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Abstract

Purpose To verify, by use of data collected by the Japan
Glaucoma Society Survey of Bleb-related Infection
(JGSSBI), that bleb morphology changes within 12 months
of the development of bleb-related infection.

Methods JGSSBI data from 57 eyes of 57 patients with
primary open-angle glaucoma and normal tension glau-
coma who developed a bleb-related infection were ana-
lyzed. Morphological features of the blebs were graded by
use of a predetermined grading system. Multiple logistic
regression analysis was conducted to identify factors
relating to bleb morphology which were associated with
poor outcome.

Results Bleb sizes, including both circumferential and
tangential lengths, were significantly smaller for stage I1la/
IlIb infections than for stage I/Il bleb infections
(P =0.009 and P = 0.026 for the circumferential and
tangential lengths, respectively; Fisher’s direct probability
test). The bleb wall also became significantly thicker dur-
ing stage IITa/IlIb infections (P = 0.003). After infection,
intraocular pressure (IOP) increased significantly for all
cases but was no different in the three subgroups (i.e. stage
I, stage II, and stage IIla/Illb bleb infections). Multiple
logistic regression analysis revealed that a stage III infec-
tion was significantly associated with a poor outcome for
the bleb.

Conclusions This study revealed that the filtering bleb
became smaller, both tangentially and circumferentially,
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and thicker, after stage III infections than after stage I or Il
infections.

Keywords Bleb-related infection - Bleb morphology -
Glaucoma - Glaucoma surgery - Trabeculectomy

Introduction

Bleb-related infection is a condition requiring immediate
care for glaucoma patients with a history of filtering sur-
gery [1-5]. It rapidly progresses to more advanced stages
and often causes severe visual disturbance. It may also
negatively affect intraocular pressure (IOP) [6, 7]. The
causes of IOP elevation are variable, and can include
degeneration of the trabecular meshwork, formation of
peripheral anterior synechiae, and other causes. Dysfunc-
tion of the filtering bleb, however, is suspected to con-
tribute to uncontrolled IOP in most cases, because
inflammatory reactions at the bleb site cause vasodilation,
production of inflammatory cytokines, and other problems,
resulting in fibrosis at and around the filtering bleb [8, 9]. It
is well known that bleb morphology is highly correlated
with IOP control [10, 11], and that bleb size and intra-bleb
reflectivity have predictive value for IOP after filtering
surgery.

The Japan Glaucoma Society conducted a 5-year-long,
multicenter survey on bleb-related infection [12—-14]. The
Japan Glaucoma Society Survey of Bleb-related Infection
(JGSSBI) found that stage III bleb-related infection, i.e.
infections with vitreous involvement, caused significant
visual loss and elevation of IOP within 12 months of
development. Because IOP control depends on the function
of a filtering bleb, bleb morphology may have changed
after resolution of infections with vitreous involvement. In
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this study we used the JGSSBI data to analyze changes in
bleb morphology for open-angle glaucoma.

Materials and methods

The data used in this study were obtained from the JGSSBI.
The details of the JGSSBI are described elsewhere [12, 13].
Briefly, this prospective study was conducted during a
surveillance period of 5 years in which all patients with
bleb-related infection from 82 medical centers in Japan
were consecutively registered, and clinical and microbial
data were collected. Management of the bleb-related
infection was at the discretion of local investigators.
Institutional review board approval was obtained at 46
centers. The Ethics Review Board of Gifu University
Hospital approved the study protocol for the other 36
centers, for which there was no governing institutional
review board, on the condition that the study would be
conducted under the guidance of Gifu University Hospital.
All patients gave written informed consent after receiving a
thorough explanation of the study, and each gave permis-
sion for use of their individual data for scientific research
on the condition of anonymity. The Japan Glaucoma
Society approved our use of the data for this study and
provided the anonymized data.

Each infection was classified into one of three stages in
the JGSSBI [15, 16]: stage I denotes infections confined to
the bleb site with a mild cell reaction in the anterior
chamber; stage II denotes infections in which the anterior
chamber is the main locus and the vitreous is not involved,;
stage III denotes infections involving the vitreous. Stage III
is subdivided into two stages: IIla denotes mild involve-
ment of the vitreous and IIIb denotes more advanced
involvement [17, 18].

The eyes analyzed in this study were selected from a
total of 146 eyes of 146 patients for whom 6 and/or
12-month follow-up data were available after bleb-related
infection [13]. Six-month data were available for 134 eyes
and 12-month data for 112 eyes. The selection criteria
were:

— primary open-angle glaucoma (POAG) and normal
tension glaucoma (NTG); and

— availability of bleb morphology grading pre and post-
infection on the basis of a predetermined grading
system (Table 1).

We investigated changes in bleb morphology after
infection and compared the morphology from pre-infec-
tion to the last follow-up. In this study, we assigned bleb
infections to two subgroups (stage I/II infections and
stage IIla/IIIb infections) to determine whether infectious

Table 1 Grading system for bleb morphology used in this study

Circumferential length
L: over one quadrant
M: larger than the size of the scleral flap
S: smaller than the size of the scleral flap
Tangential length
D: larger than the size of the scleral flap
S: smaller than the size of the scleral flap
Height
H: greater than or equal to twice the thickness of the cornea
L: less than twice the thickness of the cornea
Border
D: diffuse
LD: partly localized
L: localized
Avascularity
V: no avascular area present
AV: avascular area present (less than half of the bleb area)
A: avascular area present (at least half of the bleb area)
Thickness of the bleb wall (at the thinnest part)
k: scleral suture/scleral flap invisible
n: scleral suture/scleral flap barely visible
nn: scleral suture/scleral flap clearly visible
Leakage
L—: no leakage present determined by Seidel testing
O: oozing observed within 10 s with Seidel testing

L: leakage observed with Seidel testing

Translated from Japanese

propagation into the vitreous cavity affected bleb mor-
phology. The morphological features included size (both
circumferential and tangential), height, border, wall
thickness, avascularity, and leakage of the bleb. If
12-month follow-up data were available, they were also
analyzed in this study; if not, only the 6-month data were
analyzed.

To determine which factors are associated with poor
outcomes of filtering blebs, we conducted multiple logistic
regression analysis. A poor outcome was regarded as
having occurred when the bleb size (circumferentially or
tangentially) was smaller, or the bleb wall was thicker,
after infection. Age, gender, being stage III, type of con-
junctival incision, type of glaucoma surgery, and pre-in-
fection IOP were considered as potentially associated
factors. Independent factors were regarded as significant at
values of <0.05 when forward stepwise variable selection
was used.

Statistical analysis was conducted by use of IBM SPSS
statistics software version 20.0 (IBM Japan, Tokyo, Japan).
P values <0.05 were regarded as statistically significant.
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Results

On the basis of the selection criteria we included in this
study a total of 57 eyes of 57 patients. Reasons for
exclusion were glaucoma subtypes other than POAG and
NTG for 72 eyes and incomplete availability of bleb
morphology grading pre and post-infection for 17 eyes. Of
the 57 eyes, 6-month data were available for 56 eyes and
12-month data for 49 eyes. Thus, 12-month follow-up data
were analyzed for 49 eyes and 6-month data were analyzed
for the other 8 eyes. Relevant background data for the
subjects are shown in Table 2. All eyes were intensively
treated with antibiotic therapy and surgery when indicated.
Vitreous surgery was performed on 15 eyes.

IOP increased significantly from 10.0 & 3.7 mmHg
pre-infection (mean =+ standard deviation (SD)) to
11.2 + 4.6 mmHg after infection for all cases (Table 3).

However, IOP was not significantly different in the 3
subgroups (i.e. stage I, stage II, and stage IIla/IlIb bleb
infections). After resolution of the bleb-related infection,
twenty eyes (35.1 %) required ocular hypotensive drugs
and 9 (15.8 %) needed revision of their trabeculectomy
bleb (Table 4).

Bleb morphology changes are listed in Table 5. Bleb
sizes, both circumferential and tangential lengths, were
significantly smaller in stage IIla/IlIb infections than in
stage I/I infections (P = 0.009 and P = 0.026 for cir-
cumferential length and tangential length, respectively;
Fisher’s direct probability test). The bleb wall also
became significantly thicker in stage IIla/Illb infections
(P = 0.003; Fisher’s direct probability test). Bleb height,
bleb border, and surface vascularity did not change sig-
nificantly (P = 0.161, P = 0.214, and P = 0.614, respec-
tively; Fisher’s direct probability test). In the eyes in which

Table 2 Patients’ backgrounds L
ast glaucoma surgery

Trabeculectomy

Trabeculectomy with PEA/IOL

Sex
Male
Female
Glaucoma subtype
Primary open-angle glaucoma
Normal tension glaucoma
Use of antimetabolites

Mitomycin C alone

Mitomycin C and 5-fluorouracil

5-Fluorouracil alone
No antimetabolites

Unknown

45 eyes
12 eyes

41 eyes
16 eyes

50 eyes
7 eyes

48 eyes
1 eye
1 eye
1 eye
6 eyes

Stage of bleb-related infection at diagnosis

Stage 1
Stage 11
Stage Illa
Stage IIIb

Bleb location between the 10-2 o’clock positions

36 eyes
9 eyes
6 eyes
6 eyes
57 eyes

Bleb leakage noticed before development of infection

Yes
No

Unknown

28 eyes
26 eyes
3 eyes

Intraocular pressure before infection (undetermined for 2 eyes)

Mean =+ standard deviation
Range

Follow-up period after infection
6 months
12 months

10.0 £ 3.7 mmHg
3-19 mmHg

8 eyes
49 eyes

PEA phacoemulsification and aspiration, /OL intraocular lens implantation
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Table 3 Changes in intraocular Pre-infection Post-infection® P value
pressure (mmHg)
Mean =+ SD (range) N Mean £ SD (range) N
Stage 1 10.6 £ 3.8 (4-19) 35 11.2 £ 3.9 (2-22) 36 0.315
Stage 11 8.2 + 3.4 (5-15) 9 9.9 £+ 4.8 (4-18) 9 0.083
Stage IIa/ITIb 9.5 £ 3.6 (3-15) 11 12.5 £ 6.4 (0-24) 12 0.074
Total cases 10.0 + 3.7 (3-19) 55 11.2 £ 4.6 (0-24) 57 0.012

Table 4 10OP-reducing therapy

# 6- or 12-month post-infection (recent data available). SD standard deviation, N number of eyes. P value:
versus pre-infection IOP by Wilcoxon signed-rank test including only cases where paired data were

available

after bleb-related infection Use of anti-glaucoma agents (%) Bleb revision Trabeculectomy
Stage I (N = 36) 12/24 6 0
Stage II (N = 9) 2/7 1 0
Stage Illa/IIb (N = 12) 6/6 2 0
6- or 12-month post-infection (recent data available)
N number of eyes

rflil:;i(flo(g:;langes in bleb Bleb morphology Stage I-1I Stage 1lla-IIIb P value
Circumferential length (shorter/unchanged or longer) 8/37 7/5 0.009
Tangential length (shorter/unchanged or longer) 5/40 5/7 0.026
Height (lower/unchanged or higher) 10/35 5/7 0.161
Bleb border (more limited/unchanged or diffuser) 8/37 4/8 0.214
Surface vascularity (more/unchanged or less) 7/38 2/10 0.614
Bleb wall thickness (thicker/unchanged or thinner) 2/43 5/7 0.003
Leakage (negative/positive)* 8/14 4/2 0.194

Fisher’s direct probability test

* Only cases for which leakage was positive pre-infection are reported (n = 28)

bleb leakage had been observed before infection, the rate of
leakage after infection did not change significantly
(P = 0.194; Fisher’s direct probability test).

IOP was 10.7 £ 5.2 mmHg (mean £ SD) for eyes for
which bleb circumferential length was shorter after infec-
tion and 11.4 £ 4.5 mmHg (mean + SD) for eyes with
either unchanged or longer blebs, but the difference
between the two groups was not significant (P = 0.450,
Mann—-Whitney U test). IOP was 12.3 & 6.9 mmHg
(mean £ SD) for eyes for which bleb tangential length that
was shorter after infection and 11.0 £ 4.1 mmHg
(mean £ SD) for those for which it was either unchanged
or longer, but the difference between the two groups was
not significant (P = 0.570, Mann—Whitney U test). IOP
was 10.7 & 6.7 mmHg (mean £ SD) for eyes with a bleb
wall thickness that was thicker and 11.3 £ 4.4 mmHg
(mean £ SD) for eyes that were either unchanged or
thinner, but this difference was not significant (P = 0.730,
Mann—-Whitney U test). The IOP of eyes for which bleb

leakage had been observed before infection was not sig-
nificantly different after infection, irrespective of whether
the leakage persisted or was resolved. (9.9 + 3.8 and
10.6 £+ 3.3 mmHg, respectively; P = 0.837, Mann—Whit-
ney U test). In addition, IOP was 13.1 & 5.9 mmHg for
those treated with vitrectomy and 10.6 £+ 4.0 mmHg for
those left untreated (P = 0.076, Mann—Whitney U test).
Multiple logistic regression analysis revealed that stage
IIT infection was significantly associated with a poor out-
come of the bleb (Table 6). Bleb size (both circumferen-
tially and tangentially) tended to be smaller and the bleb
wall tended to be thicker for stage III eyes after infection.

Discussion
We performed a sample-size calculation before this study.

We hypothesized that bleb-related infection significantly
affects bleb morphology in stage III infections but has little
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Table 6 Results from multiple logistic regression analysis for poor
outcome of filtering bleb morphology

Variable Value Odds ratio 95 % confidence interval P value
a Filtering bleb being smaller circumferentially
Stage III  Yes 5.10 1.24-20.99 0.024
No 1
b Filtering bleb being smaller tangentially
Stage Il Yes 543 1.09-26.98 0.039
No 1
c Filtering bleb wall being thicker
Stage Il Yes 11.43 1.75-74.71 0.011
No 1

Variables not revealed as significant were: age, gender, type of con-
junctival incision, type of glaucoma surgery, and pre-infection IOP

effect in stages I or II. In the JGSSBI report the ratio of
stages I or II to stage III infections was 100:46 [13]. On the
basis of our estimate that bleb morphology would be
changed in 50 % of eyes with stage III infections within
1 year, but would change in only 5 % of eyes with stage I
or II infections, we calculated a minimum sample size of
36 eyes in total (24 eyes for stage I or II and 12 eyes for
stage III) to provide a two-sided significance level of 0.05
and a power of 0.8 in a chi-squared test. In our previous
study [19] we observed poor IOP control of more than
21 mmHg in 4.6 % of cases with stage I or II infections
and uncontrolled IOP in 36.4 % of cases with stage III
infections. Because IOP control depends upon the function
of a filtering bleb, we set values of 50 % and 5 % in this
study. However, the actual number of eyes analyzed was
57 (45 eyes for stage I or II and 12 eyes for stage III),
which exceeded the estimated minimum sample size.
This study revealed that the filtering bleb became
smaller, both tangentially and circumferentially, and
thicker after stage III infections than after stage I or II
infections, i.e. stage III bleb-related infections resulted in
the most significant changes in bleb morphology. This
finding is in good agreement with increases in IOP in stage
IIT bleb-related infections reported by the JGSSBI [13].
The IOP increased significantly in all the cases in this
study, all of which were selected from the JGSSBI cases,
whereas significantly different IOP was not observed in the
subgroups. Further, IOP after infection was no different in
eyes with morphological changes in the bleb and in those
without. Bleb-related infections are reported to develop in
2.2 % of cases within 5 years after trabeculectomy or tra-
beculectomy combined with cataract surgery with adjunc-
tive mitomycin C [18]. Because stage III infection is a
more severe form of bleb-related infection, it may cause
more profound inflammation which can result in more
significant visual deterioration and IOP elevation.

@ Springer

The bleb classification system we used here is unique. It
was adopted for description of bleb morphology in the two
independent prospective studies on bleb-related infection
conducted by the Japan Glaucoma Society (JGSSBI) [12,
13] and by the Collaborative Bleb Infection Incidence and
Treatment Study (CBIITS) [18, 19]. Several bleb-grading
systems are used internationally, for example the Moor-
fields Bleb Grading System [20, 21], the Indiana Bleb
Appearance Grading System [21, 22], and the Wuerzburg
bleb classification score [23]. Each of these systems
regards bleb morphology as closely related to the outcome
of filtering surgery; the system we used focuses on the
circumferential and tangential length of the bleb.

Our findings showed that after resolution of bleb-related
infection, changes in bleb size and wall thickness were
different for the milder (stages I and II) and more severe
(stages Illa and IIIb) stages whereas other features, for
example bleb height, bleb border appearance, and degree of
avascularity, were not. Although we cannot fully explain
why bleb height and border appearance did not change
whereas size and thickness did change, it is nevertheless
likely that in most cases the changes in these features may
be correlated. On the basis of our findings we speculate that
bleb size and bleb wall thickness are indicative of a failing
bleb. Ultrasound biomicroscopy and anterior segment
optical coherence tomography have shown that bleb size,
intra-bleb structure, and intra-bleb reflectivity are closely
associated with bleb function [10, 11].

This study has several limitations. First, we adopted a
new bleb classification system that was unfamiliar to some
of the JGSSBI researchers and so may have been a source
of variation in grading. Although the reproducibility of this
bleb classification has yet to be reported, it would show a
better agreement because of a simpler bleb grading system
than others and high reproducibility reported on other bleb
grading systems [20-23]. However, we did expect this
challenge and it was addressed during researcher meetings
both before and annually during the JGSSBI study period.
Second, some researchers did not report bleb morphology;
data were missing for 23 % (17/74) of POAG and NTG.
Lack of a predetermined treatment protocol and the miss-
ing data might have weakened our conclusions, as pointed
out previously [13]. Third, medical and surgical interven-
tion after the development of bleb-related endophthalmitis,
including vitrectomy and different ocular hypotensive
therapy, were not taken as potential associated factors in
the multiple logistic regression analysis. Such intervention
may affect bleb morphology. In this study no absolute
definite therapeutic procedure was adopted after settling
endophthalmitis with regard to which anti-glaucoma agents
were prescribed and whether surgical intervention was
performed. Despite these limitations we believe our central
findings remain relevant because of the prospective nature
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of the JGSSBI data, the relatively large number of cases,
and the strict enrollment criteria, enrollment being
restricted to POAG and NTG cases only.

This study showed that, after resolution of bleb-related
infections, bleb morphology worsens more often during
stage III infection than during milder cases. Bleb-related
infection with vitreous involvement is not only undesirable
from the perspective of visual outcome, it also negatively
affects IOP control. Early detection of bleb-related infec-
tion, and prompt intervention, is clearly important.
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