BritishJournal of Ophthalmology 1994; 78: 33-37

33

Single intraoperative applications of 5-fluorouracil
during filtration surgery: early results

Abstract
Experimental studies from our laboratory
have suggested that single exposures to 5fluorouracil (5-FU) would have a similar effect
to subconjunctival injections of 5-FU and a
less permanent effect on subconjunctival fibroblasts than mitomycin C (MMC). Thirty four
eyes of 33 glaucoma patients with an increased
risk of filtration surgery failure were treated
with a single intraoperative 5 minute exposure
of sclera and subconjunctival tissues to 5-FU,
25 mg/ml. The follow up period ranged from
3-9 months, during which two high risk eyes
failed completely and one required topical fi
blockers to control intraocular pressure. No
low/moderate risk eyes failed. Single 5 minute
intraoperative exposures to 5-FU are convenient, inexpensive, have no significant
corneal side effects, and may be a useful
adjunctive treatment to optimise the results of
glaucoma filtration surgery, particularly in the
large group of low/moderate risk patients.
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in patients with an increased risk of failing
glaucoma filtration surgery. We used a concentration of 5-FU of 25 mg/ml based on our
previous laboratory studies and the fact that it
was the highest concentration commercially
available in the United Kingdom.

Methods
Surgery was performed on 34 eyes of 33 patients.
Informed consent was obtained from all patients.
All patients underwent a modified Cairns-type
trabeculectomy without scleral spur removal. A
superior rectus bridal suture was placed and a
limbal based conjunctival flap was performed
without excision of Tenon's capsule. A small
surgical sponge was soaked in 5-FU, 25 mg/ml
(David Bull Laboratories, Warwick, UK) and
trimmed to fit between the sclera and the conjunctival flap, taking care not to expose the cut
back edge of the conjunctival flap to the 5-FU
soaked sponge. A typical sponge measured 6 mm
(length) by 2 mm (width) by 1 mm (thickness).
(BrJ7 Ophthalmol 1994; 78: 33-37)
The sponge was removed, resoaked, and
replaced every minute up to 5 minutes. The area
The use of postoperative subconjunctival injec- was then rinsed with 20 ml of balanced salt
tions of 5-fluorouracil (5-FU) has considerably solution over a period of 30-60 seconds through
increased the success rate of filtration surgery in a Southampton irrigating cannula. Only after
high risk patients.' However, injections are this was completed was a third to a half thickness
inconvenient and complications include a high rectangular scleral flap (4 mm by 3 mm) disincidence of corneal epithelial defects.' The use sected and raised to the limbus. This was to
of intraoperative mitomycin C (MMC) also minimise any intraocular penetration of 5-FU. A
increases the success rate of glaucoma filtration block of tissue measuring approximately 3 mm
by 1 mm was resected and a peripheral iridecsurgery in high risk patients without significant
corneal complications,2-5 but the resultant blebs tomy performed. The flap was then sutured
down with four 10/0 nylon sutures. The back
are extremely thin and avascular, and hypotony
has been reported2356 with documented irrevers- edge of the conjunctival incision was closed in a
ible maculopathy.6
single layer with 10/0 nylon suture. All patients
We have recently shown, using in vitro cell received postoperative topical dexamethasone
culture studies, that single 5 minute exposures to metasulphobenzoate 0 1% eye drops four to six
5-FU and MMC have considerably prolonged times a day and chloramphenicol eye drops four
effects on the proliferation of human ocular times a day.
fibroblasts in cell culture.7 In an in vivo rabbit
Eyes were examined on at least day 1, week 1,
model of glaucoma filtration surgery, subcon- month 1, 3, 6, and 9 and intervals in between if
junctival and scleral fibroblasts grown from clinically indicated. Postoperative observations
treated filtration areas eventually recover within and measurements included visual acuity, intra30 days, following 5 minute treatments with ocular pressure (Goldmann applanation tonohigh concentrations of 5-FU (50 mg/ml) but not metry), slit-lamp biomicroscopy, and fundal
after exposure to MMC at a concentration of 0-4 examination.
mg/ml.8 In the same model, the use of single
exposures to 5-FU, 50 mg/ml, significantly prolonged the survival of filtration blebs, but with a Results
less marked effect and thicker blebs compared Surgery was performed on 34 eyes of 33 patients
with MMC, 0-2 and 0-4 mg/ml.9 A preliminary with intraocular pressure uncontrolled on maxiclinical trial using an intraoperative exposure to mally tolerated medical therapy. The causes of
5-FU followed by postoperative injections sug- glaucoma in the eyes are listed in Table 1 and the
gested that the addition of intraoperative 5-FU risk factors for failure' 11-23 are summarised in
resulted in a greater pressure lowering effect Table 2. The group has been divided into a high
with a reduced need for injections.'0 Based risk and low/moderate risk group, based on the
risk factors. There were 25 male and eight female
on these studies, we carried out a pilot study
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Table I Ocular diagnosis (more than one diagnosis per eye)
'Failed'
Primary open angle glaucoma

Rieger's/Axenfeld's
Pigment dispersion
Uveitis

Congenital glaucoma
Chronic angle closure glaucoma
Silicone oil glaucoma
Sturge-Weber
Trauma
Neovascularisation

1 Uncontrolled on maximal medications

Punctatecorneal staining
2
Epithelial loss (5 months post-op pre-existing bullous
keratopathy)
Chronic hypotony (intraocular pressure <5 after 3/12)
Cataract progression
Leak through conjunctival buttonhole (after laser suturelysis)

1 Controlled on ,B blockers

Complications were seen in six eyes (Table 3).
Two developed minor punctate corneal epithelial staining near the bleb. One patient with
pre-existing bullous keratopathy developed perpatients, of whom 18 were white, 11 Afro- sistent central corneal epithelial loss 5 months
Caribbean, and four Asian. Their mean age was postoperatively, which required a bandage con42-8 years (range 2-76, SD 18-3). The patients tact lens. Chronic hypotony (defined as an intrawere using an average of 2-5 (range 1-4, SD 0 -8)
ocular pressure of less than 5 mm Hg after 3 or
medications before surgery. The mean highest more months) was seen in one eye, but postpreoperative intraocular pressure off medication operative visual acuity was within one line of
was 41- 1 mm Hg (range 28-70, SD 9-49), falling
preoperative visual acuity 6 months after
to 28-1 mm Hg (range 20-54, SD 8-3) on surgery. One eye in a 67-year-old Afromaximal treatment. Mean length of follow up Caribbean man had a fall in visual acuity of two
was 5 -7 months (range 3-9, SD 2-1), with 19 eyes
lines from 6/6 to 6/12 due to cataract formahaving a follow up period of 6 months or more.
tion. Otherwise visual acuity was within one line
The mean postoperative intraocular pressure or better than preoperative levels in 33 out of 34
at the last visit was 14-2 mm Hg (range 3-40, SD eyes (Table 4). Seven eyes had laser suturelysis
6-73) representing an average 50% lowering of performed. One eye developed a small tempintraocular pressure. Thirty one out of 34 eyes orary leak through a conjunctival wound buttonare at present not receiving any further pressure
hole following laser suture lysis performed on the
lowering treatment. One eye in a 16-year-old second postoperative day, but this sealed sponpatient with previous detachment surgery and taneously within a week without further intersilicone oil glaucoma has required treatment vention. The majority of eyes (27/34) had blebs
with a topical , blocker from 1 month after described as cystic, but a diffuse transconjuncsurgery to maintain intraocular pressure at a tival leak of aqueous after fluorescein staining
satisfactory level. Two eyes failed completely, was only noted in one eye with an intraocular
one in a 35-year-old man with uveitis which pressure of 6 mm Hg at the patient's most recent
failed at 1 month after surgery, and another in a visit.
24-year-old man with diabetic neovascular
glaucoma who failed at 2 months. All the
'failures' occurred in the high risk group, Discussion
whereas all the eyes in the low/moderate risk The overall success rate of 91% (defined as an
group were unqualified successes (defined as intraocular pressure <21 mm Hg of all medicaintraocular pressure <21 mm Hg off all medica- tions) or 94% (defined as an intraocular pressure
tion). With the limited follow up ranging from of <21 mm Hg on or off medications) in this
3-9 months, this gives an overall unqualified mixed group of patients is very encouraging,
success rate of both groups combined of 91% at despite the limitations of a relatively short follow
last follow up.
up period. This was a pilot study based on
laboratory studies which suggested that a
5 minute exposure to 5-FU would be as effective
as a longer course of subconjunctival injections
Table 2 Risk factors present in each eye for 'high' and 'lowlmoderate' risk groups (more than
one risk factor per group)
in inhibiting the proliferation of ocular fibroblasts.'24 The majority of patients were categorRisk factors
ised as having a low or moderately increased
(more than one per eye)
'Failed'
of failing filtration surgery with risk
chance
High risk group:
factors including more than 3 years of topical
Topical medications >3 years"'3
6
1 Controlled on 1B blockers (patient also <40 years
of age)
medication,"''' Afro-Caribbean origin,'"'7 and
Age <401>22
age <40 years."'-2 High risk factors included
Afro-Caribbean1-17
3
Previous failed filter'
5
previous failed filtration surgery,' aphakia,'
Uveitis2"
3
1 Uncontrolled on maximal medication (patient
uveitis, and neovascularisation.'3 The two eyes
also <40 years)
Neovascularisation2
2
1 Uncontrolled on maximal medication (patient
that completely failed surgery were in patients
also on topical Rx >3 years
with uveitis and neovascularisation.
Aphakia/pesudophakia'
3
The use of a single 5 minute application of
In the high risk group 10/13 (77%) eyes achieved the definition of unqualified success (intraocular
pressure <21 mm Hg off all treatment). 11/13 (85%) eyes achieved the definition of qualified success
5-FU
during glaucoma filtration surgery to pre(intraocular pressure <21 mm Hg on medical treatment)
vent scarring appears to have considerable
Lowlmoderate risk group:
advantages over regimens involving postoperaTopical medications >3 years'"'
16
1 Uncontrolled on maximal medication

5

11
Age <4013-n
7
Afro-Caribbean4 117
In the low/moderate risk group 20/20 (100%) eyes achieved the definition of unqualified success
(intraocular pressure <21 mm Hg off all treatment)

Overall for both groups combined, the unqualified success rate was 91% and the qualified success rate

was 94%

tive injections. Postoperative injections are
inconvenient, require multiple hospital visits,
and the injections can be uncomfortable for the
patient. These problems are not encountered
with the single intraoperative application of
5-FU. The incidence of postoperative corneal
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complications with the intraoperative regimen 175 previous laser suturelyses without MMC.
appear to be negligible; in contrast the Fluoroura- This prolonged inhibition of healing may have
cil Filtering Surgery Study' reported a 64% been related to the much longer effect of intraincidence of corneal epithelial defects in the first operative MMC compared with 5-FU on fibro2 weeks after surgery, and Weinreb25 still blasts in tissues treated with these drugs.'
One of the patients in our study has an
reported a 29% incidence of corneal complications using much lower doses of subconjunctival intraocular pressure of 3 mm Hg 6 months after
5-FU. Two eyes in our study had clinically surgery with a thin cystic bleb, although there is
insignificant punctate staining adjacent to the no overt leak from the bleb. This patient is a 30bleb which rapidly resolved.
year-old Asian woman with congenital glaucoma
One other patient with pre-existing traumatic treated with previous goniotomies. Her preglaucoma and bullous keratopathy developed operative visual acuity was 6/9 and was 6/12
corneal epithelial loss 4 months after surgery, at her last postoperative visit without overt
but this was not thought to be related to the maculopathy. Hypotony of 5 mm Hg or less has
intraoperative use of 5-FU. The reason for this been described following postoperative low dose
difference in corneal complications may be subconjunctival 5-FUI- and intraoperative
because the drug is delivered to the inner surface MMCI-5 associated with documented maculoof the conjunctiva and sclera for 5 minutes and pathy.2 Although this complication may be
then rapidly washed away with the single intra- expected to be less common with intraoperative
operative dose regimen. With an injection the 5-FU compared with MMC, based on the rela5-FU may leak out into the tear film and be in tive effects in vivo and in vitro, hypotony is a
contact with the corneal epithelium for much potentially serious complication that can occur
longer periods. The low incidence of significant after the use of intraoperative 5-FU. Although
corneal complications seen with intraoperative no cases of endophthalmitis were seen during
5-FU is similar to that seen with the use of this relatively short period of follow up, the fact
that the cystic bleb appearance in eyes treated
intraoperative MMC.1-5
We used a volume of 20 ml of balanced salt with intraoperative 5-FU is similar to those seen
solution over 30-60 seconds to wash out the with subconjunctival 5-FU, the long term
treatment area. The main reason for performing increased incidence of endophthahmitiS30 may be
a washout was to prevent any remaining concen- similar. However, it may be necessary to have
trated 5-FU from entering the anterior chamber these relatively cystic blebs to achieve the lower
when the eye was opened. For the size of sponge intraocular pressures required in many of these
we used, a maximum of 0-2 ml total volume of patients.
5-FU (25 mg/ml) is left in the subconjunctival
The results of this preliminary pilot study
space. This is then diluted at least 100 times by suggest that single 5 minute applications of 5-FU
the irrigating fluid which leaves a reasonable 25 mg/ml may be a useful adjunctive treatment in
margin for safety. However, based on data from patients at risk of failing glaucoma filtration
Kawase et a 126 on the pharmacokinetics of surgery. It has the same advantages as a single
5 minutes' exposure, to MMC (which has similar intraoperative exposure to MMC which are the
pharmacokinetics to 5-FU) followed by 200 ml of removal of the need for postoperative injections,
saline, and previous data on the pharmaco- and the virtual absence of any significant corneal
kinetics of subconjunctival 5-FU,7 it is likely complications. A possible advantage of the curthat 'therapeutic' levels of 5-FU are maintained rent intraoperative 5-FU (25 mg/ml) regimen
over cuffent MMC regimens using concentra-in the tissues for several hours.
None of the patients in our study had a wound tions of 0-2-0-4 mg/ml, is the fact that the effects
leak com'pared with an incidence as high as on fibroblasts in treated subconjunctival and
35% noted in the Fluorouracil Filtering Surgery scleral tissue are much less prolonged, and are
Study' using postoperative injections. This may reversible' with 5-FU, 50 mg/ml, compared with
be due in part to the fact that the effects of single MMC, 0-4 mg/ml. Although a direct clinical
dose intraoperative treatment with 5-FU are comparison was not done in this study, it was
relatively localised to the treated area,' and obvious from personal clinical experience with
sparing the cut edge of conjunctiva may leave the the use of MMC, that the blebs resulting from
wound edge able to heal normally, whereas with intraoperative 5-FU were considerably less
injections the drug is distributed throughout the avascular than those resulting from the use of
conjunctiva.7 Wound leaks have been reported intraoperative MMC in humans. It is interesting
after the use of intraoperative MMC where the to speculate whether this may possibly result in a
back edge of the wound has clearly been exposed lower long term incidence of endophthalmitis
to the drug.'45 However, other studies using and hypotony with intraoperative 5-FU comlower doses of postoperative 5-FU have reported pared with intraoperative MMC. In a study
no wound leaks"8 as have studies using intra- using an experimental model of glaucoma filtraoperative MMC.3 However, it was unclear tion surgery comparing intraoperative 5-FU,
whether or not the back edge of the wound had MMC 0 -2 mg/ml, and MMC 0 4 mg/ml, the only
been exposed to MMC.3I One of our patients had case of endophthahnitis developed in an eye
treated with the high concentration of MMC.9
but this healed spontaneously. Schwartz and
However, in cases where a more prolonged
Weiss"9 reported two cases of conjunctival inhibition of local fibroblast proliferation is
buttonholes after laser suturelysis in two patients required, the longer action of MMC may be
who had received intraoperative MMC, but in necessary. It is of interest that of the two eyes
these cases the leaks persisted considerably that failed after intraoperative 5-FU, one
longer, something they had not encountered in had active neovascularisation and the other had
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active uveitis, two conditions which may be
associated with persistent stimulation of the
healing response. Only long term randomised
prospective trials comparing intraoperative
5-FU, postoperative injections of 5-FU, and
intraoperative MMC will clearly establish the
relative indications for these different regimens
in different patient groups. Finally, although the
use of intraoperative or postoperative proliferative agents is at present usually restricted to
groups at risk of filtering surgery failure, there is
now evidence that the lower intraocular pressures achieved with filtration surgery are associated with an improved visual prognosis.3' The
use of antiproliferative agents had been shown to
result in a lower final intraocular pressure in
patients undergoing primary glaucoma filtration
surgery.3233 Cell culture studies show that the
long term inhibition of fibroblast proliferation
seen with single dose treatments are clearly
titratable.7
It is theoretically possible that the single dose
treatments with 5-FU could be titrated by altering concentration or surface area treated to
achieve a maximal intraocular pressure lowering
in all low risk patients, while minimising
undesired effects such as thin cystic blebs which
may predispose to endophthalmitis and hypotony. Studies are in progress to establish whether
or not this is the case.

37

