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Abstract

Purpose To investigate the incidence of and factors asso-
ciated with persistent hypotony after trabeculectomy with
mitomycin C in the Collaborative Bleb-Related Infection
Incidence and Treatment Study (CBITS), a S5-year
prospective multicenter study.

Methods A total of 955 eyes of 955 patients who under-
went trabeculectomy with mitomycin C were studied.
Surgical failure was defined as insufficient intraocular
pressure (IOP) reduction (IOP > 21 mmHg or <20 % IOP
reduction, or further glaucoma surgeries), loss of light
perception, or persistent hypotony (IOP < 5 mmHg per-
sisting for >6 months). Factors associated with persistent
hypotony in eyes with sufficient IOP reduction were
determined by survival analysis and logistic regression
analysis.

Results The cumulative probabilities of surgical success and
persistent hypotony at 5 years were 62.0 & 1.7 % (%stan-
dard error) and 7.7 4= 0.9 %, respectively. In 685 eyes with
sufficient IOP reduction, preoperative IOP (immHg), limbus-
based conjunctival flap, or choroidal detachment that
occurred within 6 months of the surgery were significant risk
factors for persistent hypotony [Cox proportional hazards
regression model: hazard ratio, 0.95, 2.27, 3.24; 95 % con-
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fidence interval (CI), 0.91-0.98, 1.21-4.23, 1.51-6.95;
P =0.005, 0.01, 0.003, respectively]. Bleb infection and
final visual acuity (logarithm of the minimal angle of reso-
lution) were significantly associated with persistent hypot-
ony (logistic regression: odds ratio, 8.74, 1.37; 95 % CI,
1.89-40.4, 1.03-1.82; P = 0.006, 0.029, respectively).
Conclusions In the CBIITS, eyes with successful I0P
reduction, a limbus-based conjunctival flap, lower preop-
erative IOP, and choroidal detachment that occurred within
6 months of the surgery were identified as risk factors for
persistent hypotony.

Keywords Trabeculectomy - Persistent hypotony - Risk
factor - Prospective study - Mitomycin C

Introduction

Although adjunctive use of antifibrotic agents improves the
success rate of trabeculectomy, secured filtration may
increase the risk of postoperative adverse events, including
hypotony. Several retrospective studies have reported a
higher incidence of persistent hypotony in association with
the adjunctive use of mitomycin C (MMC) [, 2]. Persis-
tent hypotony is regarded as an important cause of visual
loss after trabeculectomy through hypotony maculopathy
and other ocular pathologies [3-5]. In addition, persistent
hypotony has become one of the principal failure criteria of
filtration surgery in recent studies [4—7], as recommended
by the guidelines of the World Glaucoma Association [8].
An increase in persistent hypotony may decrease the
overall surgical success rate.

Identification of risk factors for persistent hypotony may
facilitate the implementation of appropriate measures to
prevent visual loss. However, the risk factors have not been
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evaluated in multicenter prospective studies, although
single-site retrospective studies reported that a limbus-
based conjunctival flap [9, 10] and a low early postopera-
tive intraocular pressure (IOP) level [3] were associated
with hypotony. The Collaborative Bleb-Related Infection
Incidence and Treatment Study (CBIITS), a 5-year
prospective multicenter study with over a thousand par-
ticipants, was conducted in Japan to investigate the inci-
dence and treatment outcomes of bleb-related infection
after trabeculectomy with MMC [11, [2]. Although sur-
gical success rates and risk factors for surgical failure in
CBIITS have been reported, the influence of persistent
hypotony on surgical outcome was unknown [[3, 14].
Therefore, in the study reported in the present paper, we
investigated the incidence of and factors associated with
persistent hypotony after trabeculectomy with MMC in the
CBIITS.

Materials and methods

The multicenter prospective study, CBITS, was performed
in accordance with the tenets of the Declaration of Hel-
sinki, and was approved by the institutional review board
of each clinical center. Written informed consent was
obtained from all patients.

Study participants

As described in detail previously [11, 12], the enrollment
period for the CBIITS, which ended on March 31, 2007,
was 2 years, and the follow-up period ranged from 1 to
5 years, with assessments performed at 6-month intervals,
at which time postoperative complications and interven-
tions were reported. The criteria and procedures for diag-
nosing complications were at the discretion of each
investigator. A total of 1249 eyes of 1249 patients who
underwent any type of filtering surgery with or without
cataract surgery or other intraocular surgeries were enrol-
led. Thirty-four institutions participated, and consecutive
eligible participants were recruited at each site. The first
operated eye was included when both eyes were eligible.
The surgical technique and postoperative management
were at the discretion of the local investigators. Among all
the CBIITS participants, 1098 eyes of 1098 patients treated
with MMC-augmented trabeculectomy with or without
cataract surgery were included in this study.

Examinations and outcome definitions
The IOP was measured by Goldmann applanation tonom-

etry. The average of the three preoperative IOP measure-
ments closest to the time of surgery and the IOP

@ Springer

measurements closest to the follow-up assessments was
adopted. Best-corrected visual acuity (BCVA) was mea-
sured at baseline and each follow-up visit. Persistent
hypotony was defined as a sustained low IOP of <5 mmHg
lasting longer than 6 months. Surgical failure was defined
as insufficient IOP reduction (IOP > 21 mmHg or <20 %
IOP reduction from baseline at two consecutive follow-up
visits or further glaucoma surgeries), loss of light percep-
tion, or persistent hypotony. Regarding the IOP-related
criteria, the time of failure was counted as the second
consecutive follow-up visit at which the criteria were met.
Laser suture lysis and bleb needling were not regarded as
further glaucoma surgeries. Patients with incomplete TOP
data, which rendered the judgment of the IOP-related
failure inconclusive, were excluded. Patients with no light
perception at baseline, a lack of baseline or follow-up
visual acuity data, or an unknown glaucoma type were also
excluded.

Statistical analyses

For the continuous variables, the Kolmogorov—Smirnov
test was used to examine distribution normality. For
variables with a nonnormal distribution (i.e., nonpara-
metric variables), the median and range were reported
instead of the standard deviation, which was reported for
variables with a normal distribution. For comparisons
between eyes with and without persistent hypotony, an
independent sample f-test and a Mann—-Whitney test was
used for the parametric and nonparametric variables,
respectively. For categorical variables, the Fisher exact
test or chi-square test was employed. For the comparisons
between two groups adjusting for confounding factors,
logistic regression analysis was used. BCVA was con-
verted into the logarithm of the minimal angle of reso-
lution (logMAR) format (counting fingers, 2.3; hand
movements, 2.6; light perception, 3.0; no light perception,
3.6). A marked decrease in BCVA was defined as a >0.3
unit increase in the logMAR value [15]. The cumulative
probabilities of surgical success and the incidence of
persistent hypotony were analyzed using the Kaplan—
Meier method. .

To identify the factors associated with persistent hypot-
ony, subsequent analyses focused on cases with sufficient
IOP reduction after trabeculectomy (IOP < 21 mmHg and
>20 % IOP reduction from baseline), given that hypotony
usually occurs because of excess filtration. Various factors
at baseline (baseline factors) or during surgery (intraoper-
ative factors) and surgical complications and additional
interventions that took place before the development of
persistent hypotony (postoperative factors) were examined
using Kaplan—-Meier survival curves as well as the log-rank
test (univariate analysis) and the Cox proportional hazards
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Table 1 Baseline patient

- Number of patients/eyes
characteristics

Age (years), mean, median (range)

Sex (F/M)
Types of glaucoma
POAG/NTG

Primary angle-closure glaucoma

Exfoliative glaucoma
Neovascular glaucoma
Uveitic glaucoma
Others

Preoperative IOP (mmHg), mean, median (range)
Number of preoperative IOP-lowering medications, mean, median (range)”
Preoperative systemic carbonic anhydrase inhibitors®

Preoperative best-corrected visual acuity (logMAR), mean, median (range)

Previous cataract surgery
Previous glaucoma surgery
Previous pars plana vitrectomy

Follow-up periods after trabeculectomy (months), mean, median (range)

955/955
63.3, 65 (13-91)
390/565

477 (49.9 %)

59 (6.2 %)

108 (11.3 %)

72 (1.5 %)

102 (10.7 %)
137 (14.4 %)
24.9, 23 (8-70)
2.8, 3 (0-5)

351 (37.1 %)
0.4, 0.15 (—0.18 to 3.0)
256 (26.8 %)
200 (20.9 %)

52 (5.4 %)

52.8, 60 (12-60)

POAG primary open-angle glaucoma, NTG normal-tension glaucoma, logMAR logarithm of the minimal

angle of resolution

* 10 cases were excluded owing to a lack of medication information

regression model (univariate or multivariate analysis) to
identify factors significantly associated with persistent
hypotony. Factors with probability values below 0.2 in the
log-rank test or univariate Cox regression analysis under-
went stepwise multivariate Cox regression analysis. When
two factors were strongly correlated (p > 0.7 or p < —0.7,
P < 0.05; Spearman rank correlation), only the factor with
the smaller probability value was entered into the multi-
variate regression analysis. Statistical analysis was per-
formed with SPSS software (IBM SPSS Statistics 20; IBM,
New York, USA). MedCalc (v15.11.4; MedCalc Software,
Ostend, Belgium) was used to draw Kaplan—Meier survival
curves with 95 % ClIs. For all analyses, probability values
below 0.05 were considered significant.

Results

The baseline patient characteristics are shown in Table |.
A total of 955 of 1098 CBIITS cases were included; 138
cases were excluded because of incomplete IOP data. Two
and three cases were excluded because of no light per-
ception at baseline and incomplete visual acuity data,
respectively. Regarding the trabeculectomy procedure, a
limbus-based conjunctival incision was selected in 550
eyes (57.6 %), and simultaneous cataract surgery was
performed in 163 eyes (17.1 %). The 5-year follow-up was
completed in 75.0 % of the cases. As shown in Fig. I, the
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Fig. 1 Postoperative intraocular pressure course after trabeculec-
tomy. Box plot of intraocular pressure at each time point is shown.
Box interquartile range, whiskers nonoutlier minimum and maximum,
circles outliers defined as >1.5 times the interquartile range above the
75th percentile or below the 25th percentile, asterisk extreme value
defined as >3 times the interquartile range above the 75th percentile.
The number of eyes measured at each time point is shown in
parentheses. IOP intraocular pressure

mean postoperative IOP remained stable at about
12 mmHg.

A Venn diagram of the surgical failure by each criterion
is shown in Fig. 2. Overall surgical success was achieved

in 622 of 955 eyes (65.1 %). A total of 270 eyes (28.3 %)
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Loss of light
perception (n = 27)

Persistent
hypotony (n = 66)

Insufficient |OP reduction
(n=270)

Failed eyes/total eyes (333/955, 34.9%)

Fig. 2 Venn diagram of surgical failure by each criterion. All
surfaces presented in this diagram are proportional to the number of
eyes in each area. The recrangle indicates the total number of eyes.
Definition of insufficient IOP reduction was IOP > 21 mmHg, <20 %
IOP reduction, or further glaucoma surgeries. [OP intraocular
pressure

failed owing to insufficient IOP reduction. Of these, 96
eyes (35.6 %) underwent further glaucoma surgeries, 28
eyes (10.4 %) failed owing to IOP > 21 mmHg, and 146
eyes (54.1 %) failed owing to <20 % reduction from
baseline. Twenty-seven eyes (2.8 %) lost light perception
postoperatively. Among them, 8 eyes failed solely on the
basis of the visual acuity criteria. Sixty-six eyes (6.9 %)
developed persistent hypotony. Of these, 52 eyes failed
solely on the basis of the hypotony criteria.

The Kaplan—Meier survival curves of surgical success
are shown in Fig. 3. Overall surgical success was
62.0 £ 1.7 % (=%standard error) at 5 years, and surgical
success regardless of  persistent hypotony was
68.0 £ 1.6 % at 5 years. The Kaplan-Meier survival
curves of persistent hypotony are shown in Fig. 4. The
cumulative incidence of persistent hypotony at 5 years,
expressed as the proportion to the total number of eyes, was
7.7+ 0.9 % in all eyes, 6.4 = 0.8 % in eyes with suffi-
cient IOP reduction, 0.6 £ 0.3 % in eyes with IOP
reduction <20 %, and 0.7 = 0.3 % in eyes with further
glaucoma surgeries. Among the 66 eyes with persistent
hypotony, 55 eyes had sufficient IOP reduction. In contrast,
11 eyes exhibited persistent hypotony despite insufficient
IOP reduction. Of these, none required treatment for
hypotony. Six eyes developed persistent hypotony only
after further glaucoma surgeries: surgical bleb revision in
four eyes, trabeculectomy at a different site in one eye, and
cyclophotocoagulation in two eyes. One eye underwent
two procedures. The remaining five eyes had low
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Fig. 3 Kaplan—Meier survival analysis of surgical success. Cumula-
tive probabilities of overall surgical success (solid line) and surgical
success regardless of persistent hypotony (dotted line) are shown. The
gap between two curves implies the occurrence of surgical failure
owing to persistent hypotony. The thinner lines indicate the 95 % Cls

preoperative IOP (816 mmHg) and met the IOP criteria of
<20 % reduction from baseline during the follow-up
period.

In 685 eyes with sufficient IOP reduction (i.e.,
IOP < 21 mmHg and >20 % IOP reduction from base-
line), the respective incidences of persistent hypotony were
29+£06,614+09,and9.1 £ 1.2 % at 1, 3, and 5 years
postoperatively. Persistent hypotony developed after a
median period of 24 months (range 12-60) in 55 eyes. Of
these, 3 eyes (5.5 %) developed sustained hypotony mac-
ulopathy. Treatments for hypotony were performed in 6

" eyes (10.9 %): scleral flap sutures in 2 eyes, compression

suture in 1 eye, conjunctival autograft for bleb leak in 1
eye, intrableb injection of autologous blood in 1 eye, and a
choroidal tap for choroidal detachment in 1 eye. In con-
trast, 19 eyes (35 %) showed a subsequent IOP elevation
(=6 mmHg) without any treatments or cataract surgery.
The follow-up period was significantly longer in eyes with
an elevation of IOP after choroidal detachment without any
intervention or cataract surgery than in eyes without an IOP
elevation (P = 0.02, Mann—Whitney test). No other factors
were significantly different between eyes with and without
an IOP elevation. Marked visual acuity loss occurred in 17
eyes (30.9 %). A limbus-based conjunctival flap was more
frequent in eyes with marked vision loss than in eyes
without (94.1 vs. 68.4 %, P = 0.035, Fisher exact test). No
other factors were significantly different between eyes with
and without marked vision loss.

Comparisons of factors between eyes with (n = 55) and
without (n = 630) persistent hypotony are shown in
Table 2. Preoperative IOP was significantly higher in
nonhypotonic eyes than in hypotonic eyes (P = 0.000).
Limbus-based conjunctival incision was significantly more
frequent in hypotonic eyes than in nonhypotonic eyes
(P = 0.003). The percentage of eyes with choroidal



