digital viewing, and a much shorter 
lag time. Additionally, the absence of an external camera 
enables an unobstructed view of the screen.

With regard to optics, it offers a digital view that enables the 
full performance of cameras, enhanced depth perception, 
and higher resolution. It reduces the illumination level 
requirements and the associated risk of phototoxicity.7 The 
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traditional optical microscope. Ophthalmologists with 
prior experience with 3D viewing systems were excluded. 
A standardized introductory course on video-assisted 3D 
technology was given. A maximum of five doctors were 
tested in each session to maximize exposure and minimize 
variations. Pedal use, 3D set-up, and microscope functions 
were also taught.

Participants were asked to suture and tie knots with 10-0 
nylon and graft with 7-0 Vicryl five times using either 
the 3D microscope or the optical microscope. They then 
performed the same tasks another five times using the 
alternate microscope. All attempts were timed and recorded. 
Their performances were independently assessed by two 
blinded consultant surgeons via recorded videos using the 
Objective Structured Assessment of Technical Skills rating 
scale. Parameters assessed included respect for tissue, time 
and motion, instrument handling, flow of operation, knot 
quality, suture placement, and comfort rating of the surgeon.

Participants were asked to rate their satisfaction of the 
illumination, size of the television screen, and screen 
distance. They were also asked to compare viewing, 
ergonomics, ease of task, and ease of microscope operation 
for the two systems. The learning curve of the 3D 
microscope and the performance of the microsurgical task 
were assessed. Student’s t test was used to compare the 
participants’ ratings of the two systems.

Results

The mean total operating time to complete five tasks was 
longer using the 3D microscope than the optical microscope 
(545 vs 410 seconds, p=0.0009), regardless of which 
microscope was used first. This is because doctors are trained 
and have more experience using the optical microscope. 
Nonetheless, a downward trend was observed for the mean 
duration for each task using the 3D microscope. The first 
task took 117 seconds on average; the time decreased 
to 95 seconds for the fifth task. Tasks were performed 
consecutively; the rapid learning curve reflects the ease 
of learning and fast adaptation to the new instrument. 
Operating times may improve with more practice.

The overall Objective Structured Assessment of Technical 
Skills scores for the 3D microscope and the optical 
microscope were comparable in all aspects. Surgeons with 
>10 years post-fellow experience displayed better surgical 
performance when using the 3D microscope in terms of knot 
quality, suture placement, and comfort rating. Similarly, 
surgeons with 2 to 10 years post-fellow experience 
displayed better surgical performance when using the 
3D microscope in terms of respect for tissue, instrument 
handling, and comfort rating. However, surgeons with <2 
years post-fellow experience received lower performance 
scores in all categories when using the 3D microscope. 
More training should be provided to younger surgeons to 
facilitate their transition from the optical microscope to the 
3D microscope.

ZEISS ARTEVO 800 comes with two integrated three-chip 
4K cameras and a 4K monitor. The 3D system can show 
multiple displays simultaneously such as real-time optical 
coherence tomography scans and the digital overlay of 
data, providing live feedback to aid intraoperative decision-
making.8 Moreover, the ZEISS ARTEVO 800 has an auto-
adjust function and a contact-free fundus viewing system, 
which helps improve surgeons’ workflow. It can switch to 
traditional optical viewing if the surgeon chooses, providing 
a simultaneous 3D heads-up perspective as well.

Heads-up surgery allows for greater freedom of posture and 
better ergonomics while manipulating surgical instruments, 
compared with traditional methods, as surgeons view the 
microscope’s images on a panel display in a more natural 
stance (Figure).9 It minimizes neck and lower-back fatigue 
and musculoskeletal injuries related to unnatural postures. 
For educational purposes, 3D animated ophthalmic 
surgery teaching effectively improved students’ practical 
and theoretical understanding. Medical students and 
ophthalmologist trainees are more accepting of learning this 
way than via traditional surgical videos.10

Methods

A pilot study involving 18 ophthalmologists (ranging 
from second-year trainees to consultants) was conducted 
to compare the 3D digital heads-up microscope with the 

Figure. Surgeons viewing the microscope images on a panel 
display in a more natural stance.
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Participants were satisfied with the television screen size 
and screen distance, with a mean score of 4.50 and 4.39 
out of 5, respectively. Surgeons with >10 years post-
fellow experience reported better ergonomics when using 
the 3D microscope (p=0.025). Most participants reported 
the 3D microscope to be equivalent or superior to the 
optical microscope in terms of viewing (61%) and ease 
of microscope operation (78%). Yet, more than half of 
participants gave the optical microscope a higher rating in 
ease of task. This could be biased by their previous training 
and surgical experiences with optical microscopes.

Conclusion

The 3D heads-up microscope has improved depth of field, 
excellent visualization, lower illumination requirements, 
and ergonomic advantages. Although there is an initial 
learning curve, the ease of manipulation and the speed 
with which people adapt to the new instrument suggest 
that ophthalmologists can be accustomed to using the 3D 
microscope quickly even when they were first trained on an 
optical microscope. 

Contributors

All authors designed the study, acquired the data, analyzed 
the data, drafted the manuscript, and critically revised the 

manuscript for important intellectual content. All authors 
had full access to the data, contributed to the study, approved 
the final version for publication, and take responsibility for 
its accuracy and integrity.

Conflicts of interest

All authors have disclosed no conflicts of interest.

Funding/support

This study received no specific grant from any funding 
agency in the public, commercial, or not-for-profit sectors. 
The ZEISS ARTEVO 800 microscope was purchased 
by grants of NF and donation to The University of Hong  
Kong.

Data availability

All data generated or analyzed during the present study 
are available from the corresponding author on reasonable 
request.

Acknowledgements

The authors thank Lam Wai Ching and Jonathan Chan for 
their assistance in reviewing the surgical videos.

References
1.	 Eckardt C, Paulo EB. Heads-up surgery for vitreoretinal 

procedures: an experimental and clinical study. Retina 
2016;36:137-47. Crossref 

2. 	 Martínez-Toldos JJ, Fernández-Martínez C, Navarro-
Navarro A. Experience using a 3D head-mounted display 
system in ophthalmic surgery. Retina 2017;37:1419-21. Crossref

3. 	 Weinstock RJ. Operate with your head up. Cataract Refract 
Surg Today 2011;66:8.

4. 	 Galvis V, Berrospi RD, Arias JD, Tello A, Bernal JC. 
Heads up Descemet membrane endothelial keratoplasty 
performed using a 3D visualization system. J Surg Case Rep 
2017;2017:rjx231. Crossref

5. 	 Hamasaki I, Shibata K, Shimizu T, Kono R, Morizane Y, 
Shiraga F. Lights-out surgery for strabismus using a heads-
up 3D vision system. Acta Med Okayama 2019;73:229- 
33.

6. 	 Palácios RM, de Carvalho ACM, Maia M, Caiado RR, 

Camilo DAG, Farah ME. An experimental and clinical study 
on the initial experiences of Brazilian vitreoretinal surgeons 
with heads-up surgery. Graefes Arch Clin Exp Ophthalmol 
2019;257:473-83. Crossref

7. 	 Adam MK, Thornton S, Regillo CD, Park C, Ho AC, Hsu J.  
Minimal endoillumination levels and display luminous 
emittance during three-dimensional heads-up vitreoretinal 
surgery. Retina 2017;37:1746-9. Crossref

8. 	 Ehlers JP, Modi YS, Pecen PE, et al. The DISCOVER study 
3-year results: feasibility and usefulness of microscope-
integrated intraoperative OCT during ophthalmic surgery. 
Ophthalmology 2018;125:1014-27. Crossref

9. 	 Moura-Coelho N, Henriques J, Nascimento J, Medeiros MD. 
Three-dimensional display systems in ophthalmic surgery: a 
review. Eur Ophthalmic Rev 2019;13:31-6. Crossref

10. 	 Prinz A, Bolz M, Findl O. Advantage of three dimensional 
animated teaching over traditional surgical videos for 
teaching ophthalmic surgery: a randomised study. Br J 
Ophthalmol 2005;89:1495-9. Crossref

https://doi.org/10.1097/IAE.0000000000000689
https://doi.org/10.1097/IAE.0000000000001664
https://doi.org/10.1093/jscr/rjx231
https://doi.org/10.1007/s00417-019-04246-w
https://doi.org/10.1097/IAE.0000000000001420
https://doi.org/10.1016/j.ophtha.2017.12.037
https://doi.org/10.17925/EOR.2019.13.1.31
https://doi.org/10.1136/bjo.2005.075077


34 © 2023 Hong Kong Journal of Ophthalmology. CC BY-NC-ND 4.0 | HKJOphthalmol  Vol.27 No.1 | https://doi.org/10.12809/hkjo-v27n1-352

PHOTO 
ESSAY

Guided tour to the hyperbaric 
oxygen therapy center in Hong Kong
Sunny Chi Lik Au1,2, MB ChB, MRCSEd(Ophth), AFCOphthHK
1Department of Ophthalmology, Tung Wah Eastern Hospital, Hong Kong SAR, China
2Department of Ophthalmology, Pamela Youde Nethersole Eastern Hospital, Hong Kong SAR, China

Key words: Hyperbaric oxygenation; Retinal artery occlusion

On 29 September 2022, a guided tour to the hyperbaric 
oxygen therapy (HBOT) center at the Pamela Youde 
Nethersole Eastern Hospital was held. Central retinal 
artery occlusion (CRAO), also known as ocular stroke, is 
an ophthalmic emergency that may result in blindness.1,2 
Its treatments include breathing into a paper bag, carbogen 
inhalation,3 intraocular pressure lowering medications, 
ocular massage, anterior chamber paracentesis,4 
thrombolysis,5 and HBOT.6 In 2018, the HBOT center was 
set up for treatment of CRAO.6,7

The HBOT center is equipped with multiple chambers 
(Haux-Starmed-Quadro 3300-2300) with three locks: 
main lock, emergency lock, and intensive care unit lock  
(Figure 1). The entire chamber is measured 13 m (length) 
× 3.8 m (width) × 2.8 m (height) and weighed about  
100 tonnes; it has a maximum capacity of 16 patients. Most 
patients with CRAO are ambulatory with no ventilation 
problems and are treated in a chamber where patients sit 
on the sofa and wear a transparent hood that delivers 100% 
oxygen for breathing, while the chamber is pressurized 

Figure 1. (a) An overview of the 
three locks of the hyperbaric 
oxygen chamber. (b) The chamber 
for ambulatory patients with 
central retinal artery occlusion 
who sit on the sofa and wear a 
transparent hood that delivers 
oxygen during treatment. (c) A 
stretcher is placed in the intensive 
care unit lock. Balloons are used 
to demonstrate pressurization 
and depressurization. (d) A toilet 
is located behind the orange 
curtain. Patients are kept under 
pressurization while going to 
toilet.

(a)

(c) (d)

(b)
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chamber where pressure inside is adjusted according to the 
side it is opened (Figure 2).

There are several important parameters for operating the 
HBOT chamber: desired and actual pressure in kPa, gradient 
in kPa/min, and oxygen concentration in %. Temperature is 
less important; it changes with pressure. These parameters 
are monitored and recorded by computers at the control 
station (Figure 3). Contingency manual control is feasible 
in case of machine failure (Figure 4), but smooth transition 
of parameters by hands is difficult. There is a control panel 
to display opening/closing of doors, working pressures 
of the chamber, breathing gas (air/oxygen), humidity, 
temperature, cooling/heating, and fire extinguishing system. 
Display of these parameters can be projected to the hall 
display (Figure 5). Live videos inside the chamber are also 
displayed. During the guided tour, balloons were used to 

according to protocols. Patients can watch television 
through the transparent hood. Patients can go to the adjacent 
equally pressurized chamber for toilet needs. There is an 
enabling lock for transporting medications, intravenous 
fluid, glucose monitor device, and dressing materials into 
and out of the chamber without pressure break. It is a small 

Figure 2. An enabling lock in the hyperbaric oxygen chamber. Figure 3. Control station with control panels for opening/
closing of doors, working pressures of the chamber, breathing 
gas (air/oxygen), humidity, temperature, cooling/heating, and 
fire extinguishing system. Live videos inside the chamber are 
also displayed.

Figure 4. The manual control panel is used in case the 
computer control system breaks down.

Figure 5. Monitor display of parameters of desired and actual 
pressure, gradient, oxygen concentration, and temperature.



36

PHOTO ESSAY

HKJOphthalmol  Vol.27 No.1

demonstrate chamber pressurization; balloons shrank upon 
pressurization and expand upon decompression.

The 5-day HBOT for CRAO is based on the guidelines  
of the Undersea and Hyperbaric Medical Society8 and 
the United States Navy Treatment Tables (Figure 6). For 
patients undergoing the first HBOT, Treatment Table 5 
algorithm is used. Pressure is increased to 180 kPa, with 
three air-breaks in-between. The treatment session takes  
141 minutes. For subsequent twice-daily treatment, 
Treatment Table 9 algorithm is used. Pressure is increased 
to 136 kPa, with two air-breaks. The treatment session takes 
124 minutes. The entire treatment requires 10 sessions of 
HBOT.

Vitals are measured before and after HBOT. During 
pressurization, patients may feel discomfort in ears when 
ear pressure increases. Maneuvers to equalize pressure 
such as mouth opening and saliva swallowing are taught by 
nurses. If these maneuvers fail, an Otovent is used, which is 
a balloon attached to the nose. Patients are instructed to blow 
up the Otovent through a nostril while pressing the other 
nostril closed with a finger. If difficulties persist or signs 
of barotrauma appear, HBOT is ceased for myringotomy. 
During HBOT, when pressure plateau is reached, patients 
usually do not feel anything special. Frequency of monitoring 
depends on premorbidity and conditions of patients on site. 
Blood glucose level is usually monitored, as hypoglycemia 
can occur during HBOT. Vitals are checked again before 
discharge.

Basic physics on hyperbaric medicine were introduced to 
visitors. The Henry’s law states that the amount of gas that 

dissolves in a liquid is directly proportional to the partial 
pressure of that gas above the liquid. The Dalton’s law 
states that the total pressure exerted by a mixture of gases 
is equal to the sum of the pressures exerted by each gas if it 
alone occupies the total volume. For example, if a patient is 
breathing a mixture of 40% oxygen at 180 kPa, the partial 
pressure of oxygen is 72 kPa.
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OF BREAKTHROUGH IN GLAUCOMA TREATMENT
YEARS 

VYZULTATM (latanoprostene bunod ophthalmic solution), 0.024% is indicated for the reduction 
of intraocular pressure (IOP) in patients with open-angle glaucoma or ocular hypertension.1

Indication

References: 1. VYZULTA Hong Kong prescribing information [January 2020]. 3. Hoy SM. Latanoprostene Bunod Ophthalmic Solution 0.024%: A Review in Open-Angle Glaucoma and Ocular Hypertension. 
Drugs 2018; 78(7): 773-80. 2. Weinreb RN, Ong T, Scassellati Sforzolini B, et al. A randomised, controlled comparison of latanoprostene bunod and latanoprost 0.005% in the treatment of ocular 
hypertension and open angle glaucoma: the VOYAGER study. Br J Ophthalmol 2015; 99(6): 738-45.

*VOYAGER study design: a randomized, parallel-group, phase 2 study, which compared the efficacy and safety of 4 doses of VYZULTATM and latanoprost 0.005% in 413 patients with open-angle glaucoma or ocular 
hypertension. Primary endpoint was the change of mean diurnal IOP at day 28 from baseline. The mean IOP at baseline was 26.0 mmHg in the VYZULTATM 0.024% group and 26.2 mmHg in the latanoprost 0.005% group.2

IOP=intraocular pressure.

References: 1. VYZULTA Hong Kong prescribing information. 2. Weinreb RN, Ong T, Scassellati Sforzolini B, et al. A randomised, controlled comparison of latanoprostene bunod and latanoprost 0.005% in the 
treatment of ocular hypertension and open angle glaucoma: the VOYAGER study. Br J Ophthalmol 2015; 99(6): 738-45.

INDICATION VYZULTATM (latanoprostene bunod ophthalmic solution), 0.024% is indicated for the reduction of intraocular pressure (IOP) in patients with open-angle glaucoma or ocular hypertension. DOSAGE 
AND AMINISTRATION The recommended dosage is one drop in the conjunctival sac of the affected eye(s) once daily in the evening. Do not administer VYZULTATM (latanoprostene bunod ophthalmic solution), 
0.024% more than once daily since it has been shown that more frequent administration of prostaglandin analogs may lessen the intraocular pressure lowering effect. If VYZULTATM is to be used concomitantly with 
other topical ophthalmic drug products to lower intraocular pressure, administer each drug product at least five (5) minutes apart. IMPORTANT SAFETY INFORMATION • Increased pigmentation of the iris and 
periorbital tissue (eyelid) can occur. Iris pigmentation is likely to be permanent. • Gradual changes to eyelashes, including increased length, increased thickness, and number of eyelashes, may occur. These changes 
are usually reversible upon treatment discontinuation. • Use with caution in patients with a history of intraocular inflammation (iritis/uveitis). VYZULTATM should generally not be used in patients with active 
intraocular inflammation. • Macular edema, including cystoid macular edema, has been reported during treatment with prostaglandin analogs. Use with caution in aphakic patients, in pseudophakic patients with a 
torn posterior lens capsule, or in patients with known risk factors for macular edema. • There have been reports of bacterial keratitis associated with the use of multiple-dose containers of topical ophthalmic 
products that were inadvertently contaminated by patients. • Contact lenses should be removed prior to the administration of VYZULTATM and may be reinserted 15 minutes after administration. • The most common 
ocular adverse reactions observed in patients treated with latanoprostene bunod were: conjunctival hyperemia (6%), eye irritation (4%), eye pain (3%), and instillation site pain (2%). Approximately 0.6% of patients 
discontinued therapy due to ocular adverse reactions including ocular hyperemia, conjunctival irritation, eye irritation, eye pain, conjunctival edema, vision blurred, punctate keratitis and foreign body sensation. 
Please refer to full package insert for the detail.

VYZULTATM and the V design are trademarks of Bausch & Lomb Incorporated or its affiliates. ©2022 Bausch & Lomb Incorporated.  
®/™ are trademarks of Bausch & Lomb Incorporated or its affiliates. All rights reserved. HK-PH-2022-09-023

For healthcare professional only. 
Please refer to full Prescribing Information and additional Important Safety Information for VYZULTATM.

One molecule, two pathways
Lowers IOP by increasing outflow through both 
the trabecular meshwork and uveoscleral pathway1

Remarkable efficacy
Reduced the mean IOP up to 9.0 mmHg from baseline2*

Demonstrated safety
<1% discontinuation rate due to ocular adverse effects1

Bausch & Lomb (H.K.) Ltd.
Suites 3901 & 3912-14, 39/F
Tower 6, The Gateway, 9 Canton Road
Tsim Sha Tsui, Kowloon, Hong Kong
Tel: (+852) 2213 3333
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VABYSMO® (Faricimab) 120mg/ml to 6mg/0.05ml solution for injection  
Date of Preparation: June 2023 
ABBREVIATED PRESCRIBING INFORMATION  
Important note: Before prescribing, consult full prescribing information.

Call for Reporting: If you have a suspected side effect or problem to report regarding one of our products, please contact or send the information to the 
Roche Patient Safety team via:  (a) Email: hong_kong.drug_safety@roche.com, or (b) Phone: +852 2733 4711.

Please refer to VABYSMO PI for more details.

Roche Hong Kong Limited 22/F, FTLife Tower, 18 Sheung Yuet Road, 
Kowloon Bay Tel: +852 2723 2832
M-HK-00001282 valid until 7 June 2025 or until change is required in 
accordance with the regulatory requirements, whichever comes first.

Abbreviated Product Information: Vabysmo Solution for Intravitreal Injection 6mg/0.05ml Indications: Vabysmo is indicated for the treatment of adult patients with neovascular (wet) 
age-related macular degeneration (nAMD) or visual impairment due to diabetic macular oedema (DMO). Dosage and Administration: nAMD: Recommended dose is 6 mg (0.05 mL solution) 
administered by intravitreal injection every 4 weeks for the first 4 doses. Thereafter, an assessment of disease activity based on anatomic and/or visual outcomes is recommended 20 and/or 
24 weeks after treatment initiation so treatment can be individualised. In patients without disease activity, administration of Vabysmo every 16 weeks should be considered. In patients with 
disease activity, treatment every 8 weeks or 12 weeks should be considered. Monitoring between the dosing visits should be scheduled based on the patient's status and at the physician's 
discretion, but there is no requirement for monthly monitoring between injections. DMO: Recommended dose is 6 mg (0.05 mL solution) administered by intravitreal injection every 4 
weeks for the first 4 doses. Thereafter, treatment may be individualised using a treat-and-extend approach following an assessment of the individual patient’s anatomic and visual 
outcomes. The dosing interval may be extended from every 4 to every 16 weeks, with extensions in increments of up to 4 weeks, based on the physician's judgement of the individual 
patient’s anatomic and/or visual outcomes. If anatomic and/or visual outcomes change, the treatment interval should be adjusted accordingly, and interval reductions of up to 8 weeks may 
be implemented if deemed necessary. Monitoring between the dosing visits should be scheduled based on the patient's status and at the physician's discretion, but there is no requirement 
for monthly monitoring between injections. Immediately following the intravitreal injection, patients should be monitored for elevation in intraocular pressure. Appropriate monitoring 
may consist of a check for perfusion of the optic nerve head or tonometry. Sterile equipment should be available in case paracentesis is required. Following intravitreal injection patients 
should be instructed to report any symptoms suggestive of endophthalmitis (e.g. vision loss, eye pain, redness of the eye, photophobia, blurring of vision) without delay. For further informa-
tion on dosage and administration, please refer to the local prescribing information. Contraindications: Patients with ocular or periocular infections, active intraocular inflammation, and 
with hypersensitivity to faricimab or to any of the excipients in Vabysmo. Warnings and Precautions: Intravitreal injection-related reactions: Intravitreal injections, including those with 
Vabysmo have been associated with endophthalmitis, intraocular inflammation, rhegmatogenous retinal detachment and retinal tear. Proper aseptic injection techniques must always be 
used when administering Vabysmo. Patients should be instructed to report any symptoms, such as pain, loss of vision, photophobia, blurred vision, floaters, or redness, suggestive of 
endophthalmitis or any of the above-mentioned events without delay, to permit prompt and appropriate management. Intraocular pressure increases: Transient increases in intraocular 
pressure (IOP) have been seen within 60 minutes of intravitreal injection, including those with Vabysmo. Sustained (present at 2 or more consecutive visits) IOP increases > 21mm Hg have 
also been reported. Special precaution is needed in patients with poorly controlled glaucoma (do not inject Vabysmo while the IOP is ≥ 30mm Hg). In all cases, both the IOP and perfusion 
of the optic nerve head must be monitored and managed appropriately. Special precaution is needed in patients with poorly controlled glaucoma. Systemic effects: Systemic adverse 
events including arterial thromboembolic events have been reported following intravitreal injection of vascular endothelial growth factor (VEGF) inhibitors, including Vabysmo, and there 
is a theoretical risk that these may be related to VEGF inhibition. Immunogenicity: Patients should be instructed to inform their physician of any signs or symptoms or intraocular inflamma-
tion such as vision loss, eye pain, increased sensitivity to light, floaters or worsening eye redness, which might be a clinical sign attributable to hypersensitivity. Bilateral treatment: The 
safety and efficacy of Vabysmo administered in both eyes concurrently have not been studied. Concomitant use of other anti-VEGF: No data available on the concomitant use of Vabysmo 
with anti-VEGF medicinal products or other therapies (e.g., photodynamic therapy) for the treatment of nAMD or DMO in the same eye. Vabysmo should not be administered concurrently 
with other anti-VEGF medicinal products (systemic or ocular). Retinal pigment epithelial tear: Risk factors associated with the development of a retinal pigment epithelial tear after 
anti-VEGF therapy for nAMD, include a large and/or high pigment epithelial detachment. Caution should be used in patients with risk factors for retinal pigment epithelial tears. Please 
refer to local prescribing information for the full information of warning and precautions. Interactions: No studies evaluating the drug interaction potential of Vabysmo have been 
performed. Fertility, Pregnancy and Lactation: Female patients of childbearing potential should use effective contraception during treatment with Vabysmo and for at least 3 months 
following the last intravitreal injection of Vabysmo. As a precautionary measure it is preferable to avoid the use of Vabysmo during pregnancy unless the potential benefit outweighs the 
potential risk to the foetus. Vabysmo is not recommended during breast-feeding. Undesirable Effects: Very common: cataract; Common: conjunctival haemorrhage, intraocular pressure 
increased, vitreous floaters, retinal pigment epithelial tear (nAMD only), eye pain, lacrimation increased.Please refer to local prescribing for full list of undesirable effects.

1 million doses.*
Countless stories.  

Experience 
the Power of 2

*For VABYSMO abbreviated product 
information, please scan the QR code.
Full product information will be 
provided upon request.



Revalia

Alcon’s microscope for anterior and posterior procedures, delivering 
excellent visualization through proprietary ILLUMIN-i technology1-4: 

* Compared to conventional focused illumination microscopes. Assuming 200 mm working distance, LuxOR Revalia adds 65 mm to the focal length, resulting in 33% 
increase vs a conventional 200mm microscope 
† Compared to Z. Lumexx T, Lumexx 700, and Leixx M-820 microscopes
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number 955-7210-004, 2014, Scientific Support Document, Communication for Alcon LuxOR Red Reflex and Depth of Focus Calculations. 6. Centurion Vision 
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© 2023 Alcon Inc.  HK-LUX-2300008 APP. 202306

33% Greater 
Depth of Field*4

6x larger, more stable, 
red reflex2,4,5†

Alcon Diagnostics & 
Phaco Integration1,6,7

Reveal the 
unexpected
Discover LuxOR® REVALIA™
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