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Abstract 
Trabeculectomy with anti-fibrotic treatment is still the most popular incisional procedure for glau- 

coma filtration surgery (GFS) worldwide. The advent of anti-fibrotic agents reduced failure due to 

scarring but resulted in increased complications. Advances in trabeculectomy surgery have been driven 

by the need to minimise the risk of: (1) complications and (2) surgical failure. This chapter cov- ers 

preoperative, intraoperative and postoperative strategies, which improve the outcome of GFS. 

Strategies to reduce the risk of complications centre on the prevention of postoperative hypotony by 

minimising the risk of overdrainage, postoperative wound leaks and poor bleb morphology. Surgical 

techniques to reduce the risk of postoperative fibrosis by the use of anti-fibrotic agents (including 

mitomycin C) are discussed in detail. These techniques are based on a combination of considerable 

clinical experience, observation and laboratory research. The need to address pre-, intra- and 

postoperative issues in each individual patient is emphasised. These changes are embod- ied in the 

system we call the ‘Moorfields Safer Surgery System’. The use of these strategies has consid- erably 

reduced the incidence of major complications including hypotony, cystic blebs and endophthalmitis in 

practices around the world. Most of these techniques are simple, require mini- mal equipment and can 

be easily mastered. They are associated with an improvement in overall outcome and it is hoped 

that this chapter will help the reader benefit from these advances. 

Copyright © 2012 S. Karger AG, Basel 

 
 
 

Trabeculectomy, first introduced in the 1960s, has become the gold standard for 

many types of glaucoma and is still the most commonly performed glaucoma 

filtration surgery (GFS). The operation of trabeculectomy aims to create a per- 

manent drainage outflow channel for aqueous humour, connecting the anterior 

chamber (AC) to the sub-Tenon’s space. Failure of trabeculectomy can occur 
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as a result of scarring at the site of the new drainage channel with 

subconjunctival fibrosis and scarring at either the level of the scleral flap or 

the ostium. However, traditional trabeculectomy surgery has previously been 

associated with a signifi- cant risk of complications including vision-threatening 

hypotony, bleb-related problems and endophthalmitis. Recently, based on 

clinical observation and experimental research, simple but significant 

modifications to the original trabe- culectomy techniques have evolved, which 

have considerably improved the success rates and reduced the complication 

rates of trabeculectomy, some of which have been embodied in a system we 

evolved known as the Moorfields Safer Surgery System. 

The advent of trabeculectomy revolutionised GFS compared to previous full- 

thickness  procedures  [1].  The  original  description  of  trabeculectomy  

involved the use of a superior rectus suture, a limbal-based conjunctival flap 

(LBCF) and a deeper scleral flap with pre-placed sutures. The aim of the 

operation at that time was to excise a block of Schlemm’s canal and trabeculum, 

allowing free aqueous drainage into the exposed ends of the canal of Schlemm, 

hence the name trabe- culectomy. Originally, it was never intended to make a 

fistula to result in a drainage bleb, which is interesting bearing in mind that in 

the initial concept there was no drainage bleb with contemporary 

nonpenetrating surgical techniques. However, the presence of a drainage bleb 

tended to be associated with an increased success rate. Trabeculectomy then 

began to be regarded as filtration surgery, and more attention was focused on 

surgical techniques, which facilitated the creation of diffuse drain- age blebs. 

The advances in trabeculectomy were driven by the need to minimise the 

risk of: (1) complications, including postoperative  hypotony, infection and 

bleeding, by preventing overdrainage, postoperative wound leaks and poor 

bleb morphol- ogy, and (2) surgical failure, by reducing postoperative fibrosis 

(using anti-fibrotic agents). 

The variation in the current practice (preoperative strategies, intraoperative 

tech- niques and postoperative management) of GFS, diverse case-mix and 

different suc- cess criteria account for the variable results published in the 

literature, with ‘success’ rates ranging from 71 to 100% [2–11]. In the Tube Versus 

Trabeculectomy (TVT) study, the cumulative probability of failure in the 

trabeculectomy group was 30.7% at 

3 years and 46.9% at 5 years [3]. However, high success rates and low 

complication rates can be achieved when meticulous attention to preoperative 

risk stratification, intraoperative techniques and postoperative management is 

employed [ref]. Our success rate with mitomycin C (MMC)-augmented 

trabeculectomy is 96.7% [intraocular pressures (IOP) ≤21 mmHg] at 3 years in 

a complex case mix. [10]. Other surgeons using our system on lower risk patients 

have had good success rates with 100% IOP <21 mmHg and low complication 

rates such as flat AC (1.8%) and hypotony (1.5%) [11]. The system has also 

achieved good success and safety in normal tension glaucoma patients and 

paediatric glaucoma patients [ref]. 
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This chapter covers  the  intraoperative  techniques  of  GFS  and  specific  

strate- gies to minimise the risk of intra- and postoperative complications. 

Postoperative management, as well as the management of postoperative 

complications, is covered in other chapters. 
 

 

Surgical Technique 

 
Filtration Area 
Positioning 

 
GFS should be performed superiorly, fully protected by the upper lids. A 

peripheral iridectomy placed at 12 o’clock is also covered by the lid, and does not 

give rise to diplopia. Interpalpebral or lower fornix drainage blebs have up to a 

10 times greater incidence of inflammation and endophthalmitis, particularly if 

anti-fibrotic agents are used (fig. 1). Recurrent subconjunctival haemorrhage has 

been reported more commonly with inferior drainage blebs, together with bleb 

discomfort and pain. It is important to position the bleb with maximal upper lid 

coverage. Other surgical pro- cedures such as tube drainage surgery should be 

considered if this is not possible. 
 
 
 

Corneal Traction 
Suture 

 
Superior rectus traction sutures may cause globe perforation, retrobulbar 

haemor- rhage, postoperative ptosis, superior rectus haematoma and 

subconjunctival haem- orrhage. Subconjunctival haemorrhage or superior rectus 

haematoma may trigger an excessive wound healing response in trabeculectomy. 

The use of superior rectus trac- tion sutures was associated with reduced 

trabeculectomy success in the CAT152 anti- body trial [12]. The corneal traction 

suture technique [13, 14] reduces the potential conjunctival damage and bleeding 

caused by a superior rectus traction suture. The vec- tor force of the corneal suture 

is superior to that achieved with a superior rectus suture. The disadvantages of the 

corneal traction suture include the small risk of placing the suture too deeply and 

penetrating the AC (particularly in eyes with thin corneas) and the chance of 

placing the suture too superficially with subsequent cheese-wiring and loss of 

traction. A variety of sutures can be used, and we generally use a spatulated 7-0 

black silk suture on a 3/8 curved needle (fig. 2). This can be anchored on ‘pulley’ 

set up using either a special speculum or curved artery clip fixed to the drape. 
 
 
 

Types of Conjunctival 
Incision 
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There are 2 principal types of conjunctival incision in GFS: (1) Limbal-based con- 

junctival flaps (LBCF) with the incision deep in the conjunctival fornix and the 

base at the limbus, and (2) fornix-based conjunctival flaps (FBCF) with the 

incision at the limbus and the base at the fornix. There may be increased 

postoperative wound leaks using FBCF as initially noted by surgeons converting 

from LBCF to FBCF. However this is no longer the case with modern closure 

techniques. The use of FBCF may offer advantages particularly important in 

glaucomas associated with poor surgical success [15]. The pros and cons of both 

FBCF and LBCF are summarised in table 1. 
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Fig. 1.  Endophthalmitis from an interpalpebral 
bleb. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  Corneal traction suture provides better 
exposure and no secondary subconjuctival 
haemorrhage. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  Khaw cystic bleb hypothesis. Cystic bleb 
dissection revealing predisposing factors for 
cystic bleb formation – a ring of scar tissue and 
anteriorly directed aqueous flow. 

 
 
 
 

The widespread use of anti-fibrotic agents has increased the differences 
between the two approaches. Based on clinical observation, we proposed two 
phenomena necessary for cystic blebs: (1) anterior aqueous drainage and (2) a 
peri-bleb ring of scar tissue coined the ‘ring of steel’. LBCF was more likely to result 
in a cystic bleb when the con- junctival incision was not posterior enough. It was 
technically easier to achieve a larger 
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Table 1.  Fornix-based and LBCF: pros and cons 
 

Type of conjunctival flap Fornix based Limbal based 
 

Technical difficulty Easier and faster to perform More difficult and takes longer to 

perform 
 

Exposure of operative field     Enhanced exposure allowing 

good visualisation of 

sclerostomy and easier 

‘releasable’ suture placement 

 

Reduced exposure, less visualisation 

of sclerostomy and reflected 

conjunctiva can make placement of 

releasable sutures difficult 

 

Area to be dissected Smaller Larger 
 

Anti-fibrotic application Need great care 

May need more sponges 

 

Easier 

 

Re-operation Easier More difficult due to extensive 

scarring 
 

Bleb morphology More diffuse posteriorly 

draining blebs 

 

May get more cystic blebs and ring 

of steel with more anterior drainage 

if incision not very posterior 
 

Conjunctival wound 

leakage 

 

May have higher incidence if 

water-tight conjunctival 

closure technique is not used 

– published results variable 

 

May have lower incidence using 

conventional closure 

 
 
 
 
 

area of MMC treatment with a FBCF, which prevented the ring of steel (fig. 3). We 
studied the postoperative bleb morphology in young patients undergoing trabeculec- 
tomy with high dose MMC and reported significantly more cystic blebs using LBCFs 
(90%) compared to FBCFs (29%), with a marked reduction in bleb-related complica- 
tions including leakage, blebitis and endophthalmitis [16]. FBCF has now been widely 
adopted due to the dramatic reduction in incidence of cystic blebs as experienced by 
individuals such as Paul Palmberg in Miami. 

 
The Conjunctival Flap 
Handling of the conjunctiva must be gentle and kept to a minimum to avoid button- 
holing, particularly if anti-fibrotic agents are used. If the tissues are particularly thin 
and prone to tearing, stromal hydration can be performed at the start of FBCF by 
injecting balanced salt solution (BSS) via a blunt cannula underneath the conjunctiva 
and Tenon’s into the region of the future bleb. This manoeuvre hydrates the tissues, 
making them thicker and easier to handle. In both LBCF and FBCF, haemostasis is 
important and achieved by using minimal wet-field diathermy (unipolar or bipo- 
lar) to the sclera to prevent tissue damage and shrinkage. Lidocaine 2% and adrena- 
line 1:200,000 (Astra Zeneca, UK) can also be used, and this has the advantage of 
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enhancing hydrostasis and minimising the local pain receptor feedback loop result- ing 

in further local inflammatory cytokine release. Topical apraclonidine 1% is also very 

useful to achieve haemostasis before and after incising the conjunctiva [17]. 

 
Fornix-Based Approach 
A conjunctival incision of between 6 and 8 mm is needed. A relieving incision is 
not required and increases tissue trauma and risk of wound leakage. A conjunctival/ 
sub-Tenon’s pocket measuring approximately 10–15 mm posterior and wide is con- 
structed by careful dissection using blunt scissors. Care is taken to accurately identify 
and dissect into the supra-scleral sub-Tenon’s plane. The essential step in this process 
is to identify and dissect through and posterior to the Tenon’s ligamentous insertion. 
When dissecting over the superior rectus tendon, the conjunctiva is lifted while cut- 
ting the attachments to avoid the tendon itself. 

 
Limbal-Based Approach 
If this is used, the incision should be made as posteriorly as possible into the fornix to 
avoid restriction of aqueous drainage due to scarring (ring of steel). Diffuse blebs can be 
achieved with LBCF with a very posterior incision. The conjunctiva and Tenon’s should 
be entered in separate layers to minimise the chance of damaging the superior rectus 
muscle. An incision length of at least 10 mm is needed to provide adequate exposure. 

 
Scleral Flap 
The scleral flap provides resistance to aqueous outflow and prevents hypotony. It also 
acts as a safety valve to minimise IOP fluctuations or spikes. There are several types 
of scleral flap – the most common being rectangular or triangular in shape. Studies 
on the influence of scleral flap position and dimensions in experimental trabeculec- 
tomy have shown that good IOP control can be achieved with a variety of scleral flap 
types [18]. We favour the construction of a rectangular partial-thickness scleral flap 
(~50% thickness) and outline a 3.5 × 4.5 mm flap with a blade, followed by lamellar 
dissection anteriorly just into clear cornea using a scleral pocket knife. Alternatively, 
a scleral pocket can be made after an initial incision, before performing the two side 
incisions (fig. 4). The side incisions are cut approximately 85–90% to the limbus to 
reduce anterior aqueous drainage and encourage posterior aqueous flow, resulting in 
a more diffuse non-cystic bleb (fig. 5). If the sides of the scleral flap are dissected all 
the way to the limbus, there is an increased risk of hypotony [18]. 

 
Preventing Scleral Flap Problems 
Thin scleral flaps must be avoided because they increase the risk of flap dehiscence, 
formation of full-thickness scleral blow-holes with aqueous jet formation and cheese- 
wiring of the flap sutures; all of which lead to reduced flap resistance with unpro- 
tected aqueous outflow and subsequent hypotony. This is very important in eyes 
with low scleral rigidity (e.g. buphthalmos and myopia) and those with anti-fibrotic 
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Fig. 4.  Scleral pocket being dissected using pocket 
knife. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.  Limited side cuts to scleral flap to 
encourage posterior flow and diffuse bleb. 

 
 
 
 

agent use because the conjunctival resistance may not rise for several weeks or even 
months after surgery. The position of the scleral flap should be chosen so that it does 
not involve large perforating aqueous veins, which may result in full-thickness blow- 
holes in the scleral flap. 

 

 
 

Peri-Operative Use of Anti-Fibrosis Agents 
 

Anti-Fibrotic Agent and Treatment Duration 
The choice of anti-fibrotic agent and treatment duration should be stratified accord- 
ing to patient risk factors for scarring (table 2) and complications (table 3). The 
Moorfields ‘More Flow’ anti-scarring regimen is an example of such a model (table 4). 
The regimen uses 3 min of MMC treatment and titrates the effect of MMC by varying 
the MMC concentration. Intraoperative 5-fluorouracil (5-FU; 50 mg/ml) can be used 
in patients at lower risk of failure. Pharmacokinetic experiments have shown rapid 
uptake of anti-fibrotic agents applied on topical sponges over 3 min, after which there 
is a plateau with relatively little effect seen for extra duration of application. In the 
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Table 2.  Risk factors for failure due to scarring after GFS 
 

Risk factors Risk 

1–3+ 

Comments 

 

Ocular 
 

Neovascular glaucoma (active) + + + Very high risk. Panretinal 

photocoagulation and anti-VEGF 

therapy may be required 
 

Previous failed filtration surgery 

Previous failed surgery with anti-fibrotic agent 

 

+ + (+) 

+ + + Tube surgery may be indicated 

 

Previous conjunctival surgery + + 
 

Severe conjunctival inflammation + + + Tube surgery should be considered if 

this is intractable 
 

Previous cataract extraction 

(conjunctival incision) 

 

+ + (+) 

 

Aphakia (intracapsular extraction)                          + + + 
 

Previous intraocular surgery                                      + +                Depends on type of surgery 

Uveitis (active, persistent)                                           + + A 

red, injected eye                                                        + + 

Previous topical medications 

Beta-blockers + pilocarpine 

Beta-blockers + pilocarpine + adrenaline 

Current medications (if eyes red ++) 
 

High preoperative IOP 

(increases with every 10 mmHg rise) 
 

Time since last surgery 

(especially if within last 30 days) 

+ (+) 

+ + + 

+ + (+) 
 

+ (+) 
 
 
+ 

+ + (+) 

Any topical agent that causes a 

significantly red eye probably increases 

the scarring response 
 

 
 
 
Recent surgery is a very significant risk 

factor for scarring after filtration surgery 

 

Inferiorly located trabeculectomy + Increased risk endophthalmitis 
 

Patient 
 

Ethnicity (vs. white Caucasian) 

African-Caribbean origin (may vary) 

West Africans 

East Africans 

Indian subcontinent origin 

Hispanic origin 

Japanese origin 

Chinese origin 
 

Age 

Young (16–40 years) 

C

h

i

l

d

r

en 
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Table 3.  Possible risk factors for anti-fibrotic-related complications 
 

Risk factors for complications 
 

Thin or hyperelastic scleral tissue prone to collapse, e.g. myopia/buphthalmos/Ehlers-Danlos 

syndrome (significant risk) 
 

Bleb placed in interpalpebral or inferior position (up to 10× risk) 

Elderly patient 

Primary surgery, no previous medications 
 

Thin conjunctiva or sclera 
 
 
 
 
 

Table 4.  Moorfields Eye Hospital (More Flow) intraoperative single dose anti-fibrotic regimen v2011 

(continuously evolving) 
 

Lower risk patients (none or intraoperative 5-FU 50 mg/ml1, 2) 

No risk factors 

Minimal topical medications (beta-blockers only) 

Elderly (>70 years old) 
 

Intermediate risk patients (intraoperative 5-FU 50 mg/ml1 or MMC 0.2 mg mg/ml2) 

Chronic topical medications 

Previous cataract surgery without conjunctival incision (capsule intact) 

Several low risk factors 

Previous conjunctival surgery e.g. squint surgery/detachment surgery/trabeculotomy 
 

High-risk patients (intraoperative MMC 0.5 mg/ml2) 

Neovascular glaucoma3
 

Chronic persistent uveitis 

Previous failed trabeculectomy/tubes 

Combined GFS/cataract extraction 

Chronic marked conjunctival inflammation, e.g. pemphigoid, allergy3
 

Multiple risk factors 

Aphakic glaucoma (a tube may be more appropriate in this case) 

 
Lower target pressures would suggest a stronger agent was required. 
1 Intraoperative beta-radiation 1,000 cGy can also be used. 
2 Postoperative 5-FU injections can be given in addition to the intraoperative applications of anti- 

fibrotic agent. 
3 Anti-VEGF therapy such as bevacizumab can be considered in situations where neovascular dis- 

ease or hypervascularity are marked components. 
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application period from 1 to 3 min, there can be considerable variation in the dose of 

anti-fibrotic agent delivered. 

 
Conjunctival/Sub-Tenon’s Pocket 
In both LBCF and FBCF, a conjunctival/sub-Tenon’s pocket measuring approximately10–

15 × 10–15 mm is constructed by meticulous dissection with blunt scissors to 
allow a large area for anti-fibrotic treatment. The dissection must be made into the 
supra-scleral sub-Tenon’s plane. In cases of extensive scarring or when the Tenon’s 
capsule has multiple layers (e.g. in African-Caribbean eyes), a Tookes knife can be 
used to dissect off Tenon’s and expose the bare sclera. 

 
Sub-Tenon’s/Sub-Scleral Flap Anti-Fibrotic Treatment 
Anti-fibrotic agent can be applied onto the bare sclera alone, or in combination with 
treatment under the scleral flap. The main concern against sub-scleral flap treatment 
was the fear of increased intraocular anti-fibrotic entry causing toxicity. However, 
there is reasonable pharmacokinetic and clinical data now to suggest that sub-scleral 
application is safe. If sub-scleral flap treatment is planned, anti-fibrotic agent is applied 
after constructing the scleral flap [19], but before any incision into the AC. 

 
Techniques of Application of Anti-Fibrotic Agents 
Variations in the technique used to deliver intraoperative anti-fibrotic agent may 
account for some of the variations in efficacy and complications seen in the literature. 
It is very important for individual users to maintain a consistent technique and to 
build up experience with one technique. 

 
Conjunctival Clamp 
Special non-crushing conjunctival clamps (e.g. -and-Kent.com T-clamp 
No 2-686 or MkII UCLB Instruments) may be helpful. These hold back the conjunc- 
tiva and maintain the conjunctival pocket (fig. 6). Clamp use may minimise anti- 
fibrotic agent contact with the conjunctival edge and facilitate optimal conjunctival 
healing to prevent postoperative wound leaks and bleb-related problems. 

 
Anti-Fibrotic Agent Delivery 
Many methods exist for delivering anti-fibrotic agent into the sub-Tenon’s pocket. 
Medical grade polyvinyl alcohol (PVA) sponges are preferred to methylcellulose 
sponges because they maintain integrity and do not fragment [20]. In contrast, meth- 
ylcellulose sponges fragment relatively easily, increasing the chance of leaving residual 
microdebris, causing foreign body granulomas [21]. 

The PVA sponges used as LASIK corneal shields can be cut in half or be folded 
before insertion into the pocket without edge contact (fig. 7, 8). Some surgeons prefer 
to use multiple small PVA sponges (8 × 2 mm3), counted in and out of sub-Tenon’s 
pocket. 
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Fig. 6.  Conjunctival T clamp for holding tissue 
away from anti-fibrotic agent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7.  Polyvinylalcohol sponges being folded. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8.  Polyvinylalcohol sponge being inserted 
avoiding the cut edge of conjunctiva. 

 
 
 
 

Anti-fibrotic treatment should cover the largest possible area to create a more 
dif- fuse non-cystic bleb and prevent the development of a posterior limiting scar 
(ring of steel). Immediately after sponge removal (count the sponges in and out), 
irrigation with 20 ml of BSS is performed. 
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Scleral Flap Sutures – Fixed, Lasered, Releasable, Adjustable 
 

Function and Types of Scleral Flap Sutures 
The function of the scleral flap sutures is to secure the scleral flap and provide ade- 
quate tension so that the flap acts as an aqueous flow restrictor. The tension provided 
by the flap and sutures is particularly important when anti-fibrotic agents are used, as 
the scleral flap is the primary regulator of IOP until resistance builds up at the level 
of the conjunctiva/Tenon’s, which may be many months after GFS. This tension is 
also important in eyes prone to postoperative AC shallowing, malignant glaucoma 
and/or hypotony. In these cases, the sutures should be tied tight to provide sufficient 
resistance to aqueous outflow. Several types of suture can be used, including inter- 
rupted sutures that can be lasered (laser suture lysis, LSL), releasable sutures that can 
be removed or adjustable sutures. 

 
Placement of Sutures 
In a rectangular scleral flap, the initial two sutures are placed at the posterior corners 
of the scleral flap, using a 10-0 nylon suture. Some sutures (e.g. 10-0; Alcon, Fort 
Worth, Tex., USA) are subjectively better for use as releasable or adjustable sutures. 
Having placed the initial two sutures, the need for further flap sutures can be assessed 
by inflating the eye through the paracentesis and observing the amount of aqueous 
outflow through the scleral flap. Pre-placing the scleral flap sutures is technically eas- 
ier on a firm globe before intraocular entry, and the sutures can be tied rapidly during 
closure to shorten the duration of intraoperative hypotony. 

 
Principles of Scleral Flap Suture Removal 
The aim of placing and removing the scleral flap sutures is to control postoperative 
IOP by titrating the flow of aqueous through the scleral flap valve. In general, suture 
removal/lysis is avoided in the early postoperative period to prevent inadequate flap 
resistance and aqueous overdrainage leading to hypotony. This is a particular prob- 
lem with adjuvant anti-fibrotic therapy. However, early suture removal (leading to an 
early high aqueous flow) may be required in some circumstances such as in young 
patients, African-Caribbean patients and patients with severe secondary glaucoma 
where early sub-Tenon’s fibrosis with irreversible suboptimal bleb architecture can 
occur rapidly. 

 
Fixed Sutures and Laser Suture Lysis 
LSL was introduced in 1983 by Lieberman using an argon laser to lyse excessively 
tightened scleral flap sutures after trabeculectomy [22]. Since then, there has been 
much interest in LSL including the use of different lasers and power settings [23– 
27] and the introduction of different types of suture lysis device/lenses. The most 
substantial IOP drop after LSL occurred during the first 2 weeks and was usually 
ineffective after the 4th postoperative week. LSL can be associated with significant 
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complications including hypotony with shallow AC, progressive significant cataract, 

conjunctival perforation and conjunctival wound leak [28]. 

The delayed healing caused by MMC in trabeculectomy extends the clinically effective 

window period for LSL. Many studies demonstrated that LSL was effective beyond 2 months 

in some cases [29, 30]. However, post-LSL hypotony remained sig- nificant and led to 

decreased vision. The safety of LSL was investigated in a large study by Macken et al. [31] 

which found significant flat AC with iridocorneal touch (13.1%) and conjunctival leaks (9%). 

Kapetansky [32] minimised post-LSL hypotony by delaying LSL after trabeculectomy with 

MMC by using digital massage to gauge the degree of healing. LSL after the 2nd postoperative 

month was suggested to pre- vent LSL-induced hypotony without adversely affecting the final 

IOP. In contrast, in eyes that had LSL within 10 days after trabeculectomy with MMC, the long-

term IOP control was no different to the non-LSL group. One of the major concerns with LSL 

has been the effect of laser on the conjunctiva overlying the scleral sutures. Cases of 

conjunctival perforation resulting in persistent leak have been described [28, 33]. 

 
Releasable Sutures 
Several years after the introduction of LSL, interest in releasable scleral flap sutures 
increased because of the technical and logistical difficulties of performing LSL [34]. 
In LSL, the scleral flap sutures can be obscured by subconjunctival haemorrhages, 
thickened Tenon’s capsule or fibrosis [35]. The idea of releasable scleral flap sutures 
originated from Shaffer et al. in 1971 where externalised mattress sutures were used 
to prevent shallow AC following thermal sclerostomies [36]. 

The method described by Cohen and Osher [37] with a trimmed suture end on 
peripheral cornea, remained the most popular. Cases of endophthalmitis have been 
reported following trabeculectomy with MMC using this technique possibly due to 
the exposed suture end acting as a nidus for infection [38, 39]. 

Later modifications aimed to bury the externalised suture leaving no exposed free 
ends [40–42]. We reported the technique described in this chapter in 1996 [43]. It 
eliminates the free suture end, leaving all sutures buried but still accessible by the use 
of corneal grooves. 

The use of releasable sutures has been found to significantly reduce postoperative 
hypotony and shallow AC compared to fixed scleral flap sutures. Reported complications 
include superior corneal epithelial abrasions and suture breakage on removal. There is 
no clear evidence that the use of releasable sutures improves GFS success [34, 41]. 

 
Technique of Releasable Suture 
Two reverse-stepped clear corneal grooves are made to allow pre-placement of two 
releasable 10-0 nylon sutures in the scleral flap before blade entry into the AC. The 
suture is placed by passing the needle from just behind the limbus beside the scleral 
flap to emerge from the corneal groove. The needle is passed back into the corneal 
groove, through the partial-thickness scleral flap and emerges from the posterior 
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third of the flap. The needle is then passed full-thickness through the corner of the 

scleral flap into the adjacent scleral bed at an angle of 45°, leaving a loop to be secured 

with a single triple-throw tie. 

 
Adjustable Sutures 
A subsequent adjustable suture technique allows transconjunctival adjustment of 
scleral flap tension postoperatively using specially designed forceps with smooth 
edges (fig. 9; Khaw adjustable forceps Duckworth-and-Kent.com, adjustable suture 
forceps No. 2-502 or MkII UCLB Instruments). The adjustable suture system (fig. 10) 
allows a gradual titration of IOP – and may allow more control than suture removal 
or massage [44, 45]. 

In summary, changes in area of anti-fibrotic treatment, conjunctival and scleral flap 
construction, and scleral flap sutures have led to a dramatic reduction of both short- 
and long-term complications (fig. 11). This has led to a reduction in cystic areas within 
the bleb from 90 to 29% as well as a reduction in the rates of blebitis and endophthal- 
mitis [16]. Falls in complication rates have also been seen in the USA in lower risk 
populations from approximately 6 to 0.5% to date [Palmberg, pers. commun.]. 

 

 
 

Fluid Flow Control 
 

Paracentesis 
A paracentesis allows fine control of the AC in several intra- and postoperative situ- 
ations: (1) To set the opening pressure of the scleral flap with precision after tying 
the flap sutures (IOP titration) – BSS is injected via the paracentesis while observing 
the emergence of fluid from the scleral flap. (2) Reformation (or decompression) of 
the AC, both intra- and postoperatively – BSS and/or viscoelastic can be used. (3) 
An infusion can be placed to maintain a continuous IOP, particularly in high-risk 
patients. (4) Control and washout of AC haemorrhage – viscoelastic can be injected 
to provide tamponade, and air and BSS for washout. 

An oblique paracentesis placed in the inferior cornea parallel to the limbus is self- 
sealing. This technique minimises the risk of lens damage and is much safer if the AC 
is shallow. 

 
Infusion 
An anterior segment infusion (e.g. Lewicky, BD Visitec, N.J., USA) on a three-way 
tap can be used through the paracentesis to offer another level of IOP and AC control 
(fig. 12). The IOP and rigidity of the globe is maintained intraoperatively particu- 
larly in eyes with an increased risk of rapid choroidal effusion and haemorrhage (e.g. 
infants, high myopes, nanophthalmos, buphthalmos and Sturge-Weber syndrome). 
The IOP can be titrated using the infusion height to increase the accuracy of scleral 
flap closure and significantly reduce postoperative hypotony. 
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Fig. 9.  Adjustable suture forceps with special 

fine smooth tips for transconjunctival suture 
adjustment without tearing conjunctiva. 

 
 
 

Fig. 10.  Transconjunctival loosening of adjust- 

 

able sutures without sudden fall in IOP. 
 
 
 
 
 
 
 
 
 

Fig. 11.  A diffuse bleb in the patient’s right eye 
using a large area of treatment vs a smaller area 
of treatment with MMC. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 12.  AC infusion to maintain IOP and gauge 
opening pressure of sclerostomy. Inserted with 

an oblique paracentesis in a phakic eye to mini- 
mise any risk of trauma to lens. 
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Sclerostomy 
 

The sclerostomy can be created in various ways. It can be manually cut and removed 

with appropriate blade and scissors, or alternatively a special punch can be used. 

 
Placement of Initial Incision 
With the development of precision instrumentation, it is now possible to create an 
anterior corneo-scleral entry into the AC. An anterior incision reduces the risk of iris 
incarceration and bleeding from the iris root or ciliary body. 

 
Punch Sclerostomy 
A punch sclerostomy is the method of choice, and many punches are available. A scle- 
rostomy measuring 0.5–2 × 0.5–1.5 mm is adequate and provides optimum outflow 
control whilst minimising astigmatism and anterior aqueous flow [46]. Blade entry 
into the AC is performed anteriorly through clear cornea beneath the scleral flap. The 
punch is inserted to engage the full thickness of limbus. The punch should be aligned 
perpendicularly to ensure a clean non-shelved sclerostomy (fig. 13). We use a small 
0.5-mm diameter punch and repeat punching as required. A newer punch leaving a 
more oval hole and facilitating posterior flow and a diffuse bleb is now being devel- 
oped (UCLB Instruments, London, UK). 

 
Manual Block Removal 
If a blade and scissors are used, it is difficult to cut a sclerostomy much smaller than 
3 × 1.5 mm. The scleral flap is gently lifted with care not to cause a button-hole. The 
block is outlined to at least 90% depth before AC entry through the anterior edge. The 
rest of the block is dissected posteriorly to full-depth, using a blade or Vannas scissors 
to cut the base. Gentle traction is applied to the block during dissection to prevent 
damage to the iris and underlying structures. Problems with manual block removal 
include difficulty in cutting/dissecting anteriorly and the creation of a larger ostium 
causing shallow AC and hypotony. 

 

 
 

Peripheral Iridectomy 
 

A peripheral iridectomy (PI) is performed through the sclerostomy. The presence of a 

PI prevents iris incarceration and relieves pupillary block in some cases. The PI should 

be made relatively broad at the base and short in length to reduce the size of iris defect, 

minimising glare and monocular diplopia. Cutting the PI with scissors held parallel to 

the sclera facilitates this. The iris can be made to present through the sclerostomy 

without intraocular manipulation using an infusion, reducing iris trauma and the need 

for an assistant (fig. 14). 
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Fig. 13.  Small 0.5-mm titanium scleral punch 
to maximise flow control. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 14.  Iris presenting through small scleros- 
tomy with gentle pressure on back edge when 
infusion is used. No intraocular entry or manip- 

ulation is necessary. 
 
 
 
 

IOP Titration 
 

After PI, pre-placed scleral flap sutures can be tied quickly to minimise the 

duration of hypotony. IOP titration is a key step in GFS where the opening 

pressure of the scleral flap is precisely set with the irrigation of BSS through the 

paracentesis or using an AC infusion. The point at which aqueous just emerges 

from the scleral flap is the opening pressure of the valve. Scleral flap sutures are 

tightened/loosened accordingly, and extra sutures placed as needed. 
 
 
 

Closure of Conjunctiva and 
Tenon’s 

 
Prevention of wound leaks is of paramount importance in FBCF surgery. Wound 

leaks lead to flattened bleb morphology and hypotony, increasing the risk of GFS 

failure. Therefore, great attention has been focused on reproducible water-tight 

clo- sure techniques. Traditional closure used single interrupted sutures at the 

ends of the conjunctival incision. Newer techniques include the use of edge purse-

string sutures, 
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interrupted horizontal mattress sutures or a suture with corneal grooves [47, 48]. 
‘Corneal groove closure’ involves creating a series of corneal grooves through which 
conjunctival sutures with buried knots can be placed (fig. 15). These techniques have 
virtually eliminated central conjunctival/Tenon’s retraction, wound leaks and suture 
discomfort. 

For LBCF, an absorbable suture (e.g. vicryl) is usually used for closure using inter- 
rupted or continuous suturing. Absorbable suture material is preferred for patient 
comfort and ease of management despite the theoretical increase in inflammation. A 
round-bodied rather than a spatulated needle is used (especially with MMC) to mini- 
mise the risk of conjunctival tears, cheese-wiring and suture tract leaks. Suture bites 
should include both the conjunctiva and Tenon’s in single-layer closure to ensure a 
watertight wound. Following conjunctival closure, BSS is injected via the paracente- 
sis to ensure patency of the scleral flap (observing the drainage bleb) and water-tight 
closure. 

 

 
 

Medications at End of Procedure 
 

Traditionally, a subconjunctival injection containing steroid and antibiotic is given 
180° away from the trabeculectomy site to prevent intraocular entry of these drugs. 
Mydriatics/cycloplegics such as topical atropine 1% may be used. Advantages include 
relaxation of the ciliary muscle and pain relief, reduction of AC shallowing and 
malignant glaucoma (especially in short axial length eyes), stabilisation of the blood 
aqueous barrier (atropine mainly) and prevention of central posterior synechiae. 
Disadvantages include a dilated pupil, which may increase lens-corneal touch in shal- 
low AC, and blurred vision. 

 
 
 

Prevention of Complications 

 
Scarring is the main cause of failure in trabeculectomy [49], and judicious use of the anti- 

fibrotic agents such as 5-FU and MMC prolongs functionality. However, these agents can 

also cause tissue thinning and necrosis. In one study, the annual incidence of bleb- related 

infection was reported to be as high as 1.3% [50]. In the TVT study, 5% of trabeculectomies 

had a bleb-related infection by 5 years and wound leaks were seen in 11%, hypotony 

maculopathy in 3% and suprachoroidal haemorrhage in 3% [3]. Higher rates of hypotony 

have been reported, with hypotony seen in one third of trabeculectomies in one study [51] 

and delayed hypotony (after 6 months) seen in 42% in another [52]. 

However, complication rates can be minimised by appropriate strategies. This is 

reflected in our results with a very low rate of complications: endophthalmitis (0.2%), 

blebitis (0.2%), hypotony maculopathy (0.2%), suprachoroidal haemorrhage (0%) and 

wipe-out (0%). 
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Fig. 15.  Corneal groove creation (five grooves) for closure of fornix based conjunctival flap to minimise leakage and 
suture discomfort. a Two lateral purse strings sutures and 1–3 central mattress sutures. b Entry via corneal groove. 
c Purse string. d Exit via limbus and out via cornea. e Tie in corneal grove. 

 
 
 

Peri-Operative Complications 
 

Conjunctival Tear 
Conjunctival tears can be a serious problem especially with the use of adjuvant anti- 
fibrotic agents. They most commonly occur during peritomy and sub-Tenon’s dissec- 
tion, especially in eyes with multiple previous surgery and adhesions. 
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Prevention 
The preoperative use of topical apraclonidine 1% [17] or adrenaline significantly 
reduces tissue vascularity and bleeding, improving visualisation and control of the 
operative field. The handling of conjunctiva should be minimised. With thin tissues, 
BSS should be injected under the conjunctiva/Tenon’s to thicken the tissues and hence 
allow easier handling (stromal hydration). This will also demarcate scarred tissue and 
open up tissue planes. During conjunctival/sub-Tenon’s pocket construction, slow 
blunt dissection using very small cuts to divide adhesions and continuous reassess- 
ment of the plane minimises the risk of tearing the tissue. 

 
Management 
If a conjunctival tear occurs when adjuvant anti-fibrotic agent has not been used, it 
can be repaired by a simple purse-string vicryl suture on a vascular needle. If anti- 
fibrotic agents (especially MMC) are used, a patch graft using tissue without anti- 
fibrotic contact may be needed. This can be done by dissecting an attached flap of 
Tenon’s capsule distant to the treatment area, and then rotating it underneath the 
conjunctiva to be sewn as a living patch underneath the tear. 

 
Conjunctival, Scleral and Iris Bleeding 
Bleeding must be minimised in GFS as blood is a potent stimulus for fibrosis. When 
bleeding occurs, prompt haemostatic measures should be employed. 

 
Prevention 
The prevention of intraoperative bleeding starts well before surgery with the dis- 
continuation of aspirin, anticoagulants or herbal remedies (e.g. gingko biloba) if 
medically feasible. The use of topical apraclonidine 1% or adrenaline at time of sur- 
gery effectively reduces tissue vascularity. Handling of tissues (whether extraocular 
or intraocular) should be minimised. Control of blood pressure and use of general 
anaesthesia can reduce bleeding in high risk cases. 

 
Management 
Gentle wet-field diathermy (either bipolar or unipolar) can be used to control bleed- 
ing. The lowest possible power setting must be used to prevent tissue shrinkage. 
When rapid bleeding occurs from the PI, the pre-placed scleral flap sutures are tied 
and the IOP raised via the paracentesis to provide tamponade. Bleeding usually stops 
quickly. Then, the scleral flap can be loosened to allow gentle irrigation and AC wash- 
out. Larger haemorrhages may be controlled by raising the IOP with viscoelastic or 
AC infusion. 

 
Scleral Flap Damage 
Damage to the scleral flap including tearing or button-hole can occur during flap 
construction (before sclerostomy) or after sclerostomy. 
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Prevention 
Scleral flap damage is prevented by avoiding a thin flap which predisposes to cheese- 
wiring and tearing, and reducing the amount of scleral flap manipulation. 

 
Management 
If the scleral flap is damaged during construction/dissection, further surgery should con- 
tinue at a new site with undamaged sclera. After sclerostomy creation, minor flap dam- 
age may be repaired with a 10-0 nylon suture. In severe damage where the sclerostomy 
cannot be secured, an autologous or donor scleral patch, or processed pericardial graft 
may be sewn or glued with fibrin glue onto the operation site to regain globe integrity. 

 
Suprachoroidal Haemorrhage 
Suprachoroidal haemorrhage may occur in any eye where the AC is suddenly decom- 
pressed and shallowed (e.g. during sclerostomy creation), or where there is uncon- 
trolled blood pressure or chronic obstructive pulmonary disease. 

 
Prevention 
The principle of preventing intraoperative SCH rests with the maintenance of IOP, 
whilst preventing sudden IOP reductions. The preoperative identification of high- 
risk eyes (e.g. young patient, large eyes, small eyes, Sturge-Weber syndrome) com- 
bined with modifications in surgical strategy are the critical steps in preventing this 
potentially blinding complication. Patients should stop medications that predispose 
to bleeding. Strategies to maintain intraoperative IOP include pre-placed scleral flap 
sutures, injection of viscoelastic into the AC before intraocular entry and the use of 
an AC infusion. The use of a sclerostomy punch as opposed to block excision also 
offers improved IOP control. Choroidal vasoconstriction induced by hyperventila- 
tion under general anaesthesia may also be a helpful measure. In nanophthalmic eyes, 
scleral decompression with the use of scleral windows may be required together with 
constriction of the choroidal bed with topical apraclonidine 1% before intraocular 
entry. Similarly, postoperative SCH is prevented by prevention of hypotony (e.g. use 
of viscoelastic or C3F8 in aphakic eyes) and avoidance of Valsalva manoeuvres. 

 
Management 
If SCH is suspected, all wounds should be closed rapidly to ensure ocular integrity. 
The posterior segment is assessed to confirm the diagnosis. If SCH is peripheral and 
not affecting the macula, then a conservative approach is recommended. If SCH is 
extensive, drainage can be performed before the blood clots through one or more 
sclerostomies, providing that one has secured IOP control via an AC infusion. 

 
Decompression Retinopathy 
Retinal haemorrhages have been reported after rapid IOP reduction during GFS 
[53, 54]. A sudden and substantial drop in IOP has been hypothesised to cause 
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retinal  vascular  dysregulation  and  forward  movement  of  the  lamina  cribrosa, leading 

to blockage of axonal transport and compression of the central retinal vein [55, 56]. 

Decompression retinopathy is prevented by gradual reduction of IOP using the 

paracentesis before intraocular entry and the use of an infusion. The use of general 

anaesthesia allows the IOP to be slowly reduced before the eye is entered. 

 
Vitreous Loss 
Vitreous loss during trabeculectomy occurs when the lens/zonule complex is inad- 
vertently damaged during the PI, which is performed too posteriorly. The presence of 
vitreous in the AC will lead to potential blockage of the ostium and can increase the 
risk of GFS failure. 

 
Prevention 
Preventative measures are as follows: (1) create sclerostomy anteriorly; (2) avoid very 
basal PIs; (3) note irido-lenticular instability preoperatively and consider alternative 
procedure (e.g. tube surgery) if high risk of vitreous prolapse. 

 
Management 
Management consists of: (1) anterior vitrectomy, and (2) postoperative subconjunc- 
tival 5-FU. 

 

 
 

Postoperative Complications 
 

‘Wipe-Out’ of Visual Field 
This is thought to occur more frequently in patients with advanced visual field loss, 
particularly if the field loss is within 10° of fixation, although large-scale studies have 
not provided good supportive evidence. 

 
Prevention 
It may be useful to check the IOP a few hours after GFS to detect and treat any IOP 
spike. Intra- and postoperative hypotony, and systemic hypotension, all of which 
may compromise an already damaged optic nerve, should be avoided. GFS under 
general anaesthesia may avoid the IOP rise associated with some local anaesthetic 
techniques. 

 
Infection 
Blebitis and endophthalmitis are potentially blinding emergencies. Patients should 
seek  ophthalmological  attention  immediately  if  they  develop  a  purulent  dis- 
charge. All postoperative patients should receive instructions regarding the risk of 
infection. 
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Prevention of Early Infection 
Measures to prevent early infection are: (1) identification of high risk patients (e.g. 
ocular surface disease and blepharitis) and management preoperatively; (2) use 

of 
povidone-iodine to prepare the skin, lids, lashes and conjunctival sac; (3) minimise 
lashes in the operative field (use of steri-strips); (4) bury all sutures including 

releas- 
able sutures; (5) patient education regarding the importance of hand washing and 
avoidance of contact with infected wounds. 

 
Prevention of Late Infection 
Late infections are prevented by avoiding blebs with poor/cystic morphology and 

man- 
aging ocular surface disease. (1) Avoid excessive treatment with anti-fibrotic agents. 

(2). 
Avoid thin scleral flaps, which predispose to blow-holes and necrosis (especially with 
MMC). (3) Use large areas of anti-fibrotic treatment to produce more diffuse non-cystic 
blebs. (4) Position bleb under the upper lid in a position with maximal cover. The blebitis/ 
scleritis and infection rate may be 5–10 times higher with blebs unprotected by the 

upper 
lid. Carry out tube drainage surgery or other therapies instead of inferiorly placed blebs. 

 
Wound Leak 
Conjunctival wound leaks must be avoided as they make further bleb manipulation 
difficult. Aqueous leakage decreases bleb height and leads to increased subconjuncti- 
val fibrosis and bleb failure. 

 
Prevention 
Preventative strategies include: (1) smaller conjunctival incision (in both FBCF and 
LBCF); (2) prevention of conjunctival tears and button-holes by minimising tissue 
handling and the use of round vascular (BV) needle; (3) in FBCFs, meticulous con- 
junctival wound closure; (4) in LBCFs, place conjunctival incision as posteriorly as 
possible; (5) careful conjunctival edge protection during anti-fibrotic application and 
the use of a non-crushing clamp; (6) identification of patients with poor wound heal- 
ing ability (e.g. vitamin C deficiency and alcohol dependency). 

 
Bleb Overdrainage 
The  use  of  anti-fibrotic  agents  (especially  MMC)  has  increased  the  incidence 
of  hypotony  due  to  overdrainage.  Most  hypotony  (IOP  <6  mmHg)  in  the  early 
postoperative  period  settles  without  intervention.  Hypotony  becomes  clinically 
significant when it persists with shallow AC, choroidal detachment or hypotony mac- 
ulopathy – surgical intervention is then indicated. 

 
Prevention 
Hypotony due to aqueous overdrainage is commonly seen in eyes with low scleral 
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rigidity (e.g. young patient, myopia, collagen abnormality). Preventative strategies 
include: (1) tight scleral flap closure with extra sutures as indicated by IOP titration; 
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Fig. 16.  Bleb oozing aqueous secondary to cystic 
change. 

 
 

 
(2) avoid small or thin scleral flaps which may not provide adequate resistance to aqueous 
outflow; (3) do not release/lyse scleral flap sutures too early. With MMC, suture removal 
may result in hypotony even months after GFS. It is preferable to per- form bleb massage 
rather than removal of the releasable suture. (4) Avoid high dose MMC in patients prone 
to postoperative hypotony. 

 
Choroidal Effusion 
Choroidal effusions are common in hypotonous eyes following GFS. The collection 
of fluid (high protein content) in the suprachoroidal space is produced by transuda- 
tion from leaking capillaries in the choriocapillaris. The measures to prevent choroi- 
dal effusion are the same as those for hypotony due to overdrainage. 

 
Ciliary Body Shutdown 
Patients with uveitis and patients with juvenile open angle glaucoma are at risk of devel- 
oping ciliary body shutdown, which can be prevented by preoperative optimisation of 
intraocular inflammation. The management involves frequent topical and/or systemic 
steroids. 

 
Late Bleb Leak 
Bleb leaks can occur months or years after GFS, especially with adjuvant anti-fibrotic 
agents such as MMC. The leak may be focal or diffuse with ‘sweating’ areas (fig. 16). 
Avoiding thin scleral flaps reduces the risk of formation of blow-holes and anterior aque- 
ous flow, which increase the risk of cystic bleb formation. Also, the use of anti-fibrotic 
agents must be titrated according to patient risk factors to avoid excessive treatment. 

 
Malignant Glaucoma/Aqueous Misdirection 
In malignant glaucoma/aqueous misdirection, the aqueous is directed posteriorly into 
the vitreous cavity with restriction of anterior flow by the anterior hyaloid face. Patients 
usually present with shallow AC and raised IOP several days after GFS. Anteriorly rotated 
ciliary processes have been observed to press against the lens equator and prevent ante- 
rior aqueous flow. The anterior hyaloid may be abnormally positioned, plugging spaces 
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between ciliary processes. An acute episode of pupil block or SCH can sometimes 

give a similar picture. 

 
Prevention 
Eyes with reduced axial length (and/or increased posterior scleral thickness and 

uveal 
effusion) must be identified preoperatively using A and B scan ultrasonography. 
Prophylactic sclerotomies may be required in nanophthalmos. Aqueous overdrainage 
must be avoided in the early postoperative period by having a high scleral flap resis- 
tance – scleral flap sutures are removed later when needed. Topical atropine at the 
end of GFS and postoperatively is useful in preventing malignant glaucoma. 

In high risk eyes with cataract, a combined GFS and cataract procedure may de- 
bulk lens volume. A rigid one-piece implant may prevent a flat AC. If malignant glau- 
coma develops, the management is easier in a pseudophakic eye. 

 
Cataract Formation 
Cataract formation/progression may occur due to lens-corneal touch, lens trauma, 
inflammation, hypotony and the use of intraoperative MMC. Cataract progression 
is reduced by avoiding postoperative hypotony and a flat AC. The use of an oblique 
paracentesis minimises the risk of lens trauma. In patients with cataract, combined 
cataract and GFS may be considered. 

 
Ptosis and Strabismus 
Prevention 
Preventative strategies include: (1) corneal traction suture rather than a superior 

rec- 
tus suture; (2) minimise traction on the eye, which stretches the levator 

aponeurosis; 
(3) in LBCF, dissect the conjunctiva and Tenon’s as separate layers to prevent damage 
to the superior rectus muscle; (4) place sponges soaked in anti-fibrotic agent posteri- 
orly as MMC is toxic to the superior rectus muscle. 

 
Management 
Conservative treatment is recommended as most cases settle spontaneously, but 
sometimes surgery (e.g. repair of levator dehiscence) may be required. 

 
Astigmatism 
Preventative strategies for astigmatism are: (1) minimise sclerostomy size 

especially 
in eyes with low scleral rigidity; (2) avoid very large FBCF and scleral flaps. 

 
 
 

Conclusion 

 
This chapter highlights the importance of implementing a total GFS system 



29 Enhanced Trabeculectomy – The Moorfields Safer Surgery System  

start- ing from preoperative assessment, to intraoperative techniques, and 

finally post-operative management, which will be extensively addressed in a 

further chapter. It is important for surgeons to understand the principles of GFS 

and acquire advanced techniques to tailor GFS to each individual patient. One 

should be prepared to change the intraoperative strategy when unexpected 

conditions are encountered. Communication between glaucoma surgeon and 

patient is of paramount impor- tance, and management of realistic patient 

expectation will help ensure an optimal outcome. 
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