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A modified technique for trabeculectomy
Syed Shoeb Ahmad
Department of Ophthalmology, Queen Elizabeth Hospital, Kota kinabalu, 
Malaysia

Abstract
Aim or purpose: To present a modified technique of trabeculectomy.
Design: Ahmad’s modified trabeculectomy technique aims to utilize subtle modifica-
tions to the classical trabeculectomy technique in order to achieve a better filtering bleb 
leading to lesser complications.
Methods: Retrospective interventional case series.
Results: Thirty-four patients underwent this surgery. There was a significant difference 
in the preoperative and postoperative median intraocular pressure (IOP; z = 3.928; 
p < 0.001). The postoperative IOP (median = 12) was significantly lower than the preop-
erative IOP (median = 28; interquartile range = 9).
Conclusion: This modification can prove to be an effective method to reduce IOP with 
minimal complications.
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Introduction
Glaucoma is a multifactorial disorder with the common denominator of retinal 
ganglion cell loss. There are a number of theories, including the mechanical, 
vascular and biochemical ones, which attempt to explain the causation of this 
multi-spectrum disorder called glaucoma.1 The only risk factor that can be 
modulated currently is intraocular pressure (IOP). Thus, IOP is often used as a 
surrogate treatment goal to assess the efficacy of any glaucoma management 
strategy.

Surgical management of glaucoma still lacks a reliable, reproducible, resilient, 
and robust procedures to maintain a stable IOP throughout the lifetime of the 
patient without any complications. Since its introduction in the 1960s, trabe-
culectomy has remained the gold standard of glaucoma filtering surgeries (GFS). 
Following trabeculectomy, long-term control of IOP has been found to range 
from 55% to 98%.2 However, this procedure remains unpredictable, with results 
varying from patient to patient and even from case to case performed by the 
same surgeon.3 It is also known that the more the risk factors for the procedure, 
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the higher the cumulative effect on the outcome.4 Other weaknesses of this 
procedure include the safety profile, complications such as short- and long-term 
risks of infection (endophthalmitis, blebitis), ocular hypotony, and others.5-13 As 
with all operative procedures performed on an open eye, this procedure carries 
the risk of infection. However, coupled with a thin, vulnerable conjunctival bleb, 
the situation is made grimmer.14 Not surprisingly, patients with cystic blebs carry 
a lifetime risk of bleb-related infections.15 Looking at the shortcomings of trabe-
culectomy, the door has opened for novel surgeries to be explored and improved 
upon.

The key factor that determines the success of trabeculectomy is the character-
istic of the filtering bleb. Since bleb-related complications usually influence the 
outcome of GFS, we have developed some modifications to the classical trabe-
culectomy procedure. Our method, Ahmad’s modified trabeculectomy technique 
(AMTT), is aimed primarily at overcoming the problems of bleb leakage and poor 
quality of blebs.

AMTT does not attempt to radically change the classical trabeculectomy proce-
dure. Our modifications can be performed by any surgeon adept in trabeculec-
tomy. AMTT targets to achieve the “much desired diffuse, non-cystic bleb” by 
promoting posterior flow by making an innovative “spout” configuration in the 
sclerostomy, tight suturing of the scleral flap anteriorly, and better healing by 
leaving a cuff of conjunctiva near the limbus.16

Materials and methods
Inclusion criteria for this prospective study were patients above 14 years of age 
who were diagnosed to have glaucoma based on their visual field defects, optic 
disc changes, uncontrolled IOPs despite maximal tolerable medical therapy, 
retinal nerve fibre thickness changes, central corneal thickness values, and gonio-
scopic appearance. Patients who did not achieve the target IOP consistently or 
had progressive visual field changes on at least two consecutive examinations 
despite maximal medical treatment underwent trabeculectomy using the AMTT 
procedure.

Surgical technique
Aseptic precautions were taken prior to starting surgery. A corneal traction suture 
was often used to rotate the eye downwards in order to obtain a good surgical 
exposure of the field of surgery. Subsequently, a conjunctival flap was fashioned. 
Unlike the usual fornix-based flaps which are flush to the cornea, we start the 
peritomy about 0.5 mm posterior to the limbus, leaving a margin of conjunctiva 
there. Adequate haemostasis is achieved by using a bipolar cautery.
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We routinely use mitomycin-C (Kyowa Hakko Kirin Co., Japan). The agent is 
diluted to a concentration of 0.02% solution. Subsequently, soaked gel sponges 
are applied to the episcleral tissues. The sponges are kept for 2 to 3 minutes, with 
the conjunctival flap blanketed over them by holding the edges away from the 
sponges. After 2 to 3 minutes, the sponges are removed and the area irrigated 
with nearly 20 ml of balanced salt solution (BSS). 

A bevelled limbal stab incision is made in the 9 o’clock region after the 
mitomycin-C is washed out. Using a 15° knife, a square or trapezoidal scleral 
flap measuring around 4 × 4 mm is fashioned, hinged at the limbus. The dissec-
tion is completed using a crescent knife. Subsequently, a stab incision is made 
into the anterior chamber just behind the hinge of the scleral flap. Using a 15° 
blade, the anterior chamber is entered from the centre. A Kelly Descemet punch 
(1 mm diameter) is then used to cut the deep scleral/trabecular layer in order 
to perform the sclerostomy. Either two adjacent or overlapping snips are made 
by the punch. Subsequently, we go back to the centre of the sclerostomy and, 
tilting the punch downwards, make a half-thickness snip in the posterior lip of 
the sclerostomy. This produces a spout-like configuration in the centre, allowing 
aqueous to flow posteriorly rather than towards the sides (Figs. 1 and 2).

A peripheral iridectomy is then made. The scleral flap is sutured with five 
10/0 nylon sutures. We keep the anterior two sutures on either side relatively 
tight while the rest of the three are kept loose. BSS is injected from the limbal 
stab incision to titrate the flow. The sutures are adjusted to have a smooth 
flow through the fistula without collapse of the anterior chamber on applying 
pressure.

Fig. 1. Left, right: An intraoperative view of the spout configuration.
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This modification has two advantages: one, it directs flow more posteriorly; and 
second, in the event the patient requires laser suture lysis subsequently, it is easier 
to lyse the anterior two tight sutures.

Postoperative review
A total of 34 patients (34 eyes) underwent trabeculectomy using this technique. 
Visual acuity was determined by the Snellen chart using an auto chart projector 
(CP-690, Nidek Corp, Japan). IOP was measured by Goldmann applanation tonom-
eter (Carl Zeiss Meditec AG, Jena, Germany).

Fig. 2. Graphical representation of changes in IOP during study.
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Patients were followed up for 1, 7, and 30 days postoperatively. Subsequently, 
they were reviewed according to glaucoma status, ranging from 3- to 6-monthly 
intervals. The first patient was operated 2 years back using this technique. 
However, we have included patients who completed 1 year of follow-up. The 
primary outcome measures analysed in this study were: 1. diffuse bleb with 
no leak in the immediate postoperative period; and 2. IOP between 6 and 18 
mmHg. The secondary outcome measures analysed were: 1. well-functioning 
bleb without encapsulation/cystic changes; and 2. final IOP between 6 and 18 
mmHg without medications.

Results
Descriptive statistics were used to depict baseline data and postoperative 
complications of the patients. Wilcoxon signed rank test was used to examine 
the difference between preoperative and postoperative IOP. All analyses were 
done using Statistical Package for the Social Sciences version 16.

Thirty-four patients were enrolled in this study. One eye of each patient under-
went the procedure. We screened all patients for inclusion/exclusion criteria 
and performed the standard AMTT procedure as described previously. The age 
of the subjects ranged from 54 to 74 years, with a mean standard deviation of 
64 (12). There were 10 males (29.41%) and 24 females (70.58%) in the study. 
Regarding the type of glaucoma, 22 (64.70%) had angle-closure glaucoma, 10 
(29.41%) had open-angle glaucoma, and 2 (5.88%) had neovascular glaucoma. 
All patients were on four anti-glaucoma medications (a β-blocker, an α-agonist, 
a prostaglandin analogue, and a topical carbonic anhydrase inhibitor). We put 
some patients on oral carbonic anhydrase inhibitors for short periods of time 
while they waited for surgery.

There was a significant difference in the preoperative and postoperative 
median IOPs (z = 3.928; p < 0.001). The postoperative IOP (median = 12) was 
significantly lower than the preoperative IOP (median = 28; interquartile 
range = 9) (Table 1 and Fig. 3).

All 34 patients underwent AMTT and had follow-ups on day 1, day 7, day 30, 3 
months, 6 months, and 3- to 6-monthly intervals thereafter. Early postoperative 
complications (within the first 3 months) include a flat bleb in three (8.82%) 
and conjunctival bleb leak in four (11.76%) patients, which occurred in the first 
week of the postoperative period. The only late complication (around 3 months 
postoperatively) noted by us was a flat bleb which developed in three (8.82%) 
patients (Table 1 and Fig. 3).
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Table 1. Results following AMTT procedure.

Number Preop Day 1 Day 7 Month 1 Month 3 Month 6 Year 1

1 26 6 8 6 10 12 8

2 32 8 10 12 10 12 10

3 24 18 8 6 6 10 8

4 28 8 12 12 6 4 8

5 26 6 6 14 8 6 10

6 42 18 14 24

7 34 6 10 12 8 10 6

8 28 4 6 8 4 6 10

9 26 2 4 8 6 8 6

10 24 4 12 10 8 12 14

11 44 24 18 24 28

12 28 4 8 10 8 16 12

13 26 6 10 8 12 16 14

14 32 16 12 10 12 12 10

15 26 10 8 8 14 10 12

16 38 2 6 8 8 10 8

17 24 8 10 12 12 16 12

18 22 6 10 8 8 6 8

19 44 12 16 32

20 28 4 6 10 8 6 6

21 26 6 4 10 12 10 10

22 34 12 10 8 14 12 12

23 24 6 6 10 12 10 10

24 26 10 4 12 10 14 14

25 32 8 12 10 14 16 14

26 22 4 6 12 12 16 12

27 24 2 6 10 10 12 10

28 34 4 4 12 18 16 14

29 42 10 12 14 10 12 10

30 28 4 4 12 10 14 8

31 24 6 6 14 14 16 12

32 32 4 2 10 10 12 14

33 22 2 4 14 12 14 10

34 26 4 10 8 10 10 10
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Discussion
Trabeculectomy remains the gold standard to measure the success of innovations 
in GFS.3,17,18 Trabeculectomy itself is being modified to make it more safe, efficient 
and predictable.11 Despite all these efforts, trabeculectomy is beset with compli-
cations and failures at every stage.5,6,19-21 In our study, 34 patients with open-angle 
(10), closed-angle (22), and neovascular glaucoma (2) underwent trabeculectomy 
due to uncontrolled IOPs with maximal medical treatment (four topical anti-glau-
coma medications). Three patients had previously undergone trabeculectomies 
in the past, but IOP had increased,, requiring a return to four or more anti-glau-
coma medications. All surgeries were performed by the author using the modifi-
cations described earlier.

We performed all surgeries in this series under sub-Tenon anaesthesia using 
2% lidocaine injection. However, trabeculectomies can also be performed using 
lidocaine hydrochloride gel or jelly and intracameral lidocaine.22-24

We performed a fornix-based conjunctival flap. However, our peritomy did not 
reach up to the limbus. We left a cuff of conjunctiva about 0.5 mm posterior to the 
limbus. The two cut edges of the conjunctiva can be easily sutured and the blood 
vessels at both ends of the flaps promote a more rapid, more natural healing 
response. Excessive cautery of the episcleral vessels should be avoided to prevent 
contracture of the scleral flap, which may lead to uncontrolled leakage.

Trabeculectomy can be performed by either a limbus or fornix-based conjunc-
tival flap. Limbus-based procedures are reported to have higher rates of cystic 
bleb formation, excessive drainage, and, according to Lemon et al., more bleb 
leaks.25 While limbus-based conjunctival flaps can adhere to the deeper tissues at 
their periphery, fornix-based flaps have a propensity to fail due to the formation 
of diffuse conjunctival adhesions and fibrosis spreading along the anterior part of 
the bleb.26-28 We have termed this band of fibrosis as “band of steel”, which is more 
common in darker individuals and spreads around the bleb area, leading to loss of 
function of the trabeculectomy. A trabeculectomy with a leaking bleb can have an 
adverse effect on the success rate of GFS.7,10,29-31 Bleb leaks occur due to improper 
closure of the conjunctival flaps or inadvertent conjunctival buttonholes.32-35 Late 
bleb leaks are usually spontaneous and occur in cystic, thin-walled blebs.36-41 The 
Ibadan Study found shallow anterior chambers as the most common postopera-
tive complication after trabeculectomy.42

In our study, three patients had a flat bleb and four had a bleb leak in the 
immediate postoperative period. All patients with the flat bleb underwent 
initial massage and subsequent laser suture lysis about one week after surgery. 
None required further surgical modification of the bleb. The patient with the 
leaking bleb was managed by application of a pressure-patch for two days. One 
patient with neovascular glaucoma underwent an anterior chamber washout 
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due to postoperative hyphema. Late bleb failure occurred in the two neovas-
cular glaucoma patients and one very dark-skinned individual. On exploration 
and revision of the bleb, we found extensive fibrosis in the bleb area. Although 
revision of the bleb was done in all three cases, the two patients with neovascular 
glaucoma did not do well postoperatively and had to be restarted on antiglau-
coma medications.

The size of the scleral flap in AMTT was kept around 4 × 4 mm. The shape and 
size of scleral flaps can vary between rectangular, triangular, and rhomboid. 
However, a study has shown that increasing the scleral flap size leads to an 
increase of 48.55% in aqueous egress. Also, a square flap increases aqueous 
drainage by 36.26% compared with a triangular flap of equivalent area. Thus, a 
4 × 4 mm scleral flap used in our technique appears to be an ideal size to attain 
maximal aqueous outflow.43

In some surgical techniques, the side incisions of the scleral flap do not reach 
up to the limbus. This supposedly encourages posterior outflow of aqueous. 
However, these techniques also recommend sclerostomy incisions to be as 
anterior and corneal as possible to reduce bleeding and inadvertent injury or 
exposure of the ciliary body.44 A scleral flap hinged posterior to the limbus does not 
provide adequate visualization of the surgical area anteriorly near the limbus. This 
increases the risk of scleral flap amputation when manipulations are performed to 
create a sclerostomy. Therefore, when we fashion the flap, the side incisions reach 
up to the limbus. This makes it easier to perform anterior sclerostomies. However, 
when we suture the scleral flap, the anterior two sutures are applied tightly. This 
encourages aqueous to flow posteriorly and is also convenient for subsequent 
laser suture lysis. In order to prevent the anterior chamber from collapsing, the 
scleral flap should be secured first with a posterior suture, after which the two 
anterior sutures can be applied.

In order to encourage posterior flow of aqueous, we devised another modifi-
cation to the sclerostomy. After the entire sclerostomy is made as usual, the Kelly 
Descemet punch is brought back to the centre and tilted down and backwards 
to make a half-thickness cut in the posterior lip of the sclerostomy. This produces 
a “spout”-like configuration in the centre. Aqueous is funnelled out of this spout 
posteriorly, thus encouraging posterior, diffuse blebs. One should be careful 
while making the spout to have only a half-thickness scleral snip. This avoids any 
inadvertent injury to the choroid. 

A failing bleb in the early postoperative period can be managed by digital 
massage, scleral flap suture lysis, or the removal of a releasable suture. Argon laser 
suture lysis can be done two days to two weeks postoperatively. However, this 
procedure may not be possible at times due to a thick overlying Tenon’s capsule, 
postoperative inflammation, and subconjunctival haemorrhage. However, in our 
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modification, the tight sutures are applied anteriorly, facilitating lysis of these 
sutures compared to posterior, deeper sutures.45,46

Some of the popular methods recommend application of mitomycin-C after 
the scleral flap is made. They claim to have found scar tissue in the subscleral 
space upon re-exploration.44 This is probably the “band of steel” that we have 
found in patients who require revision of the bleb. However, we avoid using 
antimetabolites after making the scleral flap. Any iatrogenic holes in the bed 
of the sclera, especially in cases of advanced glaucoma or myopes, may lead to 
increased intraocular absorption of the antimetabolite. Also, in case the scleral 
integrity is compromised, the antimetabolite has to be withheld.

Some techniques for conjunctival closure fashion grooves in the cornea and 
sutures are placed through them.44 Such methods involve manipulating a cornea 
previously exposed to the antimetabolite. There is also a potential for inducing 
irregular astigmatism when sutures are applied over the cornea. By leaving a 
cuff of conjunctiva at the limbus, we are able to suture the two cut ends of the 
conjunctiva, providing a more secure and comfortable closure.

Some drawbacks of this study include the absence of control eyes and a 
relatively short follow-up of approximately one year. With this preliminary data at 
hand, we would like to continue evaluating the long-term results of this process. 
However, this modification is a simple and effective enhancement of the classic 
trabeculectomy technique and can be adopted by all surgeons performing GFS.
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