
Introduction

Normal-tension glaucoma (NTG), also referred to as low-
tension glaucoma, has been defined as open-angle glaucoma
developing in an eye with normal intraocular pressure
(IOP) but having some level of glaucomatous optic nerve
damage with the corresponding visual field defects. In

various countries, the prevalence of NTG has been reported
as one-third to two-thirds of open-angle glaucoma
patients.1–4 In an epidemiological report from Japan, the
prevalence of NTG reached 2.04% of the 40-and-older 
population, which was 57.3% of all glaucoma patients in the
study.4

Although NTG should be a multifactorial disease,
high IOP is still the only identified risk factor, not only for
high-tension glaucoma but also for NTG. Several studies
have suggested that lowering the IOP has the beneficial
effect of halting or slowing the progression of NTG.5–10 For
example, a randomized controlled trial showed that a 30%
or larger reduction of IOP from the preoperative value had
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Abstract

Purpose: To evaluate the efficacy of and complications after trabeculectomy using mitomycin C (MMC)
in Japanese normal-tension glaucoma (NTG) patients by a retrospective analysis based on the Kaplan-
Meier life table method.

Methods: Clinical records of 39 NTG patients who underwent trabeculectomy with 0.04% MMC and
had postoperative follow-up periods of 3 years or more (50.5 ± 8.4 months, mean ± SD) were reviewed.
Postoperative intraocular pressure (IOP) at every 1 or 2 months, complications, visual acuity, and visual
field at every 6 months were recorded.

Results: IOP significantly decreased from 15.9 ± 1.9 preoperatively to 8–11 mmHg throughout the post-
operative follow-up period (P < 0.0001). The life table analysis, in which failure of IOP control was
defined as an IOP above a level either 30% or 20% lower than the preoperative IOP at three consecu-
tive visits, showed a cumulative survival rate of 39.4 ± 7.8% (mean ± SEM) or 41.3 ± 8.9%, respectively,
at 4 years after surgery. Mean deviation of the visual field results did not significantly change (P > 0.5).
The cumulative survival rate from postoperative late-onset hypotony was 74.7 ± 6.3% at 4 years after
surgery. Postoperative complications observed were shallow anterior chamber (six eyes), choroidal
detachment (nine eyes), hypotonous maculopathy (seven eyes), bleb leak (one eye), cataract develop-
ment (three eyes), and blebitis (two eyes). No eyes developed endophthalmitis.

Conclusions: In NTG patients, trabeculectomy with MMC showed significant efficacy in reducing IOP
up to 4 years after surgery. Since risks of postoperative complications are unavoidable, indications for
surgery should be carefully considered, and careful follow-up is necessary to avoid severe postoperative
complications. Jpn J Ophthalmol 2005;49:223–227 © Japanese Ophthalmological Society 2005
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a significantly beneficial effect of preserving visual fields in
NTG patients.8 Moreover, maintaining a lower IOP without
remarkable fluctuation through a long period is crucial in
the treatment of open-angle glaucoma.11

The introduction of the intraoperative use of mitomycin
C (MMC) has improved the success rate of trabeculectomy
for primary open-angle glaucoma patients.12–15 However,
there has been no study on IOP control and complications
after trabeculectomy with MMC in NTG patients, except
for a few studies with small numbers of subjects (25 or
fewer).6,16,17 Moreover, since the postoperative target IOP 
is definitely lower in NTG patients compared with primary
open-angle glaucoma patients, the NTG patients often 
face a greater risk of ocular hypotony and its associated
complications, such as hypotonous maculopathy, choroidal
detachment, and cataract development.16,17 These complica-
tions occur not only in the early postoperative period but
also during the long-term follow-up after surgery. There-
fore, the outcome of trabeculectomy should be evaluated
based on long-term observations also for postoperative
complications.

The purpose of this study was to evaluate long-term
results of postoperative IOP control and complications
after trabeculectomy with MMC in a relatively greater
number of NTG patients whose postoperative follow-up
periods were 3 or more years by using a life table analysis.

Patients and Methods

Clinical records were reviewed of 39 consecutive NTG
patients who underwent initial trabeculectomy (i.e., who
had no history of previous glaucoma surgery except laser
procedures) using intraoperative MMC at the Department
of Ophthalmology, University of Tokyo Graduate School of
Medicine, and on whom postoperative follow-up was suc-
cessfully carried out for 3 or more years. The postoperative
follow-up period averaged 50.5 ± 8.4 (mean ± SD) months.
Patients who underwent a combined procedure of tra-
beculectomy and other ocular surgeries such as cataract
surgery were not included.

The diagnosis of NTG was made according to evidence
of typical glaucomatous optic disc cupping and visual field
damage in eyes with normal IOP, open angles, and the
absence of any contributing ocular or specific systemic dis-
orders. IOP was measured by multiple observers using a
Goldmann applanation tonometer, and normal IOP was
defined as IOP that never exceeded 21mmHg during the
follow-up period, including 24-h fluctuation, which was
assessed at 2- or 3-h intervals during an overnight stay 
in the hospital. Table 1 describes the characteristics of 
the patients, all of whom were Japanese. In general, the indi-
cation for trabeculectomy was progression of visual field
damage when the maximum tolerable medication had
already been prescribed or when there was risk of visual
field loss threatening fixation, and surgery was performed
only with the patient’s informed consent. If both eyes of 
a patient underwent trabeculectomy during the above-

mentioned period, data obtained for the eye that underwent
surgery first was used.

Trabeculectomy was performed as follows. After local
anesthesia, a limbal-based conjunctival flap and a scleral
flap one-half the thickness of the sclera were produced at
the superior temporal quadrant. The shape of the scleral
flap was triangular, and its size was approximately 3.5mm ¥
3.5mm. It was hinged at the corneal limbus. Small pieces of
surgical sponges soaked in 0.04% MMC were placed under
the conjunctival flap for 3min. After the sponges were
removed, the area was irrigated with a balanced salt solu-
tion. At the edge of the corneoscleral bed, a block of clear
corneal and trabecular meshwork tissue was removed and
peripheral iridectomy was performed. The scleral flap was
sutured with three to five monofilament 10-0 nylon sutures,
adjusted so that a little leakage around the scleral flap
margin could be observed without shallowing of the ante-
rior chamber. The conjunctiva and Tenon’s capsule were
closed using a 10-0 nylon running suture. The anterior
chamber and filtering bleb were reformed with balanced
salt solution to verify that the conjunctival wound was
watertight.

The postoperative follow-up schedule involved daily eye
examinations during the first 7 to 14 days of hospitalization,
once a week for the first month in the outpatient clinic, and
once a month thereafter. The follow-up studies involved
IOP measurements with Goldmann applanation tonometer,
precise slit-lamp biomicroscopy, and funduscopy. To keep
appropriate IOP control, topical glaucoma therapy and/or
laser suture lysis, or a needling procedure for bleb revision
were also carried out when necessary. Visual acuity was
measured every 4 months postoperatively.Visual fields were
evaluated with the central 30-2 program of the Humphrey
visual field analyzer (Humphrey, San Leandro, CA, USA)
within 1 month preoperatively and then every 6 months
postoperatively. The development of postoperative compli-
cations, such as hypotony, hypotonous maculopathy, blebitis,
and endophthalmitis, was also carefully checked for at every
visit.

To evaluate IOP control and the incidence of hypotonic
complications during the postoperative follow-up period,
the Kaplan-Meier life table method was used. Two different
definitions of the endpoint (i.e., failure) of IOP control were
separately applied: (1) when IOPs exceeding a level 30%
lower than the preoperative IOP were obtained at three
consecutive visits; and (2) when IOPs exceeding a level 20%
lower than the preoperative IOP were obtained at three
consecutive visits. Since glaucoma topical medications, laser

Table 1. Patient demographics at the time of surgery

Number of eyes 39
Agea (years) 55.2 ± 9.4
Male/Female 19/20
Preop IOPa (mmHg) 15.9 ± 1.9
Mean deviationa (dB) -17.9 ± 6.8

IOP, intraocular pressure.
a mean ± SD.
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suture lysis, or the needling procedure were optionally
carried out according to the doctor’s decision during the
postoperative follow-up period, the execution of those 
procedures was not taken into account when the failure of
IOP control was decided. The incidence of postoperative
late-onset hypotony was also evaluated using the same life
table method, in which the endpoint was defined as when
an IOP lower than 5mmHg was obtained at three consecu-
tive visits, except during the first postoperative month or
when a treatment such as surgical bleb repair or autologous
blood injection into the bleb had been performed to treat
hypotony.

Results

Mean IOP decreased from 15.9 ± 1.9mmHg preoperatively
to 11.1 ± 1.3mmHg 1 week after surgery (P < 0.0001, paired
t test), and the significant reduction continued throughout
the follow-up period up to 4 years postoperatively (P <
0.0001) (Fig. 1). Prior to surgery, the number of topical
antiglaucomatous eye drops used averaged 1.0 ± 0.9 (range,
0–3), and oral acetazolamide 500mg/day was prescribed for
two patients. At the latest examination after surgery, the
number of topical eye drops was reduced to 0.2 ± 0.5 (range,
0–2), and oral acetazolamide was not used by any patient.
Laser suture lysis and the needling procedure were per-
formed in 22 and 5 eyes, respectively, in the follow-up
period. Figure 2 shows the cumulative survival rates deter-
mined by the Kaplan-Meier life table method, in which the
endpoint (i.e., failure) of IOP control was defined as when
an IOP more than 30% lower than the preoperative IOP
was obtained at three consecutive visits.The cumulative sur-
vival rates at 1, 2, 3, and 4 years postoperatively were 58.7
± 7.1 (mean ± SEM), 39.4 ± 7.8, 39.4 ± 7.8, and 39.4 ± 7.8%,
respectively. When the endpoint of IOP control was defined
as an IOP exceeding a level 20% lower than the preopera-

tive IOP was obtained at 3 consecutive visits, the cumula-
tive survival rate increased to 41.3 ± 8.9% at 4 years post-
operatively (Fig. 3).

There was no significant difference in mean deviation 
of the visual field results between the preoperative value 
(-17.9 ± 6.8dB) and the last obtained value (-17.4 ± 6.9dB)
(P > 0.5, Fig. 4).

Figure 5 shows the cumulative survival rate from post-
operative late-onset hypotony, to which the above-
mentioned endpoint was applied. The cumulative survival
rate from hypotony was approximately 74.7 ± 6.3% at 4
years after surgery. All postoperative complications found

Figure 1. Averages of intraocular pressures (IOPs) before and after
trabeculectomy with mitomycin C. Error bars show SD. *significantly
smaller than the preoperative value (paired t test, P < 0.0001).

Figure 2. Cumulative survival rate determined with the Kaplan-Meier
life table method, in which the endpoint (i.e., failure) of IOP control
was defined as when IOPs exceeding a level 30% lower than the pre-
operative IOP were obtained at three consecutive visits.

Figure 3. Cumulative survival rate determined with the Kaplan-Meier
life table method, in which the endpoint (i.e., failure) of IOP control
was defined as when IOPs exceeding a level 20% lower than the pre-
operative IOP were obtained at three consecutive visits.
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during the follow-up period are listed in Table 2. The two
most common late-onset complications were those relating
to the hypotonic conditions: choroidal detachment in nine
eyes (23.6%) and maculopathy in seven (18.4%). In three
eyes, cataract development was seen, but it was not neces-
sary to perform cataract surgery. There were two infection
cases; both were local blebitis and were successfully cured
with local or systemic antibiotics. No eye developed
endophthalmitis. Visual acuity was maintained in all eyes

except the three in which cataract development was seen
(Fig. 6).

Discussion

Mean IOP in 39 NTG patients decreased from approxi-
mately 15.9 ± 1.9mmHg preoperatively to 11.1 ± 1.3mmHg
after trabeculectomy with MMC, and the significant IOP
reduction continued up to 4 years (Fig. 1). However, when
the outcome was analyzed using the life table method, only
about 40% of the patients maintained successful IOP
control 4 years after surgery (Figs. 2 and 3). In those life
table analyses, the endpoint (i.e., failure) of IOP control was
defined as when IOPs exceeding a level 30% or 20% lower
than the preoperative IOP were obtained at three consec-
utive visits. We adopted those endpoints of IOP control in
accordance with the results of a previous randomized
control study in which an IOP reduction of 30% or 20% had
a significantly favorable effect on the retardation of visual
field defects in NTG patients.8

Hagiwara et al.16 reported that IOP decreased from 14.8
± 1.8mmHg preoperatively to 9.6 ± 3.9mmHg at one time

Figure 4. Changes in mean deviation of the visual field results obtained
preoperatively and at the last postoperative visit.

Figure 5. Cumulative survival rate from late-onset hypotony deter-
mined with the Kaplan-Meier life table method, in which the endpoint
was defined as when IOPs lower than 5mmHg were obtained at three
consecutive visits or when the treatments were started to treat
hypotony.

Figure 6. Changes in visual acuity decided preoperatively and at the
last postoperative visit.

Table 2. Postoperative complications

Number of eyes

Early complications
Shallow anterior chamber 6
Choroidal detachment 9

Late complications
Maculopathy 7
Bleb leak 1
Cataract 3
Infection (blebitis) 2
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point between 2 and 7 years after trabeculectomy with
MMC in 21 Japanese NTG patients. The current results
shown by the 39 NTG patients included in this study are
similar, and provide further information about the cumu-
lative “survival” rate of IOP control after surgery, which
should be considered as important as mean IOP change. On
the other hand, the postoperative IOP control in the current
study seems to be worse relative to the results of previous
studies in Western countries. Membrey et al.17 reported that
the cumulative survival rate, regarded as a 25% IOP reduc-
tion at 2 years after trabeculectomy with 0.01% MMC,
which was a lower concentration than used in the current
study (0.04%), in 25 NTG patients was approximately 65%.
Although differences in the postoperative follow-up
periods and in the preoperative IOP levels should be taken
into account, discrepancies in fibrotic reactions after tra-
beculectomy between Japanese and peoples of Western
countries should account for the differences in IOP “sur-
vival” rates after trabeculectomy with MMC.

In the current study, we found several cases with late-
onset postoperative complications, including hypotonous
maculopathy (7/39 eyes, 18%), bleb leak (1/39 eyes, 3%),
cataract (3 eyes, 8%), and blebitis (2 eyes, 5%), while no
eyes developed cataract requiring surgery or endoph-
thalmitis (Table 2). The life table analysis was used only to
assess the incidence of hypotonous maculopathy. Since
complications other than hypotonous maculopathy
occurred in only a few patients, the life table method was
not used for them.According to the life table analysis of the
current results, the cumulative survival rate from post-
operative hypotony was calculated as 75% at the 4-year
follow-up (Fig. 5). Compared with the results reported 
by Membrey et al.,17 the incidence of late hypotony (12%
in their report) and that of hypotonous maculopathy (28%)
are similar in our patients, while those of bleb leak (12%),
cataract (surgery needed in 12%), and endophthalmitis
(8%) are apparently different. These data suggest 
that aqueous leakage from thin-walled blebs may be asso-
ciated with the development of more severe cataract and
endophthalmitis.

Trabeculectomy using MMC has been a standard surgi-
cal procedure to reduce IOP in open-angle glaucoma
patients. However, in patients who show a lower preopera-
tive IOP, the amount of surgical IOP reduction should be
smaller and the risk of postoperative complications should
be greater or similar. If these points are taken into consid-
eration, neither a case that does not show apparent pro-
gression in visual field damage, nor one in which baseline
IOP is quite low has a good indication for surgery.

It is essential to have reliable information about the
probability of maintaining successful IOP control after
surgery and avoiding the risks of postoperative complica-
tions. Since this study was done in a retrospective manner,
there might have been unexpected, uncontrolled, or con-

flicting factors. Prospective trials including strictly sched-
uled follow-up are necessary to provide definitive evidence
of the efficacy and risks of trabeculectomy with MMC in
NTG patients. Until this evidence becomes available, the
results of this study should be helpful when therapeutic
options are chosen for NTG patients.
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