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Antifibrotic agents of various forms have been used in an 
attempt to improve the success rate of glaucoma filtration 
surgery since the 1990s. However, they are still not good 
enough, partly because we are not able to adjust their 
dose very accurately according to the individual patientÕs 
wound healing response. This in turn is partly due to the 
method of application of these agents. Currently the 2 
commonly used antifibrotics, Mitomycin C (MMC) and 5-
flurouracil (5-FU) are delivered via sponge applications 
intra-operatively. There is considerable variation in the 
amount of agent released as well as absorbed by the 
subconjunctival tissues following a sponge application. 
They may also be administered as subconjuctival 
injections, but again there is no good consensus on the 
concentration to be used.

Perhaps the real issue though is not the antifibrotic agents 
and their mode of delivery but the whole concept of the 
trabeculectomy itself. Following a trabeculectomy, the 
aqueous bypasses the normal outflow channels and is 
diverted into the subconjunctival space. However this in 
turn leads to the problems with wound healing. 

More ÒphysiologicalÓ alternatives, which are less dependent 
on the formation of a conjunctival bleb, include the non-
penetrating surgeries and shunts such as the Gold micro-
shunt and the Eyepass implant. 

Although the non-penetrating surgeries have lower 
complication rates as compared to trabeculectomy, at 
present, they are unable to achieve the same amount 
of pressure lowering and have a higher failure rate 
overtime. 

The shunts are said to show promiseÉ and if all else fails 
thereÕs always pneumatic trabeculoplasty?



The reported prevalence of strabismus ranges from 0.3% 
to 7.87%. In Western populations, esotropia is 1.5 to 4 
times more common than exotropia. In Asia, exotropia 
forms the majority of childhood strabismus (65-86%).  

For the period January 2000 to June 2002, an audit of 
850 children presenting with possible squint to Singapore 
National Eye Centre and KK WomenÕs and ChildrenÕs 
Hospital showed that true squints comprised 59.1% of 
cases, and pseudosquints the remaining 40.9%. Of the 
502 children with true squints, the majority had intermittent 
exotropia (61.2%), followed next by accommodative 
esotropia (13.3%), infantile esotropia (6.4%), non-
accomodative esotropia (6.2%), constant exotropia (6.2%) 
and others (6.8%). 

In a cross-sectional study to further determine the 
prevalence and types of strabismus in Singapore 
schoolchildren, 668 participants aged 12-14 years from 
2 schools in Singapore were screened. These children 
were participants of the Singapore Cohort study Of the 
Risk factors for Myopia (SCORM). Parents were given a 
questionnaire on the childÕs history of strabismus. Visual 
acuity tests and eye screenings for strabismus and ocular 
motility disorders were carried out at school premises by 
trained orthoptists and ophthalmologists. Referral was 
made to a paediatric ophthalmologist for confirmation of 
diagnosis if there was a positive or suspected case of 
strabismus, limitation of eye movement or a positive 
history of strabismus. 

Of the 30 children found positive for strabismus at the 
schools, 25 were re-assessed by a paediatric 
ophthalmologist with 15 finally diagnosed with strabismus. 
The prevalence of strabismus was found to be 2.2% with 
no gender or racial predilection. Twelve (80%) had 
intermittent exotropia, 1 each had accommodative and 
non-accomodative esotropia and 1 had dissociated vertical 
deviation. Figure 1 shows the distribution of the types of 
strabismus found. In addition, between strabismic and 
non-strabismic children, there was no difference in mean 
spherical equivalent and axial lengths. Comparing high 

and low myopes, there was no statistically significant 
difference in strabismus rates (p=0.27). None were found 
to have strabismic amblyopia. 

Eight children (53%) were aware of having strabismus 
prior to screening. The largest angle exotropia that went 
unnoticed by parents was 45 prism dioptres. The largest 
angle esotropia that went unnoticed was 30 prism dioptres. 
The smallest angle exotropia that was recognized was 
25 prism dioptres. 

In conclusion, the overall prevalence of strabismus in 12 
to 14 year olds in Singapore is 2.2%. This is in concordance 
with reported strabismus prevalence rates. Intermittent 
exotropia is by far the most common type of strabismus 
in Singapore. Only half of parents surveyed were aware 
of the presence of strabismus prior to screening.

Key Learning Points:

1.	Prevalence of strabismus among the school-going 		
cohort of children in Singapore is 2.2%.

2.	 Intermittent exotropia is the most common type of 		
strabismus locally.

3.	Parental awareness of strabismus is not high, with 		
only 50% aware of pre-existing strabismus in the 		
child prior to screening.

Distribution of the types of strabismus among 
Singaporean school children.



Wound healing is a subject of great interest because 
abnormal healing is the main reason for failure in glaucoma 
surgery. As surgical treatment is the most successful 
method to preserve vision in the long term, the ability to 
control the wound healing response to maximize surgical 
success is therefore vitally important. In addition, it is 
essential to understand why some filtration operations 
fail despite the use of conventional antifibrotics 
like Mitomycin C (MMC), 5-flurouracil (5-FU) and 
beta-radiation. 

A fine balance exists between subconjunctival wound 
healing and bleb survival. A cascade of events occurs 
following conjunctival injury that in normal circumstances 
leads to appropriate wound healing responses and bleb 
success (figure 1). This involves activation of platelets 
and the coagulation cascade, leading to inflammation, 
extracellular matrix remodeling, apoptosis and wound 
healing (figure 2). Inflammation is however, a two-edged 
sword; on the one hand it removes the injurious stimuli 
and promotes healing, while on the other hand excess of 
it can lead to scarring and surgical failure. 

Following surgical trauma and local bleeding, a variety of 
inflammatory mediators that increase vascular permeability 
and recruit leucocytes and macrophages are released. 
In the first week following conjunctival injury, macrophages 
and stimulated T-cells increase the production of growth 
factors such as TGF beta, which in turn leads to fibroblast 
proliferation, granulation tissue formation and replacement 
of provisional matrix with collagen.

In week 2, collagen and fibronectin synthesis occurs. This 
is dependent on tissue oxygen tension and adequate 
perfusion. High lactic acid levels promote collagen 
synthesis. Hypoxia and increased lactic acid levels induce 
tissue ischemia that stimulates the release of angiogenic 
factors eg VEGF.



This results in endothelial cell proliferation and capillary 
bud formation and bleb vascularity. Increased production 
of TGF beta stimulates subconjunctival scarring 
and fibrosis.

Inflammation is followed by a phase of extracellular matrix 
(ECM) remodeling that begins 3 weeks after surgery and 
lasts several months. Wound remodeling is a dynamic 
process and involves conversion of granulation tissue 
and collagen type 3 to mature collagen type 1. During 
this phase of wound remodeling, a fine balance exists 
between collagen synthesis and crosslinking and collagen 
and ECM breakdown. Clinically, this can manifest as 
subconjunctival scar tissue (apposition of scleral flap to 
its bed and loss of subconjunctival space) and TenonÕs 
encapsulation Ð ÒRing of steelÓ. Subconjunctival scarring 
leads to increased resistance to aqueous outflow, raised 
intra-ocular pressure (IOP) and bleb failure (figure 3a,b).

Currently, treatment for bleb encapsulation and scarring 
involves needling that physically removes scar tissue and 
re-establishes aqueous outflow and injection of 5-FU or 
dexamethasone that alter fibroblast activity and hence 
wound healing via release of cytokines like TGF-beta, 
TNF alpha, IL-1, and IL-6. 

Inflammation and ECM remodeling are followed by 
resolution and restoration of normal tissue morphology 
and function. This requires immune homeostasis coupled 
with apoptosis. 

An aggravated inflammatory response, increased fibroblast 
proliferation and activity, coupled with enhanced collagen 
lysis results in a chronic wound healing response with 
subconjunctival scarring and fibrosis. 

In conclusion, the last remaining barrier to surgical success 
is the post-operative wound healing response. Knowledge 
of the mechanisms and stages of wound healing aid in 
institution of specific treatment, which is not Òone size fits 
allÓ technique. Current antifibrotic agents like MMC and 
5-FU are however not good enough and several new 
methods are currently being evaluated for prevention of 
bleb failure which include amongst others, anti-angiogenic 
agents, drug delivery systems and spacers.

Key Learning Points:

1.	The postoperative wound healing response following 	
filtering surgery is the last barrier to surgical success 	
and IOP control. Despite the use of conventional 		
anti-fibrotics like MMC and 5-FU, bleb failure 	
still occurs.

2.	Optimal inflammation, fibroblast proliferation, 			
extracellular matrix remodeling and apoptosis lead 	
to resolution and return of normal tissue morphology 	
and function. 

3.	Knowing the signs of active scarring process and 		
the mechanisms involved is useful in tailoring 			
individualized treatment.

Subconjunctival scar tissue formation with 
apposition of scleral flap to bed and subsequent 

loss of subconjunctival space

TenonÕs encapsulation - ÔRing of SteelÕ



A new grading system for ocular surface disease

Limbal stem cell deficiency can occur as a result of a 
variety of diseases including Stevens - Johnson syndrome 
(SJS), chemical injury and Ocular Cicatricial Pemphigoid. 
The corneal changes  include corneal ulceration, 
vascularisation, opacification, scarring, thinning and 
perforation. Conjunctival damage includes keratinization, 
scarring, symblepharon and fornix shortening. Lid changes 
that may be seen include ectropion, entropion, damage 
to lashes and keratinisation. Lastly, severe dry eyes can 
result from decreased tear production.

Despite the potentially devastating nature of these severe 
diseases and the increasing indications for ocular 
reconstructive surgery, there is currently no standardized 
method for evaluating the spectrum and severity of ocular 
complications.

A study published in Ophthalmology 2007, on a new 
grading system for the evaluation of chronic ocular 
manifestations in patients with Stevens - Johnson 
syndrome (SJS) attempts to  address these issues, so 

as to allow for objective monitoring of the disease, 
predicting treatment and visual outcome and it creates a 
common platform for the discussion and management of 
the disease.

This prospective multicentre case series involving the 
Kyoto Prefectural University of Medicine, Keio University 
and National Tokyo Medical Centre had 73 patients (138 
eyes) with SJS seen between April 2003 and March 2005. 
SJS was diagnosed based on a history of acute onset of 
high fever, serious mucocutaneous illness with skin 
eruption and involvement of at least 2 mucosal sites 
including the ocular surface. They had chronic ocular 
complications that persisted for at least one year from 
the onset of SJS. Patients with previous history of ocular 
surface surgery were excluded.

Ocular involvement was categorized into cornea, 
conjunctiva and eyelid complications and 13 components 
in the above categories were assessed and graded from 
0-3 with 0 being the least severe and 3 being the most 
severe. The maximum total score was 39 for each eye.

Corneal Complications



The study showed that meibomian gland involvement and 
loss of palisades of Vogt were the most common ocular 
complications of SJS. Patients with the best visual acuity 
of >20/20 had the best mean score of 5.86 and patients 
with the worst visual acuity of <20/2000 had a mean score 
of 27.45. The total score for each eye was significantly 
correlated with its visual acuity. When the score increases 
the visual acuity decreases. 

All 13 complications were significantly correlated with 
visual acuity. On multivariable regression analysis, cornea 
neovascularization, cornea opacification and cornea 
keratinization correlated most with severe visual loss. 
Conjunctivalization being a sequela of limbal stem cell 
deficiency was also correlated with poor vision in the 
series. This study showed that eyes with higher scores 
had poorer vision.

In summary, we have described a new method of 
classifying chronic ocular surface disease which will help 
in objective monitoring of the disease, prognosticate 
treatment and visual outcome and provide a common 
platform for discussion and management of the disease.

Management concepts of severe ocular surface disease

Currently, there are many types of surgical treatment 
performed for severe ocular surface disease. The 
commonly performed procedures include: limbal stem 
cell transplantation with allografts or autografts, 
keratoepithelioplasty which is the transplantation of a 
lenticule of peripheral cornea, and amniotic membrane 
transplant. Where there is a significant scar, cornea 
transplant with optical, tectonic, lamellar or penetrating 
keratoplasty may be used although lamellar surgery is 
preferred as this preserves the endothelium and when all 
else fails a keratoprosthesis is used. These have met 
with limited success.

Limbal autograft transplants have been used in patients 
with unilateral chemical injury with good results. Allografts 
from cadaver tissue will have to be used if the injury is 
bilateral. However despite the initial good results, many 
of these transplants eventually fail. Studies by 
Tugal-tutkin et al. and Solomon et al. have shown that 
limbal transplant of patients with SJS fails after 3 years.

Cultured epithelial transplantation was first described by 
Pellegrini G et al. 1997, where he grew cornea epithelial 
cells from normal tissue on a fibrin sheet and subsequently 
transplanted these cells onto the eye. This cultivated 
tissue sheet is similar in nature to the structure of in vivo 
cornea, demonstrating a normal cornea phenotype with 
desmosomal attachments. This combined with a lamellar 
keratoplasty can be used to treat patients with chronic 
scarring from SJS. Patients have demonstrated stable 
ocular surface several years after such a procedure.

Classification of corneal complications




