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Purpose: To evaluate the efficacy and safety of trabeculectomy for patients with glaucoma who were
enrolled in the Collaborative Bleb-related Infection Incidence and Treatment Study (CBIITS).

Design: Multicenter, prospective, cohort study.
Participants: A total of 829 eyes in 829 patients with glaucoma who had undergone trabeculectomy alone or

trabeculectomy combined with phacoemulsification at 34 clinical centers were examined in this study.
Main Outcome Measures: Intraocular pressures (IOPs, in millimeters of mercury), risk factors for surgical

failure, and surgical complications.
Methods: The enrollment period was 2 years, and follow-up was conducted every 6 months for up to 5 years.

Outcomes were measured at 6-month intervals. Four levels of success were defined by achievement of the
following IOP: (A) 4 < IOP < 22, (B) 4 < IOP < 19, (C) 4 < IOP < 16, and (D) 4 < IOP < 13. The primary outcome
was the qualified success rate according to the defined criteria. The secondary outcomes included IOP, risk
factors for surgical failure, and surgical complications.

Results: Mean IOP and preoperative antiglaucoma medications were significantly decreased from 24.9�9.0
to 12.6�5.2 mmHg (P < 0.0001) and from 2.8�1.0 to 1.2�1.3 mmHg (P < 0.0001), respectively, 5 years after
surgery. For criteria A, B, C, and D, the qualified success rates were 90.1%, 88.9%, 77.6%, and 57.7% at 1 year,
respectively, and 71.9%, 66.7%, 50.1%, and 29.9% at 5 years, respectively. The third or subsequent trabecu-
lectomy was less effective than the first and second trabeculectomies. Preoperative lens status and preoperative
higher IOP were risk factors for trabeculectomy failure. The needling procedure and cataract surgery were
associated with the risk of failure. The rates of postoperative hyphema, shallow anterior chamber, bleb leak, and
choroidal detachment were 2.7%, 3.1%, 1.9%, and 7.2%, respectively, in our series.

Conclusions: Trabeculectomy with mitomycin C is an effective and safe procedure for reducing IOP in the
CBIITS. The number of previous glaucoma surgeries, preoperative lens status and IOP, the needling procedure,
and cataract surgery after trabeculectomy influenced the success rate, as determined by the target IOP.
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To improve the success rate of intraocular pressure (IOP)
management and decrease the rate of surgical complica-
tions, surgical procedures for glaucoma, such as the use of
glaucoma drainage devices (e.g., Baerveldt tube [Abbott
Medical Optics, Abbott Park, IL], Express [Boston Sci-
entific, Marlborough, MA], iStent [Glaukos, Laguna Hills,
CA]), have been proposed as viable alternatives to
trabeculectomy.1e3 So far, trabeculectomy is the most
common surgical procedure for controlling IOP in patients
with glaucoma. The antimetabolite mitomycin C (MMC)
was introduced as an adjunctive therapy for trabeculec-
tomy and augmented the control of IOP.4 However, the
application of MMC at the time of trabeculectomy
increased the incidence of bleb-related infection and
hypotony maculopathy.5,6
� 2015 by the American Academy of Ophthalmology
Published by Elsevier Inc.
The Japan Glaucoma Society initiated a prospective
study to investigate the incidence and severity of bleb-
related infection (Collaborative Bleb-Related Infection
Incidence and Treatment Study [CBIITS]).7,8 The 5-year
cumulative incidence of bleb-related infection was 2.2%�
0.5% in eyes treated with MMC-augmented trabeculectomy
or trabeculectomy combined with phacoemulsification and
intraocular lens implantation. Bleb leakage and younger age
were the main risk factors for infections.7,8

The amount of filtered aqueous flow under the conjunc-
tiva might affect the prevalence of bleb-related infection.
The limited aqueous flow in eyes with high IOP and those
with high aqueous flow in the bleb with low IOP might
result in the difference in the prevalence of bleb-related
infections. Interpreting the report by the CBIITS group
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Enrolled in the CBIITS
1249 eyes

Excluded from the CBIITS
151 eyes

Other surgical techniques used: 38 eyes
Surgery without mitomycin C : 65 eyes

Lost to follow-up before reaching 1 year : 48 eyes

Included in the CBIITS
1098 eyes

Included in the current study
829 eyes

Excluded from the current study
269 eyes

NTG : 64 eyes
NVG : 80 eyes

Type of glaucoma and preoperative IOPs were unclear : 23 eyes
IOP measured less than 3 times during follow-up: 102 eyes

Figure 1. Flowchart showing the number of patients who were enrolled and analyzed in this study. CBIITS ¼ Collaborative Bleb-Related Infection
Incidence and Treatment Study; IOP ¼ intraocular pressure; NTG ¼ normal-tension glaucoma; NVG ¼ neovascular glaucoma.
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probably depends on the surgical IOP results of the CBIITS.
Evaluation of the IOP results of the CBIITS revealed the
outcome of trabeculectomy augmented by MMC, which
represents the benchmark in Asia, especially in Japan,
because all the board members of the Japan Glaucoma So-
ciety belong to the 34 institutes that participated in this study
when the CBIITS started.

We reviewed the effect of trabeculectomy on IOP and
surgical success rate, and explored the factors that affect the
surgical success rate and incidence of surgical complications
using the CBIITS data.
Methods

The CBIITS was planned in 2004, and principal investigators
were recruited voluntarily from the board members of the
Japan Glaucoma Society. All the 34 clinical centers directed by
board members of the Japan Glaucoma Society participated and
enrolled subjects. Institutional review board approval was ob-
tained at each institution, and all patients gave written
informed consent after a thorough explanation of the study.
The enrollment criteria were as follows: any type of filtering
surgery, including those concomitantly performed with cataract
or other intraocular surgeries, and the first operated eye after
study inclusion (in patients in whom both eyes were treated).
There were no other concomitant surgeries, excluding cataract
surgery, in the CBIITS.

The indications for surgery, selection of the operative proce-
dure, operative technique, and postoperative medication or addi-
tional glaucoma treatment were at the discretion of local
investigators. Consecutive eligible subjects were recruited at each
clinical center. The follow-up period was set to a minimum of
1 year and a maximum of 5 years. The patients were recommended
to visit the clinical center at 6-month intervals for up to 5 years.
Additional visits to the clinical center or other ophthalmology
clinics were at the discretion of the local investigators.

A total of 829 eyes in 829 patients with glaucoma were
included in the present study. As previously reported, the CBIITS
examined 1249 eyes in 1249 enrolled patients. The CBIITS finally
2224
included and analyzed 1098 eyes from among the 1098 patients
who were treated by trabeculectomy with MMC or trabeculectomy
plus cataract surgery.7 In this study, a total of 269 eyes from among
the 1098 subjects were excluded for the following reasons: The
type of glaucoma and preoperative IOPs were unclear in 23 eyes,
and IOP was measured <3 times during follow-up in 102 eyes.
Moreover, we excluded subjects with neovascular glaucoma in 80
eyes and normal-tension glaucoma in 64 eyes. Neovascular glau-
coma is a subtype of refractory glaucoma in which IOP control is
more difficult to achieve than other subtypes of glaucoma.9,10 The
IOP of normal-tension glaucoma is always <21 mmHg, and the
postoperative target IOP is lower than other glaucoma subtypes.
Achieving clinical success with trabeculectomy for neovascular
glaucoma and normal-tension glaucoma is more elusive than for
other glaucoma subtypes. Therefore, we excluded subjects with
neovascular glaucoma and normal-tension glaucoma from the
study (Fig 1).

The IOP was measured by Goldmann applanation tonometry.
From the medical records, we documented the average of 3 pre-
operative IOP measurements that were closest to the time of sur-
gery and the IOP measurements closest to 6, 12, 18, 24, 32, 36, 42,
48, 54, and 60 months after surgery. Ten outcomes were measured
at 6-month intervals.

We attempted to follow the outcome criteria proposed in the
guidelines by the World Glaucoma Association. Four levels of
success, defined by achievement of IOP (values in millimeters of
mercury) were (A) 4 < IOP < 22, (B) 4 < IOP < 19, (C) 4 < IOP
< 16, and (D) 4 < IOP < 13. Surgical success was stratified ac-
cording to IOP control. When the IOP was above the upper limit or
below the lower limit for 2 consecutive measurements, the surgery
was considered to have failed at the first time point when IOP
had exceeded the defined limit. In addition to the defined IOP
criteria, we also examined the failure to achieve a 20% reduction in
IOP to calculate the surgical success rate.

The primary outcome was the qualified success rate according
to the defined criteria. Needling, resuturing the conjunctiva, sub-
conjunctival injection of antimetabolite, and cataract surgery did
not represent surgical failure. Reoperation for increased IOP and
loss of perception of light were classified as failures. The secondary
outcomes included the IOP, risk factors for bleb failure, and sur-
gical complications after surgery.



Table 1. Demographics and Preoperative Ocular Characteristics

Total cases, no. 829
Mean age, yrs (SD) 63.4 (�13.5)
Mean follow-up, mos (SD) 55.5 (�10.6)
Mean preoperative IOP, mmHg (SD) 24.9 (�9.0)
Mean preoperative medications, no. (SD) 3.1 (�1.2)
Laterality
Right 421 50.80%
Left 408 49.20%

Sex
Male 487 60.40%
Female 342 42.40%

Diagnosis
POAG 433 53.70%
PACG 59 7.30%
DG 23 2.90%
PXG 95 11.80%
Other SG 219 27.20%

Conjunctival incision site
Limbal incision 372 44.90%
Fornix incision 457 55.10%

Previous cataract surgery 253 30.50%
No. of previous glaucoma surgeries

0 649 78.30%
1 122 14.70%
�2 58 7.00%

Lens status
Phakia 576 69.50%
Aphakia 29 3.50%
Pseudophakia 222 26.80%
Unknown 2 0.20%

DG ¼ developmental glaucoma; IOP ¼ intraocular pressure; PACG ¼
primary angle-closure glaucoma; POAG ¼ primary open-angle glaucoma;
PXG ¼ pseudoexfoliation glaucoma; SG ¼ secondary glaucoma; SD ¼
standard deviation.

(mmHg)

(mmHg)

Preoperative IOP
Figure 2. Scattergram of preoperative versus postoperative intraocular
pressure (IOP) after 1 year. Each point represents 1 eye, with the preop-
erative IOP value as the abscissa and the postoperative IOP value as the
ordinate.
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Statistical analysis was performed using KaplaneMeier sur-
vival analysis and the Cox proportional hazards model. The IOPs
before and after surgeries were compared using the Student t test
with Bonferroni correction. Analyses were conducted using JMP
software version 9 (SAS Inc, Cary, NC). The level of significance
was set at P < 0.05.
Results

A total of 829 eyes in 829 patients were available for analysis. The
demographics and preoperative ocular characteristics are shown in
Table 1.

Intraocular Pressure Control

The mean IOP significantly decreased from 24.9�9.0 to
12.6�5.2 (P < 0.001) and 12.7�5.3 mmHg (P < 0.001) at 1
year (Fig 2) and 5 years after surgery, respectively. The IOP
course is shown in Figure 3. The graph reveals a significant
reduction in IOP after surgery relative to baseline at all time
points.

The use of preoperative antiglaucoma medications was signif-
icantly decreased from 3.1�1.2 to 1.2�1.3 at 5 years after surgery
(P < 0.001) (Fig 4). For criteria A, B, C, and D, the qualified
success rates were 90.1%, 88.9%, 77.6%, and 57.7% at 1 year
and 71.9%, 66.7%, 50.1%, and 29.9% at 5 years, respectively
(Fig 5). For these same criteria, the complete success rates were
66.3%, 65.8%, 60.9%, and 48.9% at 1 year and 30.6%, 30.4%,
28.2%, and 21.4%, at 5 years, respectively (Fig 6). For criteria
A, B, C, and D or failure to achieve 20% reduction of
preoperative IOP, the qualified success rates were 88.8%, 86.7%,
75.7%, and 56.4% at 1 year and 70.2%, 65.0%, 49.5%, and
29.3% at 5 years, respectively (Fig 7). For criteria A, B, C, and
D or failure to achieve 20% reduction of preoperative IOP, the
complete success rates were 64.7%, 64.2%, 59.3%, and 47.6% at
1 year and 30.1%, 29.9%, 27.7%, and 21.1% at 5 years,
respectively (Fig 8).

Risk Factors for Surgical Failure

Under the qualified success criteria, factors not significantly asso-
ciated with target IOP success rates included conjunctival incision
site, laterality, sex, diagnosis, and age. Previous glaucoma surgery,
preoperative lens status, and preoperative IOP were associated with
the target IOP success rate (Table 2).

We found that there were significant differences between the
first trabeculectomy group and third or more trabeculectomy
group, and between the second trabeculectomy group and the
third or more trabeculectomy group, taking into account a variety
of risk factors in the multivariate analysis (P ¼ 0.0073, Wilcoxon
test). The third or more trabeculectomy group satisfied criteria A
and B less than the first and second trabeculectomy groups. The
percentages of eyes in the first trabeculectomy group, the second
trabeculectomy group, and the third or more trabeculectomy
group that satisfied criterion A were 91.6%, 94.8%, and 83.7% at
1 year and 72.7%, 72.6%, and 51.4% at 5 years, respectively
(Fig 9).

Under the criteria for complete success, aphakia was a risk
factor for failure at all IOP levels. The fornix-based conjunctiva
flap was a risk factor for failure to satisfy criterion A, and the high
preoperative IOP was a risk factor for failure to satisfy criterion D
(Table 3).
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Figure 3. The intraocular pressure (IOP) versus observation time (11 time
periods). The box plots show the median and the 25th and 75th percentiles
of the data. Dashes denote outliers. The graph reveals a significant reduc-
tion in IOP after surgery.

Figure 5. KaplaneMeier survival curve showing the qualified success rates
of the 4 intraocular pressure (IOP) criteria (values in mmHg): (A) 4 < IOP
< 22, (B) 4 < IOP < 19, (C) 4 < IOP < 16, and (D) 4 < IOP < 13.

Ophthalmology Volume 122, Number 11, November 2015
We examined the postoperative risk factors for bleb failure. The
needling procedure was always associated with the risk of failure
regardless of IOP. Cataract surgery after trabeculectomy was a risk
factor when the upper limit of IOP in the criterion was low, and
Figure 4. Bar graph showing the number of preoperative (top) versus
postoperative medications (Meds; bottom). The use of antiglaucoma
medications was significantly decreased 5 years after surgery (P < 0.001).
System: systemic ocular hypotensive agents.
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adding conjunctival suture was a risk factor when the upper limit of
IOP in the criterion was high under qualified success criteria
(Table 4).

Complications

The rates of intraoperative complications, complications in the
early postoperative period (<1 month after surgery), and compli-
cations in the late postoperative period are shown in Table 5.
The total number of early postoperative complications and late
postoperative complications did not always equal the number of
total postoperative complications because, in some cases, the
early postoperative complication continued for more than 1 month.

Although there were 21 infected eyes in the CBIITS, 8 of 829
eyes (0.97%) were infected in this study. Of the 21 infected eyes in
the CBIITS, we excluded 3 with normal-tension glaucoma, 2 with
neovascular glaucoma, and 8 that were followed up for <1 year.
Discussion

The CIIBIT study is a multicenter clinical trial that was
conducted to elucidate the incidence of bleb-related in-
fections after trabeculectomy augmented by MMC. We
Figure 6. KaplaneMeier survival curve showing the complete success rates
of the 4 intraocular pressure (IOP) criteria (values in mmHg): (A) 4 < IOP
< 22, (B) 4 < IOP < 19, (C) 4 < IOP < 16, and (D) 4 < IOP < 13.



Figure 7. KaplaneMeier survival curve showing the qualified success rates
of the 4 intraocular pressure (IOP) criteria (values in mmHg): (A) 4 < IOP
< 22, (B) 4 < IOP < 19, (C) 4 < IOP < 16, and (D) 4 < IOP < 13 or
failure to reduce preoperative IOP by 20%.

Sugimoto et al � IOP Outcomes and Risk Factors in CBIITS
examined the effect of trabeculectomy with MMC on IOP in
CIIBT study subjects to determine the IOP outcomes, risk
factors for failure, and complications of trabeculectomy in
Japan. We included subjects who had previous cataract
surgery (30.5%) and glaucoma surgery (21.7%). In this
study, we excluded subjects with neovascular glaucoma and
normal-tension glaucoma. Neovascular glaucoma is a sub-
type of refractory glaucoma in which IOP control is difficult
to achieve. The IOP of normal-tension glaucoma is always
<21 mmHg. The main outcome of this study was IOP
control. This is the reason why we excluded subjects with
neovascular glaucoma and normal-tension glaucoma from
the study. As a result, our study included primary open-
angle glaucoma (POAG), primary angle-closure glaucoma,
developmental glaucoma, and secondary glaucoma,
including pseudoexfoliation glaucoma. Those are the glau-
coma subtypes with high IOP. Because the baseline IOP of
some patients may be within the normal range under
maximum medical therapy, some reports used percentage
reduction of baseline IOP as an outcome in addition to ab-
solute IOP levels. However, this criterion does not always
Figure 8. KaplaneMeier survival curve showing the complete success rates
of the 4 intraocular pressure (IOP) criteria (values in mmHg): (A) 4 < IOP
< 22, (B) 4 < IOP < 19, (C) 4 < IOP < 16, and (D) 4 < IOP < 13 or
failure to reduce preoperative IOP by 20%. IOP ¼ intraocular pressure.
satisfy all situations. We showed both simple success
criteria using absolute IOP and the combination of absolute
IOP and percentage reduction from baseline IOP as indi-
cated in the guidelines.11

Our analysis showed that the qualified success rates for
criteria A, B, C, and D were 90.1%, 88.9%, 77.6%, and
57.7% at 1 year and 71.9%, 66.7%, 50.1%, and 29.9% at 5
years, respectively (Fig 5), and for criteria A, B, C, and D or
failure to reduce the preoperative IOP by 20%, the qualified
success rates were 88.8%, 86.7%, 75.7%, and 56.4% at 1
year and 70.2%, 65.0%, 49.5%, and 29.3% at 5 years,
respectively (Fig 7). The mean IOP at baseline was
24.9�9.0 mmHg with maximum tolerable drug
management, and the mean IOP ranged between 12.0 and
13.0 mmHg in the 5-year period.

The mean and median of preoperative topical medica-
tions were 2.76�1.04 and 3 (range, 0e5), respectively. The
mean and median of postoperative topical medications were
1.22�1.34 and 1 (range, 0e5), respectively.

There are several multicenter collaborative studies
evaluating the effect of trabeculectomy with antifibrotic
agents.12e18 Kirwan et al18 evaluated the efficacy and safety
of current trabeculectomy surgery in the United Kingdom
(“Trabeculectomy in the 21st Century”). Consecutive
trabeculectomy cases with open-angle glaucoma and no
history of incisional glaucoma surgery from 9 glaucoma units
were evaluated retrospectively. Surgical success was strati-
fied according to IOP control. Failure was defined as an IOP
above the upper limit (22, 19, and 16 mmHg) and <20%
reduction in IOP relative to the preoperative IOP or below the
lower limit (5 mmHg) at 2 consecutive study visits after 3
months. The preoperative IOP was 23.0�5.5 mmHg, 80% of
the subjects postoperatively had an IOP <21 mmHg without
using medication, and 87% of the subjects achieved a low
IOP level with the use of medication at the 3-year follow-
up.18 The mean number of preoperative and postoperative
medications was 2.5�0.9 and 0.11�0.4, respectively.

The Tube Versus Trabeculectomy (TVT) study pro-
spectively compared the surgical results after trabeculec-
tomy and MMC with the Baerveldt glaucoma implant.1,17

We can compare our results with their trabeculectomy re-
sults. They enrolled subjects with a history of cataract
extraction surgery or filtration surgery in the study. They
included subjects who underwent cataract surgery (48%)
and glaucoma surgery (without the use of an antifibrotic
agent, 22%; trabeculectomy with MMC, 14%; glaucoma
surgery combined with cataract surgery, 17%) in the tra-
beculectomy group. The preoperative IOP in the trabecu-
lectomy group was 25.6�5.3 mmHg, and the mean IOP
after surgery was 12.6�5.9 mmHg in the 5-year period. The
success rates were 86.1% at 1 year, 71.8% at 2 years, 69.3%
at 3 years, and 53.1% at 5 years, based on the success
criteria of IOP <21 mmHg, reduction of >20%, or IOP >5
mmHg. Trabeculectomy combined with 5-fluorouracil in the
Fluorouracil Filtering Surgery Study was a prospective
multicenter clinical trial evaluating the effect of subcon-
junctival 5-fluorouracil injection.12 It enrolled patients with
a history of cataract surgery or previous failed filtering
surgery. Treatment failure was defined as IOP >21 mmHg.
The failure rate was similar to the TVT study results.
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Table 2. Multivariate Cox Proportional Hazard Ratios for Risk Factors for Failure to Achieve Qualified Success

Criterion A Criterion B Criterion C Criterion D

(4 < IOP < 22 mmHg) (4 < IOP < 19 mmHg) (4 < IOP < 16 mmHg) (4 < IOP < 13 mmHg)

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Conjunctival incision 0.55 0.63 0.2 0.89
Limbal base 1 1 1 1
Fornix base 0.93 0.59 0.7e1.21 0.94 0.63 0.73e1.21 0.89 0.2 0.75e1.06 1.01 0.89 0.85e1.20

Laterality 0.77 0.69 0.95 0.48
Right 1 1 1 1
Left 1.04 0.77 0.79e1.36 1.05 0.69 0.82e1.35 1.01 0.95 0.85e1.19 0.94 0.48 0.8e1.11

Sex 0.56 0.59 0.54 0.56
Male 1 1 1 1
Female 1.09 0.56 0.82e1.43 1.07 0.59 0.83e1.38 0.95 0.54 0.8e1.12 1.05 0.56 0.89e1.25

No. of previous
glaucoma surgeries

0.03* 0.04* 0.05 0.07

0 1 1 1 1
1 0.83 0.38 0.54e1.24 0.84 0.34 0.57e1.2 0.81 0.09 0.63e1.03 0.89 0.34 0.69e1.13
�2 1.73 0.02* 1.08e2.67 1.63 0.03* 1.06e2.46 1.26 0.16 0.91e1.72 1.37 0.06 0.99e1.86
�2/1 2.07 0.01* 1.19e3.60 1.96 0.01* 1.17e3.25 1.56 0.02* 1.08e2.23 1.54 0.02* 1.06e2.21

Lens status 0.02* 0.01* <0.01* 0.01*
Phakia 1 1 1 1
Aphakia 2.35 0.01* 1.27e4.08 2.18 0.01* 1.21e3.69 1.62 0.04* 1.02e2.49 1.83 0.01* 1.17e2.74
Pseudophakia 1.32 0.11 0.94e1.85 1.51 0.01* 1.1e2.05 1.49 <0.01* 1.19e1.84 1.26 0.04* 1.02e1.56
Pseudophakia/aphakia 0.56 0.06 0.32e1.03 0.69 0.2 0.41e1.24 0.91 0.69 0.60e1.46 0.69 0.1 0.46e1.08

Diagnosis 0.39 0.33 0.97 0.75
POAG 1 1 1 1
PXG 1.09 0.73 0.67e1.69 1.07 0.74 0.70e1.60 1.03 0.86 0.77e1.35 1.15 0.33 0.86e1.51
SG 1.31 0.12 0.93e1.84 1.2 0.24 0.88e1.64 1.05 0.68 0.84e1.30 0.98 0.29 0.90e1.40
DG 0.94 0.89 0.32e2.20 0.71 0.46 0.24e1.66 0.99 0.96 0.55e2.00 1.16 0.6 0.65e1.93
PACG 0.77 0.4 0.40e1.37 0.71 0.21 0.38e1.20 0.92 0.63 0.64e1.29 1 0.99 0.70e1.40

With/without
cataract surgery

0.53 0.95 0.09 0.16

TLE only 1 1 1 1
TLE with

cataract surgery
0.88 0.53 0.57e1.32 0.99 0.95 0.67e1.43 1.24 0.09 0.96e1.58 1.19 0.16 0.93e1.52

Age 1 0.55 0.99e1.02 1 0.86 0.99e1.01 1 0.62 0.99e1.01 1 0.21 0.99e1
Preoperative IOP 1.01 0.1 1e1.03 1.02 0.02* 1e1.03 1.01 0.12 1e1.02 1.01 0.03* 1e1.02

CI ¼ confidence interval; DG ¼ developmental glaucoma; IOP ¼ intraocular pressure; PACG ¼ primary angle-closure glaucoma; POAG ¼ primary open-
angle glaucoma; PXG ¼ pseudoexfoliation glaucoma; SG ¼ secondary glaucoma; TLE ¼ trabeculectomy.
*P < 0.05.

Figure 9. KaplaneMeier survival curve showing the qualified success rates
of criterion A (4 < intraocular pressure < 22 mmHg) of the first trabe-
culectomy group, the second trabeculectomy group, and the third or more
trabeculectomy group. There were significant differences among the groups
(P ¼ 0.0073, Wilcoxon test).

Ophthalmology Volume 122, Number 11, November 2015
In a single-center study, Fontana et al19 reported the
surgical outcome of trabeculectomy with MMC and the
risk factors for failure in phakic open-angle glaucoma.
They recruited 225 subjects (292 eyes) without a history of
cataract or glaucoma surgery. The mean IOP at baseline was
18.8�6.1 mmHg and the mean IOP was 11.1�4.2 mmHg at
3 years. By using the criteria of IOP �18 mmHg and IOP
reduction of 20%, their success rate was 85% at 1 year and
62% at 3 years.19

Use of the guidelines that reported glaucoma surgical
results is recommended, and many studies used success
criteria similar to those indicated in the guidelines.11 It is
difficult to simply compare the surgical results among
different studies. There are small differences in the success
criteria and background of the subjects, including race,
surgical history, and glaucoma subtypes. With respect to
IOP levels and success rate after trabeculectomy, the
studies that included only surgery-naïve subjects seemed to
show results that were better than those with subjects who
2228



Table 3. Multivariate Cox Proportional Hazard Ratios for Risk Factors for Failure to Achieve Complete Success

Criterion A Criterion B Criterion C Criterion D

4 < IOP < 22 mmHg 4 < IOP < 19 mmHg 4 < IOP < 16 mmHg 4 < IOP < 13 mmHg

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Conjunctival incision 0.04* 0.05 0.2 0.74
Limbal base 1 1 1 1
Fornix base 1.21 0.04* 1.01e1.44 1.19 0.05 0.99e1.42 1.12 0.2 0.94e1.33 1.03 0.74 0.87e1.21

Laterality 0.8 0.78 0.95 0.78
Right 1 1 1 1
Left 1.02 0.8 0.86e1.21 1.02 0.78 0.86e1.22 1.01 0.95 0.85e1.19 1.02 0.78 0.87e1.20

Sex 0.36 0.53 0.54 0.71
Male 1 1 1 1
Female 1.09 0.36 0.91e1.30 1.05 0.53 0.89e1.26 1.06 0.54 0.89e1.25 1.03 0.71 0.88e1.21

No. of previous
glaucoma surgeries

0.05* 0.04* 0.05 0.04*

0 1 1 1 1
1 0.84 0.17 0.65e1.07 0.83 0.15 0.64e1.07 0.81 0.09 0.63e1.03 0.88 0.26 0.69e1.10
�2 1.34 0.08 0.96e1.83 1.35 0.07 0.97e1.85 1.26 0.16 0.91e1.72 1.38 0.04* 1.00e1.84
�2/1 1.6 0.01* 1.10e2.30 1.62 0.01* 1.11e2.33 1.56 0.02* 1.08e2.23 1.57 0.01* 1.10e2.21

Lens status <0.01* <0.01* <0.01* 0.02*
Phakia 1 1 1 1
Aphakia 1.47 <0.01* 1.18e1.82 1.47 <0.01* 1.18e1.82 1.49 <0.01* 1.19e1.84 1.28 0.02* 1.04e1.57
Pseudophakia 1.6 0.06 0.99e2.46 1.57 0.06 0.97e2.42 1.63 0.04* 1.02e2.49 1.58 0.04 1.01e2.37
Pseudophakia/aphakia 1.09 0.71 0.67e1.68 1.07 0.78 0.61e1.51 0.64 0.02* 0.45e0.93 1.24 0.34 0.79e1.87

Diagnosis 0.97 0.56 0.97 0.94
POAG 1 1 1 1
PXG 0.99 0.97 0.74e1.32 0.98 0.87 0.73e1.29 1.03 0.86 0.77e1.35 1.06 0.65 0.81e1.38
SG 1.06 0.64 0.84e1.32 1.04 0.74 0.83e1.29 1.05 0.68 0.84e1.30 1.09 0.42 0.88e1.34
DG 1.05 0.86 0.57e1.80 1.02 0.94 0.55e1.76 0.99 0.96 0.54e1.67 1.08 0.78 0.62e1.77
PACG 0.93 0.7 0.65e1.31 0.91 0.59 0.63e1.28 0.92 0.63 0.64e1.29 1 1 0.71e1.22

With/without
cataract surgery

0.2 0.17 0.09 0.27

TLE only 1 1 1
TLE with

cataract surgery
1.18 0.2 0.91e1.51 1.2 0.17 0.93e1.53 1.24 0.09 0.96e1.58 1.14 0.27 0.89e1.43

Age 1 0.68 0.99e1.01 1 0.71 0.99e1.01 1 0.62 0.99e1.01 1 0.59 0.90e1.01
Preoperative IOP 1.01 0.34 0.99e1.02 1 0.28 0.99e1.02 1 0.12 0.99e1.02 1.01 0.03* 1.00e1.02

CI ¼ confidence interval; DG ¼ developmental glaucoma; IOP ¼ intraocular pressure; PACG ¼ primary angle-closure glaucoma; POAG ¼ primary open-
angle glaucoma; PXG ¼ pseudoexfoliation glaucoma; SG ¼ secondary glaucoma; TLE ¼ trabeculectomy.
*P < 0.05.
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had a surgical history. Our results seemed to be compatible
with the results of the TVT study.

Risk Factors

In this study, the number of previous glaucoma surgeries,
preoperative lens status, and preoperative IOP were associ-
ated with the success rate that was determined by target
IOP. Law et al20 reported that repeat trabeculectomy
with MMC was less successful than the initial
trabeculectomy in combination with MMC at achieving
IOP reduction in open-angle glaucoma.20 In our study,
the third or subsequent trabeculectomy was less effective
than the first and second trabeculectomies. Awai-Kasaoka
et al21 reported that a short interval between the current
trabeculectomy and the previous trabeculectomy was
associated with surgical failure of the subsequent
trabeculectomy with MMC.
Trabeculectomy at an inferior site was associated with
more bleb-related infections than trabeculectomy at the su-
perior area.22 Surgeons will try to select the superior area as
the surgical site. We can select the upper temporal area or
upper nasal area as the trabeculectomy site for the first and
second surgeries. Those areas provide fresh conjunctival
area for surgeries. However, the third filtration surgical area
overlaps with the first and second surgical sites. This might
be the reason why the third trabeculectomy result was
worse than the first and second surgeries.

The TVT study reported that patients with prior trabe-
culectomy or cataract surgery had a higher success rate with
the Baerveldt glaucoma implant compared with trabeculec-
tomy.8 The percentages of eyes in the first trabeculectomy
group, the second trabeculectomy group, and the third or
more trabeculectomy group that satisfied criterion A were
72.7%, 72.6%, and 51.4%, respectively, at 5 years in this
study. The success rate of the Baerveldt glaucoma implant
2229



Table 4. Multivariate Cox Proportional Hazard Ratios for Risk Factors for Failure to Achieve Qualified and Complete Success after
Surgery

4 < IOP < 22 mmHg 4 < IOP < 19 mmHg 4 < IOP < 16 mmHg 4 < IOP < 13 mmHg

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Risk
Ratio P Value 95% CI

Qualified success
Needling 1.44 <0.01* 1.14e1.73 1.48 <0.01* 1.21e1.76 1.48 <0.01* 1.24e1.71 1.51 <0.01* 1.31e1.72
Conjunctival suture 2.17 <0.01* 1.31e3.16 1.9 0.02* 1.14e2.79 1.52 0.08 0.94e2.20 1.22 0.36 0.78e1.72
Cataract surgery 0.8 0.38 0.46e1.29 0.74 0.2 0.44e1.16 0.7 0.06 0.46e1.02 0.71 0.02* 0.51e0.96
Other surgery 1.36 0.56 0.42e3.21 1.1 0.86 0.34e2.58 1.41 0.39 0.60e2.76 1.49 0.22 0.77e2.57

Complete success
Needling 1.55 <0.01* 1.34e1.76 1.54 <0.01* 1.33e1.75 1.5 <0.01* 1.30e1.71 1.49 <0.01* 1.29e1.69
Conjunctival suture 1.34 0.17 0.86e1.90 1.33 0.19 0.86e1.88 1.33 0.17 0.87e1.85 1.16 0.46 0.76e1.63
Cataract surgery 0.92 0.59 0.67e1.23 0.92 0.57 0.67e1.23 0.88 0.4 0.64e1.17 0.83 0.2 0.62e1.09
Other surgery 1.41 0.34 0.67e2.56 1.39 0.36 0.66e2.52 1.33 0.42 0.63e2.41 1.36 0.34 0.70e2.35

CI ¼ confidence interval; IOP ¼ intraocular pressure.
*P < 0.05.
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group in the TVT study was 70.2% at 5 years, based on the
success criteria of IOP <21 mmHg, reduction >20%, or
IOP >5 mmHg. In the Ahmed Baerveldt Comparison
study, the success rate based on the success criteria of
IOP <21 mmHg, reduction >20%, or IOP >5 mmHg
during 5 years of follow-up was 56.3% in the Ahmed
glaucoma valve group and 60.6% in the Baerveldt glaucoma
implant group.23 These success rates of glaucoma drainage
device surgery fall in between that of the first or second
trabeculectomy group and that of the third or more
trabeculectomy group in this study. This information is
useful for determining the surgical procedure for patients
who have undergone multiple glaucoma surgeries.
Cataract surgery and needling procedure after
trabeculectomy were also found to be risk factors for
filtration failure. Fontana et al24 also reported that cataract
extraction after trabeculectomy was associated with a risk
of failure for several criteria. The general concern is the
induction of inflammation by cataract surgery after
trabeculectomy, which is strong enough to promote a
fibrotic reaction in the bleb.25

Combined glaucoma and cataract surgery in the era of
intracapsular or extracapsular cataract extraction associated
with a long corneal-scleral incision was a risk factor for
surgical failure.26 Small-incision cataract surgery and
augmentation by antifibrotic agents in trabeculectomy
improved the IOP results after combined surgery.27 Our
results also showed that combined cataract surgery did not
affect the IOP reduction achieved by trabeculectomy.

Some studies showed that the results of trabeculectomy
and phaco-combination surgery was not as effective as tra-
beculectomy in reducing IOP.28,29 Ogata-Iwao et al29

speculated that the higher degree of inflammation caused
by phacotrabeculectomy compared with trabeculectomy
alone could be blamed for the poor surgical result in
phacotrabeculectomy.

Preoperative high IOP was found to be a risk factor for
trabeculectomy failure under the qualified success criteria B
and D. In the Collaborative Initial Glaucoma Treatment
2230
Study (CITGS), higher baseline IOP was associated with
higher IOP during the 9 years of follow-up.16 Patients with
high baseline IOP have low outflow facility at the trabecular
meshwork. The small decrease in the filtering outflow
through the trabeculectomy site might cause a large
fluctuation of IOP during follow-up, because the poor
outflow facility through the meshwork cannot counter the
IOP fluctuation.

In our study, 116 eyes (14.0%) had glaucoma secondary
to uveitis. There is a recent report showing that trabecu-
lectomy with MMC was less effective in maintaining IOP
reduction in glaucoma associated with uveitis than in POAG
eyes.9 Iwao et al9 reported that the 3-year probabilities of
success after trabeculectomy were 71.3% and 89.7% for
uveitic glaucoma and POAG, respectively. However, sec-
ondary glaucoma was not a risk factor for surgical failure in
our study. Granulomatous uveitis was one of the risk factors
for failure in the study by Iwao et al.9 The cause of uveitis in
our study might be different from that in the previous study.

Trabeculectomy has a moderate rate of success, ranging
from 36% to 96%, with lower success rates seen in younger
children.29e34 In our study, 23 eyes had developmental
glaucoma. The age of patients with a diagnosis of devel-
opmental glaucoma was 41.2�16.2 (range, 16e69) years.
All patients with developmental glaucoma in our study
might have late-onset disease; thus it might be more
appropriately called juvenile glaucoma. Pathania et al34

reported that the probabilities of complete and qualified
success in juvenile glaucoma were 89% and 96% at 5
years, respectively. We could not show the effect of
glaucoma subtype on surgical results. Fontana et al19 also
reported that the glaucoma subtype was not associated
with a risk of failure in their study. The TVT study
reported that none of the baseline factors, including age,
sex, race, diabetes mellitus, hypertension, lens status,
number of previous intraocular surgeries, time since last
intraocular surgery, glaucoma type, and preoperative
number of medications, predicted the failure of
trabeculectomy with MMC.17 Needling procedures are



Table 5. Summary of the Complications

Intraoperative
Complications

Total Postoperative
Complications

Early Postoperative
Complications

(<6 Months after Surgery)

Late Postoperative
Complications

(<6 Months after Surgery)

Hyphema 3 0.36% 22 2.65% 22 2.65% 1 0.12%
Shallow anterior chamber 1 0.12% 26 3.14% 26 3.14% 1 0.12%
Wound leak 5 0.60% 28 3.38% 28 3.38% N/A
Bleb leak N/A 16 1.93% N/A 16 1.93%
Choroidal detachment N/A 60 7.24% 47 5.67% 16 1.93%
Infection N/A 8 0.97% 0 0% 8 0.97%
Hypotony maculopathy N/A 26 3.14% 17 2.05% 11 1.33%
Iris capture 0 0% 3 0.36% 2 0.24% 1 0.12%
Suprachoroidal hemorrhage 0 0% 1 0.12% 1 0.12% 0 0%
Vitreous hemorrhage 0 0% 3 0.36% 0 0% 3 0.36%
Malignant glaucoma N/A 1 0.12% 1 0.12% 0 0%
Cystoid macular edema N/A 4 0.48% 1 0.12% 3 0.36%
Bullous keratopathy N/A 6 0.72% 0 0% 6 0.72%
Corneal ulcer N/A 2 0.24% 0 0% 2 0.24%
Encapsulated bleb N/A 3 0.36% 0 0% 3 0.36%
Total 9 1% 209 23.43% 145 16.26% 71 7.96%

N/A ¼ not available.
Early postoperative complications: onset during hospitalization after surgery or <6 months after surgery. Late postoperative complications: onset �6 months
after surgery.
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performed when the adhesion between the sclera and the
conjunctiva or between the scleral flap and the scleral bed
becomes firm. A need for the needling procedure indicates
low filtration and can be a predictor of filtration failure.

Fontana et al19 previously reported a 62% success rate
after 3 years in phakic eyes.19 They also found a 67%
success rate after 2 years using the same success
criterion in pseudophakic eyes and concluded that
previous phacoemulsification cataract surgery is not a
risk factor for trabeculectomy failure.24 However, the
history of cataract surgery was found to be a risk factor
for trabeculectomy failure in our study. Takihara et al35

showed that among patients with open-angle glaucoma,
trabeculectomy with MMC after phacoemulsification was
less successful in pseudophakic eyes than in phakic eyes.
The inflammatory cytokines that appeared in the aqueous
humor after phacoemulsification surgery may induce bleb
failure.36 It has been hypothesized that high monocyte
chemotactic protein-1 levels in the aqueous humor enter
filtration blebs through a filtration route created by the
trabeculectomy, resulting in the recruitment of inflamma-
tory cells into the bleb walls and enhanced formation of
cicatricial tissue.37

Complications

The most frequent surgical complications in the early
postoperative stage were common to many studies. We can
compare our complication rate with that of the TVT study,38

the CIGTS,39 and Trabeculectomy in the 21st Century.18

The prevalence of complications in our study was as
follows: choroidal detachment, 7.2% (TVT study 14%,
CIGTS 11%, Trabeculectomy in the 21st Century 5%);
shallow anterior chamber, 3.1% (TVT study 10%, CIGTS
13%, Trabeculectomy in the 21st Century 0.9%); and
anterior chamber bleeding, 2.7% (TVT study 8%, CIGTS
11%, Trabeculectomy in UK 6%). Vision-threatening late
complications (>1 month after surgery) were hypotony
maculopathy and bleb-related infections. The prevalence of
hypotony maculopathy was 1.3% (TVT study 5%, CIGTS
0.9%, Trabeculectomy in UK 3%), and the prevalence of
bleb-related infections was 0.97% (TVT study 5%, CIGTS
3.9%, Trabeculectomy in UK 1%).

Despite the difference in the study design and back-
ground of subjects, the surgical complication rates were
similar. We experienced 8 bleb-related infections in 829
cases (0.97%). However, the CBIITS showed 21 bleb-
related infections in 1098 eyes, with an incidence of 2.2%
at the 5-year follow-up. In this study, we excluded 8
infected eyes with an observation period less than 1 year.
This may be one reason for the small incidence rate of bleb-
related infection in our study.
Study Limitations

The main outcome of the original study (CBIITS) was to
examine the prevalence of bleb-related infections. The sur-
gical technique was not identical among the centers or
surgeons because the indication for surgery and selection of
the operative procedure were at the discretion of each
investigator. Each institute performed trabeculectomy using
their preferred methods. We did not examine corneal
thickness, which is associated with the IOP value.

We did not check the use of IOP control maneuvers in
the early postoperative period, such as laser suture lysis and
ocular massage, and we could not determine the cause of
secondary glaucoma and developmental glaucoma. Despite
this limitation, we could examine the effect of the difference
in the conjunctival incision site (fornix or limbus) on the
2231
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surgical results. We found that the conjunctival incision site
had a marginally significant effect (P ¼ 0.05) on surgical
outcome when the target pressure was <21 mmHg under
complete success criteria. However, under other conditions,
the difference in conjunctival incision site did not affect the
surgical results, as was reported in a meta-analysis.25

The success of trabeculectomy largely depends on the
structure and shape of the filtering blebs.40 We collected data
on the bleb shape, height, thickness, and area of the avascular
zone in this study. We will investigate the relationship
between bleb shape and surgical results in the future.

In conclusion, the IOP-lowering effect and surgical
complication rates in the follow-up period in CBIITS were
comparable with the results of recent randomized multicenter
studies.12e18 The number of previous glaucoma surgeries,
preoperative lens status, and preoperative IOPwere associated
with the rate of achievement of the target IOP. The needling
procedure was always associated with the risk of failure
regardless of IOP. These results can be used as a benchmark
for IOP-reduction surgery in Asia, including Japan.
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