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Purpose: To investigate whether postoperative filtering bleb size affects the surgical outcome after trabeculectomy.

Methods: In this study, we retrospectively reviewed 145 medically uncontrolled glaucoma patients with intraocular pressure 
(IOP) values >21 mmHg before surgery and data from ≥2 years of follow-up. Postoperative IOP, filtering bleb size including 
extent and height, and other clinical factors were measured after trabeculectomy. We divided bleb extent into quadrants and 
bleb height by 0.5 intervals of corneal thickness. The main outcome measure was surgical success. We confirmed complete 
success when the IOP was ≤21 mmHg and decreased by >20% from baseline without medication or additional procedures. 
Qualified success used the same criteria but allowed for medication or additional procedures. Cases with reoperation or two 
consecutive IOP measurements <6 mmHg were considered failures.

Results: A total of 145 eyes of 145 patients was included. The average observation period was 30.8 ± 10.9 months. During 
multivariate Cox regression analysis, a larger extent of filtering bleb revealed significantly low hazard ratios in both complete 
and surgical success (0.509 and 0.494, respectively); however, there was no significant relationship between bleb height and 
surgical outcome. 

Conclusions: The extent of the filtering bleb was associated with surgical outcomes of trabeculectomy in glaucoma patients.
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Trabeculectomy is a well-known surgical procedure in 
glaucoma patients with failed control of intraocular pres-

sure (IOP) [1–3]. Nevertheless, some patients suffer surgi-
cal failure, and their IOP increases again, requiring addi-
tional treatment such as needling or reoperation [3]. 
Several factors, including type of glaucoma [3], race [4], 
diabetes [5], previous ocular surgery [6,7], and long-term 
use of glaucoma medication [8–10], were reported to affect 
the surgical outcome of trabeculectomy. In addition, the 
characteristics of the filtering bleb, such as bleb size, vas-
cularity, and reflectivity, have been reported to be associat-
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ed with surgical prognosis [11–13]. 
The leading cause of failure appears to be a progressive 

cicatricial course of the scleral and subconjunctival tissue 
around the filtering bleb. Scar formation in the surgical 
area can reduce bleb height or extent and decrease the out-
flow volume of aqueous humor, leading to surgical failure. 
Therefore, surgical success seems to be dependent on 
proper maintenance of the filtering bleb [14–19]. Several 
studies have demonstrated the relationship between filter-
ing bleb morphology and surgical prognosis. However, 
these previous studies mostly observed patients for a rela-
tively short period <12 months or only investigated the 
characteristics of filtering blebs [20–22]. Therefore, it is 
necessary to examine whether filtering blebs affect the 
surgical outcome over a longer period of time. Under the 
hypothesis that there will be a correlation between mainte-
nance of filtering bleb size and postoperative IOP, this 
study was performed to determine the association between 
bleb extent or height and surgical outcome of trabeculecto-
my. In addition, we also investigated other factors such as 
previous glaucoma surgery history, type of glaucoma, du-
ration of mitomycin C (MMC) application, and number of 
antiglaucoma medications that could affect the surgical 
outcomes during a long-term follow-up period ≥2 years 
postoperatively.

Materials and Methods

Ethical statements

This study was approved by the Institutional Review 
Board of Samsung Medical Center (No. 2021-08-070) and 
was performed in accordance with the Declaration of Hel-
sinki. Informed consent was exempted due to retrospective 
study design and use of anonymized clinical data.

Subject recruitment

In this study, we retrospectively analyzed the medical 
records of 145 patients who had undergone trabeculectomy 
between January 2009 and July 2013 performed by a sin-
gle surgeon (BHA) with ≥2 years of follow-up data. Demo-
graphic characteristics of age, sex, central corneal thick-
ness (CCT), refractive error, glaucoma diagnosis, IOP, 
number of IOP-lowering medications, and use of additional 

treatments were collected by medical records review. 
Goldmann applanation tonometry was performed to mea-
sure IOP.

Patients with IOP >21 mmHg and medically uncon-
trolled glaucoma were enrolled in this study. We analyzed 
the medical charts of patients aged >18 years with primary 
open-angle glaucoma (POAG); chronic angle-closure glau-
coma (CACG); and secondary glaucoma including neovas-
cular glaucoma, uveitic glaucoma, steroid-induced glauco-
ma, pigmentary glaucoma, and pseudoexfoliation 
glaucoma. Meanwhile, we excluded patients who had un-
dergone any other ocular surgeries except phacoemulsifi-
cation and previous filtering operations. When both eyes 
of the patient met the inclusion criteria, data from the ear-
lier operated eye were used.

Surgical technique

All surgeries were performed under general or local an-
esthesia using a fornix-based conjunctival incision by a 
single surgeon (    BHA) who had no preference for either 
trabeculetomy or phacotrabeculetomy.

Tractional suturing to the limbus was performed with 
7-0 black silk. Local anesthesia was conducted by subcon-
junctival injection of 2% lidocaine. Tenon’s layer (or cap-
sule) was dissected and extended, and a partial thickness 
of lamellar scleral f lap formation was adopted. Exposed 
scleral tissues were treated with 0.02% or 0.04% MMC or 
sponges soaked in MMC for 1 to 4 minutes and gently 
washed with balanced salt solution. An anterior chamber 
paracentesis was created on the temporal side, and sclerot-
omy with peripheral iridectomy was conducted. Scleral 
flap reapproximation was performed with interrupted 10-0 
nylon sutures, and the conjunctival flap was closed using 
10-0 nylon. 

A balanced salt solution was injected into the anterior 
chamber, and the surgeon assessed the leakage rate of the 
filtering bleb. When the IOP was adequate and the outflow 
of the aqueous humor was appropriate, the operation was 
followed by application of ofloxacin ointment and place-
ment of an eye patch.

After the surgery, a topical moxifloxacin hydrochloride 
0.5% solution (Vigamox, Alcon Laboratories) was instilled 
for about 1 month, and a topical steroid prednisolone ace-
tate 1% eyedrop (Pred Forte, Allergan) was prescribed to 
be used four times a day for about 3 months postoperatively. 
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Bleb evaluation

With reference to the virgin conjunctiva and sclera be-
fore surgery, bleb analysis consisted of the two parameters 
of bleb height and extent. Both were assessed during a slit-
lamp examination performed by the same glaucoma spe-
cialist (BHA) who performed each surgery. The parame-
ters were evaluated at 1 and 2 weeks; 1, 3, and 6 months;  
1 year; and then every year thereafter. However, we includ-
ed only data collected at 1, 3, and 6 months; 1 year; and ev-
ery year thereafter in our analysis.

First, for bleb height, the thickness of the cystic space 
between the bleb wall was graded from 0CCT to 4CCT in 
0.5 intervals based on the CCT by the surgeon (BHA). For 
example, when the thickness of the filtering bleb space was 
twice that of the CCT, it was denoted as 2CCT; when the 
bleb was f lat, we described it as 0CCT. Second, for bleb 
extent, the morphology was drawn on the medical chart by 
the surgeon and divided into quadrants (Q) according to 
the area occupied. The area of   the bleb extent was catego-
rized from 0Q to 4Q depending on the corresponding 
quadrant; for example, if the extent of the bleb figure oc-
cupied only a single quadrant, it was described as 1Q. Sim-
ilar to the bleb height, when the bleb was flat, it was de-
scribed as 0Q (Fig. 1A-1F).

Success and failure definitions 

The primary outcome measure was surgical success, and 
the main criterion for surgical success was IOP. Complete 
success was defined as IOP ≤21 mmHg and a >20% reduc-
tion in preoperative IOP without any additional treatment. 
If additional treatment, including in-clinic intervention or 
glaucoma medication, was required to achieve the same 
IOP as needed to define complete success, then the patient 
was considered to have achieved qualified success. Surgi-
cal failure was defined when the IOP was >21 or <6 mmHg 
at two consecutive measurements or when additional filter-
ing surgery was required.

Statistical analysis

Cox regression analysis was conducted to show the cor-
relation between filtering bleb size and surgical success of 
trabeculectomy. Hazard ratio (HR) was described using 
mean and 95% confidence interval in univariate and multi-
variate analyses. Kaplan-Meier survival curves were used 
to assess the success of trabeculectomy according to com-
plete and qualified success criteria. All statistical tests 
were performed using the R ver. 3.6.3 (R Foundation for 
Statistical Computing), and p-values of <0.05 were consid-

3CCT
diffuse FB

2CCT
diffuse,
scanty FBAvascular 

area
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D E F

Fig. 1. A representative case of the bleb after trabeculectomy in a patient with uveitic glaucoma. (A) A medical chart’s drawing of bleb 
morphology by the surgeon, (B) slit-lamp photographs of the bleb under narrow beam, and (C) diffuse illumination at 1 month postoper-
atively. (D) A medical chart’s drawing and (E,F) slit-lamp photographs of the bleb at 2 years postoperatively. We evaluated the patient’s 
bleb as 3 central corneal thickness (3CCT) and 1 quadrant (1Q) at postoperative 1 month, and 2CCT and 2Q at postoperative 2 years. The 
height of filtering bleb (FB) was three times of CCT and the extent occupied only a single Q at 1 month after surgery. Those of postopera-
tive 2 years corresponded to twice of CCT and two Qs of the area.
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ered to be statistically significant. In this study, we used 
the readily available R function cox.zph, which is available 
in the R core package survival, to test the proportional 
hazards assumption [23].

Results

The baseline characteristics of the enrolled patients are 
shown in Table 1. A total of 145 eyes of 145 patients with 
medically uncontrolled glaucoma were analyzed. Nine-
ty-five male patients (65.5%) and 50 female patients (34.5%) 
aged 20 to 87 years underwent trabeculectomy. The preop-

erative mean values of age, CCT, refractive error (spherical 
equivalent), and maximum IOP were 59.5 ± 14.2 years, 
526.8 ± 34.6 μm, –1.8 ± 3.6 diopters, and 31.9 ± 9.7 mmHg, 
respectively. The mean number of medications used before 
surgery was 2.7 ± 0.9. There were 27 patients (18.6%) with 
a history of previous glaucoma surgery. 

Among the 145 eyes included in the study, 115 patients 
(79.3%) underwent only trabeculectomy and 35 patients 
(20.7%) underwent trabeculectomy with phacoemulsifica-
tion. The types of glaucoma diagnosed comprised POAG, 
CACG, and secondary glaucoma; of these, POAG was the 
most common diagnosis, with 101 cases (69.7%), followed 
by CACG with 27 cases (18.6%) and secondary glaucoma 
with 17 cases (11.7%). Success rates of total patients were 
20.7% in complete succuss and 80.7% in qualified success 
at 24 months postoperatively (Table 2).

Factors associated with surgical failure in Cox propor-
tional hazards test

The univariate and multivariate logistic regression anal-
yses of complete success are shown in Table 3 and Supple-
mentary Tables 1–6. We described the univariate analysis 
(model 1), the results of stepwise multivariate analysis that 
were adjusted only for age and sex (model 2), and the re-
sults of the adjustment for variables that were significant 
in the univariate analysis (model 3) in Table 3. We ana-
lyzed associations between surgical success and variables 
of sex, CCT, refractive error, history of glaucoma surgery, 
type of glaucoma, MMC soaking time of the tissue, preop-
erative IOP, and bleb parameters (height or extent) 1 month 
after trabeculectomy. To avoid statistical confounding, bleb 
height and extent were analyzed separately in a multivari-
ate analysis of complete and qualified success. Table 3 and 
the aforementioned Supplementary Tables 1–6 show the 
results of the multivariate Cox proportional hazard test by 

Table 1. Baseline characteristics (n = 145)

Characteristic Value 
Observation period (mon) 30.8 ± 10.9
Age at operation (yr) 59.5 ± 14.2
Sex

Female 50 (34.5)
Male 95 (65.5)

CCT (μm) 526.8 ± 34.6
Refractive error (spherical equivalent) (D) −1.8 ± 3.6
Previous glaucoma operation history

None 118 (81.4)
Previous glaucoma surgery 27 (18.6)

Lens status
Phakia 109 (75.2)
Pseudophakia 36 (24.8)

Operation type
Trabeculectomy only 115 (79.3)
Trabeculectomy combined with cataract surgery 30 (20.7)

Diagnosis
Primary open-angle glaucoma 101 (69.7)
Secondary glaucoma 17 (11.7)
Chronic angle-closure glaucoma 27 (18.6)

Duration of MMC soaking (min) 2.1 ± 0.7
No. of medications used before operation 2.7 ± 0.9
Maximum IOP before operation (mmHg) 31.9 ± 9.7
Bleb height at 1 month (CCT) 1.9 ± 0.6
Bleb extent at 1 month (Q) 1.4 ± 0.6

Values are presented as mean ± standard deviation or number 
(%).
CCT = central corneal thickness; D = diopters; MMC = 
mitomycin C; IOP = intraocular pressure; Q = quadrant.

Table 2. Overall complete success rate and overall qualified 
success rate

Postoperative Complete success (%) Qualified success (%)
  1 mon 100 100
  3 mon 87.6 97.9
  6 mon 36.6 92.4
12 mon 32.4 88.3
24 mon 20.7 80.7
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excluding extent or height of the filtering bleb. The bleb 
extent was significantly correlated in both univariate and 
multivariate analyses of qualified and complete success, 

and height had no significant result in any outcome at  
1 month and 3 months postoperatively. However, only the 
bleb height was significantly associated with surgical suc-

Table 3. Univariate and multivariate Cox regression analyses of success

Variable
Complete success (20%) Qualified success (20%)

HR 95% CI p-value HR 95% CI p-value
Bleb height at 1 mon

Model 1 0.870 0.674–1.123 0.284 0.905 0.606–1.351 0.626
Model 2 0.819 0.623–1.076 0.152 0.945 0.613–1.458 0.798
Model 3 0.844 0.643–1.108 0.221 0.969 0.615–1.527 0.893

Bleb extent at 1 mon
Model 1 0.543 0.393–0.751 <0.001* 0.575 0.331–0.997 0.049*

Model 2 0.545 0.392–0.757 <0.001* 0.503 0.334–1.018 0.058
Model 3 0.530 0.384–0.730 <0.001* 0.545 0.311–0.955 0.034*

Bleb height at 3 mon
Model 1 0.947 0.714–1.257 0.707 0.593 0.375–0.936 0.025
Model 2 0.866 0.635–1.179 0.360 0.484 0.288–0.813 0.006
Model 3 0.847 0.608–1.179 0.326 0.476 0.273–0.830 0.009

Bleb extent at 3 mon
Model 1 0.546 0.389–0.765 <0.001* 0.330 0.192–0.566 <0.001*

Model 2 0.560 0.396–0.791 0.001* 0.291 0.164–0.514 <0.001*

Model 3 0.542 0.385–0.765 <0.001* 0.265 0.150–0.469 <0.001*

Bleb height at 6 mon
Model 1 0.820 0.632–1.063 0.134 0.588 0.405–0.855 0.005*

Model 2 0.721 0.540–0.963 0.027* 0.511 0.339–0.770 0.001*

Model 3 0.697 0.517–0.939 0.018* 0.544 0.342–0.865 0.010*

Bleb extent at 6 mon
Model 1 0.902 0.683–1.190 0.464 0.439 0.276–0.700 0.001*

Model 2 0.923 0.697–1.222 0.574 0.362 0.215–0.607 <0.001*

Model 3 0.934 0.701–1.245 0.640 0.351 0.205–0.601 <0.001*

Model 1, unadjusted univariate analysis; Model 2, adjusted for only age and sex; Model 3, adjusted for age, sex, previous operation 
history, and diagnosis.
HR = hazard ratio; CI = confidence interval.
*Statistically significant. 

Table 4. Univariate and multivariate Cox HRs of filtering bleb size for complete success according to bleb size

Risk factor (n = 145)
Complete success

Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% CI) p-value

Filtering bleb height ≥2CCT (n = 91) 0.840 (0.587–1.203) 0.342 0.893 (0.591–1.348) 0.719
Filtering bleb extent ≥2Q (n = 54) 0.461 (0.345–0.704) <0.001* 0.461 (0.306–0.695) <0.001*

HR = hazard ratio; CI = confidence interval; CCT = central corneal thickness; Q = quadrant.
*Statistically significant. 
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cess at postoperative 6 months. Subset analyses were per-
formed according to the lens status (phakia or pseudopha-
kia) and whether the trabeculectomy was accompanied by 
phacoemulsification. There was a significant association 
between complete success and bleb extent at 1 and 3 

months after surgery in all subanalyses except for patients 
with pseudophakia (Supplementary Tables 1, 3, 4). In pa-
tients of pseudophakia, the larger bleb extent had lower 
HR only for complete success at 3 months postoperatively 
(HR, 0.446) (Supplementary Table 2).

Table 5. Univariate and multivariate Cox HRs of filtering bleb size for qualified success according to bleb size

Risk factor (n = 145)
Qualified success

Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% CI) p-value

Filtering bleb height ≥2CCT (n = 91) 1.111 (0.639–1.931) 0.451 1.291 (0.665–2.506) 0.451
Filtering bleb extent ≥2Q (n = 54) 0.541 (0.290–1.010) 0.020* 0.453 (0.232–0.884) 0.020*

HR = hazard ratio; CI = confidence interval; CCT = central corneal thickness; Q = quadrant.
*Statistically significant. 
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Fig. 2. Kaplan-Meier survival analysis of complete success rates of groups according to bleb size, i.e., eyes with bleb size <2 (red line) and 
eyes with bleb size ≥2 (blue line). (A) The height was evaluated at 0.5 intervals based on the central corneal thickness (CCT) ranging from 
0CCT to 4CCT. (B) The bleb extent was divided into quadrants (Qs) from 0Q to 4Q.
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Stepwise multivariate logistic regression was performed. 
Considering complete success, CACG patients tended to 
have better surgical outcomes compared to POAG patients 
(HR, 0.398). The extent of filtering bleb also had a negative 
relationship (complete sucess HR, 0.530; qualified sucess 
HR, 0.545), but previous glaucoma surgery increased the 
risk of surgical failure (complete sucess HR, 1.784; quali-
fied sucess HR, 2.791) in both complete and qualified suc-
cess. Male patients had a significantly low risk compared 
to female patients (HR, 0.461) in the category of qualified 
success (Supplementary Tables 5, 6).

Relationship between filtering bleb size and surgical 
success

In addition, we divided patients into two groups by bleb 
size, i.e., ≥2Q or ≥2CCT and <2Q or <2CCT. Considering 
bleb height, there was no significant difference in the HR 
of surgical failure between the ≥2CCT and <2CCT groups. 
However, for extent, the ≥2Q group had a significantly 
lower risk than the <2Q group in the category of qualified 
success after adjusting for other variables and in complete 
success with or without adjusting for other factors (Tables 
4, 5).

We calculated the results through Kaplan-Meier survival 
analysis (Fig. 2A, 2B). Significant difference was shown in 
adjusted HR for complete success and qualified success  
(p < 0.001 and p = 0.02, respectively), with a reduced risk 
of surgical failure for extent of the ≥2Q group (Fig. 2A, 
2B, 3A, 3B).

Discussion

In this study, we investigated the relationships between 
bleb parameters and surgical outcome after trabeculecto-
my over a long-term postoperative period averaging 30.8 ± 
10.9 months. A larger extent size of the filtering bleb at 1 
month after trabeculectomy was significantly associated 
with a good surgical prognosis. The present result is con-
sistent with previous study findings. Kawana et al. [20] re-
vealed good surgical outcomes in glaucoma eyes with large 
surgical blebs using anterior segment optical coherence to-
mography (OCT). Hamanaka et al. [21] evaluated bleb 
morphology with the Indiana Bleb Appearance Grading 
Scale (IBAGS) and OCT after limbal-based trabeculecto-

my and found that a wide extent of blebs ensured good 
IOP control. With this study, we add stronger evidence to 
the literature to confirm that early filtering bleb morpholo-
gy, especially at 1 month after surgery, is important to pre-
dict the long-term surgical outcome of trabeculectomy. 

In the present study, the bleb extent and height were 
evaluated only through slit-lamp examination like previous 
studies [24–26]. Measurement of bleb parameters through 
a slit-lamp is convenient and has the advantage of being 
cost-effective and time-effective as the patient does not re-
quire additional examinations. However, the internal struc-
ture of the bleb also can be observed with ultrasound bio-
microscopy and OCT imaging [22,27,28]. Long-term 
follow-up studies using these devices evaluating filtering 
blebs are needed in the future. 

The present study indicated that the extent of filtering 
bleb is significantly related to surgical outcome of trabe-
culectomy, but the explanations for this result remain un-
clear. After the aqueous humor passes through the internal 
ostium from the anterior chamber, it enters the transcon-
junctival space (transconjunctival filtration), lymphatic 
system, or episcleral venous plexus [29]. Therefore, main-
tenance of the bleb after filtration surgery is directly relat-
ed to outf low of aqueous humor, and it is important to 
maintain filtering bleb morphology without leading to a 
cicatricial process. Under this point of view, the boundary 
of the extent seems to reflect the practical area of the func-
tioning bleb and might be associated with surgical outcome 
[11,12].

The height of the filtering bleb was not significantly re-
lated to surgical prognosis in the present study. Singh et al. 
[22] reported results consistent with ours after analyzing 
the structure of successful blebs by comparing color pho-
tographs of blebs captured with anterior segment OCT, 
and they found that bleb height did not have an association 
with bleb cavities. High blebs could include both small and 
large internal cavities, which are heterogeneous in terms of 
wall thickness. On the other hand, Kawana et al. [20] de-
fined total bleb height as the maximum distance between 
the internal surface of the intrableb fluid-filled cavity and 
the bleb surface using OCT and determined the association 
with IOP through Spearman correlation. In their study, 
IOP showed a significant negative correlation with total 
bleb height. 

In the present study, factors other than bleb extent were 
related with a good surgical outcome. CACG as opposed to 
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POAG, no history of previous glaucoma surgery, and male 
sex were factors associated with good surgical outcome in 
univariate and multivariate analyses. Some of these results 
are consistent with previous study findings. Law et al. [6] 
and Cankaya and Elgin [7] reported better surgical out-
comes of initial trabeculectomy compared to repeat trabe-
culectomy. This might be because intraocular surgery dis-
rupts the blood-aqueous barrier, which in turn alters 
components such as growth factors of aqueous humor, re-
sulting in changes in the wound-healing process. As a re-
sult, the conjunctiva of patients with a history of such sur-
geries contains larger numbers of f ibroblasts and 
inf lammatory cells [30]. In a previous study, CACG pa-
tients had lower risk than POAG patients in terms of both 
complete (HR, 0.6; 95% confidence interval, 0.20–2.70) 
and qualified success (HR, 0.3; 95% confidence interval, 
0.02–7.70), but the differences were not statistically signifi-
cant

It is important to predict surgical outcome with bleb 
morphology in the early postoperative period. After trabe-
culectomy, early interventions, such as needling and laser 
suture lysis, might be required due to wound-healing and 
the cicatricial process of the filtering bleb, which could im-
pede outflow of aqueous humor. Since it is difficult to pre-
dict the long-term surgical prognosis, it is necessary to 
evaluate clinical factors that might be associated with the 
surgical outcome. Therefore, these findings might contrib-
ute to determining more appropriate interventions in the 
early postoperative period and could predict successful 
trabeculectomy over a long-term follow-up period.

This study has several limitations. First, it was limited 
by its retrospective study design. Second, there is a possi-
bility that the internal structure of the bleb was not proper-
ly evaluated because measurements of bleb size were per-
formed during slit-lamp examinations. The extent of the 
filtering bleb was categorized as 0Q to 4Q, according to 
the quadrant of surgeons’ medical chart drawing, and the 
height was denoted based on the CCT range from 0CCT to 
4CCT. This decision was based arbitrarily by modifications 
of IBAGS and Moorfields Bleb Grading System (MBGS). 
However, the grading was performed by a single experi-
enced surgeon with a consistent method to minimize bias 
induced by different measurers. Additionally, as only the 
height and extent of the bleb morphology were measured 
in this study, and a long-term study including other fac-
tors, such as vascularity, bleb wall thickness, and other in-

ternal structures of the filtering bleb, is necessary.
In conclusion, it seems that there is an association be-

tween various factors including filtering bleb extent and 
surgical outcomes over long-term follow-up. 
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Supplementary Table 1. Univariate and multivariate Cox regression analyses of success in patients with phakia

Variable
Complete success (20%) Qualified success (20%)

HR 95% CI p-value HR 95% CI p-value
Bleb height at 1 mon

Model 1 0.843 0.634–1.121 0.239 0.935 0.601–1.455 0.767
Model 2 0.772 0.565–1.055 0.104 0.996 0.613–1.617 0.987
Model 3 0.799 0.585–1.090 0.157 0.982 0.598–1.614 0.944

Bleb extent at 1 mon
Model 1 0.533 0.369–0.771 0.001* 0.545 0.288–1.033 0.063
Model 2 0.539 0.371–0.784 0.001* 0.543 0.283–1.041 0.066
Model 3 0.545 0.378–0.788 0.001* 0.456 0.227–0.914 0.027*

Bleb height at 3 mon
Model 1 1.012 0.737–1.392 0.939 0.523 0.305–0.897 0.019*

Model 2 0.899 0.636–1.271 0.546 0.389 0.208–0.728 0.003*

Model 3 0.860 0.592–1.248 0.426 0.352 0.181–0.686 0.002*

Bleb extent at 3 mon
Model 1 0.522 0.351–0.776 0.001* 0.273 0.140–0.531 <0.001*

Model 2 0.544 0.362–0.818 0.003* 0.255 0.132–0.496 <0.001*

Model 3 0.525 0.352–0.783 0.002* 0.215 0.107–0.433 <0.001*

Bleb height at 6 mon
Model 1 0.909 0.671–1.232 0.540 0.575 0.364–0.909 0.018*

Model 2 0.760 0.536–1.078 0.124 0.443 0.253–0.776 0.004*

Model 3 0.720 0.510–1.017 0.062 0.444 0.252–0.783 0.005*

Bleb extent at 6 mon
Model 1 0.983 0.714–1.353 0.918 0.386 0.217–0.685 0.001*

Model 2 1.012 0.731–1.401 0.941 0.345 0.188–0.636 0.001*

Model 3 0.999 0.717–1.391 0.995 0.344 0.182–0.649 0.001*

Model 1, unadjusted univariate analysis; Model 2, adjusted for only age and sex; Model 3, adjusted for age, sex, previous operation 
history, and diagnosis.
HR = hazard ratio; CI = confidence interval.
*Statistically significant. 
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Supplementary Table 2. Univariate and multivariate Cox regression analyses of success in patients with pseudophakia (n = 36)

Variable
Complete success (20%) Qualified success (20%)

HR 95% CI p-value HR 95% CI p-value
Bleb height at 1 mon

Model 1 1.024 0.545–1.926 0.941 0.765 0.291–2.007 0.586
Model 2 1.071 0.544–2.108 0.842 0.832 0.302–2.291 0.722
Model 3 1.211 0.561–2.616 0.626 0.712 0.174–2.915 0.637

Bleb extent at 1 mon
Model 1 0.582 0.290–1.168 0.128 0.692 0.227–2.094 0.515
Model 2 0.533 0.241–1.181 0.121 0.713 0.201–2.533 0.601
Model 3 0.554 0.278–1.102 0.092 0.855 0.239–3.054 0.809

Bleb height at 3 mon
Model 1 0.747 0.366–1.522 0.422 0.757 0.286–2.002 0.574
Model 2 0.713 0.309–1.646 0.428 0.639 0.190–2.152 0.470
Model 3 0.916 0.365–2.302 0.852 0.804 0.221–2.921 0.740

Bleb extent at 3 mon
Model 1 0.631 0.320–1.244 0.183 0.443 0.153–1.286 0.134
Model 2 0.558 0.268–1.159 0.118 0.372 0.103–1.343 0.131
Model 3 0.446 0.233–0.852 0.015* 0.470 0.135–1.642 0.237

Bleb height at 6 mon
Model 1 0.657 0.380–1.136 0.133 0.527 0.249–1.118 0.095
Model 2 0.588 0.320–1.081 0.088 0.404 0.164–0.999 0.049*

Model 3 0.906 0.403–2.035 0.811 0.975 0.243–3.914 0.971
Bleb extent at 6 mon

Model 1 0.627 0.348–1.133 0.122 0.543 0.212–1.390 0.203
Model 2 0.625 0.342–1.142 0.126 0.438 0.154–1.247 0.122
Model 3 0.590 0.308–1.130 0.112 0.388 0.106–1.421 0.153

Model 1, unadjusted univariate analysis; Model 2, adjusted for only age and sex; Model 3, adjusted for age, sex, previous operation 
history, and diagnosis.
HR = hazard ratio; CI = confidence interval.
*Statistically significant. 
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Supplementary Table 3. Univariate and multivariate Cox regression analyses of success in patients with only trabeculectomy (n = 115)

Variable
Complete success (20%) Qualified success (20%)

HR 95% CI p-value HR 95% CI p-value
Bleb height at 1 mon

Model 1 1.057 0.769–1.452 0.733 0.957 0.597–1.534 0.857
Model 2 1.026 0.730–1.442 0.884 1.092 0.656–1.817 0.736
Model 3 1.100 0.775–1.561 0.595 1.145 0.660–1.987 0.630

Bleb extent at 1 mon
Model 1 0.619 0.441–0.869 0.006* 0.677 0.386–1.189 0.175
Model 2 0.623 0.438–0.887 0.009* 0.736 0.417–1.300 0.292
Model 3 0.607 0.431–0.854 0.004* 0.695 0.390–1.237 0.216

Bleb height at 3 mon
Model 1 1.000 0.727–1.377 0.998 0.559 0.326–0.957 0.034*

Model 2 0.941 0.669–1.324 0.729 0.434 0.239–0.786 0.006*

Model 3 0.893 0.611–1.305 0.559 0.435 0.229–0.824 0.011*

Bleb extent at 3 mon
Model 1 0.648 0.450–0.933 0.020* 0.395 0.222–0.702 0.002*

Model 2 0.672 0.463–0.976 0.037* 0.322 0.175–0.595 <0.001*

Model 3 0.658 0.455–0.952 0.026* 0.297 0.159–0.556 <0.001*

Bleb height at 6 mon
Model 1 0.918 0.686–1.228 0.563 0.635 0.423–0.954 0.029*

Model 2 0.849 0.616–1.171 0.319 0.556 0.358–0.863 0.009*

Model 3 0.836 0.597–1.171 0.297 0.671 0.405–1.111 0.121
Bleb extent at 6 mon

Model 1 1.007 0.746–1.359 0.962 0.499 0.299–0.832 0.008*

Model 2 1.019 0.752–1.380 0.903 0.361 0.199–0.652 0.001*

Model 3 1.089 0.795–1.492 0.595 0.354 0.189–0.663 0.001*

Model 1, unadjusted univariate analysis; Model 2, adjusted for only age and sex; Model 3, adjusted for age, sex, previous operation 
history, and diagnosis.
HR = hazard ratio; CI = confidence interval.
*Statistically significant. 
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Supplementary Table 4. Univariate and multivariate Cox regression analyses of success in patients of trabeculectomy with 
phacoemulsification (n = 30)

Variable
Complete success (20%) Qualified success (20%)

HR 95% CI p-value HR 95% CI p-value
Bleb height at 1 mon

Model 1 0.533 0.301–0.944 0.031* 0.712 0.287–1.766 0.464
Model 2 0.517 0.291–0.918 0.024* 0.759 0.296–1.946 0.566
Model 3 0.517 0.257–1.040 0.064 0.777 0.274–2.203 0.635

Bleb extent at 1 mon
Model 1 0.268 0.109–0.658 0.004* 0.170 0.022–1.301 0.088
Model 2 0.274 0.107–0.700 0.007* 0.164 0.020–1.315 0.089
Model 3 0.238 0.079–0.713 0.010* 0.115 0.011–1.153 0.066

Bleb height at 3 mon
Model 1 0.639 0.318–1.285 0.209 0.471 0.156–1.423 0.182
Model 2 0.396 0.168–0.933 0.034* 0.466 0.119–1.823 0.273
Model 3 0.417 0.158–1.095 0.076 0.418 0.091–1.916 0.262

Bleb extent at 3 mon
Model 1 0.235 0.098–0.566 0.001* 0.088 0.011–0.691 0.021*

Model 2 0.125 0.041–0.378 <0.001* 0.071 0.008–0.620 0.017*

Model 3 0.097 0.028–0.340 <0.001* 0.005 0.004–0.481 0.010*

Bleb height at 6 mon
Model 1 0.441 0.228–0.854 0.015* 0.269 0.082–0.882 0.030*

Model 2 0.253 0.110–0.583 0.001* 0.185 0.040–0.862 0.032*

Model 3 0.209 0.084–0.516 <0.001* 0.103 0.016–0.672 0.018*

Bleb extent at 6 mon
Model 1 0.494 0.231–1.058 0.070* 0.203 0.053–0.771 0.019*

Model 2 0.348 0.134–0.902 0.030* 0.127 0.022–0.725 0.020*

Model 3 0.477 0.174–1.306 0.150 0.171 0.030–0.994 0.049*

Model 1, unadjusted univariate analysis; Model 2, adjusted for only age and sex; Model 3, adjusted for age, sex, previous operation 
history, and diagnosis.
HR = hazard ratio; CI = confidence interval.
*Statistically significant. 
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