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ABSTRACT.

Purpose: To identify changes in visual acuity and intra-ocular pressure (IOP)
12 months after the development of bleb-related infection.

Methods: Data obtained from 146 eyes of 146 patients with bleb-related infection were
analyzed as a part of the Japan Glaucoma Society Survey of Bleb-related Infection. Mul-
tiple logistic regression analysis was conducted to identify factors associated with poor
prognosis in visual acuity and increased IOP and for being stage ITI.

Results: The logMAR increased by a mean of 0.140, 0.440, 1.099 and 1.122 at
12 months postinfection for stage I, II, IIla and IIIb infections, respectively. The logMAR
was significantly worse at 6 and 12 months postinfection in stage IIIb (p = 0.002 and
p = 0.003, respectively; Wilcoxon signed-rank test) and at 6 months postinfection in
stage IIIa (p = 0.036). The IOP was significantly elevated following infection in both
stage ITla and stage ITIIb (p = 0.028 and p = 0.008 at 6 and 12 months, respectively, for
stage Ila; p = 0.002 and p = 0.005 for stage ITIb). The multiple logistic regression
analysis revealed that being stage III and positive culture were significant risk factors for
poor outcome for visual acuity (Odds ratio: 9.26 and 6.29, respectively) and that being
stage ITI was a prognostic factor for increased IOP (Odds ratio: 8.33). Pseudophakia or
aphakia was significantly associated with stage III and stage ITIb infections (Odds ratio:
2.85 and 6.30).

Conclusions: Stage 111 bleb-related infection causes significant visual loss and IOP
elevation within 12 months after development. Therefore, preventative measures
should be taken, especially in cases that are pseudophakic or aphakic.

Key words: bleb-related infection — glaucoma — glaucoma surgery — intra-ocular pressure — tra-
beculectomy — visual acuity
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Introduction

Late-onset bleb-related ocular infec-
tion is a known, potentially blinding
complication of glaucoma filtration
surgery. (Katz et al. 1985; Mandel-
baum et al. 1985; Greenfield et al.
1996; Kangas et al. 1997; Waheed
et al. 1998; Song et al. 2002; Busbee
et al. 2004; Leng et al. 2011; Rai et al.
2012). Although the reported inci-
dence of bleb-related infection is
highly variable (Mochizuki et al. 1997,
Yamamoto et al. 2012), it is higher in
cases of adjuvant antimetabolite use.
Its incidence has been reported to be
1.5-13.8% in cases using intra-opera-
tive mitomycin C adjunctively, which
were followed from 16 months to
8 years (Greenfield et al. 1996; Moc-
hizuki et al. 1997; DeBry et al. 2002;
Shigeeda et al. 2006; Sharan et al.
2009). Thus, this complication must
be taken into consideration even
before surgery is undertaken.

We have already reported on the
clinical characteristics and microbial
findings in bleb-related infection based
on the Japan Glaucoma Society

- 237 -



Survey of Bleb-related Infection
(JGSSBI), a S5-year-long, multicenter
survey (Yamamoto et al. 2012). This
survey compiled data on 170 bleb-
related infections that developed in
156 patients involving 157 eyes.
Among other findings, our analysis
revealed that the period between the
last glaucoma surgery and the devel-
opment of infection was quite vari-
able, lasting up to 41 years. Bleb
leakage was noted significantly more
frequently in eyes with repeated infec-
tion and Gram-positive bacteria were
the major detected bacteria. In the
present second report of the JGSSBI,
we discuss the outcome of bleb-related
infections in terms of visual acuity
and intra-ocular pressure (IOP)
12 months after the development of a
bleb-related infection.

Materials and Methods

The details of the JGSSBI are
described elsewhere (Yamamoto et al.
2012). Briefly, this prospective study
included a surveillance period of
5years in which all patients with
bleb-related infection were consecu-
tively registered from 82 medical cen-
tres in Japan, and clinical and
microbial data were collected. Institu-
tional review board approval was
obtained at each institution. In 36
clinics where there was no governing
institutional review board, the Ethical
Review Board of the Gifu University
Hospital approved the study protocol
for the clinics on the condition that
the study would be conducted under
the guidance of the University Hospi-
tal. All patients or their guardians
gave written informed consent after
thorough explanation of the study.
The management of bleb-related infec-
tion was at the discretion of local
investigators. Because cases from sur-
geries performed at ophthalmology
clinics outside of the study centres
were also included, pre-infection data
collection might have been incomplete
in some cases. Each infection was
classified into one of three stages
(Azuara-Branco & Katz 1998; Green-
field 1998): stage I denoted infections
confined to the bleb site with a mild
cell reaction in the anterior chamber;
stage II denoted infections where the
anterior chamber was the main locus
and the vitreous was not involved;
stage III denoted infections involving

the vitreous. Stage III was subdivided
into stages IIla and IIIb (Yamamoto
et al. 2011): stage Illa denoted mild
involvement to the vitreous and stage
IITb denoted more advanced involve-
ment. The staging into category IIla
or IIIb was done mainly based on vis-
ibility of the fundus and vitreous
opacity detected by B-mode echogra-
phy.

A total of 170 infections developed
in 157 eyes of 156 patients that were
collected from 45 institutions. In the
present study, only the cases where 6-
month and/or 12-month follow-up
results were available were analyzed.
The following information was col-
lected as postinfection data: use of
glaucoma and other medication, post-
operative complications, additional
procedures or surgery, bleb appear-
ance and results of ophthalmic exam-
inations including visual acuity,
refraction, IOP and visual field. Bleb
appearance was determined according
to a predetermined scoring system.
The postinfection data were employed
and analyzed if they were collected
within 2 months of the designated
period. In cases with multiple infec-
tions, we used data for the last infec-
tion.

Multiple logistic regression analysis
was conducted to identify factors
associated with poor prognosis in
visual acuity and increased IOP. Poor
visual prognosis was defined as an
increase of logMAR of at least
0.5 units at 12 months following the
development of bleb-related infection.
Counting fingers was considered as
0.004, hand motion as 0.002, light
sensation as 0.001 and no light sensa-
tion as 0.0004 for this calculation.
Poor IOP prognosis was defined as
IOP elevation of 5 mmHg or greater
at 12 months. The following were
considered to be potentially associated
factors: age, gender, interval between
surgery and development of infection,
stage of the infection, detection of
bacteria, detection of Streptococcus
species, history of bleb leakage, type
of conjunctival incision and pre-infec-
tion IOP. Stage factors were enrolled
as nominal variables; for example,
variable ‘stage I was able to take the
value Yes which meant ‘being stage I’
or the value No meaning ‘not being
stage I’ and so on. In addition, we
conducted multiple logistic regression
analysis to identify factors associated

with being stage Illa, stage IIIb or
stage III, i.e. stage IIla or stage I1Ib.
Candidates for associated factors were
age, gender, interval between surgery
and development of infection, lens sta-
tus, detection of bacteria, detection of
Streptococcus species, history of bleb
leakage, type of conjunctival incision
and pre-infection IOP.

Statistical analysis as well as logistic
regression analysis was conducted via
the sess 16.0 J software (SPSS Japan
Inc., Tokyo, Japan) or the IBM spss
Statistics software version 20.0 (IBM
Japan Ltd., Tokyo, Japan). p-Values
<0.05 were considered statistically
significant.

Results

Six-month and 12-month follow-up
data were available in 146 eyes of 146
patients. The 6-month data were
available for 134 eyes and the 12-
month data for 112 eyes. The back-
grounds of the subjects were shown in
Tables 1 and 2. All eyes were inten-
sively treated with antibiotic therapy
and surgery where indicated. In total,
45 eyes underwent vitreous surgery
and four eyes required enucleation or
evisceration of the eyeball. In addi-
tion, six eyes ended up with phthisis
bulbi.

Visual acuity data were available
for 113 eyes at 6 months postinfection
and for 107 eyes at 12 months postin-
fection. Pairs of pre- and postinfection
visual acuities were available for 96
eyes at 6 months postinfection and for
93 eyes at 12 months postinfection,
respectively. A total of 10 eyes that
were enucleated or eviscerated or had
developed phthisis bulbi were included
as having visual acuity described as
no light sensation. Table 3 shows the
pre and postinfection visual acuities
and Figs 1-4 demonstrate the rela-
tionship between them in all cases
where paired data were available. The
postinfection logMAR was signifi-
cantly deteriorated in all cases
(p = 0.000 at both 6 and 12 months
postinfection; Wilcoxon signed-rank
test), in stage IIlb (p = 0.002 and
p = 0.003 at 6 and 12 months postin-
fection, respectively) and in stage IIla
at 6 months postinfection (p = 0.036).
It did not change in stages I and II,
and at 12 months postinfection in
stage IIla. The logMAR increased by
a mean of 0.140, 0.440, 1.099 and
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Table 1. Patients’ backgrounds.

Last glaucoma surgery
Trabeculectomy
Trabeculectomy with PEA/IOL
Non-penetrating trabeculectomy
Trabeculectomy combined with IOL
Scheie’s thermal sclerostomy
Unknown

Sex
Male
Female

Glaucoma subtype
Primary open angle glaucoma
Normal tension glaucoma
Primary angle closure glaucoma
Developmental glaucoma
Secondary glaucoma

Use of antimetabolites
Mitomycin C alone
Mitomycin C and 5-fluorouracil
S-Fluorouracil alone
No antimetabolites
Unknown

Stage of bleb-related infection at diagnosis
Stage 1
Stage II
Stage Illa
Stage I11b

Bleb location
Between the 10 to 2 o’clock positions
3 o’clock position

Bleb leakage noticed before developing infection

Yes
No
Unknown

1OP before infection (undetermined in four eyes)

Mean =+ standard deviation
Range

118 eyes
19 eyes
2 eyes

1 eye

3 eyes

3 eyes

102 eyes
44 eyes

66 eyes
8 eyes
3 eyes
18 eyes
34 eyes

116 eyes
2 eyes

1 eye

3 eyes
24 eyes

73 eyes (50.0%)
27 eyes (18.5%)
15 eyes (10.3%)
31 eyes (21.2%)

145 eyes
1 eye

70 eyes (47.9%)
54 eyes (37.0%)
22 eyes (15.1%)

10.0 £ 3.9 mmHg
2-27 mmHg

PEA = phacoemulsification and aspiration, IOL = intra-ocular lens implantation, IOP = in-

tra-ocular pressure.

Table 2. Result of bacterial cultures.

128/146 (87.7%)
69/128 (53.9%)

Culture done
Culture positive

Conjunctival scraping 90
Anterior chamber tapping 28
Vitreous tapping 25
Strains isolated 73
Staphylococcus aureus 14
(MRSA included)
CNS (MRSE included) 14
Streptococcus spp. 24

Corynebacterium spp.
Enterococcus spp.
Haemophilus influenzae
Others

[ N

MRSA = methicillin-resistant Staphylococcus
aureus, CNS = coagulase-negative Staphylo-
coccus, MRSE = methicillin-resistant Staphy-
lococcus epidermidis, spp species.

1.122 at 12 months postinfection for
stage I, II, IIla and IIIb infections,
respectively. Table 4 shows the visual

acuity at the last available visit after
infection for cases in which preinfec-
tion visual acuity was at least 20/40.
Data on IOP were available for 123
eyes at 6 months postinfection and for
102 eyes at 12 months postinfection.
Pairs of pre and postinfection IOPs
were available for 119 eyes at 6 months
and for 98 eyes at 12 months, respec-
tively, following development of infec-
tion. The eyes that were enucleated or
eviscerated or had developed phthisis
bulbi were excluded from the IOP anal-
ysis at postinfection. Table 5 shows
the preinfection and postinfection
IOPs and Figs 5-8 demonstrate the
relationship between them. The IOP
elevated significantly following infec-
tion in all cases (p = 0.001 and
p = 0.008 at 6 and 12 months postin-
fection, respectively; Wilcoxon signed-
rank test) and both stage IIla and
stage IIIb (p = 0.028 and p = 0.008
at 6 and 12 months postinfection,

respectively, for stage Illa; similarly,
p = 0.002 and p = 0.005 for stage
IIIb). The IOP did not change in
stages I and II. The number of anti-
glaucoma medications used was
0.34 + 0.71 (0-3), 0.48 + 0.95 (0-5)
and 0.45 £ 0.99 (0-5) [mean =+ stan-
dard deviation (range)] for preinfec-
tion and at 6 and 12 months
postinfection, respectively.

As for the associated factor analysis
with poor prognosis, the multiple logis-
tic regression analysis revealed that
being stage III and having a culture
positive were statistically significantly
associated with the deterioration of
visual acuity 12 months following the
development of bleb-related infection
with an increase in logMAR of at least
0.5 units (Table 6). Similarly, the mul-
tiple logistic regression analysis demon-
strated that only being stage III was
statistically significantly associated
with TOP elevation at 12 months fol-
lowing the development of bleb-related
infection that was defined as an
increase in IOP of 5 mmHg or greater
(Table 7).

As for the risk factors for being
stage III, the multiple logistic regres-
sion analysis revealed that only lens
status was significantly associated with
being stage III and stage IIIb, but no
factors were found to be associated
with being stage IIla (Table 8).

Discussion

The present study reports the visual
outcome of bleb-related infection and
found that the visual acuity dropped
by a mean of 0.504 logMAR units at
12 months postinfection, with marked
variation among the stages. Being
stage III and having a positive bacte-
rial culture were identified as signifi-
cant factors for poor visual prognosis.
In previous reports, the visual out-
come of bleb-related infection was
poor in endophthalmitis cases. For
example, Busbee et al. (2004) reported
in a retrospective study of 68 eyes of
68 consecutive cases of bleb-associated
endophthalmitis that the incidence of
no light perception was 35% at
12 months after treatment and that
the incidence of visual loss, defined as
at least 5 Snellen lines was 64%. In
addition, they found that a positive
vitreous culture was associated with
significantly worse visual acuity. Song
et al. (2002) identified 49 eyes of 49
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Table 3. Changes in logMAR.

Preinfection 6-month postinfection 12-month postinfection

Mean + SD N Mean + SD N p-value Mean + SD N p-value
Stage 1 0.524 + 0.920 61 0.538 + 0.893 60 0.688 0.664 + 0.997 54 0.379
Stage 11 0.906 £ 1.093 23 1.380 £ 1.151 18 0.116 1.346 £ 1.277 20 0.055
Stage I1la 0.503 =+ 1.010 14 1.071 £ 1.329 10 0.036 1.602 £ 1.456 9 0.068
Stage IIIb 0.726 + 0.862 24 1.841 + 1.285 25 0.002 1.838 + 1.351 24 0.003
Total cases 0.634 £ 0.955 122 1.007 £ 1.189 113 0.000 1.138 £ 1.263 107 0.000

SD = standard deviation, N = number of eyes, p value: versus preinfection logMAR by Wilcoxon signed-rank test including only cases where

paired data were available.
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Fig. 1. Distribution of logMAR (preinfection
versus 6 months postinfection). Small circles:
one eye; triangles: 2-4 eyes; large circles: five
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Fig. 2. Distribution of logMAR among stage
1 cases (preinfection versus 12 months postin-
fection). Circles: one eye; triangles: 2-4 eyes.
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Fig. 4. Distribution of logMAR among stage
III cases (preinfection versus 12 months post-
infection). Open circles: 1 stage Illa eye;
closed circles: 1 stage IIIb eye; triangle: 2
stage I1Ia eyes.

cases with delayed-onset bleb-associ-
ated endophthalmitis and reported
that the final visual acuity was 20/40
or better in 10%, between 20/50 and
207400 in 43% and <5/200 in 45%
of the eyes studied. The proportion of
patients 20/400 or better was reported
to be 47% by Kangas et al. (1997),
22% by Ciulla et al. (1997), 57% by
Mandelbaum et al. (1985) and 55%
by Leng et al. (2011) in bleb-associ-
ated endophthalmitis. In our series
consisting of cases in which preinfec-
tion visual acuity was at least 20/40,
the incidence of the ratio of visual
acuity being 20/400 or better was
56% in stage III infections. Thus, the
visual outcome data were similar to
that reported previously for bleb-asso-

ciated endophthalmitis cases. Green-
field et al. (1996) reported an average
increase in logMAR of 1.42 units fol-
lowing bleb-related endophthalmitis
and 62% showed 20/400 or better
visual acuity after resolution. By con-
trast, Poulsen & Allingham (2000)
reported much better visual outcome:
20/25 or better in each of three blebi-
tis cases and 20/200 or better in 16 of
17 endophthalmitis cases. The mean
increase in log MAR was 0.140, 0.440,
1.099 and 1.122 at 12 months postin-
fection for stage I, II, Illa and IIIb
infections, respectively, in the present
study. Hence, our outcome data did
not represent an improvement over
those from previous reports on both
blebitis and endophthalmitis. Even in
this modern age of sophisticated tech-
nology including vitreoretinal surgery
and anti-bacterial medications, bleb-
related infection still posed a signifi-
cant threat to visual acuity.

We also demonstrated that IOP did
not change in stages I and II, and that
it increased by a mean of 2.7 and
6.6 mmHg at 12 months postinfection
for stage IIla and IIIb, respectively,
In addition, being stage III was again
a significant risk factor for increased
JOP. Thus, bleb-related infection did
affect IOP control and this was espe-
cially the case in stage III infections.
Previously, Song et al. (2002) focused
on IOP outcomes in bleb-related
infections and reported that the IOP

Table 4. Visual acuity at the final follow-up for cases in which preinfection visual acuity was at

Acta OpHTHALMOLOGICA 2013 —

least 20/40.
Stage 20/40 or better 20/50 to 20/400 Worse than 20/400
1 36/38 (95%) 2/38 (5%) 0/38 (0%)
II 8/12 (67%) 1/12 (8%) 3/12 (25%)
111 7/18 (39%) 3/18 (17%) 8/18 (44%)
Ila 5/8 (63%) 0/8 (0%) 3/8 (38%)
Ib 2/10 (20%) 3/10 (30%) 5/10 (50%)

Total cases

51/68 (75%)

6/68 (9%)

11/68 (16%)
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Table 5. Changes in intraocular pressure (mmHg).

Preinfection 6-month postinfection 12-month postinfection

Mean = SD (range) N Mean + SD (range) N p-value Mean + SD (range) N p-value
Stage 1 10.3 + 3.9 (4-27) 70 11.0 £ 4.5 (4-26) 68 0.062 11.2 + 3.9 (2-22) 57 0.207
Stage II 10.6 + 4.4 (5-24) 27 10.1 £ 4.8 (0-24) 26 0.566 10.5 + 5.5 (0-20) 22 0.944
Stage IIla 10.2 £ 2.7 (7-15) 15 14.6 £ 5.7 (7-22) 10 0.028 12.9 + 8.2 (0-24) 8 0.008
Stage I1Ib 8.6 £ 3.8 (2-16) 30 13.3 + 5.0 (3-21) 19 0.002 152 + 6.5 (8-33) 15 0.005
Total cases 9.9 + 3.8 (2-27) 142 11.5 £ 4.9 (0-26) 126 0.000 11.8 £ 5.2 (0-33) 102 0.008

SD = standard deviation, N = number of eyes. p-value: versus preinfection intra-ocular pressure by Wilcoxon signed-rank test including only

cases where paired data were available.
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Fig. 6. Distribution of intra-ocular pressure
among stage I cases (preinfection versus
12 months postinfection). Small diamonds:
one eye; large diamonds: 2-4 eyes.

was uncontrolled (>21 mmHg) in
11% of such cases. Chen et al. (1997)
stated that 11 of 12 bleb infections
were associated with good IOP con-
trol after the resolution of the infec-
tion in an outpatient sample.
Greenfield et al. (1996) reported a
mean IOP increase of 1.2 mmHg fol-
lowing endophthalmitis. Thus, the
IOP outcome findings in the present
study were consistent with those of
previous reports.
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Fig. 7. Distribution of intra-ocular pressure
among stage II cases (preinfection versus
12 months postinfection). Small diamonds:
one eye.
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Fig. 8. Distribution of intra-ocular pressure
among stage III cases (preinfection versus
12 months postinfection). Open diamonds:
stage I1Ia; closed diamonds: stage IIIb; small
diamonds: one eye; large diamonds: two eyes.

The present study identified that
being stage III infection was a signifi-
cant prognostic factor for both poor
visual acuity and increased IOP. Posi-
tive bacterial culture was also associ-
ated with poor visual acuity. Other
factors such as age, gender, interval
between surgery and development of
infection, history of bleb leakage, type
of conjunctival incision and preinfec-

tion IOP were not associated with a
poor prognosis. The prognostic fac-
tors were apparently different from
those related to the development of
the infection. The latter included his-
tory of bleb leakage, use of antimetab-
olites, inferiorly  located bleb,
avascular bleb and history of diabetes
mellitus (Soltau et al. 2000; Jampel
et al. 2001; Matsuo et al. 2002; Hori
et al. 2009).

We found that aphakia or pseudo-
phakia was significantly associated
with the development of a stage III or
stage I1Ib bleb-related infection, which
was consistent with previous reports.
Ciulla et al. (1997) identified 10 blebi-
tis and 26 late endophthalmitis cases;
six cases (60%) were phakic in the
former, whereas 20 cases (77%) had
prior cataract surgery in the latter ser-
ies. In a series of cases reported by
Poulsen & Allingham (2000), 12 cases
(71%) of endophthalmitis after glau-
coma filtering surgery were pseud-
ophakic. A possible interpretation of
our result in light of these previous
reports (Ciulla et al. 1997; Poulsen &
Allingham 2000) is that once the caus-
ative agents enter into the eyeball,
they can swiftly invade into the vitre-
ous in pseudophakic or aphakic eyes.
Another important finding in the pres-
ent study is that stage III bleb-related
infection has significantly worse visual
prognosis and poorer IOP control,
which is consistent with previous
reports (Ciulla et al. 1997; Song et al.
2002; Busbee et al. 2004). Some stage
IIT infections develop quite rapidly
and can even reach stage IIIb within
24 hr. Thus, patient education is
essential, particularly in pseudophakic
or aphakic cases, with special empha-
sis on attention to the early signs and
symptoms of bleb-related infection. In
addition, the use of antibiotics for
emergencies should be emphasized to
all patients with a functioning bleb,
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Table 6. Results of the multiple logistic regression analysis for 0.5 unit change in logMAR.

Variable Value Odds ratio 95% Confidence interval p-value

Stage 111 Yes 9.26 2.03-26.53 0.002
No 1

Culture Positive 6.29 1.50-26.40 0.012
Negative 1

Factors not significantly associated: age, gender, interval between surgery and development of
infection, detection of Streptococcus species, history of bleb leakage, type of conjunctival inci-

sion, and preinfection intra-ocular pressure.

Table 7. Results of the multiple logistic regression analysis for intra-ocular pressure (IOP) ele-

vation of 5 mmHg or greater.

Variable Value Odds ratio 95% Confidence interval p-value
Stage III Yes 8.33 2.51-27.71 0.001
No 1

Factors not significantly associated: age, gender, interval between surgery and development of
infection, detection of bacteria, detection of Streptococcus species, history of bleb leakage, type

of conjunctival incision, and preinfection IOP.

Table 8. Results of the multiple logistic regression analysis for associated factors with stage II1.

Variable Value Odds ratio  95% Confidence interval ~ p-value
For stage 11T
Lens status  Pseudophakic/Aphakic 2.85 1.22-6.66 0.015
Phakic 1
For stage IIIb
Lens status  Pseudophakic/Aphakic  6.30 2.32-17.13 0.000
Phakic 1

Factors not significantly associated: age, gender, interval between surgery and development of
infection, detection of bacteria, detection of Streptococcus species, history of bleb leakage, type
of conjunctival incision, and preinfection intra-ocular pressure.

including in cases with pseudophakia
or aphakia.

As previously reported (Yamamoto
et al. 2012), the lack of a predeter-
mined protocol for both treatment
and bacterial culture is a major limita-
tion to the present study. Certain
missing data during the follow-up per-
iod have rendered some of our conclu-
sions more tentative. In addition, this
study was conducted in a particular
region of the world and may not be
generalizable to other populations.
However, we believe that the results
obtained are still relevant due to the
large number of cases analyzed and
are useful in determining the indica-
tion for trabeculectomy.

One of the most striking results of
this collaborative study was that
severe visual disturbance resulted in
many cases following development of
bleb-related infection. The proportion
of 207400 or less was 16% in eyes in
which preinfection visual acuity was
at least 20/40. Some of them were

enucleated or ended up with phthisis
bulbi. We should warn both patients
and ophthalmologists against this
sight-threatening complication. It is
recommended to prescribe antibiotics
in advance and ask the patients to
administer it if they notice some
symptoms of infection. Conjunctival
hyperemia or conjunctivitis in eyes
with a history of glaucoma filtration
surgery should be treated as a medi-
cal emergency. Leaking blebs should
be surgically treated before they
become infected. Prevention, early
detection and treatment are highly
desirable to prevent severe visual loss
caused by bleb-related infection from
occurring.

The present study clearly indicates
that the earlier the stage of the infec-
tion, the better the prognosis. Severe
visual impairment is inevitable in
some stage III infections and preven-
tative measures are required to reduce
the visual compromise caused by
bleb-related infection, especially in

pseudophakic or aphakic cases. Early
consultation and treatment and thor-
ough patient education are clearly
essential to ensure the best prognosis
in bleb-related infection. The JGSSBI
has revealed important characteristics,
outcomes and prognostic factors of
bleb-related infections which have
been reported here and in our previ-
ous report (Yamamoto et al. 2012). It
is our hope that these findings will be
of practical benefit to both practitio-
ners and our patients.
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Purpose: To analyze age-related morphological changes of the iridocorneal angle in normal
subjects and glaucomatous cases, using anterior segment optical coherence tomography
(AS-OCT).

Methods: This study involved 58 eyes of 58 open-angle glaucoma cases and 72 eyes of
72 age-matched normal-open-angle control subjects. Iridocorneal angle structures in nasal
and temporal regions and anterior chamber depth (ACD) were measured using AS-OCT. Axial
length and refractive error were measured by use of an ocular biometer and auto refractor ker-
atometer. Angle opening distance (AOD), angle recess area (ARA), and trabecular-iris space
area (TISA), measured at 500 pm (TISAS00) and 750 pm (TISA750) distant from the scleral
spur, were calculated, in the nasal and temporal regions. A new index, the peripheral angle frame
index (PAFT), which represents the peripheral angle structure, was proposed, and was defined
as (TISA750-TISAS00)/TISAS00.

Results: Refractive power in the glaucoma cases was less than in control cases (P<<0.0001).
Axial length (P<<0.0001) and ACD (P=0.0004) were longer and deeper, respectively, in the
glaucoma cases, compared with the control cases. In both control and glaucoma groups, ACD,
AOD, ARA, and TISA decreased linearly in an age-dependent manner, while PAFI stayed at
relatively constant values throughout the age distribution. AOD in the glaucoma group was
longer than in the control group, in both the temporal and nasal regions; ARA and TISA were
larger in the glaucoma than in the control group. However, no significant differences in nasal
or temporal PAFT were found between the glaucoma and control groups.

Conclusion: The findings of this study show that AS-OCT is useful for the quantitative evalu-
ation of age-related changes in peripheral angle structure in glaucoma and control cases.
Keywords: iridocorneal angle structures, anterior segment optical coherence tomography,
AS-OCT, peripheral angle frame index, PAFI

Introduction

Previously used methods for evaluation of the anterior chamber angle of the eye, such
as slit-lamp biomicroscopy, or gonioscopy, are known to be subjective. Ultrasound
biomicroscopy (UBM) reportedly allows for a quantitative measurement of the anterior
chamber angle.!* However, due to the fact that UBM is a contact measurement, the utiliza-
tion of this method is limited to patient screening, and for immediate postoperative use.
Anterior segment optical coherence tomography (AS-OCT) is a new imaging technology
that reportedly provides a non-contact quantitative evaluation of the anterior segment
of the eye.>"? The recently released Visante® OCT version 2.0.1.88 system software
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(Carl Zeiss Meditec AG, Jena, Germany) includes several fea-
tures that were previously not available. Of those, an enhanced
anterior segment single mode provides an image averaged
from four consecutive anterior segment scans, to improve
contrast. Moreover, the new version includes a semiautomated
program to assess the anterior chamber angle. One advantage
of using AS-OCT for assessment of the anterior chamber angle
is that image acquisition and subsequent measurement can
be performed under light-controlled conditions, with patients
in the sitting position, and without alternation of angle struc-
ture by irregular lighting and physical contact. However, some
disadvantages have also been reported, such as poor agreement
between gonioscopic and AS-OCT assessment.”' In addition,
reproducibility of the AS-OCT findings for evaluation of the
anterior chamber angle has been questioned. In particular, the
reproducibility of inferior quadrant findings is reported to be
poor, due to variability of scleral spur placement; reproducibil-
ity of anterior chamber angle parameters in nasal and temporal
angles was better than in the inferior quadrants.”*!®

Recently, there have been many studies published that
report the use of AS-OCT for assessment of the anterior
segment.!>'? Nongpiur et al used AS-OCT images to evalu-
ate anterior chamber width, defined as the horizontal scleral
spur-to-spur distance, and found that it was smaller in angle-
closure patients than in open-angle patients.?’ Moghimi
et al also found that the anterior segment was crowded in
closed-angle eyes, compared with open-angle eyes.?! Several
cross-sectional studies have assessed the influence of age on
anterior chamber depth (ACD).”>>* However, there are few
reports about age-related changes of the peripheral angle
structure.® In this study, a new index, termed the peripheral
angle frame index (PAFI), was developed and proposed for
representing the peripheral angle structure. PAFI is defined as
the difference between trabecular-iris space area (TISA) mea-
sured at a distance of 750 um (TISA750) and TISA measured
at a distance of 500 pm (TISA500), divided by TISA500.
We used this index to investigate how peripheral angles
changed with age. The TISA parameter was used instead of
the angle recess area (ARA) because it has been proposed
that AR A may be less sensitive for identifying narrow angles
in eyes with deep angle recess.?** The aim of this study was
to analyze the cross-sectional, age-related morphological
changes of the iridocorneal angle in normal subjects, and in
open-angle glaucoma patients, using AS-OCT.

Materials and methods
This study involved 58 eyes of 58 open-angle glaucoma
patients (35 females, 23 males) and 72 eyes of 72 age-matched,

normal open-angle, volunteer control subjects (49 females,
23 males), diagnosed as non-glaucomatous by glaucoma
specialists at the Glaucoma Clinic of Kyoto Prefectural
University of Medicine, Kyoto, Japan, from 2007 to 2009. All
130 subjects included in the study were of Japanese race. The
diagnostic criteria for normal-tension glaucoma (NTG) were
1) normal iridocorneal open angle, 2) no evidence of high
intraocular pressure (IOP) (IOP =21 mmHg), 3) glaucoma-
tous changes in the visual field, with optic nerve cupping,
and 4) absence of other optic neuropathies. For the diagnosis
of primary open-angle glaucoma (POAG), the criteria were
the same as with (1), (3), and (4) above, but with a maximum
IOP >21 mmHg. Both NTG and POAG were diagnosed
according to the guidelines of the Japan Glaucoma Society?
and the European Glaucoma Society.

The normal open-angle control subjects comprised indi-
viduals with IOP =21 mmHg in both eyes, as measured by
Goldmann applanation tonometry with normal optic discs,
with open angles on gonioscopy, and with no suspicion of any
form of glaucoma. When subjects exhibited a narrow angle
equal to grade 2 or less, as determined using the Van Herick
system, they were excluded from the study.’!

Informed consent was obtained from all participants prior
to their involvement in the study, in accordance with the
tenets set forth in the Declaration of Helsinki.

In all eyes, Visante OCT was used in the enhanced high-
resolution mode (“high-resolution corneal” protocol) to
measure iridocorneal angle structures (Figure 1 A—C), and in
the enhanced anterior segment mode (“enhanced anterior seg-
ment single” protocol) to measure ACD (Figure 1D). AS-OCT
images were obtained in darkroom lighting conditions.

B

aon7so || |

ARA500

TISAS00

Figure | Anterior segment optical coherence tomography images.

Notes: Iridocorneal angle structures measured by use of the enhanced high
resolution mode of anterior segment optical coherence tomography. The images
show (A) AOD750, (B) ARA500/750, (C) TISA500/750, and (D) ACD.
Abbreviations: SS, scleral spur; AOD750, anterior opening distance at 750 um;
ARA500/750, angle recess area at 500/750 pm; TISA500/750, trabecular-iris space
area at 500/750 um; ACD, anterior chamber depth.
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The enhanced anterior segment mode image was obtained
first, and then nasal-side and temporal-side images were
obtained using the enhanced high resolution mode. Images
were captured at the nasal and temporal angle quadrants
(3- and 9-o’clock meridians; nasal-temporal angles at
0°-180°). Internal fixation was used in all subjects. With
each subject, the procedure was performed first on the right
eye, and then on the left eye. Axial length and refractive error
were measured using the IOL Master (Carl Zeiss Meditec
AG), and the RKT-7700 autorefractor keratometer (Nidek,
Gamagori, Japan), respectively. Angle-opening distance
(AOD), at 500 um and 750 pum distant from the scleral spur
(AOD500 and AOD750, respectively) (Figure 1A), ARA at
500 wm and 750 pm distant (ARAS500 and ARA750, respec-
tively) (Figure 1B), and TISA at 500 pm and 750 pum distant
(TISAS500 and TISA750, respectively) (Figure 1C), were
automatically calculated, in the nasal and temporal regions
of the right eye of each subject, using Visante OCT device
software. When the right eye could not be evaluated, due to
extended measurement time required to capture the image,
the left eye was used. Right eye data was used whenever
possible. Subjects of whom the images produced were of
inadequate quality, in whom there was difficulty in detecting
the scleral spur, or in whom there had been previous surgical
intervention that affected angle structure (such as cataract
surgery or laser iridotomy), were excluded from the study.

Iridocorneal angle structures, axial length, and refractive
error, in the nasal and temporal regions, were then compared
between glaucoma patients against normal control subjects.
The Student’s r-test was used for statistical analysis. The
slopes of the iridocorneal structural parameters were derived,
to assess age-dependent differences, using a linear mixed
effect model. Based on the absolute slopes of the various
AS-OCT parameters, normalized slopes were calculated, as
absolute slope divided by mean parameter value, in order
to compare relative rates of change of all parameters.?
A P-value lower than 0.05 was considered statistically
significant.

Results

The mean ages of the 58 open-angle glaucoma patients
(POAG: 20 cases, NTG: 38 cases) and 72 age-matched nor-
mal control subjects were 59.5+13.8 years and 62.1+12.8
years, respectively. Refractive power in the glaucoma group
was lower than in control subjects (P<<0.0001). Axial length
(P<<0.0001) and ACD (P=0.0004) were longer and deeper,
respectively, in glaucoma cases, compared with control
subjects (Table 1).

Table 1 Comparison of demographic and examination data
between glaucoma patients and normal controls

Glaucoma Control P-value

(n=58) (n=72)
Age (years) 59.5+13.8 62.1+12.8 0.26
Male:female 23:35 23:49 0.46
Right:left 33:25 53:19 0.062
Refractive power (D) —-3.90+4.46 0.49+3.12 <0.0001*
Axial length (mm) 25.9+2.6 24.1+1.7 <0.0001*
ACD (mm) 2.960.40 2.74+0.30 0.0004°

Notes: *P<<0.05 (independent samples t-test between glaucoma patients and normal
controls). The values presented for age, refractive power, axial length and ACD are
mean * standard deviation.

Abbreviation: ACD, anterior chamber depth.

No differences in angle structure were observed between
nasal or temporal regions in both glaucoma cases and con-
trol subjects. However, ACD (P=0.0004) (Table 1) and all
peripheral angle parameter values (ACD, AOD, ARA, and
TISA, but not PAFI) were higher in glaucoma cases than in
control subjects (Table 2).

Table 3 shows the effect of age on AS-OCT parameters.
All parameters (except PAFI) decreased linearly in an age-
dependent manner in control subjects and, in nearly the
same manner, in glaucoma cases. Of these parameters, the
steepest slope was shown by AOD750, of temporal sectors
(slope constant: —0.00992 mm/year, for glaucoma patients;
and —0.00867 mm/year, for control subjects). The represen-
tative scatter plot of AOD750 measurement at the temporal
sector is shown in Figure 2.

In this study, a normalized slope was used to compare
all parameters. Normalized PAFI slope values were less than
—0.005 au/year in measurements of both nasal and temporal
regions, in both glaucoma and normal control subjects. In
comparison with other peripheral angle parameters, in both
groups, PAFI values were found to stay relatively constant
throughout the age distribution (Table 3). Moreover, among
all iridocorneal parameters, only PAFI showed no differ-
ences between glaucoma cases and normal control subjects
(Table 3). Van Herick measurement was used in the temporal
side; thus, the temporal-side PAFI shown is representative.
As shown also in Figure 3, PAFI values stayed relatively
constant throughout the age distribution, in both glaucoma
and control groups.

Discussion

It is well known that many glaucoma patients are myopic and
have a longer axial length. In this study, we found significant
myopia-related differences in refractive error, axial length,
and ACD in glaucoma patients (Table 1). In glaucoma cases
and control subjects, no significant differences were found

Clinical Ophthalmology 2014:8
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Table 2 Comparison of angle structure between glaucoma patients and normal controls

Glaucoma (n=58) P-value Control (n=72) P-value

Temporal Nasal TvsN Temporal Nasal TvsN Gvs C-T G vs C-N*

(mean £ SD) (mean t SD) (mean * SD) (mean * SD)
Angular A (degrees) 47.3+11.7 44.8%11.5 0.25 39.2+11.3 37.5t123 0.40 <0.0001 0.0008
AODS500 (mm) 0.60+0.25 0.54+0.22 0.21 0.4410.20 0.42+0.20 0.49 <0.0001 0.0008
AOD750 (mm) 0.82+0.31 0.75+0.26 0.18 0.61+0.25 0.58+0.24 0.43 <0.0001 0.0002
ARA500 (mm?) 0.260.11 0.24+0.10 0.23 0.20+0.08 0.20+0.09 0.42 0.0006 0.0055
ARA750 (mm?) 0.4410.18 0.40+0.15 0.21 0.34£0.13 0.32+0.14 0.41 0.0002 0.0016
TISA500 (mm?) 0.22+0.09 0.20+0.08 0.23 0.17+0.06 0.16+0.07 0.46 0.0003 0.0030
TISA750 (mm?) 0.40+0.16 0.36+0.14 0.21 0.30+0.12 0.28+0.12 0.44 0.0001 0.0011
PAFI (aufyear) 0.82:0.09 0.82+0.11 0.98 0.79:0.14 0.79+0.14 0.91 0.13 0.19

Note: *P<0.05 (independent samples t-test between glaucoma patients and normal controls), all except PAFI.
Abbreviations: T vs N, temporal versus nasal; G vs C-T, glaucoma patients versus normal controls in temporal regions; G vs C-N, glaucoma patients versus normal controls
in nasal regions; AOD500/750, angle-opening distance at 500/750 um; ARA500/750, angle recess area at 500/750 pm; TISA500/750, trabecular-iris space area at 500/750 pm;

PAFI, peripheral angle frame index; SD, standard deviation; au, arbitrary unit.

in all peripheral parameters (AOD, ARA, and TISA), in
temporal and nasal regions. However, when those parameters
were compared between glaucoma and control subjects, all
values, except PAFI, were found to be higher in glaucoma
cases (Table 2), reflecting that glaucoma patients had more
severe myopia.

ACD, AOD, ARA, and TISA were found to decrease lin-
early in an age-dependent manner in both glaucoma cases and
control subjects, mirroring the findings of previous reports
about age-related decreases in ACD, ARA, and TISA in Asian
people.'®% However, to the best of our knowledge, ours is the
first study to report upon age-related changes in ACD, ARA,
and TISA in glaucomatous Asian patients.

In this study, a novel index, PAFI, was used in order to
investigate how peripheral configuration changes with age.

The findings of a previous study show that ACD decreases
with age, due to age-related lens thickening.?! Thus, the
extent of cataract may affect peripheral configuration. Yet,
we had no knowledge about how this affects peripheral angle
structure. Moreover, we also wanted to know how changes in
iris structure affect angle structure (because iris configuration
changes with age due to muscle weakness and tension of
the iris). Hence, we measured peripheral length parameters
at 500 pm and 750 um distant from the scleral spur. Being
able to compare the values obtained at 500 pm and 750 um
distance from the scleral spur, with participants of various
ages, we could elucidate age-related changes in these values.
If AODS500 decreases more severely with age than AOD750,
it indicates that the anterior chamber is shallower from the
more peripheral area. However, if AOD500 and AOD750

Table 3 Absolute and normalized slopes of anterior segment parameters in glaucoma and control subjects

Glaucoma (n=58)

Control (n=72)

A-slope N-slope R A-slope N-slope R
ACD (mm/year) —0.00599 ~0.00202 -0.329 —0.00148 —-0.00540 -0.429
Temporal AOD500 (mm/year) —0.00599 -0.00998 —-0.387 —-0.00742 -0.0169 —-0.480
Temporal AOD750 (mm/year) —-0.00992 -0.0121 —-0.580 —-0.00867 -0.0142 —-0.504
Temporal ARA500 (mm?/year) —0.00270 -0.0104 -0.333 —-0.00200 -0.0100 -0.334
Temporal ARA750 (mm?/year) —0.00415 -0.00943 —0.350 —0.00453 -0.0133 -0.414
Temporal TISA500 (mm?/year) -0.00214 —0.00972 -0.321 —0.00197 -0.0116 —0.388
Temporal TISA750 (mm?/year) —-0.00413 -0.0103 ~0.344 —0.00397 —-0.0142 —0.447
Temporal PAFI (aulyear) —0.000381 —0.000465 —0.258 -0.00356 —0.00451 -0.316
Nasal AOD500 (mm/year) —-0.00630 -0.0117 —0.355 —0.00557 -0.0133 —0.411
Nasal AOD750 (mm/year) -0.00809 —0.0108 —-0.422 —0.00967 -0.0167 —0519
Nasal ARA500 (mm?/year) —0.00199 -0.00829 -0.279 -0.00229 -0.0115 -0.340
Nasal ARA750 (mm?/year) —0.00369 —-0.00922 -0.330 —0.00203 —0.00634 —0.398
Nasal TISA500 (mm?/year) -0.00178 —0.00890 ~0.309 —0.00203 -0.0127 —0.366
Nasal TISA750 (mm?/year) —0.00347 —0.00964 —-0.350 -0.00397 —0.0142 -0.418
Nasal PAFI (au/year) -0.00119 —-0.00145 —0.252 -0.00377 —0.00477 —0.343

Abbreviations: R, correlation coefficient; A-slope, absolute slope; N-slope, normalized slope; ACD, anterior chamber depth; AOD500/750, angle-opening distance at
500/750 um; ARAS500/750, angle recess area at 500/750 pm; TISA500/750, trabecular-iris space area at 500/750 pm; PAFI, peripheral angle frame index; au, arbitrary unit.
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Figure 2 Relationship between temporal AOD750 and subject age in glaucoma and
normal subjects.

Notes: Scatter plot showing distribution of temporal AOD750, determined by
anterior segment optical coherence tomography. The lines show absolute slope in
both glaucoma and control groups.

Abbreviation: AOD750, angle opening distance at 750 pum.

decrease in a similar manner, it indicates that the anterior
chamber area may decrease at the same rate as the peripheral
area, as in a more central part of the peripheral region. Thus,
we posit that using this new index will help in understanding
changes of the peripheral angle. A normalized slope was used
to compare all parameters; PAFI was found to stay within
relatively constant values throughout the age distribution,
in both the glaucoma and control groups (Table 3). These
findings suggest that the peripheral area will decrease at the
same rate with age. In addition, PAFI was the only parameter
with no difference found between the glaucoma and control
groups (Table 3), as no age-related change of the peripheral
angle structure was found in either group.

Ideally, the effect of age on ACD and other peripheral
angle parameters is best studied by means of longitudinal

1.4 -
@ Control

1.2 0 Glaucoma

1]
0 20 40 60 80 100
Age (years)

Figure 3 Relationship between PAFI and subject age in glaucoma and normal
subjects.

Notes: The scatter plot showing distribution of temporal PAFI, determined by
AS-OCT. The lines show absolute slope in both glaucoma and control groups. PAFI
was found to stay within relatively constant values throughout the age distribution.
Abbreviation: PAFI, peripheral angle frame index; AS-OCT, anterior segment
optical coherence tomography.

follow-up measurements, to determine whether aging
people do indeed show gradual reduction in parameters
based on quantitative measures, such as AS-OCT. Further
study is needed to verify long-term changes of peripheral
parameters.

It should be noted that this study has some limitations.
First, this was a clinic-based study, not a population-based
study. Second, there may have been some selection bias in
regard to the samples, as glaucoma subjects were recruited
from the glaucoma clinic of our university hospital.

It should also be noted that since all of the subjects
involved in this study were Japanese, the results may not be
applicable to other racial groups. Moreover, only open-angle
participants were analyzed in this study; the results might
differ from those obtained with other types of glaucoma
or control subjects with shallow eyes. In addition, subjects
who had undergone cataract surgery were excluded from
the study, so that most parameters were measured with
the participants own lens; the extent of cataract may have
affected the results.

Finally, although AS-OCT was found to be useful, its use
is associated with some limitations. For example, in many
cases, data cannot be analyzed, due to inability to find the
sclera spur.'**?% In this study, only temporal-region and
nasal-region data was used, as it is reportedly extremely
difficult to obtain reproducible images in the superior and
inferior regions.” It is hoped that in the future, AS-OCT
devices will be able to provide improved, higher-quality
images, and that peripheral angle parameters can be com-
pared with other biometrics.>*

In summary, the findings of this study show that AS-OCT
is useful for the quantitative evaluation of age-related changes
of the peripheral angle structure.
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Four Cases of Lens-Induced Glaucoma That Developed Many Years after Lens
Reconstruction Surgery

Kaori Tada'?, Morio Ueno?, Kazuhiko Mori?, Yoko Ikeda”, Kojiro Imai® and Shigeru Kinoshita?

" Department of Ophthalmology, Kyoto Second Red Cross Hospital, ® Department of Ophthalmology, Kyoto Prefectural
University of Medicine
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Lens-induced secondary glaucoma sometimes occurs several years after cataract surgery, laser capsulotomy
or penetrating corneal injury. Many mechanisms that result in increased intraocular pressure (IOP) are thought to
be combined in this condition, such as blockage of fluid outflow through the trabecular meshwork by small residual
lens particles, inflammation caused by lens anaphylactic reaction, angle closure mechanism due to residual swollen
lens substances, and steroid therapy itself. Here we report 4 cases of lens-induced secondary glaucoma with com-
bined mechanisms that developed several years after cataract surgery. Cases 1 and 2 responded well to treatment
with steroid and anti-glaucoma eyedrops, but resulted in steroid-induced glaucoma during the time course. In Cas-
es 3 and 4, residual lens particles or intraocular lens dislocation worsened the glaucoma, necessitating surgery to
control IOP. Physicians should be aware of the existence of these several mechanisms, and choose the suitable
therapy accordingly.

(Atarashii Ganka (Journal of the Eye) 30(4) : 569~572, 2013)
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G DI ) I

K AREMRREAR IR IS H AR AL R ETE, &
BB EELETHRETAI LY H L. IRELBEEILE
FLETHY, BREKGHREAICL 2RERFTHERLT F
74 7F -5, BALKBEICLSMARE X704 F
BICIBRELR L EBEBROBEA N =X LHEETH L
PHohTn5

S, HNERMS I0EDEERCTHEL, HEORE A
71 = XA DESARIE S 72K R A RS SRR AR %

4 PR LD T, TOHFMEEFERIIOWTHRET 5.
I fiE &l

(E®I 1) 307%, BBik

BEALEE © 10 AN IRA AR FME (GRS HRERR).

BUREE - 6 BERATD b OGN, B ERZ EFRICRE
FELERARZIRE (BT, S8 JexP. UPRAROE
BTl & A IE, BENEREZ RS, REICREKAEHE
KEEz#EH7(Kla). REGAR660mmHg, &£ 14

(CHURFERE) #F FZ : T602-0841 FUHRTT LI I BN 0L /N LV HEHENT 465 BTRRHFSLIERL R K& I IR WP e MR EAR e

BESNRE

Reprint requests : Kazuhiko Mori, M.D., Ph.D., Department of Ophthalmology, Kyoto Prefectural University of Medicine, 465

Kajii-cho, Kawaramachi, Kamigyo-ku, Kyoto 602-0841, JAPAN

0910-1810/13/¥100/H/JCOPY

(141) 569

- 252 -



mmHg. MR TIE T 180°12 4 7z o TR LIRS il #i 25 W% Lo R EKSBEERDIZHEI LW, TS VIR
(peripheral anterior synechiae : PAS) B X O T HILF iz PIlRZ L L 01% X% A%V EBRHE, L F=vuarR
F sk ARl = 38072 (] 1b). HlEMAo#E, ’RA M s Uit e fkf L7-2%, BERn4Z HE, REE21
L > X (intraocular lens : IOL) IZBAEE S LTB Y, 5% mmHg & FHE FAEmERD, A704 FEREABOA T
BBK G R L Mg R/ AL & Z 1S X B IOL ORI E) ﬁkbﬂtt&’) 01%~% A%V v EalliEz 01% 7 v+ o X

372, PAS index 1250% TH Y L HIIBEMATH - Oy ERECERE L EZAREETRL, BETHPAD

7oz, IREEROERIGKGANTRRARE L% 2 5 J: HT05% LA YEEFEO—NLEQI%TIAFT T AT

if‘ MBEPICHETR Mo TEY, KEETF717F Y EIRO R TIRE 16 mmHg KEHBHF VTV 5.
—LBREIBEROEHDIEEL, 57/ TR, (FE® 2) 74, B

0,5%71/4’ VEEFEU—, 1% FAVVT I FOMER, T BEAEJE - 20 SERTICTIR AN FRMED D, EoKR AR

FV5 3 FORMRISIA 0.1% X% 2 77 > miRFoH IR 4 18, MR E HICHE ISR ARABORED V. FIRE3 Tk

T RFzvnry15mg/HOMRICE 2HEFELERGBLE. & ;17:: L, ZEIREZPRAEIEARIA (54 7oA b, 05%

RGBS EE, ERRmE AESBEIWIRL, RES 17 LA VEBFET—, 1% FAVY'F5 3 F) TIRIE 15mmHg
mmHg F TTFMLZ. BMAMEICTPASIEZEGFETSEHTH PTFicary ba—npahTni RIS S8EIb.

1 %R 1 OFRE S LUBATE
DR, ABEREE E-LTwA. HiEEES, BROMPESRELTWA
b SEBI L OMAFTR. T 75 18012 PAS w7z,

X2 ER 2 ORBERSLIUBATE
a @ FER] 1 WANCERTEN, AEEEE &L Twa.
b EW 2 OMAFTR. PASHEHRST, IR LICHGWEERD 5.

570 H7=H LWRF Vol 30, No. 4. 2013 (142)

- 253 -



3 fEf 3 ORIIRSEES LU UBM
a: BRERPRIIBOCTERERTH LY, BB TRELDTHECT T I TH 5.
b fiE 3 0 UBM. FRAFASACNIC X 0 IR 55 5 i S Tn b,

BIRREE A A S ORI T % EFRICHUEZR. D%
ML IREREFEI & A I NE % 320 (B 2a), MRIEIXAEM 15
mmHg, ZR55mmHg. BAMREIZTPASZEHT, IL
¥ i aeiRoKSFERD % o7 (R 2b). Hk R
ETHZHBIC01I%XY AV HIR 7573 FA
RaBmlze s, MREEV>72ATRBIERZR LN,
HERB2I HEICEE 39 mmBg ¢ LA L 2504
FRERBEZ BV 01% Ry 2§V v RIRERIE L LI A,
k%1 # HCIREIE 2dmmHg FTTFHL, 87 AKICIE
14 mmHg ¢ ZEL .

(FEBI3) 74, B

BEAERE @ 11 RS A IRAENE R o L F R FT B L U
KB % Ji1T. 20k bMBHMEE 2 E3EE LEE 3 [
WP EFEROBEED Y .

BIFREE SRR CHUEMAES & 0 AIRIRE2S L5 L 485
BRAZE. DYPHLREREME ARETEL RO (”
3a), IREIFAIR 10mmHg, MR 60mmHg. IOL I3ZEANE
EENTE ) BAREIC TERIZEREICHAKITHRTE
Btz BERAMKEMSE (ultrasound biomicroscope :
UBM) IZTE&AHIC 7S P —ILEERE 7o (K 3b), —#6
TIRERFERGEEE OB X W ICEAH I ~NEPES R Tw
LT EDMEREIN L=V —ABEMN (laser gonio-
plasty : LGP) # 4T L72& 2 %, Fl7Z4k S U S5 12X
PEErsBlt s, IREZ25mmHg F TFM 01%X% A
v, 05%~ L4 UEEFEO—IN, 1% FILVYS5 3 FAEIR,
TEHVIIFARICE Y, BFERGS3 HEBIZERER L0
mmHg. 0%, RENEEBEICTSS AKIZIES
mmHg & %5E.

GEBI4) 727% ik

BEAEIE @ ARG 12 ERCBMERAERECT LY —F—

(143)

4 fEf 4 DFRIRBEE
EARTEM & MBLRIE % 2, IOLIEH LA ICHEAL T b,

ITFADBAAT (laser iridotomy : LI), #RAEFERT LI (trabe-
culectomy : TLE) B X KM ABHF MFLILE 4 (PEA)
+IOL A TS5 b, WET Y bO— VARRICTH
AT RLIRAT (A-vit) + B A A #EENT (goniosynechialy-
sis: GSL) OB ED Y. 6 FHi» SHMBEF B EAL, 1
EWAH S5 30mmHg FBE. AR LI B2 DD 2 4ER1C
HNBEFAT & ST B IRE TR L 72,

BRI AIRED Y PO —VARERB X OABN RS
(932/mm?) I CHBRA2L. WHHARERTL & MK
FlEERS, REAIR3BmmHg, AR 12mmHg IOL
BT R CBEELTEY (K4), WAREIC TR
PAS ##8&7z. TLE+IOL /#3545 % 4T, M icKs
AR ARG EEEL & DICRB LA BERFRA 1

&7z H LWIRE Vol 30, No. 4. 2013 571

- 254 -



mmHg FTFM%, 447 H%IC1318mmHg EEELTWAS
o = =

— AR RERERARIEEORERFICLD, D
KRR AR RE, 2) KJ AN RRARE, 3) KikT +
74 7FL 2L BBNBOIMEICHEINLY, AR
AN R LK G PR BE S AT F 7o 1 K R AR LIRS |
fif, Nd-YAG L —#—12 & % %EEIBAAT, fILEEAM &5
WHRICIEE 2K/ A3iR0E LR bR 2 P24 5 =
EIEoTHLZBRABETH Y, FMlid 5\ IdsMEHEEL
PUIRIET 52 ENE 0 EENEY, MICEEERTrOA
LaZEddHh3, BFRITIIAHE 65 FE2 R THRE LA
RN FHNEORE L H 52 )%, ERENEMNEICHIET S
SEFAZ . EH, IR /ANBOKEEIZIE heavy molecu-
lar weight protein (HMWP) 253 & A EFEEETS, 75 &L
FlihBEFELIMNTEIEIRESNTVSY, HMWP
X ZOESTFED DKM L L TRE LA %20 &
BIFY, RRANBENZORTFERGEETFLEEL
HMWP B EDHNL TH 5, S od/hr b LTk kR
AR R X KB ARDRRNEEZ O SR F TR
DEBREETHEZEZLNTVAY, LA -T, £lilnk
AP OBNEFHRIZBEZOREORE I 2.

Ahl, EELIRHEL4EMZ, RELEFRICIBWTER
ZFhELRB AN ALOMWEHIRE Sz FER 1 TIE, M
JEEF#F & LKA RRPIRE (BB AR & B
EIBARNEOWENWE LTt ELZ OIS, DF D,
PRI E A & B A SN KRN R oK S e B SRR
MR ZHE SSICRTFEESBL L TEE S N7 Scem-
mering's ring A IOL B LICHEFE 2 WA RIS TPAS %
L, BEERIZE-/EEZ 5N 5. Soemmering's
ring XEFEHENEEO—fiE Sh, BPIEMTZICH RN
#F L CT & Z-FSER TR A B R AR AR AEHEAT L
G- BELTERSNS Y > VRoOBBHAKTH Y. &
ETITBEEAGRILILIES AT ORI & 0 SEEBIEE P4
{Zo>TVv:5%%, ECCE (MAMEH) %IIT & b BRIEICA
5T 7. Soemmering's ring 7% ﬁﬁ‘ffﬂil’%ﬁ]mﬂf‘]ﬁi&%
BRELZEVIMEEP L, FLRELARESR, WUEF
Kbz RS ARG ERD O EHMT S E ‘é:h'Cb\é"’
L7zh%o T, BIRNBEM I B BFR 5B b N B HE 6 TIE R

HBBICIREN LA TAWREENH L E2RELTHS
CFEFRICEETHY, Z0L) RIBEOD LEMDOLHE
WEEABFEEZE 259 2 THAKRER UBM HEIZIERIC
FHTHBEVZ D, JEW 2~4 O X 5 (B EEICRRIN R 2
HLTWAHTH AN ZICIRELESLCROLNE T
L35, FTEROBKRTLFEIREMAN T BARETEE N D
STWwaEEnaY.

IS OKGRERMEARNRIIST A ERICM LT, KM
AN RIS ISR 2 BEOB|E T, BRENEROATIR

572  »7zHLVIE Vol 30, No.4, 2013

ETHRzEON-E0MEIL L, BREMICTREKRBERE
HBEEZ AT L T A2HEVE 0. HENITHEE LTREK
SRR BPR RIS HEE LR BRBRE & 2 20BN 2 ERE LT
BENTHY, REIBETCOHNTETIIRENGERICLS
METHB L OHENE—RIRE 22D, —F, KEE7F
T4 I9F T —DEIATRBEINDENTIE, BEORELSR
OHEIZEAT O, FERPENTH S5, RENIH-55
FICRERL 20X ICA7F04 FERANBEOEIFHICLEE
DLETH S, EF 3 T plateau iris configuration % #2.%
LGP % fifT§ 5 & THREKGAEEREZET L LMRE
THyrfgoh/, TOXHCRELRFBFLEL CHBETH
ERFHEHOATIRETRIESNLEN D L% v
BRI OER D L KSR REFNEL S D
EIER], 2R PAS 245 EHLEM 4 0 X H I IOL K
A% ERITlE, MEFENEROATOIRE > ba—ik
HEETH 0 B ERPLELER 5.

PLEds, K RMEFRERARIT S $ S RREIH
HELTHIETAI MDY, HBBERICIEIINLOREL
ABlEE & CHM L TEDRBETTo T LEND 5.

X 73

1) Richter CU : Lens-induced open-angle glaucoma. In : The
Glaucomas (ed by Ritch R, Shields MB, Krupin T). Vol 2,
2nd ed, p1023-1031, Mosby, St Louis, 1996

2) Barnhorst D, Meyers SM, Myers T : Lens-induced glau-
coma 65 years after congenital cataract surgery. 4m J
Ophthalmol 118 : 807-808, 1994

3) Kee C, Lee S : Lens particle glaucoma occurring 15 years
after cataract surgery. Korean | Ophthalmol 15 : 137-139,
2001

4) SEEERT, THRA AR RTESLE AT O 20 E B ITKANMR
FENMERRNRE R A U7 1 Bl BEIR 58 © 2099-2101, 2004

5) Jedziniak JA. Kinoshita JH, Yates EM et al : The conec-
tion and localization of heavy molecular weight aggre-
gates in aging normal and cataractous human lenses. Exp
Eye Res 20 : 367-369, 1975

6) B WF: BIEOINEORE LR IR 55 129-133,
2001

7) Epstein DL : Diagnosis and management of lens-induced
glaucoma. Ophthalmology 89 : 227-230, 1982

8) Savage JA, Thomas JV, Belcher CD 3rd et al : Extracap-
sular cataract extraction and posterior chamber intraocu-
lar lens implantation in glaucomatous eyes. Ophthalmology
92 : 1506-1516, 1985

9) Epstein DL, Jedziniak JA, Grant WM : Obstruction of
aqueous outflow by lens particles and by heavy-molecu-
lar-weight soluble lens proteins. Invest Ophthalmmol Vis
Sei 17 : 272-277, 1978

10) Epstein DL, Jedziniak JA, Grant WM : Identification of
heavy-molecular-weight soluble protein in aqueous
humor in human phacolytic glaucoma. /nvest Ophthalmol
Vis Sci 17 @ 398-402, 1978

(144)

- 255 -



