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Abstract
Aim—The authors investigated the safety
and intraocular pressure (IOP) lowering
eVectiveness of trabeculectomy augmented with mitomycin C application
beneath the scleral flap, and assessed the
influence of preoperative risk factors on
the surgical outcome.
Methods—A retrospective study of 72 consecutive high risk eyes undergoing trabeculectomy with adjunctive mitomycin C
(0.2 mg/ml) applied under the scleral flap
for 5 minutes was performed. Each eye
was ascribed a score based on the number
of preoperative risk factors, and categorised into one of three risk factor groups.
Success was described as unqualified
where IOP was < 21 mm Hg without
medication and qualified where antiglaucomatous therapy was required to maintain it at such a level. A life table analysis
of IOP control was calculated.
Results—The mean IOP (SD) fell from a
preoperative level of 28.4 (6.9) to a level of
16.63 (8.06) mm Hg at the last follow up
(paired Student’s t test: p< 0.0001). Fifty
two eyes (72%) were classed as unqualified
successes. The survival rates did not differ
significantly between diVerent risk factor
groups (log rank test: ÷2 = 0.967, p>0.1).
The incidence of postoperative complications compared favourably with reports of
mitomycin C application between Tenon’s
capsule and the undissected scleral bed.
Conclusion—The results illustrate that
mitomycin C applied beneath the scleral
flap during trabeculectomy in high risk
eyes is associated with a success rate comparable to other modes of application. The
incidence of potentially serious complications such as conjunctival wound leak and
prolonged hypotony was lower than previously published data reporting subTenon’s administration of mitomycin C.
The number and nature of preoperative
risk factors do not appear to influence the
surgical outcome. A possible mechanism
of action is proposed.
(Br J Ophthalmol 1998;82:397–403)

Scarring at the surgical site is the most
common cause of failure of glaucoma filtering
surgery.1 2 Fibroblasts play a critical role in the
healing process and agents which inhibit their
proliferation have been introduced to modulate
tissue reaction after fistulising surgery.3–6 Mitomycin C (MMC) is one such agent which has
been shown to successfully prolong the surgical

results after trabeculectomy in both high risk
and uncomplicated glaucoma.7–14
The optimum regimen of MMC administration has yet to be established. However, it is
known that this antiproliferative agent acts in a
dose and time dependent way.15 It may
therefore be postulated that the surgical
outcome will depend on preoperative risk
factors when the dosage and duration of exposure of MMC is constant.
The appropriate site of MMC administration is also a matter of considerable debate, the
vast majority of published data reporting its
application between the undissected scleral
bed and the overlying Tenon’s capsule. In an
attempt to reduce the risk of ocular surface
complications we apply the antimetabolite
beneath the scleral flap only. This study represents the largest series of trabeculectomies
augmented with MMC application to this site.
The safety and eYcacy of this procedure was
evaluated and the influence of known preoperative risk factors on the surgical outcome was
assessed.
Patients and methods
We reviewed the records of 69 consecutive
patients (72 eyes) who underwent MMC augmented trabeculectomy for medically uncontrolled glaucoma between August 1992 and
June 1995 and who had at least 6 months’
postoperative follow up. All operations were
performed at the Birmingham and Midland
Eye Hospital by one specialist glaucoma
surgeon (EO’N), or an ophthalmologist in
training under his direct supervision.
Data retrieved for each operated eye may be
divided into preoperative, intraoperative, and
postoperative. Preoperative information gathered included patient’s age, sex, race, previous
surgical procedures, number of glaucomatous
medications, last recorded intraocular pressure
(IOP), ocular comorbidity, and best corrected
visual acuity (VA). Intraoperative data included the grade of operating surgeon and the
surgical technique used. Postoperatively IOP
and visual acuity measurements were recorded
1 day, 2 weeks, 3 months, 6 months, and 1 year
following surgery, and at the last available
follow up. Complications were also noted, with
particular attention directed to the diagnosis of
conjunctival wound leak, shallow anterior
chamber (AC), flat AC, prolonged hypotony
(IOP < 5 mm Hg for more than 2 weeks),
choroidal detachment, corneal epithelial defects, and superficial punctate keratitis (SPK).
In order to classify eyes in terms of preoperative risk we established a “cumulative risk factor
index” (CRFI) before the collection of data.
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Table 2 Characteristics* of patients undergoing MMC
augmented trabeculectomy

Preoperative characteristic

Score

Black race
Previous incisional ocular surgery
> 2 topical medications for > 18 months
30 years < age < 50 years
Age < 30 years
Complicated glaucoma*

1
1
1
1
2
1

Race
Black
Asian
White
Sex
Male
Female
Glaucoma diagnosis
Primary open angle
Glaucoma capsulare
Normal tension
Uveitic
Angle closure
Neovascular
Congenital

*Complicated glaucoma = any glaucoma other than primary
open and capsulare types.
Risk factor (RF) group A = 1–2 points, RF group B = 3–4
points, RF group C = 5–6 points.

Ocular and systemic patient characteristics
shown to have an adverse eVect on the outcome
of trabeculectomy by previous investigators were
each ascribed a score (Table 1), and the total
calculated. These included a history of previous
incisional ocular surgery involving the superior
conjunctiva,16–19 prolonged topical antiglaucomatous medication,20 21 “complicated glaucoma” (any glaucoma other than primary open
angle glaucoma and glaucoma capsulare),22–33
black race,34–36 and young eyes (<50 years).16 37–40
We ascribed a score of 2 for eyes aged less than
30 years as they are associated with a success
rate approximately half that of eyes aged
between 30 and 49 years.39 Eyes achieving a
CRFI count of 1 to 2 were classed in risk factor
(RF) group A, CRFI counts of 3 to 4 were
classed in RF group B, and scores of 5 to 6 in RF
group C.
Sixteen patients underwent trabeculectomy
with adjunctive MMC in one eye and conventional filtration surgery in the fellow eye. At the
time of the surgical procedures, fellow eyes
were perfect matches in terms of preoperative
risk including age (plus or minus 2 years), race,
number and nature of previous incisional ocu-

Variable

No (%)
43 (62.5)
4 (5.5)
22 (32)
31 (45)
38 (55)
54 (75)
4 (5.6)
4 (5.6)
6 (8.5)
1 (1.3)
1 (1.3)
2 (2.7)

*Age range of the patients was 8–83 years (mean 64.3 (SD 11)
years).

lar procedures, and topical treatment. In terms
of antiglaucoma medication paired eyes received the same type (â blocker with or without
pilocarpine) and brand of drops for a comparable period of time (4–5 years) before surgery.
Furthermore, all operations in this group were
performed by one surgeon (EO’N). The surgical outcomes of the two surgical techniques
were compared for these 32 paired eyes.
Before the collection of data successful IOP
control was defined as unqualified where IOP
was < 21 mm Hg without medication and
qualified where antiglaucomatous therapy was
required to maintain it at such a level. In cases
of low tension glaucoma the procedure was
considered to be an unqualified success where
IOP was reduced by at least 30% of the preoperative level without ocular hypotensives, and
qualified if drugs were required to achieve this
level of IOP reduction. Eyes with a postoperative intraocular pressure >21 mm Hg and <24
mm Hg were classed as qualified failures, and
where IOP was >25 mm Hg the surgery was
considered to have failed completely.
Statistical comparisons between groups were
performed using the Student’s t test, median
test, or ANOVA for quantitative data. Categorical data were compared using the ÷2 test,
or McNemar’s test when paired eyes were
being considered. The probability of success at
various times in the postoperative period was
calculated by Kaplan–Meier life table analysis
and survival curves were drawn. Intercurve
analysis was performed using the log rank test,
and the influence of risk factors on survival was
estimated using the Cox regression proportional hazards model in combination with joint
significance tests.
Table 3 Previous surgical procedures among 41 eyes
undergoing MMC augmented trabeculectomy

Figure 1 (A) Following the creation of a fornix based
conjunctival flap, a partial thickness rectangular scleral flap
is dissected. (B) A trimmed, MMC saturated sponge is then
placed beneath the scleral flap while taking care that it does
not come into contact with the conjunctiva.

Previous surgical procedure

No (%)

Trabeculectomy (one)
Trabeculectomies (two)
Trabeculectomies (three)
ECCE
ECCE + trabeculectomy (combined)
ICCE
Peripheral iridectomy
Goniotomy
Retinal detachment repair

17 (23.5)
10 (13.8)
1 (1.4)
7 (9.7)
1 (1.4)
1 (1.4)
2 (2.8)
1 (1.4)
1 (1.4)

ECCE = extracapsular cataract extraction; ICCE = intracapsular cataract extraction.
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Figure 2 Intraocular pressure eVect of trabeculectomy with adjunctive mitomycin C for 72
high risk eyes. Numbers above the line show the fraction of patients receiving antiglaucoma
medication.
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Figure 3 Kaplan–Meier cumulative survival plot for trabeculectomies augmented with
mitomycin C application beneath the scleral flap.
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Figure 4 Kaplan–Meier cumulative survival plot for mitomycin augmented
trabeculectomies according to risk factor category.
SURGICAL TECHNIQUE

A fornix based conjunctival flap was dissected
and a partial thickness 2 × 3 mm rectangular
scleral flap created (Fig 1A). For the application of MMC, a 2 × 2 mm cellulose sponge
(Surgi, Eschenburg, Germany) saturated with
0.2 mg/ml solution of MMC (Kyowa, Hako,
London) was applied under the scleral flap for
3 minutes and then a freshly saturated sponge
was applied for a further 2 minutes (Fig 1B).
The conjunctiva was held back with a forceps
during application of the MMC, and was not
draped over the sponge at any stage, in order to
protect it from contact with the antimetabolite.

Results
Seventy two eyes of 69 patients which underwent MMC augmented trabeculectomy with at
least 6 months’ follow up were identified.
Patient characteristics are listed in Table 2.
Mean follow up time was 18.3 months (range
6–48 months). Forty one eyes (56.9%) had
undergone previous incisional ocular procedures (Table 3). All cataract extractions were
performed through a limbal section. Almost all
operated eyes (98.6%) had received chronic
topical medical therapy for a duration of 2–5
years. Of these, all had been exposed to the
combination of a â blocker and pilocarpine for
18 months or more. Adrenaline based products
were not used in any case for more than 5
months before surgery. No eye in the study
group had been exposed to the mixture of
adrenaline and guanethidine monosulphate
(Ganda). The cumulative risk factor (RF)
index categorises 30 eyes in RF group A, 36
eyes in RF group B, and six eyes in RF group
C.
The mean preoperative IOP (SD) was 28.4
(6.9) mm Hg. Three months postoperatively
the mean IOP was significantly lower at 15.04
(5.83) mm Hg (paired Student’s t test:
p<0.0001). At the time of last follow up the
average IOP was 16.63 (8.06) mm Hg
(p<0.0001), representing a mean reduction of
41.4%. The IOP was reduced by more than
50% in 31 eyes (43%) and by over 30% in 55
eyes (77.7%). Mean IOP did not change
significantly after the third postoperative
month (Fig 2) and the drop in IOP did not differ significantly between cumulative risk factor
groups (ANOVA: F =0.56, p >0.05).
The overall success rate was 83.3% (60 eyes)
at last follow up. Of these, eight (11.1%)
required topical antiglaucomatous medications
to maintain IOP <21 mm Hg and 52 (72%)
were unqualified successes. Twelve MMC augmented trabeculectomies (16.66%) were
classed as failures. Of these, eight (66.6%)
failed within the first three postoperative
months and 10 (83.3%) by the sixth postoperative month.
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The surgical site was then irrigated with 10 ml
of balanced salt solution. Only then was the
anterior chamber entered, a clear cornea paracentesis performed, and a fistula beneath the
scleral flap created. A peripheral iridectomy
was performed in all cases. The scleral flap was
sutured with two interrupted 10-0 nylon
sutures (Ethicon, Somerville, NJ, USA) with
slightly greater tension than a standard trabeculectomy, taking care to maintain anterior
chamber depth and prevent overfiltration.
Tenon’s capsule and the conjunctiva were
closed in a single layer with 8-0 Vicryl
(Ethicon, Somerville, NJ, USA).
Following surgery, all eyes received a standard regimen of topical atropine (1% twice
daily) and corticosteroid-antibiotic preparation
(Betnesol-N, Evans Medical, Horsham, Sussex) four times daily. In no case was argon
suture lysis or ocular massage performed postoperatively.

400

Beatty, Potamitis, Kheterpal, et al

0.8

0.6

0.4

0.2

Cumulative survival for MMC augmented trabeculectomy
Cumulative survival for conventional trabeculectomy

0.0
0

2

4

6

8

10

12

Time since operation (years)

Figure 5 Kaplan–Meier cumulative survival plot for conventional and mitomycin
C (MMC) augmented trabeculectomies in paired eyes.
Table 4 Postoperative complications for 72 eyes
undergoing trabeculectomy with mitomycin C
Complication

No (%)

Corneal abrasion
SPK
Dellen
Chronic wound leak
Shallow AC
Hyphaema
Intense uveitis
Choroidal detachment
Prolonged hypotony
Hypotonous maculopathy
Encysted bleb
Endophthalmitis
Aqueous misdirection

0 (0)
0 (0)
2 (2.8)
2 (2.8)
6 (8.3)
5 (6.9)
1 (1.4)
3 (4.2)
1 (1.4)
0 (0)
6 (8.3)
1 (1.4)
0 (0)

AC = anterior chamber; SPK = superficial punctate keratitis.

The probability of complete or qualified
success during postoperative follow up for all
MMC augmented trabeculectomies is presented in the Kaplan–Meier survival analysis
curves (Fig 3). The survival rates did not differ
significantly between the three cumulative RF
groups 1 year postoperatively (log rank test:
p>0.1) or at the time of the last assessment
(p>0.1) (Fig 4).
Using stepwise variable selection of a Cox
regression proportional hazards model we
investigated the influence of individual risk
factors on the survival of MMC augmented
trabeculectomy. The risk of failure was unaffected by race (p = 0.21), a history of previous
incisional ocular surgery (p = 0.96), glaucoma
type (p = 0.06), or age category (p = 0.84).
Joint significance tests (Wald test and likelihood ratio) failed to establish a significant relation between any combination of risk factors
and survival (p > 0.1). However, the adverse
eVect of complicated glaucoma in association
with Afro-Caribbean race did approach statistical significance (Wald test: p = 0.09; likelihood ratio: p = 0.06).
Sixteen patients in the study group underwent trabeculectomy with adjunctive MMC in
one eye and conventional filtration surgery in
the fellow eye. Of these, all paired eyes were
perfectly matched in terms of preoperative risk
factors for failure. Follow up was longer for
eyes undergoing conventional trabeculectomy
(mean 37 months; range 8–61 months) than
their fellow eyes (mean 20 months; range 6–27
months). Of the 16 eyes in this group undergoing filtration surgery with adjunctive MMC,

unqualified success was seen in 12 (75%) compared with four (25%) of those undergoing
conventional filtration surgery (McNemar’s
test: ÷2 = 10.54, p<0.001). All eyes where
intraoperative MMC was used were classed as
either qualified or unqualified successes, compared with only nine (56.25%) of their fellow
eyes undergoing conventional trabeculectomy
(McNemar’s test: ÷2 = 5.14, p<0.05). Cumulative success probability for the two surgical
techniques was calculated using Kaplan–Meier
life table analysis, and survival curves drawn
(Fig 5). Intercurve analysis revealed that eyes
undergoing conventional trabeculectomy were
at increased risk of failure compared with their
fellow eyes where adjunctive MMC was used
(log rank test: ÷2 = 3.85, p<0.05).
Postoperative complications of all 69 patients who underwent trabeculectomy with
intraoperative MMC are shown in Table 4. All
cases of shallow anterior chamber, wound
leakage, prolonged hypotony, or choroidal
detachment resolved spontaneously. Six blebs
were described as encysted in the postoperative
period; however, the IOP was well controlled
without medication in four of these. The case
of intense postoperative uveitis occurred in an
eye with glaucoma secondary to Fuchs’ heterochromic cyclitis. One case of late onset low
grade postoperative endophthalmitis was recorded.
Visual acuity at the time of the last
assessment was improved or unchanged in 59
eyes (80%) and within 1 Snellen line of
baseline in 66 eyes (91.6%). A decrease in
visual acuity of 2 or more lines was seen in six
eyes (8.3%) and a visual reduction of 3 or more
lines was not experienced by any patient. The
causes of significantly reduced visual acuity
included the development of band keratopathy
secondary to uveitis (one eye), end stage glaucoma with total field loss (one eye), and
progression of lens opacities (four eyes). None
of the patients with decreased acuity was
observed to have had prolonged hypotony.
Discussion
Trabeculectomy, first introduced by Cairns41 in
1967 and later modified by Watson,42 has
become the accepted method of surgical treatment of various types of glaucoma. The larger
series report an overall success rate (IOP < 21
mm Hg with or without medication) of
between 86% and 90%,18 19 with 71.9% achieving unqualified success.19 However, those studies include few high risk eyes.
Many factors are associated with increased
risk of failure after glaucoma filtration surgery.
These include prolonged prior topical antiglaucomatous medication,20 21 young eyes,16 37–40 previous intraocular surgery,16–19 aphakia,24–26
uveitis,27–29 rubeosis iridis,30 31 angle recession,32
angle closure glaucoma,23 33 and black race.34–36
The first report of glaucoma surgery with
adjunctive MMC was by Chen in 1983.43
Many studies have since confirmed the enhanced the IOP lowering eVectiveness of trabeculectomy augmented with sub-Tenon’s
MMC,7 10–14 44 46–48 and a few investigators have
reported its application to both sites (under
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30% where the agent was placed between the
scleral and conjunctiva.7 13 46 47 No case of
hypotonous maculopathy was observed in our
patients and this may account for the low incidence of postoperative visual deterioration as
this complication has contributed significantly
to poor visual outcomes in previous
studies.13 47 49
Postoperative complications were also
examined in this study. Our incidence of
ocular surface complications compare favourably with previously published data (corneal abrasions: 0%–18%7 11 12 46 47 52; SPK:
0%–5%,8 9 11 45 46 49; conjunctival wound leak:
0%–15%7–13 32 45–47 49 51 52). We believe that the
relatively low incidence of postoperative conjunctival and corneal complications seen in this
study reflects our surgical technique. We
placed the soaked sponge under the dissected
scleral flap so that the scleral bed and the posterior surface of the half thickness scleral flap
were the only tissue planes in contact with
MMC (Fig 1B). In contrast with previous
studies, including those using the same site of
application as we did, the conjunctival flap was
not draped over the sponge.8 9 45 49 50 Tenon’s
capsule and the cornea were therefore protected from direct exposure to, and overflow
of, the antimetabolite.
The incidence of prolonged hypotony and
hypotonous maculopathy following MMC
augmented trabeculectomy varies from 0% to
65% and 0% to 18% respectively.7–12 45–54 Our
results compare favourably with most previous
studies for these and other complications associated with hypotony such as choroidal detachment (5%–43%7 8 10–13 43 46 47 50 53), shallow AC
(10%–45%11 12 46 49), and cataract progression
(5%–48%7 8 11–13 46 49). We believe the low incidence of these complications in the current
study also reflects our surgical technique.
Mitomycin C is detectable in human aqueous humour within minutes after external
application to sclera, and higher concentrations have been associated with scleral than
with episcleral application.55 This gives cause
for concern for a more intense anterior chamber reaction following surgery, and possible
toxic eVects on the corneal endothelium, when
our technique is used.56 57 However, complete
disappearance of MMC from the AC within 6
hours of its application has been demonstrated
in rabbit eyes.56 In our study only one case
(1.3%) of intense postoperative uveitis was
noted (in a patient with glaucoma secondary to
Fuchs’ heterochromic cyclitis) and this compares favourably with reports in the literature
(5%–5.3%7 55).
Trabeculectomy augmented with MMC is
known to be associated with a high incidence
of encapsulated blebs postoperatively and this
is thought to reflect the alteration of fibroblast
activity in favour of Tenon’s cyst (TC)
formation.58 Histopathologically, a TC is an
avascular subconjunctival membrane of fibrous
connective tissue with an acellular internal
lining.59 The site of application may therefore
be expected to play a role. However, this is not
reflected in the literature with an incidence of
2%–15% where the sponge is placed between
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and over the scleral flap).8 9 45 49 To our knowledge there has only been one published
account of filtration surgery augmented solely
with intrascleral administration of MMC.50
However, that study consisted of 12 eyes only
and the surgical technique used diVered from
that reported here in that the conjunctival/
Tenon’s fascia was draped over the sponge at
the time of antimetabolite application.50
In our series the mean IOP at last follow up
was 16.63 (8.06) mm Hg, representing a mean
reduction of 41.4% from preoperative IOP and
an unqualified success rate of 72%. Previous
investigators using the same regimen (0.2
mg/ml MMC for a duration of 5 minutes) but
applying the antimetabolite under the conjunctival flap and over the undissected scleral bed
have reported final IOP between 9.9 mm Hg
and 13.1 mm Hg, IOP reductions between
58.5% and 59.9%, and complete IOP control
in 72% to 81.8% of cases.10 12 51 However, comparisons must be made with caution as the
procedure was performed as an initial surgery
in primary open angle glaucoma in one of these
reports,12 and the longest follow up was only 6
months in another.10 Using our criteria for IOP
control, and without regard to the regimen
used or to preoperative risk factors, the
literature reports unqualified success in
43.3%–94.8% of operated eyes following
sub-Tenon’s application of MMC,11 13 46–48 51 52
18.2% for intrascleral MMC administration50
and 70%–86.2% where MMC is applied to
both sites.8 9 45 49 We found that the risk of failure is significantly reduced after the first six
postoperative months, an observation also
made in cases of conventional filtration
surgery.22 33
Survival rates were similar for diVerent
cumulative risk factor groups, and no associations between failure and specific risk factors
were found. These results indicate that the
success rates following MMC augmented trabeculectomy using our regimen are independent
of the number and nature of preoperative
adverse prognostic indicators.
The best study design for evaluating the
benefits of MMC augmentation of trabeculectomy is to compare the surgical outcomes
between fellow eyes following bilateral fistulising surgery, where only one eye received intraoperative MMC. In such a setting paired eyes
share an identical background with respect to
race, age, sex, type of glaucoma, operating surgeon, and preoperative risk factors. In this
group of patients we found that MMC
trabeculectomy was associated with a significantly higher incidence of qualified and/or
unqualified success, and a greater probability
of survival, than conventional filtration surgery.
Final postoperative visual acuity was unchanged or improved in 80% of operated eyes,
comparing favourably with reports in the
literature of MMC application under (72%)50
or over (71.8%–86.7%)11 32 52 the scleral flap, or
to both sites (47%–79.3%).8 45 49 In our study a
reduction in visual acuity of more than 2 Snellen lines was not observed in any case and this
compares with 0%–17.2% for studies exposing
the same site to antimetabolite45 49 and 5%–
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increases the success rate of filtration surgery
in high risk eyes and is associated with a lower
incidence of postoperative complications than
reports of sub-Tenon’s administration. The
number and nature of preoperative risk factors
do not appear to influence the surgical
outcome. Further studies into the mechanism
of action of this antiproliferative agent are necessary if the optimum dosage, duration of
exposure, and site of application of MMC in
filtration surgery are to be established.
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the sclera and Tenon’s capsule,7 49 51 52 no cases
reported for intrascleral MMC application,50
and between 0% and 29% for studies reporting
on its administration to both sites.8 9 49 59 Six
eyes (8.3%) in the current series developed
encapsulated blebs. Of these, four (66%) were
classed as unqualified successes, in keeping
with previous reports.59
Filtration surgery with adjunctive antimetabolite is associated with a higher risk of endophthalmitis (0%–5%7–9 32 48 49 51) than conventional fistulising surgery (0%–0.44%22 23 60).
This may reflect the preponderance of thin
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proliferation of these fibroblasts.15 63 Histopathological studies in rabbits, monkeys, and
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suggest.56 71
In conclusion, the results of this study illustrate that MMC applied under the scleral flap
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