


Apsheric intraocular lenses, multifocal 
intraocular lenses, toric lens - we are no 
doubt getting quite good at improving the 
vision of our patients.

What about those whom we are unable to help though? 
Miles Hilton-Barber flew a microlight plane across the English 
Channel in 2003 and on 30th April 2007, he landed in 
Sydney at the end of a flight that had started in London two 
months ago.

Henry Wanyoike completed the 1999 New York City 
marathon in 2:40:14. Both these men are blind and are 
only a small example of what the blind can achieve given 
the opportunity. 

What were their emotions though when they first realized 
that they would never see again and how were they helped 
to lead a meaningful life again? Their road to their present 
achievements was no doubt a long slow process but they 
were fortunate to have received the support that they did. 

What about our patients? In our busy clinics, how many of 
us stop to think about what it means to them when we have 
to tell them they are blind. For a blind child, it can be another 
70 to 80 years of disability. 

For an adult, it is less but the family may have lost the sole 
breadwinner. It is also often much more difficult for an adult 
to adapt to the loss, both mentally and physically. The difficulty 
can be compounded by the presence of other disabilities 
such as hearing loss and limb weaknesses. Do we remember 
to help them to gain access to the resources that are there 
for them and their family? In addition to monetary benefits 
and low visual aids, they also need counseling and to learn 
again how to cope with the world. The world also needs 
to learn to cope with them and it is encouraging to learn of 
the changes that will be forthcoming, to enable the disabled 
in Singapore to achieve their full potential.
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 Introduction

Central retinal artery occlusion (CRAO) 
occurs when the central retinal artery is 
occluded by a thrombus or embolus. This 
induces retinal ischaemia that results in a 
sudden onset of painless unilateral visual 
loss. The visual acuity is usually counting 
fingers or worse in these cases (see Figure 
1). Histological and electrophysiological 
studies in animal models suggest that 
irreversible ischaemic damage develops 
after 100 minutes of experimentally induced 
complete CRAO. Correspondingly, the vast 
majority of patients do not demonstrate 
any improvement of vision after the event 
has occurred.

 Conservative methods of treatment

The goal of treatment is to re-establish circulation in the retinal 
arteries before the ischaemia progresses irreversibly to 
autolysis and necrosis of the retina, resulting in permanent 

loss of vision. In Singapore, most cases of CRAO that present 
acutely are treated conservatively with ocular massage, 
systemic acetazolamide, topical glaucoma medications and 
an anterior chamber paracentesis. With the consequent 
reduction in intra-ocular pressure , it is hoped that any embolus 
in the central retinal artery would be dislodged and travel 
to a distal site, thereby re-establishing blood flow to the 
posterior pole. Other treatment modalities that have been 
advocated include attempts to dilate the retinal arteries and 
hence increase oxygen delivery to the retina. These include 
Carbogen therapy (95% oxygen, 5% carbon dioxide), 
isovolemic haemodilution and sublingual administration of 
isosorbide dinitrate. 

Studies have been conducted to investigate the benefits of 
the various forms of conservative treatment. These were mostly 
retrospective, non-randomised studies with small numbers of 
subjects. They lacked a control group, standardized eligibility 
criteria or treatment protocol. The end-points were not uniform 
and the outcome measures inconsistent so the studies were 
flawed and the results inconclusive. However, they suggest 
that these conservative measures are seldom successful in 
improving a patient’s visual acuity, either because they are 
implemented too late or are ineffective in re-establishing 
retinal circulation.

 New treatment modalities

New treatment modalities have been proposed to treat 
CRAO with the hope of improving visual prognosis. 

They are:
1.	 Local intra-arterial fibrinolysis (LIF)
2.	 Hyperbaric oxygen therapy
3.	 Laser arteriotomy and embolectomy
4.	 Surgical embolectomy

Fibrinolysis aims to lyse the thrombotic/ embolic clot occluding 
the blood vessel so as to  restore blood flow.

Fundus photograph of an eye with central retinal artery occlusion, 
demonstrating opacification of the retina, a cherry-red spot at the fovea, 
attenuation of retinal arteries and segmentation of the blood column in 
the retinal arteries.



Fibrinolytic therapy has been successfully used in the treatment 
of acute myocardial infarction and acute stroke to prevent 
further ischaemia and limit cell injury. In LIF for CRAO, 
recombinant tissue plasminogen activator (rTPA) is delivered 
using a catheter within the ophthalmic artery, inserted via a 
femoral puncture. It is believed that fibrinolysis will only lyse 
fibrinoplatelet clots and not calcium or cholesterol emboli, 
which form the majority of cases. So this technique will only 
benefit a small subset of CRAO patients. Even so, some 
retrospective, non-randomised studies have reported a success 
rate of 7.3 to 43.5%. Generally, the patients who had better 
visual acuity at presentation and a milder extent of occlusion 
as based on clinical and fluorescein angiographic findings, 
had better visual outcomes. Younger patients and those who 
had LIF within 4 hours of onset of symptoms also had 
better results.

The limitations are that LIF is contraindicated in patients with 
bleeding diasthesis, had recent surgery and intracranial 
aneurysms or tumours. The procedure also requires a skilled 
neuro-radiologist and carries a 3.2 to 12% risk of complications 
such as transient ischaemic attacks and intracerebral 
haemorrhage. The European Assessment Group for Lysis in 
the Eye (EAGLE) is conducting a multi-centre prospective, 
randomized clinical trial to compare conservative management 
of CRAO with LIF and should provide valuable information 
to guide future treatment of CRAO.

Hyperbaric oxygen therapy involves placing a patient in an 
environment of pure oxygen pressurized to 2 atmospheres, 
thereby giving the patient an arterial pO2 of 1000 to 
1200mmHg. This results in an increased diffusion gradient 
between the choroidal circulation and ischaemic retinal 
tissues. Some studies have reported that as many as 62% 
of patients who received hyperbaric oxygen up to 12 hours 
after the onset of symptoms demonstrated an improvement 
in vision. Patients who received treatment within 2 hours of 
the onset of symptoms had the most marked improvement in 
vision. Although hyperbaric oxygen therapy is able to deliver 
oxygen to ischemic tissues, it is unable to deliver glucose or 
remove toxic metabolites from the non-perfused tissues so 
this would limit its usefulness.

A single report of laser arteriotomy and embolectomy was 
published in 2004. A Nd:YAG laser was used to create an 
arteriotomy adjacent to a retinal embolus, resulting in flow 

of blood and the embolus into the vitreous cavity. The patient’s 
visual acuity improved from count fingers to 6/12 but there 
was no follow-up report on the outcome of the retinal artery 
false aneurysm that formed.

Surgical embolectomy has been attempted in a small series 
of 7 patients with central or branch retinal artery occlusion. 
The patients underwent a trans pars plana vitrectomy and 
a longitudinal incision was made in the artery adjacent to 
the embolus. The embolus was then expressed out of the 
vessel and the vessel left to close by vasospasm. Reperfusion 
was achieved in 5 patients.

Patients with CRAO must also be investigated to identify 
sources of emboli, ischaemic risk factors and to exclude the 
presence of pro-thrombotic or vasculitic diseases. These 
patients often require anti-coagulation or anti-platelet treatment 
to prevent further embolic or thrombotic events from occurring.

 Conclusion

Patients who suffer a CRAO have a poor visual prognosis 
as current treatment modalities are generally ineffective in 
improving vision. New methods of treatment may result in 
better visual outcomes but further research into these modalities 
is needed before we know if they are indeed useful.

Key Learning Points

1.  Most patients who suffer a CRAO have permanent 
     loss of vision.

2. Conservative methods of treating CRAO are 	
     generally not effective in restoring retinal  	
     circulation. New modalities like local intra-	
     arterial fibrinolysis may enable reperfusion of 	
     the retina with resultant improvement of vision.



Anterior segment optical coherence 
tomography (Visante AS-OCT) (Carl Zeiss 
Meditec, Inc) is a new investigative tool for 
anterior segment imaging. Using a high-
speed 1310nm infrared wavelength, it is 
able to produce high quality dynamic 
images with excellent spatial resolution. 
The AS-OCT can be used for pachymetric 
assessment, keratometric measurement, 
anterior segment structural relationship 
evaluation (especially in the presence of 
an opaque cornea) as well as angle 
measurement. 

The non contact nature of the AS-OCT is another advantage 
as compared to other conventional anterior segment imaging 
tools such as the ultrasound biomicroscopy, However the 
imaging of structures in the posterior chamber may not be 
ideal using the AS-OCT. This is because of the backscattering 
effect of the posterior iris pigment epithelium, especially in 
pigmented Asian eyes. As a result, the assessment of retro-
iridial pathology may not be satisfactory in certain cases.

The following cases illustrate the use of AS-OCT in the 
diagnosis and management of anterior segment conditions. 

 Case 1

Mr KM suffered bilateral severe ocular trauma after a bomb 
blast 30 years ago. He had a dense corneal scar in the 
right eye (Figure 1), for which he underwent a deep lamellar 
keratoplasty (Figure 2).

The need for additional procedures such as pupilloplasty 
and cataract surgery, were evaluated using the AS-OCT, in 
the presence of a dense corneal scar (Figures 3a and b). 
Presence of localized peripheral anterior synechiae 
and iridocorneal adhesions were also noted.

Preoperative photograph of the right eye.

Cross-sectional AS-OCT image as depicted by red arrow in figure 2.

Post Deep Lamellar Keratoplasty



 Case 2

Mr SS had bilateral keratoconus, for which he underwent 
multiple bilateral penetrating keratoplasties as a result of 
repeated allograft rejections. He also developed secondary 
glaucoma, which required bilateral glaucoma shunt 
procedures, with both tubes being placed in the posterior 
chamber due to the presence of the corneal grafts. One 
month after he underwent a repeat right penetrating 
keratoplasty with synechiolysis, his right intraocular pressure 
was noted to be fluctuating, with spikes between 30-42mmHg 
(Figure 4). After it had been determined that the raised 
intraocular pressure was not due to retained viscoelastic, 
inflammatory trabeculitis or synechial closure, the AS-OCT 
was used to evaluate the possibility of tube obstruction as 
the tube orifice could not be visualized on slit-lamp examination 
(Figure 5). 

This case illustrates the ability of AS-OCT to image structures 
in the posterior chamber, in the presence of iris atrophy, 
which would otherwise be difficult. 

A surgical iridectomy was then performed, with relief of the 
tube obstruction and the intraocular pressure returned to 
normal (Figures 6 and 7).

Key Learning Points

1.  The AS-OCT is an non invasive tool that is useful 	
      in assessing the anterior segment in cases the 		
      where the view is limited.

2.  The non contact nature of AS-OCT is also an 		
      advantage in the examination of eyes with previous 
     corneal transplants as well as bleb assessments, 		
     where undue pressure should be avoided.

3.  As AS-OCT enables a better understanding of the 
     structural relationships within the anterior segment, 
     it can serve as a guide in the planning of any 		
     surgical intervention.

Postoperative photograph of the right eye with a functional bleb 
but the tube could not be visualized.

FIGURE 4

AS-OCT image showing the obstruction of the tube orifice by the floppy 
atrophic iris tissue. (cross-section as depicted by red arrow in figure 4)

FIGURE 5

Post-Surgical iridectomy with relief of tube obstruction.

FIGURE 6

AS-OCT image showing the redirection of the tube into anterior chamber 
through the iridectomy.

FIGURE 7

Cross-sectional AS-OCT image as depicted by green arrow in figure 2.



Spherical aberration is one of the higher 
order aberrations that result from the 
failure of rays that are parallel to but 
are at different distances from the optic, 
to converge to a point. In the human 
eye, which functions like a two-lens 
system, it results from a sum of spherical 
aberration due to 1) the cornea, which 
has a prolate shape and 2) the curvatures 
of the crystalline lens surfaces.

Spherical aberration of the eye changes throughout the 
lifetime of an individual. A scanning laser apparatus, 
developed by Roorda and Glasser to study the wavefront 
aberrations of the isolated natural (animal) crystalline lens , 
showed a predominantly negative spherical aberration 
(Figure 1). With age, the spherical aberration of the crystalline 
lens changes from a negative to a positive value (Figure 2). 
On the other hand, the corneal spherical aberration is positive 
and does not change with age. As such, although the total 
spherical aberration in the young eye is close to zero, in the 
aging eye it becomes more positive (Figure 3). 

Studies conducted by the speaker’s group showed that the 
optical performance of the living eye tends to decline with 
age. By using a “double-pass apparatus” which records the 
light reflection of an image of a laser–generated point source 
from the retina, they found that the modulation transfer function 
(point-spread function, which represents the average retinal 
image quality) of the eyes of healthy older subjects were 
significantly worse than that of healthy younger subjects. 
They also found that patients who had spherical monofocal 
posterior chamber intraocular lenses (IOLs) implanted had 
similar modulation transfer function as the eyes of healthy 
older subjects (Figure 4).



Hence the substitute for the natural crystalline lens in old age 
is not an IOL with the best-isolated optical performance, but 
rather one designed to compensate for the aberrations of 
the cornea, simulating the natural crystalline lenses of young 
subjects. This and similar studies led to the design of the 
aspheric Tecnis IOLs. 

In clinical studies, it has been found that the aspheric Tecnis 
IOLs consistently outperformed spherical IOLs in terms of 
spherical aberration and contrast sensitivity. This advantage 
also extends to the optical performance of the aspheric 
multifocal IOL, that is, the ZM900 in the AMO model eye, 
which closely resembles the human eye (Figure 5).  With 
the AMO aspheric multifocal IOL, only multifocality contributes 
to blurring of the retinal image, as the blur from spherical 
aberration is relieved by its aspheric design.

In summary, an aspheric PCIOL, best simulates a healthy 
young lens, and represents the ideal crystalline lens substitute.

FIGURE 4

FIGURE 5

Key Learning Points

1.  The cornea has a positive spherical aberration.

2.  The spherical aberration of the natural crystalline 
      lens changes from a negative to a positive value 
      with aging.

3.  An aspheric IOL design best compensates for 	
     corneal spherical aberattion and contributes to 
     an optimal optical performance.



I am very grateful to the Singapore National 
Eye Centre and SingHealth for giving me 
the chance to pursue a 3 month refresher 
skills course from August to October 2006 
at the Cedars Sinai Medical Centre and the 
Wright Center for Pediatric Ophthalmology 
and Strabismus in Los Angeles under the 
mentorship of Dr. Kenneth Wright. Both 
the centers have a strategic location in the 
heart of Beverly Hills. Besides seeing 
patients from California and the rest of the 
USA, they also receive referrals from South
America, the Middle East and Europe. 

The future direction and challenges in pediatric ophthalmology 
and strabismus lie in acquiring cutting – edge skills in 
diagnosing and managing complex strabismus and sight 
threatening disorders in children. The management strategies 
for complex strabismus at these 2 centres include the use of 
silicone expanders for muscle lengthening surgery, muscle 
fixation surgery to the orbital periosteum, torsion correcting 
procedures and augmented transposition surgery. 

These procedures will address the functional problems that 
arise from complex strabismus, which affects the development 
of binocular vision in a child as well as limiting gainful 
employment for an adult patient. 

An interesting part of the attachment was a pediatric 
ophthalmology and strabismus surgical charity mission in 
August 2006 for a week to the Republic of Panama. During 
the mission, over 130 underprivileged children with strabismus 
were reviewed and underwent surgery. The surgeries were 
successful without any complication (Figures 1 and 2).

Research was also a part of the attachment. We published 
our results on the use of physiological low oxygen to reduce 
the incidence of threshold retinopathy of prematurity, which 

can cause legal blindness. This was a multicentre study with 
two centers in Los Angeles and the Neonatal Unit at the 
National University Hospital in Singapore. (Wright, KW,
Sami, D, Thompson, LS, Ramanathan, R, Joseph, R, 
Farzavandi, S.  A Physiologic Reduced Oxygen Protocol 
Decreases The Incidence of Threshold Retinopathy of 
Prematurity. Trans Am Ophthalmol Soc 2006 Vol 104). 
During my attachment I was also privileged to be the editor 
of the Color Atlas of Strabismus Surgery (3rd edition) published 
by Springer. The book has an accompanying DVD with 15 
types of strabismus surgeries with all the surgical steps shown 
in detail. A video on the technique of topical anesthesia for 
strabismus surgery done at the Singapore National Eye 
Centre was included in the DVD.

Another project brought to fruition during the attachment was 
a major pre- American Academy of Ophthalmology (AAO) 
meeting on pediatric ophthalmology in Las Vegas. As the 
programme chair I coordinated the review of free papers 
and organized the programme. Over 170 pediatric 
ophthalmologists from over 30 countries attended the meeting 
which was an overwhelming success.(Figure 3).

Dr Sonal and Dr Wright performing strabismus surgery in Panama.



Over the past few years, a variety of innovative surgical 
procedures have been developed in the field of strabismus 
treatment, which have improved our ability to manage 
complex strabismus. The pediatric patient profile in Singapore 
is changing - with more neonates surviving through a stormy 
post-natal course and growing up with multiple eye problems. 
This coupled with the rapid development of other subspecialties 
like pediatric neurosurgical service, cranio-facial and 
reconstructive service, neuro-ophthalmology service, orbital 
and oculoplastic service and ocular trauma service points 
to a growing pediatric and adult population with increasing 
referrals for conditions like complex paralytic strabismus, 
restrictive strabismus, secondary strabismus and nystagmus. 

This training period has added a new dimension in our 
management of complex strabismus. It also is in line with 
our aim to tackle the various complicated eye conditions we 
face in the pediatric population – the future of our nation.

Children after strabismus surgery at a camp in Panama.

Pre-AAO Pediatric Ophthalmology Day. 
(From left to right - Dr Wright, Dr Sonal and Dr Hildebrand)



This figure shows a post mortem specimen from the brain of a patient who was known 
to have been overweight and hypertensive. What is the diagnosis and what 
visual field abnormalities may have been present before death?

(Photograph courtesy of Prof JF Cullen)

Please send your entries to: cmenewsletter@snec.com.sg or fax to: (65) 6226 3395 
Attention: Ms Chia Hui Yien.
Winners will each receive a 128 MB thumbdrive and will be notified by post.
The answers will be published in the next issue.

The winners for the last photo quiz are :

Dr Aditi Johri
Consultant, Cornea Services

Sankara Nethralaya

Dr Mohamad Rosman
Associate Consultant 

Singapore National Eye Centre

Dr Chai Shu Ming
Medical Officer 

Singapore National Eye Centre

They have each won a 128MB thumbdrive.

The patient underwent Descemet’s stripping and endothelial 
keratoplasty (DSEK).

The use of intracameral air is routinely used at the conclusion 
of this procedure to aid adhesion of the donor posterior 
lamella to the recipient stroma. In this lady, review on the 
first post-operative day revealed a flat anterior chamber (AC) 
with 360° peripheral iris-corneal and graft touch, and a very 
deep posterior chamber (PC) containing an air bubble and 
a large amount of aqueous. This is probably caused initially 
by air-induced pupil block, with aqueous accumulation in 
the PC. This then results in iris bombe and  angle closure. 
Subsequently, the air bubble shrinks and becomes small 
enough that it migrates to the PC in the upright position.

To prevent this complication, it is important not to leave too 
much air in the anterior chamber. Whenever air is left in the 
AC there must be a continuous fluid column from the PC 
through the AC to the angles to avoid complications. 

This is facilitated by 1) not overfilling the AC with air, 2) 
performing a peripheral iridectomy, and 3) keeping the pupil 
dilated before angle closure occurs. The latter two measures 
allow the presence of a larger air bubble without precipitating 
pupil block. After angle closure occurs it may be more useful 
to constrict the pupil as this would help to draw iris away 
from the angles. However, attempts to manipulate the iris 
pharmacologically may fail when the IOP is too high.




