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Abstract
Background—Reduction of intraocular
pressure by 20–30% with glaucoma drain-
age surgery slows disease progression in
normal tension glaucoma (NTG). It is not
clear whether adjunctive antiproliferative
agents are necessary or safe in eyes at low
risk for scarring.
Method—61 eyes of 61 white patients with
NTG who had undergone a primary
guarded fistulising procedure were re-
viewed. 20 eyes had no antiproliferatives
(nil), 29 had peroperative 5-fluorouracil
(5-FU), and 12 had peroperative mitomy-
cin C (MMC). Pointwise linear regression
analysis (PROGRESSOR for Windows soft-
ware) was applied to their visual field
series starting with the first visual field
following surgery and adding subsequent
visual fields one at a time. Progression of
visual field loss was defined as the appear-
ance of a regression slope 1 dB per year or
more with a significance of p<0.01 at one
or more visual field locations which
remained consistent with the addition of
two of three successive visual fields. Time
updated covariate analysis was used to
determine the relation between variables
that changed with time, such as IOP, and
the risk of progression.
Results—The median percentage IOP re-
duction was 24.4 for the nil group, 38.0 for
the 5-FU group, and 47.5 for the MMC
group (p=0.001). There was a statistically
significant relation between percentage
change in IOP and risk of visual field pro-
gression in the subsequent 6 month period
for all patients analysed as one group,
hazard ratio = −0.021 (p=0.002). There
was a statistically significantly increase in
the risk of visual field progression for the
MMC group compared with the 5-FU
group, hazard ratio = 1.51 (p=0.02).
Conclusion—In NTG patients, the IOP
reduction produced by drainage surgery
reduces the risk that visual field progres-
sion may be reduced after drainage sur-
gery; this is related to the level of IOP
reduction. The percentage drop in IOP
during a given time is related to the risk of
subsequent visual field progression. How-
ever, the use of MMC is associated with a
greater risk of visual field progression
despite a greater fall in IOP. This visual
field deterioration may be related to the
functional loss produced by late postop-
erative complications which have been
reported at a higher rate in this group.

The use of adjunctive perioperative 5-FU
should maintain a suitable target IOP
with preservation of visual function with-
out the additional complications and asso-
ciated visual deterioration seen with
adjunctive MMC.
(Br J Ophthalmol 2001;85:696–701)

Normal tension glaucoma (NTG) has a preva-
lence of 0.6% within white populations and is
thought to account for 20–30% of primary
open angle glaucoma.1–3 It is characterised by
an intraocular pressure (IOP) that is found to
be within the normal range together with cup-
ping of the optic nerve head and visual field
loss of a nerve fibre layer type.

The treatment of progressive NTG repre-
sents a therapeutic challenge. The pathogen-
esis of this condition is thought to be multifac-
torial. Intraocular pressure plays a part in the
continuation of glaucomatous damage.4 This
has been suggested by the observation that the
eye with the higher pressure has the more
severe disease5 6 and by interventions that
reduce intraocular pressure and slow disease
progression.7 8

Treatment for NTG has therefore concen-
trated on lowering IOP. Because of the risk of
failure to achieve low normal IOP in the post-
operative period guarded fistulising procedures
with or without the use of adjunctive postop-
erative or perioperative 5-fluorouracil (5-FU)8

or perioperative mitomycin C (MMC)9 have
been proposed.

In a previous paper we presented the results
of a retrospective review of patients who had
undergone fistulising surgery with or without
adjunctive antiproliferatives.10 We found that
the use of adjunctive perioperative 5-FU was
associated with an improved IOP outcome
compared with no adjunctive antiproliferatives
without the higher rate of sight threatening
complications and loss of visual acuity associ-
ated with the use of adjunctive perioperative
MMC.

A more important outcome after filtering
surgery is the prevention of further visual field
deterioration; however, the detection of “real”
progression needs to be diVerentiated from the
inherent “noise” in visual field testing. A
number of methods have been used to assess
visual field progression. Event analysis is based
on specified threshold deterioration compared
with baseline field(s), which may be applied to
individual visual field locations, clusters, or
global measures such as mean deviation. The
STATPAC-2 program for the Humphrey field
analyser (Humphrey Instruments Inc, San
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Leandro, CA, USA) is a widely used example.
Trend analysis looks for a sustained and
continued deterioration through all visual
fields in the series. Most reported trend analy-
sis has used a model of linear regression.11 12

This can also be applied to individual points
(pointwise linear regression analysis), clusters,
or global measures. Pointwise linear regression
analysis has been previously described in
NTG13 14 and shows favourable results com-
pared to STATPAC-2.15

Using pointwise linear regression analysis
progressive visual field loss may be detected in
75–84% of untreated NPG patients within 5
years of follow up.16

Glaucoma surgery has been shown to slow
the rate of progression in NPG using event type
analysis,17 linear regression analysis,18 and other
trend type analysis.19 This beneficial eVect
occurs with IOP reductions of 25–30% from
baseline.17 18 20–22 However previous reports have
generally looked at average IOP reduction
during the entire follow up period which is diY-
cult to extrapolate to clinical practice.

The purpose of this study was to investigate
the relation between the use of adjunctive anti-
proliferatives, IOP reduction after filtering sur-
gery, and visual field progression in NPG using
a measure of current IOP.

Materials and methods
Patients attending the normal tension glau-
coma clinic at Moorfields Eye Hospital who
had been treated with drainage surgery (trab-
eculectomy) at least 6 months before the time
of data collection with at least five postopera-
tive visual field examinations were included in
the study. To be classified as normal tension
glaucoma patients had to have: (1) glaucoma-
tous cupping of the optic nerve head; (2)
reproducible visual field loss of a retinal nerve
fibre layer type on static automated perimetry;
(3) untreated mean phasing IOP no greater
than 21 mm Hg and no single reading greater
than 23 mm Hg. The decision to institute
treatment had been taken when the patient
demonstrated glaucomatous progression using
pointwise linear regression analysis (PROGRES-
SOR)14 23 of their automated Humphrey 24/2
visual field series.

Patients’ hospital records were reviewed and
the following data collected: sex; date of birth;
race; date of surgery; use of adjunctive antipro-
liferative agent; median of the mean deviations
from the three visual field tests before surgery;
preoperative and postoperative IOP; complica-
tions following drainage surgery; history of
other ocular surgery; and changes in visual
acuity.

All non-white patients and patients with a
history of previous surgery involving incision of
the conjunctiva or penetration of the eye or
whose drainage procedure was combined with
cataract extraction were excluded.

All patients had undergone guarded fistulis-
ing procedure under a limbal or fornix based
conjunctival flap. This was done either without
the use of adjunctive antiproliferative therapy
(designated the nil adjunct group), with the
application of 25 mg/ml 5-FU for 5 minutes to

the scleral bed before penetration of the eye
(designated the 5-FU group) or with the
application of MMC 0.1 mg/ml for 3–5 minutes
to the scleral bed before penetration of the eye
(designated the MMC group). The use or
otherwise of peroperative antiproliferative
agents followed an evolving policy in the NTG
clinic. The first series did not receive any, the
second received 5-FU, and the third MMC. The
operations in all groups were performed by sur-
geons with varied experience including consult-
ants, fellows, and residents in training at the
Glaucoma Unit in Moorfields Eye Hospital.

The patients were seen on a routine basis
twice yearly, with more frequent visits during
the postoperative period, and as occasion
required.

Complications were divided into two
groups, perioperative or early postoperative
complications and late postoperative or sight
threatening complications. Early complications
were those occurring in the perioperative or
early postoperative period. Late complications
were after the initial healing phase had been
completed, and were considered to be those
seen 3 months or more after surgery. Peri-
operative or early postoperative complications
included: anterior chamber hyphaema; shal-
lowing of the anterior chamber; choroidal eVu-
sions; early hypotony (which was defined as an
IOP < 5 mm Hg on two successive occasions
at least 4 weeks apart) and early bleb leak.

Late postoperative or sight threatening com-
plications included late bleb leak; infective
“blebitis” or endophthalmitis; hypotonous
maculopathy, late hypotony, and cataract ex-
traction.

If patients had drainage surgery to both eyes
only the first eye to undergo drainage surgery
was included in the analysis. This was done
because the right and left eyes of an individual
patient are known to be interdependent. The
median of the IOPs in the 2 years before
surgery for each patient was taken as the
preoperative baseline. The median IOP and
corresponding percentage IOP reduction from
the baseline was recorded for each 6 month
period postoperatively and was designated as
the “current” IOP.

VISUAL FIELD ANALYSIS

The first two visual field tests were ignored in
all subsequent analyses to allow for learning.

Pointwise linear regression analysis was
applied to the postoperative field series of each
of the patients using PROGRESSOR for Windows
software.12 Any visual field performed before 3
months postoperatively was excluded from the
analysis. Progression was defined as the
presence of a significant regression slope
(p<0.01) showing 1 dB per year or more of
sensitivity loss at the same test location with
the addition of two out of three successive field
tests to the series starting with the first three.
Eyes that showed progression were defined as
“visual field failures” and time to failure was
taken as the time from surgery to the first of the
two out of three successive fields defined
above. Eyes were censored after progression
had been confirmed.
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Kaplan-Meier plots were constructed and a
time dependent Cox model was used to investi-
gate the relation between factors and “visual
field failure.” These “visual field failure” events
were modelled on baseline values for factors that
did not change with time, such as sex and
adjunct group. However, for factors that did
change with time, such as IOP and age, “visual
field failure” events were modelled on the values
of these risk factors updated for every successive
6 month period. Univariate analyses were first
conducted for each factor and those having an
eVect with a statistical significance of p<0.1
were included in the multiple regression model.
Categorical outcomes were compared between
the three groups using ÷2 tests or Fisher’s exact
test where appropriate. Baseline quantitative
data were compared using the Kruskal-Wallis
test. Analyses were conducted with SPSS version
9.05 for Windows and Stata Statistical Software
Release 5 (Stata Corporation, USA).

Results
One hundred and six eyes of 86 patients had
drainage surgery 6 or more months before data
collection. Six eyes of six patients were
excluded because of previous surgery or
combined surgery. Six patients were non-white
and were therefore excluded. One eye was
excluded because the hospital records could
not be found. Twelve patients had less than five
visual field examinations after surgery. After
selection of the first eye where both were eligi-
ble this left 61 eyes (25 right eyes and 36 left
eyes) of 61 patients.

USE OF ADJUNCTIVE ANTIPROLIFERATIVE THERAPY

There were 20 eyes (32.8%) in the nil adjunct
group, 29 eyes (47.5%) in the 5-FU group, and
12 eyes (19.7%) in the MMC group. Drainage
surgery was performed between May 1986 and
July 1992 for the majority of patients in the nil
adjunct group (four of 20 patients had surgery
after this and therefore overlapped with the
other two groups) between November 1992 and

September 1995 in the majority of patients in
the 5-FU group (one patient overlapping with
the MMC group) and between September 1995
and September 1997 in the MMC group.

Demographic data including median age,
median of baseline MDs, number of postop-
erative visual fields, and preoperative and post-
operative follow up are shown for each adjunct
group (see Table 1).

IOP AND POSTOPERATIVE COMPLICATIONS

Median IOP in the 2 years before surgery and
the percentage fall in IOP over the entire follow
up period is shown (see Table 2). We found no
evidence of any diVerence between the groups
in the rate of any early or perioperative compli-
cations. However, there was a significantly
greater proportion of eyes in the MMC group
with late hypotony (Table 2).

Two patients in the 5-FU group, one in the
MMC group, and none in the nil group under-
went cataract extraction after their drainage
surgery. There was no significant diVerence
between these figures.

VISUAL FIELD ANALYSIS

There were 31 “visual field failures”—15
occurring in the nil group, 11 in the 5-FU
group, and five in the MMC group.

Univariate Cox regression analysis showed a
statistically significant eVect of adjunct group
on risk of “visual field failure,” the 5-FU group
having a decreased risk compared with the
MMC group (see Fig 1 and Table 3). It also
showed a statistically significant decrease in the
risk of “visual field failure” with increased per-
centage fall in “current” IOP from baseline.
Figure 2 illustrates this result; it shows a
Kaplan-Meier survival plot of “visual field fail-
ure” for patients grouped according to whether
they had a 30% reduction in median IOP
during the whole follow up period. We found
no evidence of an association between “visual
field failure” and sex, laterality of eye, age, or
mean deviation before surgery (see Table 3).

Table 1 Demographic data and data on length of follow up, median of MDs closest to date of surgery, median IOP in 2 years preoperatively and number
of visual fields by adjunct group. Medians were compared using the Kruskal-Wallis test, categorical data were compared using the ÷2 test.

Nil adjunct group 5-FU group MMC group p Value (2 df)

Median age at surgery in years (IQ range) 55.5 (49.2–68.0) 68.2 (61.4–72.1) 63.8 (58.4–73.7) 0.07*
Median preoperative follow up in months (IQ range) 47.2 (19.3–89.9) 75.8 (28.8–136.4) 60.9 (35.8–121.3) 0.15*
Median postoperative follow up in months (IQ range) 90 (43.5–112.5) 42 (36.0–51.0) 18 (12–18) <0.001*
Median of 3 MDs closest to date of surgery (IQ range) −14.4 (−22.5 to −10.5) −15.4 (−20.1 to −10.3) −11.6 (−16.7 to −9.1) 0.48*
Number of left eyes 13/20 (65.0%) 17/29 (58.6%) 6/12 (50.0%) 0.7†
Female 16/20 (80.0%) 23/29 (79.3%) 8/12 (66.7%) 0.633†
Median IOP in 2 yearspreoperatively (IQ range) 16.8 (16–19) 17.0 (15–19) 15.3 (14–17) 0.12*
Median number of postoperative visual fields (IQ range) 21.5 (12–24) 11.0 (10–13) 6.5 (5–9) <0.001*

*Kruskal-Wallis test.
†÷2 test.

Table 2 Median postoperative IOP and late or sight threatening complications by adjunct group. Medians were compared
using the Kruskal-Wallis test, categorical data were compared using Fisher’s exact test.

Nil adjunct group 5-FU group MMC group p Value (2 df)

Median percentage reduction in IOP (range) 24.4 (0–57.9) 38.0 (−33.3–64.3) 47.5 (22.2–74.2) 0.001*
Late or sight threatening complications

Late bleb leak 0/20 (0%) 0/29 (0%) 0/12 (0%) 1†
Late hypotony 0/20 (0%) 0/29 (0%) 3/12 (25%) 0.006†
Cataract surgery 0/20 (0%) 2/29 (6.9%) 1/12 (8.3%) 0.461†
Endophthalmitis 0/20 (0%) 0/29 (0%) 1/12 (8.3%) 0.197†
Hypotonous maculopathy 1/20 (5%) 0/29 (0%) 1/12 (8.3%) 0.27†

*Kruskal-Wallis test.
†Fisher’s exact test.
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Multiple variable Cox regression analysis
showed similar eVects of adjunct group and
percentage fall in “current” IOP (see Table
4).

A subanalysis was done with the exclusion of
all eyes that had late or sight threatening com-
plications, cataract surgery, or a “visual acuity

failure” during follow up and this showed very
similar results.

Discussion
At the present time IOP reduction is the only
form of treatment for NTG that has been
shown to have any long term eVect on the
course of the disease.7 18 19 The reduction
needed has to be 20% or more,17 20–22 the
collaborative NTG study accepted an IOP
reduction of 20% or more in their surgically
treated arm without further treatment being
instituted. Fistulising surgery is likely to play a
major part in achieving this end, although
some studies have reported IOP reductions of
over 30% with topical therapy and laser
trabeculoplasty alone.24

In a previous paper we reported on the suc-
cess of fistulising surgery in NTG patients at
reducing IOP and the associated complica-
tions. We found that the use of peroperative
5-FU was associated with improved success at
reducing IOP by 25% or more. The use of per-
operative MMC was associated with a higher
rate of late hypotony and late bleb leak and a
worse visual acuity outcome.10

This paper reports on the incidence of visual
field progression in a similar group of NTG
patients who have undergone fistulising sur-
gery. We have again looked at the results for
three groups of patients, divided according to
the use or otherwise of peroperative antiprolif-
erative agents.

The decision to use peroperative antiprolif-
eratives was largely evolutionary, rather than
based on case selection, so that a reasonable
comparison can be made between the three
groups when assessing the long term results.
There was no statistically significant diVerence
between the three groups in preoperative IOP
and level of visual field loss as indicated by
mean deviation on automated perimetry at the
time of surgery.

Considering first this group of NTG patients
as a whole, just over 40% progressed over 4
years, this compares favourably with 60% pro-
gression seen over 4 years in a group of
untreated NTG patients using the same
progression criteria.16 There was a decrease in
the risk of visual field deterioration with
increasing percentage fall in IOP postopera-
tively from baseline. Our analysis varies from
previous studies in that we looked at IOP
updated for each 6 month period postopera-
tively as a risk factor for visual field progres-
sion. Previous studies have either averaged IOP
reduction during the whole of the follow up
period or have compared groups of patients
that have maintaining a specified level of IOP
reduction. Our analysis may be more easily
extrapolated to clinical practice in that the risk
of future visual field progression can be
estimated from “current” IOP, taken as the
median of readings done in the past 6 months.
From our data a “current” IOP that is 30% less
than baseline is associated with a 50%
reduction in the relative risk of subsequent
visual field progression compared with a
patient who has had no change in IOP. This

Table 3 Estimates of the eVect of study factors on time to
“visual field failure” from univariate model

Study factor Hazard ratio p Value

Adjunct group
5-FU 1.0
Nil 1.67 0.22
MMC 3.68 0.03

Right eye 0.95 0.89
Female sex 1.62 0.22
Preoperative MD 1.00 0.9
Time updated factors

“Current” percentage fall in IOP 0.987 0.02
“Current” age 1.01 0.26

Figure 1 Survival as defined by lack of “visual field
failure” from the time of surgery for the three adjunct
groups. Marks on survival lines indicate censored data due
to end of follow up. Numbers next to survival lines indicate
number of patients left in the group at that time.
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Figure 2 Survival as defined by lack of “visual field
failure” from the time of surgery for two groups defined
according to a 30% or more reduction from baseline of their
mean postoperative IOP. Marks on survival lines indicate
censored data due to end of follow up. Numbers next to
survival lines indicate number of patients left in the group
at that time.
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Table 4 Estimates of the eVect of study factors on time to
“visual field failure” from multiple variable model

Hazard ratio p Value

Adjunct group
5-FU 1.0
Nil 0.71 0.26
MMC 9.22 <0.001

Time updated factor
“Current” percentage fall in IOP 0.982 0.006
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reduction in relative risk is 35% for a 20% fall
in IOP and 20% for a 10% fall in IOP.

Considering now the three adjunct groups,
in the univariate model the 5-FU group had a
better visual field survival than the nil group.
Although this improved survival does not reach
statistical significance it might be expected
because of the greater median percentage fall
in “current” IOP from baseline in the 5-FU
group. However the MMC group has the worst
visual field survival despite having the greatest
fall in IOP, and this is statistically significant
when compared with the 5-FU group
(p=0.03). The multiple regression model con-
firms these results, although here the nil group
has a better survival than the 5-FU group.
Although this is not statistically significant it
may also be expected since in this model the
eVect of adjunct group has been adjusted for
the eVect IOP.

Progression of glaucoma or the progression
of other pathology aVecting visual field sensi-
tivity might explain the greater visual field
deterioration in the MMC group. A greater
rate of glaucomatous visual field progression
despite a greater IOP reduction might be
explained by diVerences in baseline factors
aVecting the risk of progression such as degree
of glaucomatous damage. This seems unlikely
considering that the three groups were similar
in their baseline characteristics.

We have already shown that the use of MMC
is associated with a higher rate of both visual
acuity loss and hypotonous complications in a
larger group of similar patients.10 We proposed
that the consequences of this hypotony, which
includes increased lens opacification,25 refrac-
tive changes, ocular surface changes, and
hypotonous maculopathy might account for
the reduction in visual acuity. A higher rate of
these complications in the MMC group might
also account for the greater rate of visual field
progression observed in this group. Although
we found no diVerence in the number of
patients undergoing cataract extraction the
time periods for the three groups are diVerent
and the numbers are too small to make survival
analysis possible. Patients may not have been
listed for surgery despite functionally signifi-
cant lens opacification because of the risk of
bleb failure after cataract extraction.

Some of these complications would be
expected to produce a diVuse reduction in reti-
nal sensitivity26 27 and therefore a more diVuse
type of progression than that caused by
glaucoma. It might be possible to distinguish
between diVuse and focal progression in these
patients by determining the pattern of this pro-
gression.28

This is a retrospective review of a group of
consecutive NPG patients who had undergone
fistulising surgery in a single hospital based
glaucoma service. Diagnostic criteria for NPG
were very similar to that of previous studies.17

We included only one eye from each patient in
this study and this varies from our previous
study, where we only excluded second eyes that
were in the same adjunct group. The decision
to exclude all second eyes was made because
some of the planned analyses were to be

conducted on the group as a whole, rather than
a comparison between adjunct groups, and
inclusion of second eyes might overrepresent
risk factors that may be common to both eyes.
The criteria for progression in this study is the
same as those used by us clinically and have
been derived from previous studies comparing
pointwise linear regression with STATPAC-2
change probability analysis in a similar group
of patients.12 14 15 23 Although we have looked
for the eVect of potential confounding factors,
because of the retrospective nature of this
study, unexpected confounding factors cannot
be excluded that might provide an alternative
explanation for the data. Only a prospective
randomised trial can provide definitive evi-
dence, although these results should be useful
in guiding the clinical management of these
patients until this evidence becomes available.

Surgery remains a good therapeutic option
for the patient with disease progression at a
rate likely to cause significant functional loss of
vision in their lifetime. The greater the
percentage reduction in IOP at any time after
drainage surgery the lower the risk of subse-
quent visual field progression. However, the
use of MMC in these patients, who are at low
risk of scaring, is associated with a higher rate
of late hypotonous complications. This may be
related to the greater visual acuity loss and
visual field progression also seen in this group.
We would therefore recommend the use of per-
operative 5-FU where fistulising surgery is
indicated in similar NTG patients as it was
associated with a better IOP outcome without
the additional complications seen with MMC.

The International Glaucoma Association supported this
project.
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