Five-year Follow-up
of the Fluorouracil Filtering Surgery Study
THE FLUOROURACIL FILTERING SURGERY STUDY GROUP*

• PURPOSE: To determine the efficacy and safety
of subconjunctival 5-fluorouracil injections after
trabeculectomy in patients with poor prognoses, to
determine risk factors for surgical failure, and to
examine the relationship of intraocular pressure
and visual function.
• METHODS: In this multicenter clinical trial, 213
patients with previous cataract surgery or previous
failed filtering surgery were randomly assigned to
receive either trabeculectomy alone or trabeculectomy with postoperative subconjunctival 5-fluoro
uracil injections. Measurements of intraocular
pressure, visual acuity, and visual fields were
performed throughout the five years, with the
clinician masked to the treatment group. Failure
was defined as a reoperation to control intraocular
pressure or an intraocular pressure greater than 21
mm Hg at or after the first-year examination.
• RESULTS: Fifty-four (51%) of the 105 eyes in
the 5-fluorouracil group and 80 (74%) of the 108
eyes in the standard filtering surgery group were
classified as failures (P < .001, Mantel-Cox survi
val analysis). Risk factors for failure include high
intraocular pressure, a short time interval after the
last procedure involving a conjunctival incision,
the number of procedures with conjunctival inci
sions, and Hispanic ethnicity. Patients in both
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treatment groups with controlled intraocular pres
sures were more likely to maintain visual acuity.
Patients in the 5-fluorouracil group had a higher
risk of late-onset bleb leaks (9%, nine of 105) than
those in the standard filtering surgery group (2%,
two of 108) (P = .032, Fisher's exact test).
• CONCLUSIONS: We recommend the use of sub
conjunctival 5-fluorouracil after trabeculectomy
in eyes after previous cataract surgery or unsuc
cessful filtering surgery, but caution against its
routine use in patients with good prognoses.

T

O DETERMINE THE LONG-TERM SAFETY AND EFFI-

cacy of postoperative subconjunctivally inject'
ed 5-fluorouracil in eyes with uncontrolled
glaucoma and poor prognoses for filtering surgery
(specifically, aphakic and pseudophakic eyes, and
phakic eyes after failed filtering surgery), we recruited
patients into a multicenter, randomized clinical trial,
the Fluorouracil Filtering Surgery Study. The baseline
patient characteristics, risk factors, outcome by prospectively defined intraocular pressure levels and
reoperation rates, and adverse events in the 5-fluoro
uracil group and in the standard filtering surgery
group during the first postoperative year and the first
three postoperative years were described in previous
publications.1'2 In the present study, we provide the
five-year follow-up data on these patients.

PATIENTS AND METHODS
PATIENT RECRUITMENT BEGAN IN SEPTEMBER 1985 AND

follow-up continued through December 1993. The
following seven centers participated: University of
Miami, University of Florida, University of Illinois,
Washington University, Lorain Community Hospital
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(Ohio), University of Southern California, and Uni
versity of Iowa. The institutional review board at each
center approved the human research study protocol
before initiating recruitment. The trial was monitored
by a Safety and Data Monitoring Committee.
Efforts were made to recruit all eligible patients
with uncontrolled glaucoma (intraocular pressure
greater than 21 mm Hg), who had undergone cata
ract extraction or who had undergone at least one
unsuccessful filtering procedure in a phakic eye.
Specific inclusion and exclusion criteria were previ
ously published.1,2 Patients who had previously re
ceived 5-fluorouracil systemically, or in the study eye,
were excluded. All eligible patients had uncontrolled
intraocular pressures while taking maximally tolerat
ed medical therapy. Only one eye of each patient was
included in the study.
Measurements of intraocular pressure in eyes with
normal corneal thickness were performed with certi
fied Goldmann applanation tonometers by ophthal
mologists who were masked to the treatment status. In
eyes with corneal scarring or thickening, calibrated
pneumotonometers and Schiotz tonometers were
used. Information regarding visual acuity, visual field,
and ocular surgery was sought from all nonstudy
ophthalmologists who had examined the patients
within thefive-yearfollow-up period.
Visual acuity was determined by trained personnel
who used a standardized refraction protocol with
Diabetic Retinopathy Vitrectomy Study charts and
standardized illumination.3 Visual acuity scores were
converted to logMAR equivalents for the purpose of
data analysis, where the logMAR score is minus the
logarithm of the visual fraction, that is, the numerator
of visual acuity divided by the denominator of visual
acuity.4 For example, a visual acuity of 20/20 is a
logMAR score of 0; 20/40 is 0.3; 20/200 is 1.0; 2/200
is 2.0. Visual acuity too poor to be measured on the
Diabetic Retinopathy Vitrectomy Study charts, such
as hand motions, light perception, and no light
perception, were assigned logMAR values of 2.3, 3.0,
and 4.0, respectively. This scale is similar to one used
by Scott and associates.5 Thus, a decrease in visual
acuity from 20/20 to 20/40 or a decrease from 2/200
to hand motions would appear as an increase of 0.3
on the logMAR scale.
The visual field data collected in the Fluorouracil
Filtering Surgery Study were heterogeneous and con-

sisted primarily of visual fields recorded by the 30-2
program of the Humphrey automated perimeter with a
size III stimulus. Fewer fields were obtained by pro
gram 32 of the Octopus instrument, especially in the
first two years of the study. Conventional, manual
kinetic perimetry with the Goldmann instrument was
performed when adequate determinations could not
be conducted by one of the automated techniques. In
all patients, the appropriate spectacle correction for
the perimeter bowl size was used. A method of
estimating the extent of visual field damage, which
would be comparable for all of the various forms of
examination, was needed.
One of us (W. M. Hart, Jr.) devised a scoring
technique analogous to the ergoperimetric map of
Esterman and associates.6'9 The scale quantified the
extent of visual field damage by using a total dynamic
range of 16 steps from a normal visual field (visual
field damage score of zero) to one of no useful visual
function (visual field damage score of 16). For base
line visual fields, which were performed with an
automated perimeter, the Pearson correlation coeffi
cient of this score with the mean sensitivity was r =
—.895 (P < .001). The dynamic range of the human
visual field approximates 2.5 to 3.0 log units, depend
ing on age, when averaged over the central 30 degrees
of eccentricity. The standard size test objects for
automated perimetry match the size HI test object of
the Goldmann perimeter. This relatively large test
object at maximal luminance represents a suprathreshold stimulus value that is close to a measure of
minimal useful visual function. Therefore, any quad
rant of the visual field in which the size III test object
at maximal luminance was not visible within 30
degrees of fixation was assigned a damage score of 4.
Goldmann size I test objects have stimulus values one
log unit below those for the size HI, and test objects of
size I attenuated to I2 are an additional 0.5 log unit
less in stimulus value. The various methods of perim
etry used in the Fluorouracil Filtering Surgery Study
all assess central 30-degree visual field sensitivity.
Each quadrant of the central 30 degrees of the
visual field was further subdivided into two radial
sectors of 45 degrees each, and each sector was
further divided into an inner half and an outer half.
Each quadrant with its four sections was given a score
between 0 and 4, depending on visual field perfor
mance in each section. For each of the 16 regions, a
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score of 1 denoted complete loss of perception for a
size III test object; a score of 0.5 was assigned to an
individual region when a generalized 50% reduction
in sensitivity was demonstrated. Scores for quadrants
were rounded to whole numbers. Estimates of the
degree of loss in a given region were based on the
numeric values for threshold sensitivity. Sections with
scores of 0.5 usually occurred in pairs. When fraction
al sections were not paired, fractional scores were
rounded down. All visual fields were assigned a score,
with this system, by one of us (W. M. Hart, Jr.), who
was masked to treatment assignment and outcome.
At each clinical center, either the principal oph
thalmologist or an associate ophthalmologist operat
ed on all eyes. A trabeculectomy was performed in all
eyes under a limbal-based conjunctival flap. If no
serious complications were noted and the conjuncti
val wound was watertight, patients were randomly
assigned either to the standard filtering surgery group
(trabeculectomy without 5-fluorouracil) or to the
5-fluorouracil group (trabeculectomy with 5-fluoro
uracil).
Eyes in the 5-fluorouracil group received 5.0-mg
(0.5-ml) injections of 5-fluorouracil solution 180
degrees from the operative site twice daily on postop
erative days 1 through 7 and once daily on postopera
tive days 8 through 14, unless serious postoperative
complications, such as wound leakage, were observed.
Eyes assigned to the standard filtering surgery group
received no 5-fluorouracil but were examined once a
day during postoperative days 1 through 14. Eyes in
both groups received frequent topical corticosteroids
and 1% atropine sulfate in the immediate postopera
tive period.
Patients in the standard filtering surgery group were
not given placebo injections. Intraocular pressures
were measured by an ophthalmologist masked to
treatment status at each center at six months, one
year, 18 months, two years, three years, four years, five
years, and before reoperation for intraocular pressure
control in both treatment groups. Patients whose
glaucoma could not be controlled underwent either
reoperation with or without 5-fluorouracil, or another
procedure, such as drainage implant surgery or cyclo
destruction, to decrease intraocular pressure. The
choice of procedure for reoperation was determined
by the operating physician. Patients initially assigned
to the standard filtering surgery group were given the
VOL.121, No. 4

option of receiving postoperative subconjunctival 5fluorouracil injections. The treatment analyses were
performed on the patients' original random assign
ments. Subsequent surgery to decrease intraocular
pressure was occasionally performed by nonstudy
ophthalmologists at the discretion of the patients.
Treatment failure was defined as (1) the patient
had a reoperation performed to decrease intraocular
pressure before the five-year examination or (2) the
patient had an intraocular pressure greater than 21
mm Hg with or without medication at or after the
one-year postoperative examination, that is, at the
one-year, 18-month, two-year, three-year, four-year,
or five-year examination. For survival analyses, the
time to failure was defined either as the time from
trabeculectomy to reoperation for the purpose of
decreasing intraocular pressure, or as the time from
the trabeculectomy to the first study examination at
or after one year, when intraocular pressure was
greater than 21 mm Hg. For these analyses, treatment
failure was also defined as reoperation for intraocular
pressure control and time to failure was defined as the
time from trabeculectomy to reoperation.
We also used visual acuity and visual fields as
outcome measures. The logMAR change in visual
acuity from the preoperative examination to a postop
erative examination was defined as an outcome varia
ble in some analyses. The change in visual field
damage score was used as another outcome measure.
The primary outcome event, reoperation, was de
fined as further surgery to control intraocular pressure
performed before the five-year examination, or intra
ocular pressure greater than 21 mm Hg with or
without medication at any examination on or before
the five-year examination. The five-year examination
interval extended to 66 months postoperatively. The
time to failure of trabeculectomy was compared in the
two treatment groups by using Kaplan-Meier survival
analysis and the log-rank test.
Variables considered as possible risk factors for
trabeculectomy failure included treatment and study
stratum (aphakic or phakic with previous failed filter),
clinic, gender, race, ethnicity, eye color, intraocular
pressure at qualifying examination, visual acuity at
qualifying examination, age at entry into the study,
number of previous ocular procedures with conjuncti
val incisions, time elapsed since most recent ocular
procedure with a conjunctival incision, location of
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trabeculectomy (superior or inferior), scarring status
at trabeculectomy site, diabetes, and type of glauco
ma. The risk factors were assessed for statistical
significance with the Kaplan-Meier survival analysis
log-rank test, stratified by treatment group.
Multivariate analysis was carried out with the Cox
proportional hazards regression model by using back
ward stepwise elimination (the P value for removal of
a variable was set at .05). Results are given for the
following two outcomes: ( 1 ) time to reoperation and
(2) time to reoperation or time when intraocular
pressure was greater than 21 mm Hg at or after the
one-year examination. Models were checked for the
influence of extreme points, and, when appropriate,
transformations of variables were used.
Minor differences between these results and the
results reported in the one-year and three-year followup1,2 may be noted. Visual acuity and intraocular
pressure measurements were obtained from nonstudy
ophthalmologists, when possible, if a patient missed a
study examination. Three patients, two in the 5fluorouracil group and one in the standard group, who
were originally classified as reoperations for intraocu
lar pressure control, were reclassified to having under
gone other ocular surgery, because these procedures
were revisions to the trabeculectomy caused by wound
leaks and low intraocular pressure. The Safety and
Data Monitoring Committee made these recommen
dations for data assessment, which did not affect the
study conclusions.

RESULTS
FIFTY-FOUR (51%) OF THE 105 EYES IN THE 5-FLUOROURA-

cil group and 80 (74%) of the 108 eyes in the
standard filtering surgery group were classified as
failures, which is defined by reoperation for control of
intraocular pressure or an intraocular pressure greater
than 21 mm Hg at or after the first-year examination
(P < .001, Mantel-Cox survival analysis). At five
years, the cumulative success rates were 48% in the
5-fluorouracil group and 21% in the standard group
(P < .001, survival analysis log-rank test) (Table 1
and Fig. 1), where failure is defined as reoperation for
intraocular pressure control or intraocular pressure
greater than 21 mm Hg at or after the one-year
examination. Thefive-yearcumulative success rate for
the eyes with a history of cataract extraction in the
5-fluorouracil group was 48%, and for the standard
filtering surgery group, 23% (P < .001 survival
analysis, log-rank test). The five-year cumulative
success rate for phakic eyes with a history of failed
filtering surgery in the 5-fluorouracil group was 47%,
and for the standard filtering surgery group, 17% (P =
.009, survival analysis log-rank test). Failure rates
based on reoperation for intraocular pressure control
during the first five postoperative years were also
calculated. The results of both analyses were similar
(Table 2 and Fig. 2).
To determine the necessity of postoperative glauco
ma medication for intraocular pressure control after

TABLE 1
CUMULATIVE PROPORTION (STANDARD ERROR) OF PATIENTS WITHOUT
REOPERATION OR INTRAOCULAR PRESSURE FAILURE
5-FLUOROURACIL
GROUP

FOLLOW-UP
(YRS)

1
1.5
2
3
4
5
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PREVIOUS
CATARACT
EXTRACTION
(N=81)

.77
.69
.59
.54
.48
.48

(.05)
(.05)
(.06)
(.06)
(.06)
(.06)

PREVIOUS
FAILED
FILTER
(N=24)

.88
.79
.71
.62
.62
.47

(.07)
(.08)
(.09)
(.10)
(.10)
(.11)

STANDARD FILTERING SURGERY
GROUP

TOTAL
(N=105)

.80
.72
.62
.56
.51
.48

(.04)
(.04)
(.05)
(.05)
(.05)
(.05)

PREVIOUS
CATARACT
EXTRACTION
(N=81)

.59
.45
.39
.29
.28
.23

(.06)
(.06)
(.06)
(.05)
(.05)
(.05)

AMERICAN JOURNAL OF OPHTHALMOLOGY

PREVIOUS
FAILED
FILTER
(N-27)

.63
.52
.33
.26
.26
.17

(.09)
(.10)
(.09)
(.08)
(.08)
(.08)

TOTAL
(N=108)

.60
.47
.38
.28
.27
.21

(.05)
(.05)
(.05)
(.05)
(.04)
(.04)
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medications frequently could not be obtained from
nonstudy ophthalmologists, this outcome was more
likely to be unknown than the status of reoperation,
intraocular pressure, or visual acuity. At the five-year
examination, 41% (32 of 78) of the patients in the
5-fluorouracil group were not taking any glaucoma
medications, and 21% (15 of 71) of the patients in
the standard filtering surgery group were not using any
medications (P = .015; χ 2 ). If only patients with
controlled intraocular pressure (intraocular pressure
21 mm Hg or less) without reoperation are consid
ered, 58% (21 of 36) of patients in the 5-fluorouracil
group were taking no glaucoma medication compared
to 41% (seven of 17) of similar patients in the
standard filtering surgery group (P = .383, χ2) at the
five-year examination.
During the five years of follow-up, patients in each
treatment group experienced a gradual loss of vision
from their visual acuity at the qualifying examination
(Table 4 and Fig. 3). The mean decrease in visual
acuity was 0.7 logMAR unit (P < .001, paired t-test).
Patients in the 5-fluorouracil group lost significantly
more vision than those in the standard filtering
surgery group at one month (P < .001) but recovered
visual acuity by six months and had significantly less
visual acuity loss than those in the standard filtering
surgery group at one (P = .046), two (P = .047), and
three (P = .030) years after trabeculectomy. Al
though a significant difference in visual loss did not
persist at five years (Table 4 and Fig. 3), the 95%
confidence interval does not exclude a clinically
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Fig. 1 (The Fluorouracil Filtering Surgery Study
Group). Cumulative proportion of patients who did not
undergo a reoperation and who did not have an intraocu
lar pressure greater than 21 mm Hg in months after
trabeculectomy by treatment group (5-fluorouracil
group, 105 patients; standard group, 108 patients). Bars
indicate ± standard error.

trabeculectomy, we compared the percentage of pa
tients in each treatment group who did not require
additional medical therapy at the time of each annual
examination (Table 3). All patients, regardless of
outcome, were included. As information on glaucoma
TABLE 2

CUMULATIVE PROPORTION (STANDARD ERROR) OF PATIENTS WITHOUT
REOPERATION
5-FLUOROURACIL

STANDARD FILTERING SURGERY
GROUP

GROUP

FOLLOW-UP
(YRS)

1
1.5
2
3
4
5
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PREVIOUS
CATARACT

PREVIOUS
FAILED

EXTRACTION
(N=81)

FILTER
(N=24)

.82
.82
.81
.77
.73
.69

(.04)
(.04)
(.04)
(.05)
(.05)
(.05)

.92
.83
.83
.70
.70
.66

(.06)
(.08)
(.08)
(.09)
(.09)
(.10)

TOTAL

EXTRACTION

PREVIOUS
FAILED
FILTER

(N=105)

(N=81)

(N=27)

PREVIOUS
CATARACT

.85
.83
.82
.75
.72
.69

(.04)
(.04)
(.04)
(.04)
(.05)
(.05)

.60
.53
.53
.47
.45
.42

(.06)
(.06)
(.06)
(.06)
(.06)
(.06)
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.63
.56
.48
.37
.30
.30

(.09)
(.10)
(.10)
(.09)
(.09)
(.09)

TOTAL
(N = 108)

.61
.54
.52
.44
.41
.39

(.05)
(.05)
(.05)
(.05)
(.05)
(.05)
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Fig. 2 (The Fluorouracil Filtering Surgery Study
Group). Cumulative proportion of patients who did not
undergo a reoperation for control of intraocular pressure
in months after trabeculectomy by treatment group
(5-fluorouracil group, 105 patients; standard group, 108
patients). Bars indicate ± standard error.

important effect (-0.20 to 0.40 logMAR unit). The
distribution of visual acuity loss in each group at five
years is shown in Figure 4.
Nine eyes in the 5-fluorouracil group and 12 in the
standard filtering surgery group lost visual acuity to
the level of no light perception. Four eyes of the 12 in
the standard filtering surgery group had received
postoperative 5-fluorouracil after reoperation for in
traocular pressure control. No eyes in the 5-fluoroura
cil group were enucleated. Four eyes in the standard
filtering surgery group were enucleated, and one
underwent a retrobulbar alcohol injection. One of the
enucleated eyes received 5-fluorouracil at reoperation
and was later removed for an invasive orbital basal cell
carcinoma; one of the enucleated eyes received 5fluorouracil at a reoperation; and two never received
5-fluorouracil.
To define the possible relationship between visual
acuity loss and intraocular pressure control, patients
were classified into the following three groups on the
basis of intraocular pressure control, independent of
treatment group: (1) intraocular pressure controlled
354

at every study examination at and after the one-year
examination (success); (2) intraocular pressure great
er than 21 mm Hg at one or more examinations in
patients who did not undergo reoperation (intraocu
lar pressure failure); and (3) patients who required
reoperation for pressure control (reoperation). Pa
tients were classified as unknown and excluded from
this analysis if they were not reoperated on and had
no intraocular pressure measurement greater than 21
mm Hg, had no examination at or after the three-year
examination, and did not have at least three examina
tions at or after the one-year examination. For
patients without a five-year examination, the fouryear visual acuity measurement was used, and for
patients without a four-year examination, the threeyear visual acuity measurement was used. The average
loss of visual acuity in logMAR units from the
qualifying examination through the five-year followup examination in these three groups increased
significantly from best to worst outcome: mean intra
ocular pressure success, 0.30 ± 0.73 (N = 65);
intraocular pressure failure, 0.64 ± 1.04 (N .= 38);
and reoperation, 0.97 ± 1.05 (N = 88) (P < .001,
test of linear trend in one-way analysis of variance).
The relationship of visual acuity loss to outcome was
of similar magnitude and statistical significance in the
aphakic stratum, where change in visual acuity was
not confounded by the development of cataracts or
cataract surgery.
TABLE 3
PERCENTAGE OF PATIENTS TAKING NO
GLAUCOMA MEDICATION
5-FLUOROURACIL
GROUP

STANDARD FILTERING
SURGERY GROUP

FOLLOW-UP

%

(NO./TOTAL)*

%

(NO./TOTAL)·

VALUE

1 mo
6 mos
1yr
1.5 yrs
2yrs
3 yrs
4 yrs
5 yrs

87
61
58
58
47
46
42
41

(88/101)
(61/100)
(57/98)
(53/92)
(43/91)
(42/91)
(34/82)
(32/78)

47
37
29
38
33
32
33
21

(49/104)
(37/100)
(27/93)
(32/85)
(29/88)
(26/81)
(24/73)
(15/71)

<.001
.001

<.oor
.012
.072
.084
.349
.015

»Numerator Indicates number of patients taking no medi
cations, and denominator Indicates the total number of
patients for whom follow-up data are available.
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TABLE 4
VISUAL ACUITY CHANGE (LogMAR)
5-FLUOROURACIL
GROUP

STANDARD FILTERING
SURGERY GROUP

FOLLOW-UP

NO.

MEAN (S.D.)

NO.

1 mo
3 mos
6 mos
1yr
1.5 yrs
2yrs
3 yrs
4 yrs
5 yrs

101
100
101
98
93
93
94
86
88

.35 (.45)
.09 (.56)
.08 (.53)
.13 (.66)
.18 (.72)
.26 (.73)
.29 (.78)
.51 (.92)
.67(1,03)

102
100
99
96
87
91
87
82
86

MEAN (S.D.)

.06
.04
.17
.32
.36
.49
.55
.69
.77

(.31)
(.41)
(.64)
(.68)
(.72)
(.83)
(.86)
(.84)
(.99)

VALUE*

<.001
.451
.269
.046
.103
.047
.030
.211
.521

*f-test.

The relationship of the extent of visual acuity loss
to the maximum intraocular pressure measured at a
study examination at or after one year is shown in
Figure 5. Missed examinations precluded the use of
either the average intraocular pressure or the sum of
intraocular pressures as reliable indicators of exposure
to high intraocular pressure. A similar correlation was
found with the amount of visual acuity loss and the
maximum intraocular pressure in the aphakic patients
who did not undergo reoperation for intraocular
pressure control.
Visual fields were measured preoperatively and at
six months, one year, 18 months, two, three, four, and
five years postoperatively. If a patient did not have a
five-year examination, the four-year visual field score
was used, and for those without a four-year examina
tion, the three-year score was used. If no visual field
test was performed because visual acuity was no light
perception or light perception, a visual field score of
16 (the worst score) was assigned; if visual acuity was
hand motions, a score of 15 was assigned. Figure 6
shows the distributions of the preoperative and the
five-year visual field scores for all patients. The mean
preoperative visual field score was 9.3 ± 3.9 (N =
210) and the mean five-year visual field score was
12.0 ± 3.8 (N = 186). The change in visual field
score was not significantly different between treat
ment groups (P = .8, two sample t-test). The mean
visualfieldscore decrease from the preoperative to the
five-year examination in patients in both treatment
VOL.
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groups combined was 3 units, which was statistically
significant (P < .001; paired t-test).
When the same outcome categories for intraocular
pressure control that were used to analyze the visual
acuity data were applied to visual field scores, no
significant differences were found (P = .18, one-way
analysis of variance) among the groups. The largest
mean visual field loss was in the reoperation group,
with a score of 3.3 ± 3.3 (N = 84), as opposed to
those in the intraocular pressure failure group, with a
score of 2.2 ± 2.8 (N = 36), and those in the
intraocular pressure success group, with a score of 2.8
± 3.1 (N = 64). We expected that any differences in
visual fields among these three intraocular pressure
groups would be clearest in the aphakic stratum,
where visual function changes would not be con
founded by the development of cataracts or cataract
surgery. When the analysis was performed on these
patients, the reoperation group showed greater mean
losses in visual field scores (3.9 ± 3.4 [N = 57]) than
the other two groups (P = .005, one-way analysis of
variance), the intraocular pressure failure group (2.1
± 2.4 [N = 29]), and the intraocular pressure success
group (2.2 ± 2.7 [N = 48]). If the patients with
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Fig. 3 (The Fluorouracil Filtering Surgery Study
Group). Mean change in visual acuity (logMAR) from
preoperative examination at each postoperative study
examination, by treatment group (5-fluorouracil group,
105 patients; standard group, 108 patients).
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Fig. 4 (The Fluorouracil Filtering Surgery Study
Group). Frequency distribution of change in visual
acuity (logMAR) from the preoperative examination to
the five-year examination, by treatment group (5-fluorouracil group, 88 patients; standard group, 86 patients).

hypotony, that is, no intraocular pressure measure
ment greater than 10 mm Hg, are omitted, the visual
field score loss is statistically significantly associated
with increasing maximum intraocular pressure mea
sured for each patient between one and five years after
trabeculectomy, for the aphakic stratum (P = .033,
analysis of variance with orthogonal polynomial test
for linear trend) as illustrated in Figure 7.
All suprachoroidal hemorrhages occurred in pa
tients with previous cataract extractions. The inci
dence of suprachoroidal hemorrhage was equal in the
two treatment groups: five of 81 eyes in the 5fluorouracil group and five of 81 eyes in the standard
filtering surgery group. The risk of suprachoroidal
hemorrhage was strongly associated with the level of
preoperative intraocular pressure. A suprachoroidal
hemorrhage developed in none of the 63 patients
with a preoperative intraocular pressure less than 30
mm Hg, three (6%) of the 47 patients with a
preoperative intraocular pressure between 30 and 39
mm Hg, four (11%) of the 36 patients with a
preoperative intraocular pressure between 40 and 49
mm Hg, two (17%) of the 12 patients with a
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preoperative intraocular pressure between 50 and 59
mm Hg, and one of four patients with an intraocular
pressure greater than 60 mm Hg.10
Of the 105 eyes in the 5-fluorouracil group, 31
underwent additional surgery to decrease intraocular
pressure after trabeculectomy. Sixteen of these 31 eyes
underwent implantation of a drainage device, two
eyes had cyclodialysis, six were treated with a cyclode
structive procedure (Nd:YAG cyclophotoablation, five
eyes; ultrasonic therapy, one eye), two trabeculectomies were revised, and five eyes underwent addi
tional trabeculectomy, either alone (three eyes) or as a
part of a combined cataract extraction (one eye) or
penetrating keratoplasty (one eye).
Of the 108 eyes in the standard filtering surgery
group, 63 underwent additional surgery after trabecu
lectomy failure. One eye was enucleated, 14 eyes
underwent implantation of a drainage device, six eyes
were treated with a cyclodestructive procedure
(Nd:YAG cyclophotoablation, two eyes; cyclocryotherapy, four eyes), six trabeculectomies were revised,
32 eyes underwent additional trabeculectomy either
alone (31 eyes) or as a part of a combined cataract
extraction (one eye), and four eyes were treated with
an unguarded or full-thickness filtering procedure.
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Fig. 5 (The Fluorouracil Filtering Surgery Study
Group). Mean change in visual acuity (logMAR) from
preoperative examination to five-year examination by
maximum intraocular pressure (mm Hg) reached at a
study examination at or after the one-year examination.
A positive change reflects a loss of visual acuity. Bars
indicate ± standard deviation.
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Fig. 6 (The Fluorouracil Filtering Surgery Study
Group). Frequency distribution of visual field scores at
the preoperative and five-year examinations (preopera
tive, 210 patients; five-year, 186 patients).

Of the 31 eyes in the 5-fluorouracil group that
underwent a reoperation for intraocular pressure
control, 20 underwent one procedure, five were
treated with two reoperations, and six were treated
with three reoperations, for a total of 48 surgical
procedures. No eye in the 5-fluorouracil group re
ceived more than three operations for intraocular
pressure control, and no eye was enucleated or treated
with retrobulbar alcohol. The 63 eyes in the standard
filtering surgery group underwent a total of 114
additional surgical procedures to decrease intraocular
pressure; 39 eyes underwent one procedure; seven
eyes, two procedures; ten eyes, three procedures; four
eyes, four procedures; and three eyes, five procedures.
Thirty-four eyes in the standard filtering surgery
group received 5-fluorouracil after a reoperation for
intraocular pressure control. After the first reopera
tion, two patients underwent enucleation and one
received a retrobulbar alcohol injection. Of first
reoperations in both treatment groups, 13% (12 of
94) were cyclodestructive, whereas 56% (38 of 68) of
subsequent reoperations were cyclodestructive.
A n aqueous leak in the filtering bleb, characterized
by positive results of a Seidel test, that was first noted
after the 14th postoperative day was more likely to
VOL.121,

No. 4

occur in eyes in the 5-fluorouracil group. Nine (9%)
of 105 eyes in the 5-fluorouracil group as opposed to
two (2%) of 108 eyes in the standard filtering surgery
group (P = .032, Fisher's exact test, two-tailed) had a
leak in the filtering bleb. Patients in the 5-fluorouracil
group developed leaks at three, eight (two patients),
25 (three patients), 28, 35, and 51 months after
surgery. Patients in the standard filtering surgery
group developed leaks 30 and 59 months later. Four
(5.3%) of the 76 inferonasally or inferotemporally
positioned blebs as opposed to seven (5.1%) of the
137 superiorly positioned blebs (P = .784; χ 2 ) devel
oped leaks.
In two patients in the 5-fluorouracil group and in
one patient in the standard filtering surgery group,
complications of endophthalmitis developed. In one
patient in the 5-fluorouracil group, Staphylococcus
aureus endophthalmitis developed in an eye with an
inferiorly positioned bleb that had been noted to leak
eight months after trabeculectomy and six months
before the development of the infection. The patient
was treated with a pars plana vitrectomy and intravitreal antibiotics and recovered visual acuity of 20/30.
The other patient in the 5-fluorouracil group devel
oped a long-standing bleb leak two years after surgery
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Fig. 7 (The Fluorouracil Filtering Surgery Study
Group). Mean decrease in visual field score among
aphakic patients from preoperative examination to fiveyear examination by maximum intraocular pressure
(mm Hg) reached at a study examination at or after the
one-year examination (134 patients). Bars indicate ±
standard deviation.
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and complained of ocular pain in the eye five years
after trabeculectomy, at which time visual acuity was
hand motions. He underwent a pars plana vitrectomy
with irrigation of the anterior chamber and an
aqueous and vitreous tap, with injection of intravitreal antibiotics. Moraxella catarrhalis and Streptococcus
sanguis were cultured from the vitreous. His visual
acuity improved after the end of the study to 20/60.
The patient in the standard filtering surgery group
developed endophthalmitis two years after trabecu
lectomy. No bleb leak had been noted on previous
examinations. A nonstudy ophthalmologist per
formed an anterior vitrectomy with injection of
intravitreal antibiotics, and no culture information
was available. The patient recovered visual acuity of
20/30. All eyes that were treated for presumed en
dophthalmitis were noted to have functioning filter
ing blebs at the last study examination before the
development of the infection.
Five of the 105 patients in the 5-fluorouracil group
underwent penetrating keratoplasty after trabeculec
tomy. Four additional patients underwent penetrating
keratoplasty after reoperation for intraocular pressure
control, and one patient underwent penetrating kera
toplasty at the time of a first reoperation for intraocu
lar pressure control. Three of the 108 patients in the
standard filtering surgery group underwent penetrat
ing keratoplasty after trabeculectomy. Five additional
patients in the standard filtering surgery group under
went penetrating keratoplasty after reoperation for
intraocular pressure control (5-fluorouracil was used
after the reoperation in two patients), and one patient
in the standard filtering surgery group underwent a
penetrating keratoplasty at the time of the third
reoperation for intraocular pressure control. This
patient had received subconjunctival 5-fluorouracil
after a previous procedure. Two patients underwent
application of a bioadhesive as treatment for a perfo
rated corneal ulcer. One perforation occurred in a
patient in the 5-fluorouracil group who developed a
Haemophilus influence corneal ulcer four months
after trabeculectomy. The other patient in the stan
dard filtering surgery group had a sterile corneal
perforation 28 months after trabeculectomy.
In addition to procedures to decrease intraocular
pressure, eyes also underwent other procedures. Dur
ing the first 14 postoperative days, conjunctival
wound leaks or buttonholes that required surgical
358

revision occurred in seven of 105 patients (eight
procedures) in the 5-fluorouracil group, and in three
of 108 patients (three procedures) in the standard
filtering surgery group (P = .309; χ 2 ). During this
time, anterior chamber reformation with or without
drainage of serous or hemorrhagic choroidal effusion
was performed in 11 of 105 patients in the 5fluorouracil group (15 total procedures) and in four of
108 patients in the standard filtering surgery group
(six total procedures) (P = .096; χ 2 ). Three patients
in the 5-fluorouracil group underwent three other
procedures (two laser peripheral iridotomies and an
intracapsular cataract extraction with anterior vitrec
tomy for treatment of malignant glaucoma), and one
patient in the standard filtering surgery group under
went one procedure (aqueous and vitreous tap for
presumed endophthalmitis). During the first 14 post
operative days, 18% (19 of 105) of the patients in the
5-fluorouracil group and 7% (eight of 108) in the
standard filtering surgery group underwent other
ocular procedures, which included, in addition to the
aforementioned wound leak repairs and anterior
chamber reformation, aqueous and vitreous taps, and
a cataract extraction (P = .033, χ2 test).
After the first 14 postoperative days, two of 105
patients in the 5-fluorouracil group underwent a total
of six needling procedures to promote aqueous flow
from an encysted bleb to the surrounding conjuncti
val space, and five of 108 patients in the standard
filtering surgery group underwent five needling pro
cedures (P = .465; χ2 test). Four patients in the
5-fluorouracil group and one in the standard filtering
surgery group underwent repair of a bleb leak (P =
.349, χ2 test). Laser treatments, such as peripheral
iridectomy, Nd:YAG capsulotomy, and panretinal
photocoagulation, excluding cyclophotoablative pro
cedures, were performed in 12 patients in the 5fluorouracil group and in 20 of the patients in the
standard group (P = .209; χ2 test). Other procedures
involving conjunctival incisions not performed for
the purpose of decreasing intraocular pressure, such
as cataract extraction, retinal detachment repair, and
vitrectomy, were performed in 26 of the 105 patients
in the 5-fluorouracil group (39 total procedures) and
in 28 of die 108 patients in the standard filtering
surgery group (35 total procedures) (P = .970; χ2
test). Thus, after the immediate postoperative period,
31% (33 of 105) of the patients in the 5-fluorouracil
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group and 43% (46 of 108) of the patients in the
standard filtering surgery group underwent further
ocular procedures (P = .122; χ2 test). Ten patients in
the 5-fluorouracil group and 15 in the standard
filtering surgery group underwent cataract extraction
(six patients in the 5-fluorouracil group and five in
the standard filtering surgery group underwent cata

ract extraction before a reoperation for intraocular
pressure control, and the remainder occurred either at
or after a reoperation for intraocular pressure control).
The median survival time and P value for each risk
factor adjusted for treatment (log-rank test) are given
in Table 5. Table 6 gives the risk ratios for the
continuous risk factors. In addition to treatment with

TABLE 5
CATEGORICAL RISK FACTORS AND OUTCOME
MEDIAN TIME
FROM
TRABECULECTOMY

LOG-RANK TEST
P VALUE

TO FAILURE (MOS)*

RISK FACTOR

Stratum
Previous cataract extraction
Phakic, failed filter
Race
Black
Not black
Age (yrs)
<50
«=50
Conjunctival status of filtration site
Scarred
Unoperated
Type of glaucoma
Primary open angle
Secondary angle closure
Other types
Ocular inflammatory disease
History
No history
Gender
Male
Female
Ethnicity
Hispanic
Non-Hispanic
Iris color
Blue
Brown or hazel
Surgical location
Superior
Inferior
Diabetic status
Diabetic
Nondiabetic

/ ^ T t t ΑΤΙΠΡΓΛ

TOTAL NO.

5-FLUOROURACIL

OF PATIENTS

GROUP

STANDARD FILTERING
SURGERY GROUP

162
51

37
60

13
18

41
169

59
45

18
13

49
164

59
36

7
16

94
119

t

36

18
13

73
68
72

61
23
47

23
5
13

38
175

19
61

14
13

110
103

51
37

13
14

27
183

16
61

12
16

62
149

t

28

21
13

137
76

63
20

18
12

32
181

20
53

12
14

(STRATIFIED
BY TREATMENT
GROUP)

.77

.92

.71

.44

.0002

.36

.57

.006

.0209

.0206

.069

•Failure time is defined as time to reoperation or time to intraocular pressure >21 mm Hg at or after one year.
♦Less than 50% failed.
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TABLE 6
'CONTINUOUS RISK FACTORS AND OUTCOME ADJUSTED FOR TREATMENT
GROUP
COX PROPORTIONAL
HAZARDS
MAXIMUM
RISK RATIO
LIKELIHOOD
(95% CONFIDENCE INTERVAL)
P VALUE

RISK FACTOR

Age (10-year increase)
Number of previous procedures with conjunctival incisions
Time (days in log scale) since last procedure with a
conjunctival incision (30-day increment)
Preoperative intraocular pressure (10 mm Hg)
Preoperative visual acuity (one-logMAR-unit difference)

5-fluorouracil, the following variables demonstrate
statistically significant effects (P < .05 by KaplanMeier univariate survival analysis) on the time from
trabeculectomy to failure: ( 1 ) time elapsed since the
last ocular procedure involving a conjunctival inci
sion (Fig. 8); (2) secondary angle-closure glaucoma as

Months after filtering surgery

Fig. 8 (The Fluorouracil Filtering Surgery Study
Group). Kaplan-Meier cumulative proportion of patients
who did not undergo a reoperation for control of intraoc
ular pressure and who did not have an intraocular
pressure greater than 21 mm Hg by months after
trabeculectomy for four intervals of time elapsed since
previous surgery with a conjunctival incision.
360

1.02(0.92-1.13)
1.24(1.09-1.41)

.7
.002

0.30 (0.19-0.47)
1.35(1.13-1.60)
1.32(1.06-1.64)

•C0001
.001
.018

opposed to primary open-angle glaucoma (Fig. 9); (3)
number of previous procedures involving conjunctival
incisions (Fig. 10); (4) self-reported Hispanic ethnici
ty; (5) high preoperative intraocular pressure (Fig.
11); (6) poor preoperative visual acuity; (7) trabecu
lectomy performed in an inferior location as opposed
to superior location; and (8) brown or hazel iris color
as opposed to blue. Other variables examined, which
do not demonstrate a difference in risk, are stratum
(aphakic or previously failed filter), race, age, gender,
presence of ocular inflammatory disease, diabetic
status, and presence of conjunctival scarring at the
filtration site.
To clarify the relationships between risk factors and
trabeculectomy failure, 5-fluorouracil treatment and
all risk factors (significant and nonsignificant in
univariate tests) were entered as independent varia
bles in a backward-stepwise Cox proportional hazards
regression analysis. Two separate sets of analyses
studied failure defined as the following: (1) months
until reoperation for intraocular pressure control or an
intraocular pressure greater than 21 mm Hg; and (2)
months until reoperation for intraocular pressure
control. With either definition of failure, 5-fluoroura
cil treatment, number of previous procedures involv
ing conjunctival incisions, elapsed time since the last
procedure involving a conjunctival incision, and
preoperative intraocular pressure significantly influ
enced the trabeculectomy failure times. Model coeffi
cients, standard errors, risk ratios, and P values for
each of the variables found to affect significantly the
time until trabeculectomy failure by the first of the
two definitions are included in Table 7.
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Fig. 9 (The Fluorouracil Filtering Surgery Study
Group). Kaplan-Meier cumulative proportion of patients
who did not undergo a reoperation for control of intraoc
ular pressure and who did not have an intraocular
pressure greater than 21 mm Hg by months after
trabeculectomy for glaucoma type. POAG indicates pri
mary open-angle glaucoma; SACG, secondary angleclosure glaucoma; and other, secondary open-angle glau
coma, primary angle-closure glaucoma, and pigmentary
glaucoma.

Failure rates decreased as the time elapsed after a
previous procedure involving a conjunctival incision
increased from less than 30 days to greater than one
year (Fig. 8). Of the 213 patients, seven underwent
trabeculectomy surgery less than one month after a
previous procedure with a conjunctival incision. The
risk associated with the elapsed time since a previous
procedure with a conjunctival incision fit the data
best when converted to a logarithmic scale. This
finding implies that 30 additional days soon after a
previous surgery is associated with a greater reduction
in risk than a 30-day wait after many months have
already elapsed. Cumulative success rates by glaucoma
type, primary open-angle glaucoma, secondary angleclosure glaucoma, and other glaucoma types, includ
ing secondary open-angle glaucoma, primary angleclosure glaucoma, and pigmentary glaucoma, are
depicted in Figure 9. Survival curves for the patients
with one previous procedure involving a conjunctival
incision as opposed to those with two as opposed to
VOL.121,

No. 4
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Fig. 10 (The Fluorouracil Filtering Surgery Study
Group). Kaplan-Meier cumulative proportion of patients
who did not undergo a reoperation for control of intraoc
ular pressure and who did not have an intraocular
pressure greater than 21 mm Hg by months after
trabeculectomy, by number of previous procedures with
conjunctival incision.

more than two such procedures are shown in Figure
10. Figure 11 shows that the cumulative success rate
decreases as the preoperative intraocular pressure
increases.
The stepwise multivariate variable selection proce
dure eliminated four important univariate risk factors:
secondary angle-closure glaucoma, the inferior loca
tion of the trabeculectomy, iris color, and preopera
tive visual acuity. Hispanic ethnicity remained a
significant risk factor. The strong association between
ethnicity and iris color, (one [4%] of 27 Hispanic
patients had blue eyes vs 61 [34%] of 181 nonHispanic patients with blue eyes [P = .001, χ2]
suggested that self-reported Hispanic ethnicity might
be a marker for iris color. However, Hispanic ethnici
ty remained in multivariate models of time to failure
and displaced iris color.

DISCUSSION
PATIENTS WITH A HISTORY OF CATARACT EXTRACTION

or those who had undergone previous unsuccessful
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Fig. 11 (The Fluorouracil Filtering Surgery Study
Group). Kaplan-Meier cumulative proportion of patients
who did not undergo a reoperation for control of intraoc
ular pressure and who did not have an intraocular
pressure greater than 21 mm Hg, by months after
trabeculectomy for three ranges of preoperative intraoc
ular pressure.
filtering surgery in a phakic eye and who had received
5-fluorouracil were more likely to attain intraocular
pressure control and to avoid reoperation for five

years. The one-year and three-year follow-up data
demonstrated a lower failure rate in the group treated
with 5-fluorouracil than in the standard filtering
surgery group.1,2 The present study demonstrated a
persistent treatment effect (a lower failure rate) in the
group treated with 5-fluorouracil, which continued
through the fifth postoperative year. The mainte
nance of treatment effect most likely reflects the
initial benefit of the drug rather than any new benefit
occurring later, because failure rates in the two groups
appeared similar among patients whose trabeculectomies continued to function successfully 18 months
after surgery.2
Patients in the 5-fluorouracil group were also more
likely to require no glaucoma medications than those
in the standard group throughout the five years of the
study. Among patients with controlled intraocular
pressure without reoperation at five years, the percent
age who used no glaucoma medications was similar in
both treatment groups, as reported in the three-year
results.2
Although the primary endpoint of the study was
intraocular pressure control rather than preservation
of visual function, visual acuity and visual field data
were collected prospectively according to study proto
col. The average preoperative visual field score for all
eyes was 9.3. This value indicates that on average
more than half of the visual field function was lost
before trabeculectomy, and it reflects an advanced

TABLE 7
COEFFICIENTS AND RISK ESTIMATES FOR COX PROPORTIONAL HAZARDS REGRESSION MODEL RELATING RISK
FACTORS TO FAILURE* OF TRABECULECTOMY

VARIABLE OR RISK FACTOR

5-Fluoróuracil treatment
Elapsed time since the last procedure
with conjunctival incisioni
Hispanic ethnicity
No. of previous procedures with
incisions (for each additional surgery)
Intraocular pressure at qualifying visit
(for each 10-mm-Hg increase)

RISK

95% CONFIDENCE
INTERVAL ON RISK
RATIOS

COEFFICIENT ±
STANDARD ERROR

PVALUE

RATIO

LOWER

UPPER

-.869 ±.184
-.910 ± .239

<.001
<.001

0.42
0.40

0.29
0.25

0.60
0.64

.801 ± .247
.187+ .071

.003
.012

2.23
1.21

1.37
1.05

3.62
1.39

.248 ± .096

.012

1.28

1.06

1.55

"Failure is defined as reoperation to control intraocular pressure or intraocular pressure >21 mm Hg.
'Measured on a logarithmic scale, for each 30-day increment.
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state of visual impairment. This high degree of
preoperative damage reduced the statistical power to
detect a treatment effect. However, progressive visual
field loss was observed in both treatment groups, with
the five-year visual field score decreasing to 12.0,
despite aggressive treatment to decrease intraocular
pressure. Despite improved success rates of trabeculectomy in the 5-fluorouracil group, both groups contin
ued to lose visual acuity through the fifth postopera
tive year. Profound loss occurred in the 5-fluorouracil
group at the time of the one-month examination but
was no longer apparent at the three-month examina
tion. Reversible corneal epithelial toxicity character
ized by punctate epitheliopathy and corneal epithelial
defects was responsible for the transient decrease in
visual acuity.
The average loss of logMAR visual acuity in the
5-fluorouracil group was significantly less than that in
the standard group at one, two, and three years.
However, both groups showed progressive loss of
visual acuity throughout the study. The loss of visual
acuity was more likely to occur in patients with
intraocular pressure greater than 21 mm Hg and in
patients requiring reoperations for intraocular pres
sure control. An intraocular pressure that was main
tained between 10 and 21 mm Hg throughout the
study was associated with less loss of visual acuity.
The intuitive rationale for decreasing intraocular
pressure in glaucoma patients is supported by the
results of this study. Although a dose-response effect
of decreasing intraocular pressure has been suggested
as a justification for obtaining low intraocular pressure
after filtering surgery, this study cannot provide
supporting evidence for this claim.11 Further subdivi
sion of patients with intraocular pressure of less than
21 mm Hg supports the conclusion that not all
intraocular pressures in the low range protect eyes
from further loss of visual acuity. The higher propor
tion of patients who lost visual acuity with maximal
postoperative intraocular pressures of 10 mm Hg or
less compared to those with maximal intraocular
pressures of 15 mm Hg or less is most likely explained
by complications of profound hypotony, such as
suprachoroidal hemorrhage and choroidal detach
ment.
The following risk factors were statistically signifi
cant: the time elapsed since the last procedure
involving a conjunctival incision, the number of
VOL.121, No. 4

previous procedures involving conjunctival incisions,
secondary angle-closure glaucoma, high preoperative
intraocular pressure, trabeculectomy in an inferior
location, preoperative visual acuity, and Hispanic
ethnicity. Despite identification of these risk factors,
it seems unlikely that treatment could be altered by an
awareness of the factors. The number of previous
procedures involving the conjunctiva and the dura
tion since that procedure cannot be modified, and
continued observation of high intraocular pressures
may not be safe. Furthermore, no evidence suggests
that delaying intervention in these eyes would im
prove the likelihood of surgical success. Location of
trabeculectomy in an inferior conjunctival quadrant
was usually performed when scarring precluded filtra
tion in the superior quadrants. A growing concern
over the possible increased risk of endophthalmitis
associated with inferiorly located trabeculectomies
has markedly reduced the number of procedures in
this location.12 Despite previous reports that age and
race13'16 were risk factors for filtering surgery failure,
neither was important in this study. Eyes that had
undergone cataract extraction, filtering surgery, or
both, may have had an altered wound-healing re
sponse after trabeculectomy, which masked the possi
ble effect of age and race. This result in these eyes
with poor prognoses does not imply that age or race
are not important risk factors in eyes that have not
been operated on.
Secondary angle-closure glaucoma, inferior trabec
ulectomy location, and preoperative visual acuity were
not statistically significant in multivariate models.
The correlation between secondary angle-closure
glaucoma with both high preoperative intraocular
pressure and the shorter duration from previous
procedures involving a conjunctival incision to tra
beculectomy (Table 8), and the correlation between
inferior location of trabeculectomy and the number of
previous procedures involving conjunctival incisions
may explain this finding (Table 9). Secondary angleclosure glaucoma may result, as a complication of
ophthalmic surgery, and is often associated with high
intraocular pressure that necessitates immediate surgi
cal intervention. Similarly, another risk factor, poor
preoperative visual acuity, is correlated with higher
preoperative intraocular pressure and the number of
previous procedures involving a conjunctival incision
and with time elapsed since such a procedure.
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TABLE 8

TABLE 9

RELATIONSHIP OF PREOPERATIVE INTRAOCULAR
PRESSURE AND THE TIME FROM THE LAST
PROCEDURE WITH CONJUNCTIVAL INCISION TO
GLAUCOMA TYPE

RELATIONSHIP OF TRABECULECTOMY LOCATION
TO THE NUMBER OF PREVIOUS PROCEDURES
WITH CONJUNCTIVAL INCISIONS*

GLAUCOMA
TYPE

Primary open angle
(N = 73)
Setìorjdary angleïclosuré
(N = 68)
OtHer (N = 72)
P value*

INTRAOCULAR

TIME ELAPSED
SINCE LAST

PRESSURE AT
QUALIFYING
EXAMINATION
(MM HG)

PROCEDURE
WITH
CONJUNCTIVAL
INCISION (MOS)

31 ± 9

29.0 ± 0.1

37 ± 1 1

9.0 ± 0.1

35 ± 9
<.001

14.0 ± 0.2
<.001

»Analysis of variance.

Before this study, the association between high
preoperative intraocular pressure and acute postoper
ative hypotony was not suspected as a possible risk
factor for the development of suprachoroidal hemor
rhage.10 This observation has contributed to a change
in ophthalmic surgical practice. Patients with high
preoperative intraocular pressures now undergo trabeculectomies with multiple tightly tied sutures or
with releasable sutures in the scierai flap that have
been placed to minimize postoperative hypotony.
Postoperative argon laser suture lysis or removal of
releasable sutures may reduce the likelihood of large
postoperative intraocular pressure decrease and subse
quent hypotony.
The beneficial effects of 5-fluorouracil on intraocu
lar pressure control at five years must be interpreted in
light of the associated adverse events. The difference
in visual acuity and visual field loss between the two
groups did not suggest a direct toxic effect to the retina
or optic nerve. However, late-onset conjunctival bleb
leaks, which may increase the risk of endophthalmitis,12 were more common in the group that received
5-fluorouracil than in the group that received stan
dard filtering surgery. The 9% incidence of bleb leaks
in this study is less than the 25% (five of 20) reported
in a series of young patients who underwent initial
trabeculectomy with 5-fluorouracil.13
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NUMBER OF PROCEDURES
WITH CONJUNCTIVAL INCISIONS

One
Two
Three or more

SUPERIOR
■
NO. (%)

INFERIOR

65 (48)
36 (26)
36 (26)

19 (25)
28 (37)
29(38)

NO. (%)

•P value by χ2 = .006, by trend in proportion = .004.

Although lower doses and less frequent injections
of 5-fluorouracil17·18 and intraoperative applications19
have been reported elsewhere to promote intraocular
pressure control in similar eyes, we cannot infer a
long-term treatment effect of a lower-dose regimen or
a different method of drug delivery. Although multi
ple postoperative subconjunctival injections of 5fluorouracil have been largely replaced by the single
intraoperative application of mitomycin C, on the
basis of a clinical trial of postoperative 5-fluorouracil
vs intraoperative mitomycin C, we cannot predict the
long-term safety or efficacy of any other antimetabolite.20·21
The results of clinical trials that demonstrate one
treatment to be safe and effective may not be extrapo
lated as supportive of other treatments, despite wide
spread clinical acceptance of newer alternative thera
pies.22 The Fluorouracil Filtering Surgery Study
demonstrated that leaking blebs are more likely to
develop in the 5-fluorouracil group. It seems likely
that any antimetabolite that enhances bleb formation
by reducing scarring at the filtering site may also
increase the risk of late-onset bleb leaks. In view of
the increased incidence of late-onset conjunctival
filtering bleb leaks, we suggest caution in the use of
5-fluorouracil at the dose used in the Fluorouracil
Filtering Surgery Study in eyes with good prognoses.
THE FLUOROURACIL FILTERING SURGERY STUDY
INVESTIGATORS

University of Iowa Center (Iowa City, Iowa); Princi
pal Investigator: Wallace L. M. Alward, M.D.; Coinvestigators: Thomas Farrell, M.D., Sohan Hayreh,

AMERICAN JOURNAL OF OPHTHALMOLOGY

APRIL

1996

M.D., Hansjoerg Kolder, M.D., and Benita Carney;
Past Principal Investigator: Charles Phelps, M.D.
(deceased).
Lorain Community Hospital (Lorain, Ohio); Prin
cipal Investigator: Michael Gressel, M.D.; Coinvestigators: John Costin, M.D., Paul Craven, M.D., and
Michael Zgrabik, M.D.; Past Coinvestigators: Pamela
Schremp, M.S.N., and Barbara Simashkevich.
University of Southern California Center (Los
Angeles, California); Principal Investigator: Dale K.
Heuer, M.D.; Coinvestigators: George Baerveldt,
M.D., Don Minckler, M.D., John Irvine, M.D.,
Ronald Green, M.D., Peter McDonnell, M.D., Alfred
Sadun, M.D., Frances Walonker, and Margaret
Padilla; Past Coinvestigators: James Martone, M.D.,
Mary Ann Lloyd, M.D., Peter Liggett, M.D., John
Lean, M.D., Richard R. Ober, M.D., Eva Griffay, and
Andrea Miller-Scholte.
Washington University Center (St. Louis, Mis
souri); Principal Investigator: Michael Kass, M.D.;
Coinvestigators: Allan Kolker, M.D., Martha Färber,
M.D., Lawrence Gans, M.D., Morton Smith, M.D.,
and Arnold Jones; Past Coinvestigators: Shirley
Klenke and Alyson Owensby.
University of Miami Center (Miami, Florida);
Principal Investigator: Richard K. Parrish II, M.D.;
Coinvestigators: Elizabeth Hodapp, M.D., Paul F.
Palmberg, M.D., Douglas R. Anderson, M.D., and
Madeline Del Calvo; Past Coinvestigators: Marilyn
Mule, Ann Carter, M.S., Ana Fajardo, and Yasmina
Rosario.
University of Florida Center (Gainesville, Florida);
Principal Investigator: Mark Sherwood, M.D.; Coin
vestigators: George Stern, M.D., William Driebe,
M.D., John Guy, M.D., Mary Frances Smith, M.D.,
William Doyle, M.D., and Diana Shamis; Past Princi
pal Investigator: Dale K. Heuer, M.D.; Past Coinvesti
gators: Harry Engel, M.D., Marwa Adi, M.D., Mäher
Fanous, M.D., Robert Marnes, M.D., Paula Crawford,
M.D., and John Beneke, M.D.
University of Illinois Center (Chicago, Illinois);
Principal Investigator: Jacob Wilensky, M.D.; Coin
vestigators: Howard Tessler, M.D., and Diane
Frohlichstein; Past Coinvestigators: Robert Barnes,
M.D., Eve Higginbotham, M.D., Sao Liu, M.D.,
Michael Shahbazi, M.D., and Gary Scholes, M.D.
National Eye Institute (Bethesda, Maryland); Proj

VOL. 121, N o . 4

ect Officer: Richard L. Mowery, Ph.D.; Past Project
Officers: Anita Suran, Ph.D. (deceased), Israel Gold
berg, Ph.D., and Peter Dudley, Ph.D.
Statistical Coordinating Center, The University of
Miami (Miami, Florida); Principal Investigator: Joyce
SchifFman, M.S.; Coinvestigators: William Feuer,
M.S., and Luz Guai; Past Coinvestigators: Patricia
Anderson, Ross Schwelm, and Dennis Gillings,
Ph.D.
Safety and Data Monitoring Committee; Chair
man: Curt Furberg, M.D.; Members: David Dueker,
M.D., Sylvan B. Green, M.D., Alan M. Laties, M.D.,
Katherine E. Peres, Ph.D., and Robert F. Taylor,
M.D.; Ex Officio Members: William M. Hart, Jr.,
M.D., Richard L. Mowery, Ph.D., Joyce Schifrman,
M.S., Richard K. Parrish II, M.D.; Past Chairman: M.
Christina Leske, M.D. (1985 to 1986); Past Member:
Donald Minckler, M.D. (1985 to 1986); Past Ex
Officio Members: Peter Dudley, Ph.D. (1986 to
1988), Dennis Gillings, Ph.D., and Israel Goldberg,
Ph.D. (1985 to 1986).
Visual Field Reading Center, University of Mis
souri (Columbia, Missouri); Principal Investigators:
David Dueker, M.D., and William M. Hart, Jr., M.D.
Steering Committee; Chairman: Richard K. Par
rish II, M.D.; Members: Wallace L. M. Alward, M.D.,
Michael Gressel, M.D., Dale K. Heuer, M.D., Michael
Kass, M.D., Richard L. Mowery, Ph.D., Joyce SchifF
man, M.S., Mark Sherwood, M.D., Jacob Wilensky,
M.D.; Past Members: Anita Suran, Ph.D. (deceased),
Israel Goldberg, Ph.D., and Peter Dudley, Ph.D.

REFERENCES
1. The Fluorouracil Filtering Surgery Study Group. Fluorouracil
Filtering Surgery Study one-year follow-up. Am ] Ophthalmol 1989;108:625-35.
2. The Fluorouracil Filtering Surgery Study Group. Fluorouracil
Filtering Surgery Study three-year follow-up. Am ] Ophthalmol 1993;115:82-92.
3. The Diabetic Retinopathy Vitrectomy Study Research
Group. Two-year course of visual acuity in severe proliferative
diabetic retinopathy with conventional management: Diabet
ic Retinopathy Vitrectomy Study report. Number 1. Ophthal
mology 1985;92:492-501.
4. Ferris FL 111, Kassoff A, Bresnick GH, Bailey I. New visual
acuity charts for clinical research. Am J Ophthalmol
1982;94:91-6.
5. Scott IU, Schein OD, West S, Bandeen-Roche K, Enger C,
Folstein MF. Functional status and quality of life measure-

FLUOROURACIL FILTERING SURGERY STUDY

365

6.
7.
8.
9.
10.
11.
12.

13.
14.

ment among ophthalmic patients. Arch Ophthalmol
1994;112:329-35.
Esterman B. Grid for scoring visual fields, I: tangent screen.
Arch Ophthalmol 1967;77:780-6.
Esterman B. Grid for scoring visualfields,II: perimeter. Arch
Ophthalmol 1968;79:400-6.
Esterman B. Binocular scoring of the functional field. Oph
thalmology 1982;89:1226-34.
Esterman B, Blance E, Wallach M, Bonelli A. Computerized
scoring of the functional field: preliminary report. Doc
Ophthalmol Proc Ser 1984;42:333-9.
The Fluorouracil Filtering Surgery Study Group. Risk factors
for suprachoroidal hemorrhage after filtering surgery. Am J
Ophthalmol 1992;113:501-7.
Preferred Practice Pattern. Primary open-angle glaucoma.
San Francisco: American Academy of Ophthalmology,
1992:19-21.
Wolner B, Liebmann JM, Sassani JW, Ritch R, Speaker M,
Marmor M. Late bleb-related endophthalmitis after trabeculectomy with adjunctive 5-fluorouracil. Ophthalmology
1991;98:1053-60.
Whiteside-Michel J, Liebmann JM, Ritch R. Initial 5fluorouracil trabeculectomy in young patients. Ophthalmolo
gy 1992;99:7-13.
Gressel MG, Heuer DK, Parrish RK II. Trabeculectomy in
young patients. Ophthalmology 1984;91:1241-6.

15. Merritt JC. Filtering procedures in American blacks. Oph
thalmic Surg 1980;11:91-4.
16. Miller RD, Barber JC. Trabeculectomy in black patients.
Ophthalmic Surg 1981;12:46-50.
17 Weinreb RN. Adjusting the dose of 5-fluorouracil after
filtration surgery to minimize side effects. Ophthalmology
1987;94:564-70.
18. Rabowsky JH, Ruderman JM. Low dose 5-fluorouracil and
glaucoma filtration surgery. Ophthalmic Surg 1989;20:
347-9.
19. Smith MF, Sherwood MB, Doyle JW, Khaw PT. Results of
intraoperative 5-fluorouracil supplementation on trabeculec
tomy for open-angle glaucoma. Am J Ophthalmol 1992;
114:737-41.
20. Skuta GL, Beeson CC, Higginbotham EJ, Lichter PR, Musch
DC, Bergstrom TJ, et al. Intraoperative mitomycin versus
postoperative 5-fluorouracil in high-risk glaucoma filtering
surgery. Ophthalmology 1992;99:438-44.
21. Kitazawa Y, Kawase K, Matsushita H, Minobe M. Trabeculec
tomy with mitomycin: a comparative study with 5-fluoroura
cil. Arch Ophthalmol 1991;109:1693-8.
22. Glynn RJ, Field TS, Satterfield S, Hebert PR, Buring JE,
Taylor JO, et al. Modification of increasing systolic blood
pressure in the elderly during the 1980s. Am J Epidemiol
1993;138:365-79.

Authors Interactive™
Comments and questions of 100 words or less regarding this article may be
addressed to authors via THE JOURNAL'S web site on the Internet. Selected
questions and comments along with the authors' statements and responses will
be posted on the Authors Interactive™ Bulletin Board, a feature of THE
JOURNAL'S home page. Readers may access THE JOURNAL'S home page and the
Authors Interactive™ Bulletin Board at http://www.ajo.com/

366

AMERICAN JOURNAL OF OPHTHALMOLOGY

APRIL 1996

