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Abstract

Objective

To compare surgical outcomes between the first and second operated eyes in patients who
underwent trabeculectomy in both eyes.

Methods

This retrospective clinical cohort study at five clinical centers in Japan included 84 patients
with open-angle glaucoma who underwent primary trabeculectomy in both eyes. The pri-
mary outcome was surgical success or failure, with failure being defined according to three
criteria: <20% reduction of the preoperative intraocular pressure (IOP), or Criterion A, IOP
>21 mmHg; Criterion B, IOP >18 mmHg; or Criterion C, IOP >15 mmHg. Cases of reopera-
tion, a loss of light perception vision, or hypotony were also considered as “failures”.

Results

There were no significant differences in success rate for any of the three criteria between
the first and second operated eyes. For patients whose first trabeculectomy was successful,
when the second trabeculectomy was performed >2 months after the first, the survival
curves for all three criteria for the second trabeculectomy were significantly worse than
those for patients waiting a shorter interval between trabeculectomies (Criterion A, 52.0%
vs 83.6%, P =0.0031; Criterion B, 51.5% vs 80.4%, P = 0.026; CriterionC, 51.1% vs
80.4%, P = 0.048). In multivariable analyses, a longer interval between trabeculectomies
was a significant prognostic factor for surgical failure (Criterion A, P = 0.0055; Criterion B,

P =0.0023; Criterion C, P = 0.027). However, no dependency on the interval between trabe-
culectomies was found among patients whose first trabeculectomy failed.
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Conclusions

If the first trabeculectomy is successful, a long interval before the second trabeculectomy
increases the risk of surgical failure in the second eye. This result has clinical implications
for developing surgical strategies for patients with bilateral glaucoma.

Introduction

Trabeculectomy is the most commonly used surgical procedure for lowering intraocular pres-
sure (IOP) in eyes with glaucoma. Reduction of the IOP is achieved by creating a surgical
bypass for aqueous humor from the anterior chamber to the conjunctiva via the scleral flap,
creating a filtering bleb in the conjunctiva [1],[2],[3]. Risks for surgical failure of trabeculect-
omy include perioperative inflammation, which appears to be associated with bleb failure in
trabeculectomized eyes because of uveitic glaucoma [4],[5], trabeculectomy with combined
lens extraction [6],[7],[8], and elevation of inflammatory cytokines in the aqueous humor [9].
Ocular inflammation recruits leukocytes in the conjunctiva, which promote fibrosis in the fil-
tering bleb [10]. In addition, because aqueous humor delivers intraocular antigens to the ocular
surface through the bypass in the scleral flap after trabeculectomy, patients with filtering blebs
seem to systemically acquire immunity to intraocular antigens [11].

Eyes in which filtering surgery, including trabeculectomy and tube-shunt surgery, have
been performed are at risk for corneal transplantation graft failure [12],[13],[14]. It has been
hypothesized that this may be caused by a change in immune status after the creation of a com-
munication between the anterior chamber and the subconjunctival space [12]. Thus, if both of
a patient’s eyes are treated with trabeculectomy, the immune communication between the
intraocular antigens and the subconjunctival space in the first operated eye might affect bleb
formation in the second operated eye. There have been two large-scale retrospective studies
about trabeculectomy for both eyes [15],[16]. These found no significant difference in surgical
success between the first and second operated eyes. However, bleb needling and revision
occurred more frequently in the second operated eyes, indicating the possibility of an immune
reaction affected by the first operated eyes [15].

To determine whether the surgical outcome for trabeculectomy of second operated eyes is
worse than that for first operated eyes, we analyzed retrospective data for patients with open-
angle glaucoma (OAG) who were treated with trabeculectomy in both eyes at five clinical cen-
ters in Japan.

Materials and Methods
Patient Selection

This retrospective clinical cohort study was approved by the institutional review board of
Fukui University Hospital, Fukui, Japan. The protocol adhered to the tenets of the Declaration
of Helsinki. Written informed consent for the surgery was obtained from all patients after a
detailed explanation of the procedures involved.

Patients treated with trabeculectomy for their second operated eyes between January 1,
2007 and December 31, 2011 at Fukui University Hospital, Gifu University Hospital, Kuma-
moto University Hospital, Kanazawa University Hospital and Tohoku University Hospital in
Japan were recruited. The inclusion criteria were being aged 20 years or older, having primary
OAG or exfoliation glaucoma, and having both eyes operated by the same surgeon. The

PLOS ONE | DOI:10.1371/journal.pone.0162569 September 13,2016 2/13



@° PLOS | ONE

Trabeculectomy Outcomes: Comparing First and Second Operated Eyes

exclusion criteria were as follows: previous vitreoretinal surgery, including vitrectomy and
buckling surgery; previous glaucoma surgery; having one phakic eye and one pseudophakic eye
before trabeculectomy; or having one fornix-based and one limbus-based trabeculectomized
eye. Mitomycin C was used intraoperatively in all the trabeculectomies.

Data Collection

Patient data were collected for the subjects, including sex, age, type of glaucoma, lens status,
preoperative IOP, postoperative IOP, best corrected visual acuity (BCVA), the number of glau-
coma medications taken, and any postoperative complications. A logarithm of the reciprocal of
the decimal BCVA was used to approximate the logarithm of the minimal angle of resolution
(logMAR).

Primary Outcome Measure

The primary outcome measure was surgical success or failure defined according to three IOP
criteria. The criteria for failure were the following IOP levels, with or without glaucoma medi-
cation, at >3 months after surgery and confirmed 1 month later: <20% reduction of the preop-
erative IOP, or Criterion A, IOP >21 mmHg; Criterion B, IOP >18 mmHg; or Criterion C,
IOP >15 mmHg. In addition, surgical failure was declared for all criteria in cases that required
reoperation for glaucoma or that developed a loss of light perception vision or encountered
hypotony of <5 mmHg. In cases that did not meet these failure criteria, the surgery was con-
sidered to be successful. The probability of success was compared between the first and second
operated eyes.

Secondary Outcome Measures

Secondary outcome measures included IOP, the number of medications taken, and postopera-
tive complications.

Statistical Analysis

Univariable comparisons between groups were performed using the chi-square test, Fisher’s
exact test, and the Mann-Whitney U nonparametric test. The probability of success was ana-
lyzed using Kaplan-Meier survival curves and compared using the log-rank test. P values of
<0.05 were considered to be statistically significant. Multivariable analysis was performed to
determine the prognostic factors for failure of trabeculectomy using Cox proportional hazards
models.

Results
Patients Characteristics

In total, 84 patients were enrolled in the study. The mean follow-up periods were 50.0 months
for the first operated eyes and 43.2 months for the second operated eyes (P = 0.066). Table 1
summarizes the baseline characteristics of the patients, and Table 2 presents the preoperative
characteristics for the first and second operated eyes. Best-corrected visual acuity (LogMAR) of
the first operated eyes was significantly worse than that of the second operated eyes (P =
0.017). No other statistically significant differences in preoperative status were found between
the eyes.
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Table 1. Preoperative patient characteristics.

Characteristics n (%), total n = 84

Sex
Men 54 (64%)
Women 30 (36%)
Lens status
Phakic 70 (83%)
Pseudophakic 14 (17%)
Type of glaucoma
Primary open-angle glaucoma 68 (81%)
Exfoliation glaucoma 16 (19%)
Conjunctival approach
Limbus-based 36 (43%)
Fornix-based 48 (57%)

doi:10.1371/journal.pone.0162569.t001

Primary Outcome Measure

Kaplan—Meier survival curves comparing surgical outcomes in the first and second operated
eyes according to failure criteria A, B, and C are shown in Fig 1. No significant difference
between the two eyes was found for any criterion. The probability of success at 3 years for the
first versus the second operated eyes was 73.6% vs 60.6% for Criterion A (P = 0.090), 59.8% vs
54.0% for Criterion B (P = 0.42), and 43.8% vs 41.7% for Criterion C (P = 0.57).

Secondary Outcome Measures

IOPs and the number of glaucoma medications being taken at various follow-up time points
were compared between the first and second operated eyes (Table 3). No significant differences
in these outcomes were found at any time points after trabeculectomy. Table 4 compares post-
operative complications between the eyes; there was no significant difference.

Subgroup Analyses of the Primary Outcome

For patients whose first operation was successful, characteristics were compared between those
whose second trabeculectomy was successful and those for whom it failed (Tables 5-7). The
interval between trabeculectomies was significantly longer for the failed second operated eyes
than for those that were successful, with the mean intervals being 574 vs 180 days for Criterion
A (P =0.0030), 518 vs 156 days for Criterion B (P = 0.0036), and 508 vs 148 days for Criterion

Table 2. Preoperative characteristics for the first and second operated eyes.

Age (years)

LogMAR BCVA

IOP (mmHg)

Number of glaucoma medications
Follow-up period (months)

15t operated eye 2" operated eye P value
66.9+12.8 67.8+12.6 0.56
0.44+0.70 0.18+0.46 0.017*
23.9+9.5 21.1+6.5 0.12
3.1+0.6 3.1+£0.8 0.92
50.0£24.2 43.2+23.0 0.066

Data are presented as mean * standard deviation.

*Statistically significant difference, P < 0.05.

BCVA = best-corrected visual acuity; IOP = intraocular pressure; logMAR = logarithm of minimum angle of resolution

doi:10.1371/journal.pone.0162569.t002
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Fig 1. Kaplan—Meier survival curves for the three failure criteria, comparing the first and second operated eyes. Criterion A:
intraocular pressure (IOP) >21 mmHg, <20% reduction of preoperative IOP, reoperation for glaucoma, a loss of light perception vision, or
hypotony of <5 mmHg. Criterion B: IOP >18 mmHg, <20% reduction of preoperative IOP, reoperation for glaucoma, a loss of light
perception vision, or hypotony of <5 mmHg. Criterion C: IOP >15 mmHg, <20% reduction of preoperative IOP, reoperation for glaucoma, a
loss of light perception vision, or hypotony of <5 mmHg. The cumulative success rates for first and second operated eyes were 73.6% and
60.6% for Criterion A (P = 0.090), 59.8% and 54.0% for Criterion B (P = 0.42), and 43.8% and 41.7% for CriterionC (P = 0.57).

doi:10.1371/journal.pone.0162569.9001

Table 3. Intraocular pressure and medical therapy at preoperative and follow-up visits.

15t operated eye 2"9 operated eye P value

Preoperative
I0P (mm Hg) 23.9+9.5 21.1+6.5 0.12
Number of mediation 3.1+0.6 3.1+0.8 0.92
Number of patients 84 84

6M
I0P (mm Hg) 11.0+4.7 11.2+4.3 0.78
Number of mediation 0.1+0.5 0.3+0.7 0.22
Number of patients 83 84

12M
IOP (mm Hg) 11.9+4.3 12.3+4.6 0.87
Number of mediation 0.3+0.8 0.4+0.9 0.35
Number of patients 79 77

18M
IOP (mm Hg) 12.7+4.9 13.4+5.4 0.63
Number of mediation 0.5+0.9 0.6+1.0 0.39
Number of patients 75 70

24M
I0P (mm Hg) 12.9+4.6 12.9+4.7 0.80
Number of mediation 0.7+11 0.8+1.1 0.63
Number of patients 71 64

30M
IOP (mm Hg) 13.0+4.2 12.8+3.9 0.85
Number of mediation 08+1.2 0912 0.98
Number of patients 62 55

36M
IOP (mm Hg) 124142 12.3+4.1 0.78
Number of mediation 09+1.3 1.0+1.4 0.93
Number of patients 58 50

Data shown in mean + standard deviation; IOP = intraocular pressure

doi:10.1371/journal.pone.0162569.t003

PLOS ONE | DOI:10.1371/journal.pone.0162569 September 13,2016

5/13



o @
@ : PLOS | ONE Trabeculectomy Outcomes: Comparing Firstand Second Operated Eyes

Table 4. Postoperative complications of the 15'-operated eyes and 2"%-operated eyes.

15! operated eye (n = 84) 2"9 operated eye (n = 84) P value
Bleb leak 5 (6.0%) 4 (4.8%) 1.00
Bleb infection 2 (2.4%) 1(1.2%) 1.00
Hyphema 3(3.6%) 6(7.1%) 0.50
Choroidal detachment 12 (14.3%) 8(9.5%) 0.48
Shallow anterior chamber 5(6.0%) 4 (4.8%) 1.00
Hypotony maculopathy 0(0.0%) 1(1.2%) 1.00
Malignant glaucoma 1(1.2%) 0(0.0%) 1.00

doi:10.1371/journal.pone.0162569.t1004

Table 5. The comparison of the successful 2" operated eyes versus failed 2" operated eyes among successful 15! operated eyes, Criterion A:
n=>57.

Successful 2" operated eye (n = 40) Failed 2"® operated eye (n = 17) P value
Interval between TLE (days), mean + SD 180 + 299 574 £ 602 0.0030
Age (years), mean £ SD 70.0+13.0 65.9+11.2 0.17
Preoperative IOP (mmHg), mean + SD 22.7+6.8 19.9+6.1 0.14
Preoperative glaucoma medications, mean + SD 29+0.9 29+0.6 0.77
Type of glaucoma, n (%) 1.00
Primary open-angle glaucoma 32 (80.0%) 14 (82.4%)
Exfoliation glaucoma 8 (20.0%) 3(17.6%)
Lens status, n (%) 1.00
Phakic 34 (85.0%) 14 (82.3%)
Pseudophakic 6 (15.0%) 3(17.7%)

IOP = intraocular pressure; SD = standard deviation; TLE = trabeculectomy

doi:10.1371/journal.pone.0162569.1005

C (P =0.015). No significant difference in age, preoperative IOP, number of preoperative glau-
coma medications, type of glaucoma, or lens status was found for any of the three criteria.

A similar analysis was performed for patients whose trabeculectomy in the first eye failed
(Tables 8-10). No significant difference in the interval between trabeculectomies, age,

Table 6. The comparison of the successful 2" operated eyes versus failed 2" operated eyes among successful 15! operated eyes, Criterion B:
n=42.

Successful 2" operated eye (n = 28) Failed 2" operated eye (n = 14) P value
Interval between TLE (days), mean + SD 156 + 223 518 + 441 0.0036
Age (years), mean + SD 70.3+13.1 65.3+12.0 0.11
Preoperative IOP (mmHg), mean + SD 22.0+7.6 19.3+6.1 0.28
Preoperative glaucoma medications, mean + SD 3.1+£0.9 3.0£0.6 0.57
Type of glaucoma, n (%) 1.00
Primary open-angle glaucoma 22 (78.6%) 11 (78.6%)
Exfoliation glaucoma 6 (21.4%) 3(21.4%)
Lens status, n (%) 1.00
Phakic 24 (85.7%) 12 (85.7%)
Pseudophakic 4 (14.3%) 2 (14.3%)

IOP = intraocular pressure; SD = standard deviation; TLE = trabeculectomy

doi:10.1371/journal.pone.0162569.t006
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Table 7. The comparison of the successful 2" operated eyes versus failed 2" operated eyes among successful 1! operated eyes, Criterion C:
n=30.

Successful 2" operated eye (n = 21) Failed 2"? operated eye (n = 9) P value

Interval between TLE (days), mean + SD 148 £ 236 508 +478 0.015
Age (years), mean + SD 67.5+13.0 62.9+8.0 0.093
Preoperative IOP (mmHg), mean + SD 19.6+6.1 16.3+3.8 0.17
Preoperative glaucoma medications, mean + SD 3.1+£0.9 2804 0.12
Type of glaucoma, n (%) 0.53

Primary open-angle glaucoma 18 (85.7%) 9 (100%)

Exfoliation glaucoma 3(14.3%) 0(0.0%)
Lens status, n (%) 1.00

Phakic 20 (95.2%) 9 (100%)

Pseudophakic 1(4.8%) 0(0.0%)

IOP = intraocular pressure; SD = standard deviation; TLE = trabeculectomy

doi:10.1371/journal.pone.0162569.t007

Table 8. The comparison of the successful 2" operated eyes versus failed 2" operated eyes among failed 15t operated eyes, Criterion A: n = 27.

Successful 2" operated eye (n=11) Failed 2" operated eye (n = 16) P value

Interval between TLE (days), mean + SD 496 + 753 280+817 0.33
Age (years), mean + SD 65.9+18.4 65.5+7.3 0.36
Preoperative IOP (mmHg), mean + SD 19.6+45 19.6+6.8 0.40
Preoperative glaucoma medications, mean + SD 3.32x0.5 3.4+0.7 0.73
Type of glaucoma, n (%) 1.00

Primary open-angle glaucoma 9(81.8%) 13(81.2%)

Exfoliation glaucoma 2(18.2%) 3(18.8%)
Lens status, n (%) 0.37

Phakic 8 (72.7%) 14 (87.5%)

Pseudophakic 3(27.3%) 2(12.5%)

IOP = intraocular pressure; SD = standard deviation; TLE = trabeculectomy

doi:10.1371/journal.pone.0162569.t008

Table 9. The comparison of the successful 2" operated eyes versus failed 2" operated eyes among failed 15! operated eyes, Criterion B: n = 42.

Successful 2" operated eye (n = 20) Failed 2" operated eye (n = 22) P value

Interval between TLE (days), mean + SD 464+ 726 2731742 0.28
Age (years), mean + SD 68.8+15.1 65.3+9.5 0.12
Preoperative IOP (mmHg), mean + SD 22.0+54 20.5+6.1 0.21
Preoperative glaucoma medications, mean + SD 3.0+0.6 3.1+1.0 0.33
Type of glaucoma, n (%) 1.00

Primary open-angle glaucoma 17 (85.0%) 18 (81.8%)

Exfoliation glaucoma 3 (15.0%) 4 (18.2%)
Lens status, n (%) 0.45

Phakic 15 (75.0%) 19 (86.4%)

Pseudophakic 5(25.0%) 3(13.6%)

IOP = intraocular pressure; SD = standard deviation; TLE = trabeculectomy

doi:10.1371/journal.pone.0162569.t009
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Table 10. The comparison of the successful 2" operated eyes versus failed 2" operated eyes among failed 15 operated eyes, Criterion C: n = 54.

Successful 2" operated eye (n = 24) Failed 2"® operated eye (n = 30) P value

Interval between TLE (days), mean + SD 487 £ 674 251 £ 645 0.076
Age (years), mean + SD 69.5+15.3 68.1+11.2 0.32
Preoperative IOP (mmHg), mean + SD 23.1+6.4 22.1+6.6 0.31
Preoperative glaucoma medications, mean + SD 3.2+0.6 3.0+£0.9 0.61
Type of glaucoma, n (%) 1.00

Primary open-angle glaucoma 18 (75.0%) 23 (76.7%)

Exfoliation glaucoma 6 (25.0%) 7 (23.3%)
Lens status, n (%) 0.53

Phakic 17 (70.8%) 24 (80.0%)

Pseudophakic 7 (29.2%) 6 (20.0%)

IOP = intraocular pressure; SD = standard deviation; TLE = trabeculectomy

doi:10.1371/journal.pone.0162569.t010

preoperative IOP, number of preoperative glaucoma medications, type of glaucoma, or lens
status was found for any of the three criteria.

Fig 2 shows the Kaplan-Meier survival curves for the three criteria applied to the second
operated eye, comparing patients for whom the interval between trabeculectomies was >2
months with those for whom the interval was <2 months. The outcomes were significantly
worse for the patients where the interval was >2 months, with the success rates at 3 years being
52.0% vs 83.6% for Criterion A (P =0.0031), 51.5% vs 80.4% for Criterion B (P = 0.026), and
51.1% vs 80.4% for Criterion C (P = 0.048).

Multivariable analysis to determine prognostic factors for the surgical
failure of trabeculectomy
Baseline characteristics, including age, type of glaucoma, preoperative IOP, lens status, the

number of preoperative glaucoma medication taken, and the interval between trabeculectomies
were evaluated as possible predictors of surgical failure.
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Fig 2. Kaplan—Meier survival curves for each of the three failure criteria in the second operated eye, comparing patients for whom
the interval between trabeculectomies was >2 months with those for whom the interval was <2 months. Criterion A: intraocular
pressure (IOP) >21 mmHg, <20% reduction of preoperative |OP, reoperation for glaucoma, a loss of light perception vision, or hypotony of
<5 mmHg. Criterion B: IOP >18 mmHg, <20% reduction of preoperative IOP, reoperation for glaucoma, a loss of light perception vision, or
hypotony of <5 mmHg. Criterion C: IOP >15 mmHg, <20% reduction of preoperative IOP, reoperation for glaucoma, a loss of light
perception vision, or hypotony of <5 mmHg. The cumulative success rates for intervals between trabeculectomies of >2 months and <2
months were 52.0% and 83.6% for Criterion A (P = 0.0031), 51.5% and 80.4% for Criterion B (P = 0.026), and 51.1% and 80.4% for Criterion
C (P=0.048).

doi:10.1371/journal.pone.0162569.9002
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Table 11. Multivariable analysis to determine prognostic factors for surgical failure of 2" operated trabeculectomy using Cox proportional haz-
ards regression models among the successful 15! operated eyes.

Criterion
A B C
RR (95% CI) P value RR (95% CI) P value RR (95% Cl) P value
Interval between TLE per month 1.07 (1.02-1.13) <0.01 1.12 (1.04-1.24) <0.01 1.10(1.01-1.23) 0.027
Preoperative IOP per mmHg 0.94 (0.83-1.05) 0.28 0.90 (0.76-1.04) 0.15 0.94 (0.74—1.15) 0.54
Age per year 0.97 (0.91-1.04) 0.38 0.99 (0.92-1.07) 0.71 0.99 (0.92-1.10) 0.88
Type of glaucoma (XFG/POAG) 0.99 (0.12-6.42) 0.99 1.62 (0.18-14.4) 0.65 0.00 (0.00-3.37) 0.18
Lens status (pseudophakia/phakia) 2.93(0.31-28.5) 0.34 3.83(0.20-83.7) 0.36 0.00 (0.00-216) 0.69
Preoperative glaucoma medication per each 1.37 (0.61-3.82) 0.47 1.16 (0.42—4.20) 0.79 0.74 (0.22—-2.44) 0.58

IOP = intraocular pressure; POAG = primary open-angle glaucoma; RR = relative risk; TLE = trabeculectomy; XFG = exfoliation glaucoma

doi:10.1371/journal.pone.0162569.t011

In analyses using multivariable Cox proportional hazards regression models for patients whose
first trabeculectomies were successful (Table 11), a longer interval between trabeculectomies was a
significant prognostic factor for surgical failure in the second operated eye for all three criteria:
Criterion A, relative risk (RR) = 1.07 (P = 0.0055); Criterion B, RR = 1.12 (P = 0.0023); and Crite-
rion C, RR = 1.10 (P = 0.027). In contrast, in the multivariable analyses of patients whose first tra-
beculectomies failed (Table 12), no significant difference was found for any factor.

Discussion

The aim of the present study was to investigate whether the surgical outcomes of trabeculect-
omy were different between first operated eyes and second operated eyes. This retrospective
study showed no significant differences in outcomes between the two eyes when all 84 patients
were analyzed. However, among the patients who had successful trabeculectomies for their
first operated eyes, the Kaplan-Meier survival curves showed significantly worse outcomes of
the second trabeculectomy when the interval between trabeculectomies was 2 months or longer
than when the interval was less than this. Furthermore, multivariable analyses confirmed that
the longer interval between trabeculectomies was the significant prognostic factor of failure for
the second trabeculectomy in patients with a first successful trabeculectomy. However, this
association with the outcome of trabeculectomy for the second operated eye was not seen in
the patients whose first trabeculectomy had failed. These data indicate that a longer interval

Table 12. Multivariable analysis to determine prognostic factors for surgical failure of 2"® operated trabeculectomy using Cox proportional haz-
ards regression models among the failed 15! operated eyes.

Criterion
A B C
RR (95% ClI) P value RR (95% ClI) P value RR (95% CI) P value
Interval between TLE per month 0.98 (0.93-1.01) 0.20 0.98 (0.95-1.01) 0.23 0.98 (0.95-1.01) 0.14
Preoperative IOP per mmHg 1.02 (0.85-1.23) 0.83 0.94 (0.81-1.07) 0.36 0.96 (0.87-1.05) 0.39
Age per year 1.02 (0.94-1.12) 0.60 1.00 (0.93-1.06) 0.88 1.00 (0.95-1.06) 0.88
Type of glaucoma (XFG/POAG) 3.02(0.23-92.8) 0.42 3.48 (0.47-34.5) 0.23 1.31(0.31-5.93) 0.71
Lens status (pseudophakia/phakia) 0.12(0.00-1.87) 0.13 0.31 (0.03-2.45) 0.27 0.50(0.10-2.34) 0.38
Preoperative glaucoma medication per each 1.89(0.39-12.1) 0.44 1.04 (0.42-2.59) 0.94 0.69 (0.29-1.51) 0.37

IOP = intraocular pressure; POAG = primary open-angle glaucoma; RR = relative risk; TLE = trabeculectomy; XFG = exfoliation glaucoma

doi:10.1371/journal.pone.0162569.1012
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between trabeculectomies can result in trabeculectomy failure for the second operated eye if
the first trabeculectomy is successful.

There have been two large-scale retrospective studies about trabeculectomies for both eyes.
Mietz et al. [15] analyzed 138 patients with both eyes trabeculectomized. Additional interven-
tion occurred more frequently for the second operated eyes because of bleb encapsulation,
although no significant difference was found between the eyes regarding postoperative IOP,
the number of antiglaucoma medications taken, or the rate of surgical failure. In that study,
64.5% patients suffered from primary OAG or exfoliation glaucoma; the glaucoma types of the
rest were developmental glaucoma, angle-closure glaucoma, or another secondary glaucoma.
In some of their patients, surgical procedures, such as lens extraction, scleral buckling, retinal
cryopexy, surgical peripheral iridectomy, or cyclocryocoagulation,had been performed in one
or other eye before the trabeculectomy [17],[18]. These procedures cause conjunctival scarring,
which could skew the surgical outcome of trabeculectomy for either eye [19],[20]. Jung et al.
[16] analyzed 42 patients who underwent bilateral trabeculectomies by one expert surgeon.
The glaucoma types of 88% of these patients were primary OAG or exfoliation glaucoma. Sur-
gery with conjunctival manipulation was not performed in any eye before the trabeculectomy.
In that study, early postoperative IOPs and bleb vascularity were significantly higher in the sec-
ond operated eyes, whereas surgical success showed no significant difference between the eyes.
The results of these two earlier studies appear to have a similar tendency, namely that the sec-
ond trabeculectomy was associated with somewhat poorer outcomes, although Kaplan-Meier
survival curves did not show significant differences between the eyes. As well as having some
similarities to those previous reports, the present study is unique because it included patients at
multiple centers with both eyes showing OAG, whose primary trabeculectomies were both per-
formed by the same surgeon, and revealed significantly poorer outcomes for the trabeculec-
tomies for the second operated eyes when these were performed >2 months after successful
trabeculectomiesin the first operated eyes.

At present, we cannot determine the reason why the longer interval after successful trabecu-
lectomy resulted in a higher rate of trabeculectomy failure in the second eyes. Our hypothesis
for the mechanism is that immunocompetent cells in the subconjunctival space recognize the
intraocular antigens in the aqueous humor because of the scleral bypass created by the first tra-
beculectomy. The success of the first trabeculectomy offers, over the period of >2 months,
long-term exposure of the intraocular antigen to the subconjunctival space. The enhanced
immune reaction may cause bleb fibrosis when the second eye is treated with trabeculectomy.
This hypothesis is consistent with there being no dependency of the failure of the second trabe-
culectomy on the length of time following a failed first trabeculectomy. The reduction in IOP
because of trabeculectomy depends on the scleral bypass of the aqueous humor. A failed trabe-
culectomy is associated with failed filtration of aqueous humor via the scleral bypass, which
could prevent immune communication between the intraocular antigens and the subconjuncti-
val space in the first operated eye. These present data support the hypothesis that immune reac-
tion to the intraocular antigen in the first operated eye may cause bleb failure in the second
operated eye. Indeed, corneal transplantation graft failure frequently occurs in eyes in which
glaucoma filtering surgery has been performed [12],[13],[14]. It is possible that immune com-
munication between the intraocular antigens and the subconjunctival space could cause an
adverse effect on the surgical outcome of additional surgery. A pain-related inflammatory che-
mokine was significantly increased in aqueous humor in the fellow eye after first-eye cataract
surgery. This suggested there may be a sympathetic ophthalmic type uveitis in the contralateral
eye after first-eye cataract surgery [21],[22].

Among the preoperative characteristics, BCVA was significantly worse in first operated eyes
than in second operated eyes. Surgical priority seems to depend on the severity of visual acuity,
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visual field defect, IOP levels, and the number of medications taken. Previous reports have also
shown the preoperative data indicating greater severity in first than in second operated eyes,
such as having a more severe visual field defect [16] or worse visual acuity [15]. Despite the
more severe preoperative data in the first operated eyes, these previous reports still showed
poorer outcomes in the second operated eyes. Although we cannot completely exclude the pos-
sibility that a confounding factor in the preoperative data affected the outcomes, it is notable
that second operated eyes with better visual acuity than first operated eyes showed poorer out-
comes if the interval between the two trabeculectomies was long.

The present study has some limitations, mostly because of its multicenter, retrospective
nature. First, we were unable to standardize surgical procedures (e.g., the concentration and
duration of mitomycin C use, the size of scleral flap, and the number of scleral sutures) or post-
operative procedures (e.g., laser suture lysis, ocular massage, and medications). To minimize
intraoperative and postoperative bias, we recruited patients with both eyes operated by one sur-
geon. Second, we were unable to collect some clinical data. Conjunctival vascularity during the
perioperative period and postoperative inflammation in the anterior chamber could affect bleb
formation in the second operated eyes if an immune reaction after the first trabeculectomy was
critical. Third, we could not compare bleb grading scores, including bleb vascularity, between
the eyes. A previous study showed more intense vascularity in second operated blebs [16].
Fourth, in the present study, we could not evaluate the early postoperative IOP. A previous
study showed that the difference in IOP between first and second operated eyes was greater in
patients with a less than three week interval than in patients with longer intervals between tra-
beculectomies, so that they recommended the interval between trabeculectomies to be more
than three weeks [16]. A further prospective study would be needed to clarify these limitations.

In conclusion, among patients with a successful first trabeculectomy, a longer interval before
the trabeculectomy for the second eye is a significant prognostic factor for surgical failure of
the second trabeculectomy, although this is not the case when the first trabeculectomy has
failed. The results imply that if both eyes have a surgical indication, both should be treated with
trabeculectomy within a short period of time. Further animal experiments are expected to
reveal the involvement of immune communication because of bleb formation in the first oper-
ated eyes.

Author Contributions
Conceptualization: MI TY HT KS T. Nakazawa.
Data curation: K. Iwasaki.

Formal analysis: K. Iwasaki.

Investigation: K. Iwasaki YT T. Nishida A. Sawada K. Iwao A. Shinmura SK.
Methodology: MI K. Iwasaki.

Project administration: MI.

Software: K. Iwasaki.

Supervision: K. Iwasaki.

Validation: K. Iwasaki.

Visualization: K. Iwasaki.

Writing - original draft: K. Iwasaki MI.

PLOS ONE | DOI:10.1371/journal.pone.0162569 September 13,2016 11/13



@° PLOS | ONE

Trabeculectomy Outcomes: Comparing First and Second Operated Eyes

Writing - review & editing: K. Iwasaki MI.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ramulu PY, Corcoran KJ, Corcoran SL, Robin AL. Utilization of various glaucoma surgeries and proce-
dures in Medicare beneficiaries from 1995 to 2004. Ophthalmology. 2007; 114: 2265—-70. doi: 10.1016/
j-ophtha.2007.02.005 PMID: 17466376

Hitchings R. Initial treatment for open-angle glaucoma- medical, laser, or surgical? Surgery is the treat-
ment of choice for open-angle glaucoma. Arch Ophthalmol (Chicago, Il 1960). 1998; 116: 241-2. Avail-
able: http://www.ncbi.nlm.nih.gov/pubmed/9488281

Thomas R, Billson F. The place of trabeculectomy in the management of primary open-angle glaucoma
and factors favouring success. Aust N Z J Ophthalmol. 1989; 17: 217—24. Available: http://www.ncbi.
nim.nih.gov/pubmed/2679810 PMID: 2679810

Iwao K, Inatani M, Seto T, Takihara Y, Ogata-lwao M, Okinami S, et al. Long-term outcomes and prog-
nostic factors for trabeculectomy with mitomycin C in eyes with uveitic glaucoma: a retrospective cohort
study. J Glaucoma. 2014; 23: 88-94. doi: 10.1097/IJG.0b013e3182685167 PMID: 22895522

Carrefio E, Villaron S, Portero A, Herreras JM, Maquet JA, Calonge M. Surgical outcomes of uveitic
glaucoma. J Ophthalmic Inflamm Infect. 2011; 1: 43-53. doi: 10.1007/s12348-010-0012-8 PMID:
21484172

Kleinmann G, Katz H, Pollack A, Schechtman E, Rachmiel R, Zalish M. Comparison of trabeculectomy
with mitomycin C with or without phacoemulsification and lens implantation. Ophthalmic Surg Lasers.
33:102-8. Available: http://www.ncbi.nim.nih.gov/pubmed/11942540 PMID: 11942540

Lochhead J, Casson RJ, Salmon JF. Long term effect on intraocular pressure of phacotrabeculectomy
compared to trabeculectomy. Br J Ophthalmol. 2003; 87: 850-2. Available: http://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=1771770&tool=pmcentrez&rendertype=abstract PMID: 12812883

Ogata-lwao M, Inatani M, Takihara Y, Inoue T, Iwao K, Tanihara H. A prospective comparison between
trabeculectomy with mitomycin C and phacotrabeculectomy with mitomycin C. Acta Ophthalmol. 2013;
91: e500-1. doi: 10.1111/a0s.12133 PMID: 23617934

Inoue T, Kawaji T, Tanihara H. Monocyte chemotactic protein-1 level in the aqueous humour as a prog-
nostic factor for the outcome of trabeculectomy. Clin Experiment Ophthalmol. 42: 334—41. doi: 10.
1111/ceo.12204 PMID: 24025148

Joseph JP, Grierson |, Hitchings RA. Chemotactic activity of aqueous humor. A cause of failure of tra-
beculectomies? Arch Ophthalmol (Chicago, Ill 1960). 1989; 107: 69—-74. Available: http://www.ncbi.
nlm.nih.gov/pubmed/2910290

Diestelhorst M, Krieglstein G. The effect of trabeculectomy on the aqueous humor flow of the unoper-
ated fellow eye. Graefe’s Arch Clin Exp Ophthalmol = Albr von Graefes Arch fir Klin und Exp Ophthal-
mol. 1991; 229: 274-6. Available: http://www.ncbi.nim.nih.gov/pubmed/1869066

Alvarenga LS, Mannis MJ, Brandt JD, Lee WB, Schwab IR, Lim MC. The long-term results of kerato-
plasty in eyes with a glaucoma drainage device. Am J Ophthalmol. 2004; 138: 200-5. doi: 10.1016/j.
2j0.2004.02.058 PMID: 15289127

Anshu A, Price MO, Price FW. Descemet’s stripping endothelial keratoplasty: long-term graft survival
and risk factors for failure in eyes with preexisting glaucoma. Ophthalmology. 2012; 119: 1982-7. doi:
10.1016/j.ophtha.2012.04.031 PMID: 22705345

Iverson SM, Spierer O, Papachristou GC, Feuer WJ, Shi W, Greenfield DS, et al. Comparison of pri-
mary graft survival following penetrating keratoplasty and Descemet’s stripping endothelial keratoplasty
in eyes with prior trabeculectomy. Br J Ophthalmol. 2015; 99: 1477-82. doi: 10.1136/bjophthalmol-
2014-306547 PMID: 25934845

Mietz H, Jacobi PC, Welsandt G, Krieglstein GK. Trabeculectomies in fellow eyes have an increased
risk of tenon’s capsule cysts. Ophthalmology. 2002; 109: 992—7. Available: http://www.ncbi.nlm.nih.
gov/pubmed/11986109 PMID: 11986109

Jung Y, Park H-YL, Lee NY, Yoo Y-S, Park CK. Difference in Outcomes between First-Operated vs.
Fellow-Operated Eyes in Patients Undergoing Bilateral Trabeculectomies. PLoS One. 2015; 10:
e€0136869. doi: 10.1371/journal.pone.0136869 PMID: 26317497

Takihara Y, Inatani M, Seto T, Iwao K, lwao M, Inoue T, et al. Trabeculectomy with mitomycin for open-
angle glaucoma in phakic vs pseudophakic eyes after phacoemulsification. Arch Ophthalmol (Chicago,
1I11960). 2011; 129: 152—7. doi: 10.1001/archophthalmol.2010.348

Takihara Y, Inatani M, Ogata-lwao M, Kawai M, Inoue T, lwao K| et al. Trabeculectomy for open-angle
glaucomain phakic eyes vs in pseudophakic eyes after phacoemulsification: a prospective clinical

PLOS ONE | DOI:10.1371/journal.pone.0162569 September 13,2016 12/13


http://dx.doi.org/10.1016/j.ophtha.2007.02.005
http://dx.doi.org/10.1016/j.ophtha.2007.02.005
http://www.ncbi.nlm.nih.gov/pubmed/17466376
http://www.ncbi.nlm.nih.gov/pubmed/9488281
http://www.ncbi.nlm.nih.gov/pubmed/2679810
http://www.ncbi.nlm.nih.gov/pubmed/2679810
http://www.ncbi.nlm.nih.gov/pubmed/2679810
http://dx.doi.org/10.1097/IJG.0b013e3182685167
http://www.ncbi.nlm.nih.gov/pubmed/22895522
http://dx.doi.org/10.1007/s12348-010-0012-8
http://www.ncbi.nlm.nih.gov/pubmed/21484172
http://www.ncbi.nlm.nih.gov/pubmed/11942540
http://www.ncbi.nlm.nih.gov/pubmed/11942540
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1771770&amp;tool=pmcentrez&amp;rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1771770&amp;tool=pmcentrez&amp;rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/12812883
http://dx.doi.org/10.1111/aos.12133
http://www.ncbi.nlm.nih.gov/pubmed/23617934
http://dx.doi.org/10.1111/ceo.12204
http://dx.doi.org/10.1111/ceo.12204
http://www.ncbi.nlm.nih.gov/pubmed/24025148
http://www.ncbi.nlm.nih.gov/pubmed/2910290
http://www.ncbi.nlm.nih.gov/pubmed/2910290
http://www.ncbi.nlm.nih.gov/pubmed/1869066
http://dx.doi.org/10.1016/j.ajo.2004.02.058
http://dx.doi.org/10.1016/j.ajo.2004.02.058
http://www.ncbi.nlm.nih.gov/pubmed/15289127
http://dx.doi.org/10.1016/j.ophtha.2012.04.031
http://www.ncbi.nlm.nih.gov/pubmed/22705345
http://dx.doi.org/10.1136/bjophthalmol-2014-306547
http://dx.doi.org/10.1136/bjophthalmol-2014-306547
http://www.ncbi.nlm.nih.gov/pubmed/25934845
http://www.ncbi.nlm.nih.gov/pubmed/11986109
http://www.ncbi.nlm.nih.gov/pubmed/11986109
http://www.ncbi.nlm.nih.gov/pubmed/11986109
http://dx.doi.org/10.1371/journal.pone.0136869
http://www.ncbi.nlm.nih.gov/pubmed/26317497
http://dx.doi.org/10.1001/archophthalmol.2010.348

@° PLOS | ONE

Trabeculectomy Outcomes: Comparing First and Second Operated Eyes

19.

20.

21.

22.

cohortstudy. JAMA Ophthalmol. 2014; 132: 69-76. doi: 10.1001/jamaophthalmol.2013.5605 PMID:
24232829

Iwao K, Inatani M, Ogata-lwao M, Takihara Y, Tanihara H. Restricted post-trabeculectomy bleb forma-
tion by conjunctival scarring. Graefe’s Arch Clin Exp Ophthalmol = Albr von Graefes Arch fir Klin und
Exp Ophthalmal. 2009; 247: 1095—101. doi: 10.1007/s00417-009-1051-4

Broadway DC, Chang LP. Trabeculectomy, risk factors for failure and the preoperative state of the con-
junctiva. J Glaucoma. 2001; 10: 237-49. Available: http://www.ncbi.nlm.nih.gov/pubmed/11442190
PMID: 11442190

Zhu X-J, Wolff D, Zhang K-K, He W-W, Sun X-H, Lu Y, et al. Molecular Inflammation in the Contralateral
Eye After Cataract Surgery in the First Eye. Invest Ophthalmol Vis Sci. 2015; 56: 5566—73. doi: 10.
1167/iovs.15-16531 PMID: 26305528

Yu J-G, Ye T, Huang Q, Feng Y-F, Wang J, Fu X-A, et al. Comparison between Subjective Sensations
during First and Second Phacoemulsification Eye Surgeries in Patients with Bilateral Cataract. J
Ophthalmol. 2016; 2016: 6521567. doi: 10.1155/2016/6521567 PMID: 27239336

PLOS ONE | DOI:10.1371/journal.pone.0162569 September 13,2016 13/13


http://dx.doi.org/10.1001/jamaophthalmol.2013.5605
http://www.ncbi.nlm.nih.gov/pubmed/24232829
http://dx.doi.org/10.1007/s00417-009-1051-4
http://www.ncbi.nlm.nih.gov/pubmed/11442190
http://www.ncbi.nlm.nih.gov/pubmed/11442190
http://dx.doi.org/10.1167/iovs.15-16531
http://dx.doi.org/10.1167/iovs.15-16531
http://www.ncbi.nlm.nih.gov/pubmed/26305528
http://dx.doi.org/10.1155/2016/6521567
http://www.ncbi.nlm.nih.gov/pubmed/27239336

