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ABSTRACT
Glaucoma filtration surgery is regularly performed for the 
treatment of glaucoma and trabeculectomy is often regarded 
as the ‘gold standard’ glaucoma operation. The biggest risk of 
failure of the operation is bleb scarring. The advent of anti-fibrotic 
agents, such as mitomycin C (MMC) and 5-fluorouracil (5FU) 
has vastly prolonged the longevity of the bleb, but concerns 
remain regarding the potential increase in postoperative com
plications. More selective therapeutic targets have therefore 
been explored. One of these is vascular endothelial growth factor 
(VEGF) inhibition. Vascular endothelial growth factor inhibition 
has a role not only in subconjunctival angiogenesis inhibition but 
also it has direct anti-fibrotic properties. Newer pharmacological 
compounds and materials have also been developed in recent 
years in attempt to modulate the wound healing in different 
ways after glaucoma surgery. These include physical barriers to 
scarring and vehicles for sustained release of pharmacological 
agents, and early promising results have been demonstrated. 
This two-part review will provide a discussion of the application 
of anti-fibrotic agents in glaucoma filtration surgery and evaluate 
the newer agents that have been developed.
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Introduction

It has long been recognised that fibrosis of the filtration site 
is one of the main reasons for primary failure of glaucoma 
filtering surgery. Since the initial description of the use of 
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mitomycin C (MMC) as an adjunct to trabeculectomy in 
1983 by Chen,1 and echoed a year later by Gressel with 
5-fluorouracil (5FU),2 the filtering bleb has seen greater 
success both in its efficacy and longevity. These two agents 
have been widely adopted in an off-label capacity to combat 
tissue fibrosis following surgery. However, the use of 
anti-fibrotic agents is not without its risks and limitations. 
Other more alternative approaches to wound modulation in 
glaucoma surgery have therefore been explored in recent 
years, including anti-vascular endothelial growth factor 
(anti-VEGF). This two-part series will review the current 
practice in wound healing modulation in glaucoma surgery 
and explore the newer options on the horizon. Part one will 
provide an overview of the current use of MMC and 5FU 
as anti-fibrotic agents in glaucoma filtration surgery, and 
part two will discuss the use of anti-VEGF as well as other 
more novel agents/materials being developed.

Review

Rationale for Wound Healing Modulation

A trabeculectomy bleb, like any other tissue, undergoes 
different phases of postoperative wound healing.3 The first 
phase is an immediate inflammatory response that occurs 
in the initial postoperative days. This phase is characterized 
by recruitment of inflammatory cells, cytokines and growth 
factors, triggering the onset of the second phase, proli
feration and tissue reparation, which commences in the 
early postoperative days and can continue into the second 
or third postoperative months. The second phase comprises 
activation, migration and proliferation of episcleral fibro
blasts, angiogenesis and the formation of collagen bundles. 
The third and final phase involves remodelling and final 
healing of the wound, when contraction of the collagen fibers 
and formation of scar tissue occurs, ultimately resulting in 
reduction of aqueous drainage and subconjunctival absorp
tion. While healing under the scleral flap may play a role 
in some cases, it is the fibroblasts in Tenon’s capsule that 
are the main effector cells in the initiation and mediation of 
trabeculectomy wound healing and fibrotic scar formation.4

The purpose of wound healing modulation is to moderate 
the healing process through pharmacological intervention. It 
involves the delicate balance of optimal conjunctival healing 
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with the suppression of scar formation in the filtering bleb. In 
the most rudimentary form, it comprises the application of 
topical corticosteroid eye drops in the postoperative period. 
A more potent form of wound healing modulation requires 
the subtenons and/or sub-scleral flap application of an 
antimetabolite, such as MMC or 5FU intraoperatively; 5FU 
can also be applied as repeated subconjunctival injections 
postoperatively.

Mechanism of Action and  
Administration of Mitomycin C

Mitomycin C is an alkaloid produced by the bacterium 
Streptomyces caespitosus. The direct cytotoxic effect of 
MMC occurs through inhibition of DNA-dependent RNA-
synthesis.5 Induction of apoptosis has been demonstrated in 
cultured human Tenon’s fibroblasts following application of 
MMC (concentration range: 0.1-1.0 mg/ml) for 5 minutes.6 
The apoptotic process begins 48 hours after administration 
of MMC in vitro and the amount of apoptosis induced is 
dose-dependent.6 Mitomycin C has also been observed to 
increase the expression of apoptosis genes in human Tenon’s 
fibroblasts.7 Mitomycin C contains quinine, urethane 
and aziridine, all of which have anti-tumor properties. It 
also has potent anti-angiogenic properties.8 The effect of 
intraoperative application of MMC has been demonstrated 
to be localized to the area it is exposed to.8 Furthermore, 
the intracellular activation of MMC to the active reduced 
form may occur more efficiently in ocular fibroblasts than 
in fibroblasts from other parts of the body.9 Therefore, the 
many properties of MMC are utilized during trabeculectomy 
to modulate wound healing in the subconjunctival space as 
well as Tenon’s capsule.10

Mitomycin C is usually soaked into cellulose sponges 
and applied between the conjunctiva-Tenon’s capsule and the 
sclera before scleral flap dissection;11,12 following scleral flap 
dissection with application under the scleral flap;4,13 or both. 
It has also been reported to be injected subconjunctivally 
rather than applied with cellulose sponges.14 El Sayyad et al 
demonstrated significantly lower IOP control in eyes treated 
with MMC application both under the scleral flap and the 
conjunctiva during trabeculectomy compared to under the 
scleral flap or conjunctival flap alone at 12 months follow-
up.15 Similarly, Prata et al also found greater likelihood of 
achieving IOP ≤ 21 mm Hg in eyes treated with MMC under 
the dissected scleral flap and conjunctiva compared to on the 
episclera alone, without any significant difference in rates 
of complication.16 However, in a fascinating study, Gandolfi 
et al demonstrated that IOP could be reduced merely by 
injecting MMC subconjunctivally without an accompanying 
trabeculectomy in eyes already blinded by glaucoma. This 
IOP-lowering effect was detectable even after 60 days 

of follow-up.17 As no alteration was made to the ocular 
outflow system during this study, the authors postulated 
that the reduction in IOP in fact resulted from the toxic 
effects of MMC diffusing into the ciliary body. This idea 
has been supported by earlier animal models.18,19 Increasing 
concentrations of MMC in the deeper scleral layers with 
increasing MMC diffusion time has also been demonstrated 
by Georgopoulos et al,20 who observed that after 1 minute 
application of 0.2 mg/ml of MMC to donor human sclera, 
there was no difference in MMC concentration across the 
sclera after 30 minute diffusion time. Since MMC continues 
to diffuse into the sclera following its application in human 
trabeculectomy, it is conceivable that MMC may damage 
the ciliary body and therefore result in a hypotonic effect.

The concentration of MMC used in glaucoma filtration 
surgery from 0.1 to 0.5 mg/ml in a dilution with balanced 
salt solution. The concentration and duration of application 
are determined arbitrarily by the surgeon, depending on 
their assessment of the patient and the risk of surgical 
failure. Vass et al.21 assessed the intrascleral concentration 
of MMC in different layers following episcleral application 
of varying concentrations of MMC (0.01 mg/ml, 0.1 mg/ml, 
0.2 mg/ml) in human donor sclera for 1 minute and identified 
statistically significant differences in the intrascleral 
concentrations of MMC with varying concentrations of 
applied MMC. There was a log-linear decrease in MMC 
concentration with increasing depth of sclera, and this was 
observed with all three MMC concentrations. However, thus 
far, the majority of clinical studies have failed to demons
trate a significant difference in final IOP based on variations 
in MMC concentration or exposure time.22-27 Only one 
study of 300 eyes has identified a possible dose-response 
relationship between the concentration and duration of 
exposure to MMC although the differences were not 
statistically significant.28

Immediately following the application of MMC, the 
treated area and especially the surrounding conjunctiva is 
typically rinsed with 20 to 50 ml of normal saline to prevent 
toxicity to the surrounding tissues. Vass et al.29 assessed the 
effect of saline irrigation on MMC treated human donor 
sclera and found decreased MMC concentration in the 
superficial layers of the sclera after irrigation compared 
to no irrigation. The concentration of MMC decreased in 
these layers with increasing volume of irrigating saline  
(40-200 ml). However, in the deeper scleral layers, irrigation 
made no difference to MMC concentration. It is worth noting 
that this study was conducted on scleral quadrants mounted 
on watertight shields that may have influenced the effect of 
irrigation on the deeper layers. It is possible that in vivo, 
irrigation does actually make a difference to the MMC 
concentration in the deep scleral layers.
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Clinical Indications for  
MMC-augmented Trabeculectomy

Mitomycin C is inexpensive and simple to use as a one-off 
intraoperative application. The main reason that MMC has 
been so readily adopted by ophthalmologists is its efficacy 
in modulating post-trabeculectomy conjunctival scarring. 
A recent survey of United Kingdom (UK) glaucoma units 
revealed anti fibrotic use in 93% of its primary trabecu
lectomies with 63% being MMC.30 In contrast, in the 
1995 UK National Survey of Trabeculectomy, only 6.4% 
of trabeculectomies were performed with an adjunctive 
anti-fibrotic.31 A similar survey of the American Glaucoma 
Society found that MMC use in primary trabeculectomies 
increased from 45% in 1996 to 68% in 2002.32

Its efficacy is best illustrated by its use in trabeculectomy 
for primary open-angle glaucoma (POAG). Reibaldi et al33 con
ducted a randomized clinical trial comparing 0.2 mg/ml MMC 
with balanced salt solution (BSS) applied intraoperatively 
on the episclera during trabeculectomy in 114 eyes of 
114 patients. A significantly higher proportion of patients 
achieved IOP ≤ 18 mm Hg without medication (71% vs 51%, 
p = 0.027) and with IOP ≤ 14 mm Hg (57% vs 32%, p = 0.015) 
in the MMC-treated group compared to the BSS-treated 
group over a 9-year follow-up period. Correspondingly, a 
lower proportion in the MMC group developed visual field 
progression (22% vs 47%, p =  0.009) or required further 
glaucoma surgery (9% vs 26%, p = 0.040) compared to the 
BSS group. Similar results have been demonstrated in other 
studies.34-36 In young adults (< 40 years), unaugmented 
trabeculectomy is less likely to be successful due to a 
more vigorous wound healing response and potential for 
scarring,37,38 but survival of the operation and postoperative 
IOP control can be improved with adjunctive MMC during 
surgery.39

In normal tension glaucoma (NTG), although filtering 
surgery may achieve a higher percentage of IOP reduction 
compared to topical medication, there is an increased rate 
of sight-threatening complications, such as late bleb leak 
and late hypotony when adjunctive MMC is administered.40 
Although the authors have demonstrated an overall decrease 
in the risk of visual field deterioration with increasing per
centage fall in IOP postoperatively from baseline, patients 
who received MMC had the worst visual field survival 
despite having the greatest fall in IOP compared to eyes 
with higher postoperative IOPs following non-augmented 
trabeculectomy or trabeculectomy with 5FU.41 The 
authors postulated that the higher rate of postoperative 
complications, including visual acuity loss and hypotony, in 
the MMC group may have led to consequences that account 
for the greater rate of visual field progression.41

Trabeculectomy with MMC has been shown to be a 
good solution for congenital glaucomas unresponsive to 
conventional surgical treatment, such as goniotomy or 
trabeculotomy, with a success rate of maintaining adequate 
IOP control of 59 to 95%.42-44 Although the number of 
patients studied was small (19 eyes of 13 patients), Mandal 
et al. demonstrated a 95% complete success rate (IOP  
< 21 mm Hg at slit lamp or < 16 mm Hg with patients under 
general anesthesia, no progression of disk cupping and no 
enlargement of corneal diameter in the absence of topical 
glaucoma medication) with maintained visual acuity at up 
to 20 months following MMC-augmented trabeculectomy 
for primary congenital glaucoma.42 There were no cases 
of bleb-related infections in this series. Al-Hazmi et al. 
published a larger series of 150 children who underwent 
trabeculectomy with MMC and found 62% maintained 
IOP control of < 21 mm Hg after at least 1-year follow-up.44 
They did not detect any difference between 0.2 mg/ml and 
0.4 mg/ml concentration of MMC with 0.4 mg/ml. The rate 
of bleb-related infection rate in this series was 1.2%. In a 
retrospective series of 29 patients with childhood glaucoma, 
Sidoti et al. observed a success rate of IOP control of 59% at 
36 months, with 17% bleb-related infection rate at a mean 
follow-up of 28 months. The authors acknowledged that 
the relatively high dose of MMC exposure in their series 
(0.5 mg/ml applied for an average time of 3.8 minutes) 
may be related to the higher infection rate and lower IOP 
maintenance rate. Of all the childhood glaucomas, aphakic 
glaucoma has been repeatedly highlighted to have a poor 
success rate following MMC-augmented trabeculectomy, 
with a success rate of maintaining IOP of ≤ 21 mm Hg 
between 0 and 37%,45,46 and a risk ratio of failure of 2.7.47 
Age of less than 1 year at time of surgery also carries a high 
risk of failure.47

Trabeculectomy with MMC has an overall lower 
success rate in secondary glaucomas compared to primary 
glaucomas. In post-traumatic angle recession glaucoma, 
the cumulative probability of success was 85% at 1 year, 
decreasing to 66% at 3 years.48,49 Although uveitis is 
generally considered to be a risk factor for failure of glau
coma filtering surgery,50 Kaburaki et al. observed that if 
augmented trabeculectomy is performed in inactive uveitic 
eyes without prior intraocular surgery, it has a similar pro
bability of success as patients with POAG.51 However, the 
presence of postoperative inflammation significantly reduced 
the likelihood of success.51

In neovascular glaucoma (NVG), obstruction of the 
trabecular meshwork by proliferating fibrovascular tissue 
can lead to permanent peripheral anterior synechiae, 
resulting in elevated IOP that is difficult to control. Trabe
culectomy with MMC may be a reasonable treatment option 
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for poorly controlled NVG once retinal ischemia has been 
treated, particularly in eyes with good visual potential. 
Kiuchi et al. demonstrated a cumulative probability of 
success following MMC-augmented trabeculectomy of 62% 
after 2 to 3 years in patients with NVG secondary to diabetic 
retinopathy.52 A similar outcome was published by Takihara 
et al. in a study of patients with NVG from all causes (52% 
probability of success at 5 years).53 Both studies found an 
association between previous vitrectomy and increased 
likelihood of trabeculectomy failure. 

Bleb needle revision following failed trabeculectomy has 
also been reported to have higher success when augmented 
with MMC.54-56 In this setting, MMC can be applied trans
conjunctivally after being soaked into a cellulose sponge 
or as a subconjunctival injection. Corneal endothelial 
safety has been confirmed through specular microscopic 
assessment of the endothelium pre- and post- MMC bleb 
needling.54 

In a meta-analysis assessing the role of MMC in non-
penetrating glaucoma surgery (NPGS), MMC has been 
identified to be associated with greater IOP reduction and 
greater likelihood of complete success compared to the 
lack of MMC use.57 The benefit of MMC is sustained at 
36 months.57 Intraoperative MMC was not associated with 
greater risk of complications in NPGS. 

There is currently no consensus of MMC use in conjunc
tion with insertion of glaucoma drainage devices, with some 
authors reporting greater likelihood of surgical success with 
MMC,58 whilst others reporting no significant difference,59 
or less likelihood of success.60 

Mechanism of Action and  
Administration with 5FU

5-fluorouracil is a pyrimidine analog which inhibits incor
poration of thymidine into DNA, and interferes with RNA 
and ribosomal RNA synthesis.61 It has been utilized in 
reducing episcleral scar formation in glaucoma filtering 
surgery as it induces apoptosis of fibroblasts in Tenon’s 
capsule in a time- and concentration-dependent manner.62 
It is less potent than MMC in that the percentage of apop
totic cell death induced in human Tenon’s fibroblasts is 
less when compared to MMC, even when a high dose 
5FU is used (up to 50 mg/ml); this is due to its less direct 
DNA damage compared to MMC.6 Its effects are cycle-
specific and mediated primarily on proliferating cells.6 
Unlike MMC, potent anti-VEGF properties have not been 
demonstrated.54,63

Similar to MMC, 5FU can be applied intraoperatively 
under the conjunctival and scleral flaps with a typical dosage 
of 25 to 50 mg for 5 minutes.64-66 Alternatively, it can be 
administered as repeated subconjunctival injections in the 

postoperative period in the office setting, with a typical dose 
per injection of 5 mg in 0.1 to 0.5 ml of saline (5%).61 The 
number and frequency of postoperative injections depend on 
the clinical profile of the patient and clinical response.67-70

Clinical Indications for 5FU  
Augmented Trabeculectomy

The Fluorouracil Filtering Surgery Study Group observed 
that in patients deemed to be at higher risk of bleb failure, 
such as those with previous cataract surgery or failed 
filtration surgery, trabeculectomy is more likely to have 
long- term success if repeated postoperative subconjunctival 
5FU injections are administered.69 The 5-year cumulative 
success rate for eyes with a history of cataract surgery 
was 48% in the 5FU group and 23% in the control group 
(p < 0.001). For phakic eyes with a failed filtering procedure, 
the 5-year cumulative success rate was 47% for the 5FU 
group vs 17% for the control group (p = 0.009). The overall 
risk of failure of the operation was significantly lower in 
the 5FU group compared to the control group (51% vs 74%, 
p < 0.001). It must be noted that these investigators utilised 
an intensive 5FU regimen involving twice-daily 5FU 
injections for the first 7 postoperative days, and then daily 
injections from days 8 to 14, which is far more intensive than 
what normally occurs within the clinical setting.

In very high-risk patients, such as those with neovascular 
glaucoma, trabeculectomy with adjunctive 5FU may be 
deemed successful initially but still has a likelihood of early 
failure. One study reported a median filter survival time of 
39 months with a success rate of 28% at 5 years.71 Other 
authors reported 70% failure rate to occur within the first 
2 months.72 These patients are also more likely to develop 
postoperative complications and poor outcomes, with 35% 
of patients losing light perception, and 24% developing 
phthisis bulbi.71

In low-risk patients without previous intraocular surgery, 
it is unclear whether trabeculectomy with repeated post
operative 5FU injections improves the long-term success 
of the surgery when compared to trabeculectomy alone. 
Leyland et al.73 conducted a double-blind, randomized 
controlled trial comparing intraoperative application of 5FU 
(25 mg/ml for 5 minutes) to sodium chloride and identified 
no significant difference in IOP control at the 12 months 
follow-up or final follow-up (up to 52 months) in 40 eyes of 
36 patients. Rothman et al. observed a cumulative 5-year 
success rate (IOP ≤ 21 mm Hg) of 78% in the 5FU group 
compared to 62% in the control group (p = 0.02).74 The 
Singapore 5-fluorouracil trial reported a higher proportion 
of patients in the 5FU group than the placebo group with 
success of surgery (IOP > 17 mm Hg or < 6 mm Hg) at  
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3 years (p = 0.0154);75 however, at 8 years the 5FU group 
only demonstrated higher likelihood of success if failure was 
defined as IOP > 14 mm Hg with or without medications  
(p = 0.04).76 

Comparison between MMC and 5FU in  
Glaucoma Filtration Surgery

Studies comparing the efficacy of MMC vs 5FU have 
shown variable results. In the largest prospective, rando
mised controlled trial comparing the two agents, Singh 
et al.65 reviewed the results of 108 eyes of 108 glaucoma 
patients with POAG, pseudoexfoliative, pigmentary, 
or primary angle closure glaucoma that received either 
trabeculectomy with intraoperative MMC (0.4 mg/ml for  
2 minutes) or intraoperative subconjunctival 5FU. Addi
tionally, participating surgeons could also give postoperative 
5FU injections if deemed necessary clinically. Their results 
demonstrated no significant difference in complete or 
qualified success rates between the two groups, nor were 
there any differences in the short- and long-term compli
cation rates.

WuDunn et al. conducted a similar study by randomizing 
patients (115 eyes of 103 subjects) without prior intraocular 
surgery to intraoperative 5FU or 0.2 mg/ml MMC in 
trabeculectomy and their results also showed no significant 
difference between the two groups in terms of success or 
complication rates. This was consistent both at 12 months 
and long-term follow-up.64,77

However, two smaller randomized controlled trials repor
ted different results. Singh et al. observed that the two agents 
were equally safe but MMC was more efficacious in a study 
of 85 eyes of 85 West African glaucoma patients.78 Lamping 
and Belkin reported the same conclusion in their study of  
80 eyes of 74 pseudophakic patients with glaucoma.79

Anand and Khan looked at the efficacy of the two agents 
for bleb needle revision following failed trabeculectomies 
by retrospectively analyzing the outcomes of 98 eyes of 95 
patients who underwent slit-lamp bleb-needling augmented 
with either MMC or 5FU.80 Eyes with MMC-needling had 
longer bleb survival time compared to 5FU (36 months vs  
8 months, p = 0.009).80 Sixty-one percent of eyes post 
MMC-needling vs 30% of eyes post 5FU needling were 
able to maintain an IOP of 5 to 16 mm Hg with no glaucoma 
medications or further procedures after 2 years.80 

Complications and Drawbacks of  
Antimetabolite Use 

Despite the evidence behind the efficacy of adjunctive 
antimetabolites, their use has also increased the complication 
rate of filtration surgery. One of the main complications is 

late-onset leak (>3 months after surgery) related to bleb 
ischemia and breakdown of the conjunctiva.81 Leaks are 
problematic because, if left untreated, they can cause 
vision-threatening hypotony maculopathy, shallowing of 
the anterior chamber, peripheral anterior synechiae, cataract 
formation, corneal decompensation, choroidal effusion, 
suprachoroidal hemorrhage and endophthalmitis. The 
incidence of late bleb leaks after full-thickness surgery in the 
pre-antimetabolite era was 3.3%.82 This decreased with the 
introduction of partial thickness, guarded trabeculectomies 
but has been reported to have increased again with the use 
of antimetabolites, potentially up to as high as 30% in some 
series.11,22,24,69,83,84 

The Moorfield’s safer surgery system was developed 
to reduce the risks of trabeculectomy complications while 
maintaining its efficacy in lowering IOP.85 To reduce bleb-
related complications, this system advocates two main 
points intraoperatively: a fornix-based (rather than a limbus-
based) conjunctival incision and a larger antimetabolite 
treatment area. The underlying principle is to eliminate the 
risk factors that lead to small, avascular, cystic blebs that 
are more likely to leak, including limbus-based incisions,86 
and small antimetabolite treatment areas.87

Mitomycin C-trabeculectomy is associated with pro
longed hypotony (IOP < 6 mm Hg for longer than 14 
days)88,89 and has a reported incidence of approximately 
2.9%.90 If hypotony maculopathy develops, visual function 
will be significantly reduced and may not recover even when 
the hypotony is reversed.91 Hypotony is more commonly 
seen with higher concentration and longer exposure of 
MMC, presumably due to increased penetration of MMC 
into the ocular tissues.27 Myopia91,92 and younger age88,91,92 
are other risk factors for prolonged postoperative hypotony. 

Of all the bleb-related complications, perhaps the most 
devastating of all is bleb-related endophthalmitis. There 
was great concern that the incidence of bleb-related endoph
thalmitis would increase significantly with the introduction 
of antimetabolites as adjuncts for trabeculectomy.93,94 
However, concerns of an impending epidemic of bleb-
related infection seem to have not manifested thus far. In 
the largest study of bleb-related infection to date, Yamomoto 
et al.95 conducted a prospective, observational cohort 
study of 1,098 eyes of 1,098 patients who underwent either 
trabeculectomy or phacotrabeculectomy augmented with 
MMC and reported a 5-year endophthalmitis incidence of 
1.1%. Infection was more commonly associated with bleb 
leak and younger age in this cohort. A similar incidence 
was reported by the collaborative initial glaucoma treatment 
study (CIGTS) group in their long-term review of the 300 
patients randomized to the trabeculectomy arm.96 In the 
CIGTS, the 5-year incidence of bleb-related endophthalmitis 
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was 1.1% with no significant increase in endophthalmitis 
risk in the patients who received adjunctive anti-fibrotics 
(predominantly 5FU).

Greenfield et al.94 retrospectively reviewed the course 
of 609 eyes of 485 patients who underwent trabeculectomy 
with MMC and found an endophthalmitis of rate of 2.1%, 
occurring at a mean time of 19 months after surgery. The 
incidence of endophthalmitis was significantly greater 
following an inferior trabeculectomy compared to a superior 
one. These findings have been corroborated in other 
studies.97,98

Both 5FU and MMC can cause corneal epithelial 
toxicity. This is due to the anti-proliferative effect on the 
stem cells in the limbal region, preventing repopulation of 
corneal epithelium, and resulting in an epithelial defect.5 
The incidence of epitheliopathy is significantly higher 
with 5FU, ranging from 17 to 64%, primarily due the 
repeated localized postoperative injections.8,99 This effect 
is usually limited and self-resolving but may be severe 
enough to cause persistent, non-healing epithelial defects. 
Corneal toxicity resulting from MMC can be more serious. 
Significant cell loss can occur during or immediately after 
MMC-augmented trabeculectomy.100 Inadvertent leakage 
of MMC at a concentration of 200 μg/ml results in prompt 
corneal swelling with marked ultrastructural alterations.101

Novel Methods of Antimetabolite Delivery

Due to the potential complications and inconsistent results 
associated with the current method of antimetabolite 
application, alternative and more controlled methods of drug 
delivery have been explored in recent years. However, these 
are still in the experimental phase and as yet, studies have 
not progressed outside the laboratory.

Various hydrogels have been evaluated in animal 
models for their ability to provide slow, sustained release of 
incorporated wound healing modulators to the filtration site 
and at the same time minimising toxicity to the surrounding 
tissues. P(HEMA) hydrogel loaded with MMC has been 
shown to inhibit conjunctival fibroblast proliferation  
in vitro.102 When placed in disks and attached to Ahmed 
glaucoma valves, it released MMC in vitro over 1 to 2 weeks 
and reduced bleb inflammation and fibrosis in rabbits.103 A 
bioactive self-assembled peptide loaded with 5FU implanted 
subconjunctivally adjacent to the filtration site in rabbit eyes 
has also demonstrated potential in terms of improving bleb 
survival and IOP control compared to 5FU alone.104,105 

The discovery of over-expression of LDL-receptors in 
activated Tenon’s capsule fibroblasts106 has led to research 
on of LDL-chitosan nanoparticles incorporated with MMC 
as a method of allowing safe and sustained release of 

MMC following glaucoma surgery.107 This approach could 
potentially allow more targeted delivery of MMC as MMC 
is confined and protected by the chitosan nanoparticles 
until the particles bind to the over-expressed LDL receptors 
on Tenon’s fibroblasts and then released. Uptake of the 
MMC-incorporated LDL-nanoparticles is potentially more 
vigorous due to the over-expressed LDL receptors. Chitosan 
nanoparticles are stable in human tissue and are theoretically 
safe but the safety and efficacy of this new system are yet 
to be tested in laboratory and clinical trials.

Conclusion

Glaucoma filtration surgery has evolved significantly over 
the past few decades, and antimetabolites have contributed 
to better outcomes in terms of postoperative IOP control. 
Despite advances in surgical technique, the risks associated 
with the use of antimetabolites in filtration surgery remain 
very real. Newer techniques in delivering antimetabolites 
are being investigated as a means of harnessing their anti-
fibrotic properties to reliably maintain the efficacy of IOP-
lowering yet minimising the risk of complications. Newer 
agents and materials, including anti-VEGF, are among the 
exciting developments that may offer a similar level of IOP 
reduction but without the same level of risk. These will be 
discussed in Part 2 of this review.
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