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• PURPOSE: Compare surgical success, risk factors, and 

postoperative course of the SIBS microshunt, gelatin 

45 μm microstent, and trabeculectomy with mitomycin 

C (MMC) as a primary surgical intervention in patients 
with glaucoma. We present a multicenter,12-month, ret- 
rospective, nonrandomized, interventional case series. 
• DESIGN: Multicenter,12-month, retrospective, nonran- 
domized, interventional case series. 
• METHODS: Consecutive patients with glaucoma on 

maximally tolerated medical therapy received either pri- 
mary SIBS microshunt, gelatin 45 µm microstent, or tra- 
beculectomy with MMC as a stand-alone procedure at one 
of six participating centers (Canada, Italy, the Nether- 
lands, Belgium, Singapore, Dominican Republic) from 

August 2015 to August 2020. Main outcome measures 
were proportion of eyes at 12-months with (1) no two 

consecutive intraocular pressures (IOPs) > 17 mm Hg or 
clinical hypotony (IOP < 6 mm Hg with a loss of > 2 lines 
of vision), without (complete) or with (qualified) glau- 
coma medications; and (2) ≥20% reduction from baseline 
IOP. Secondary outcomes included IOP thresholds of 14 

and 21 mm Hg, median IOP, medications, risk factors, 
postoperative interventions, complications, and reopera- 
tions. 
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• RESULTS: Records from 577 eyes from 521 patients 
with SIBS microshunt ( n = 235), gelatin 45 μm mi- 
crostent ( n = 201), or trabeculectomy ( n = 141) were 
included. Baseline decision IOP was lower in the SIBS 

group, and baseline number of glaucoma medications was 
also lower in the SIBS and trabeculectomy groups. Af- 
ter 12-month follow-up, complete success occurred in 

68.8% of patients with SIBS microshunt, 46.2% with 

gelatin 45 μm microstent, and 58.0% with trabeculec- 
tomy ( P = .0002). Qualified success occurred in 89.7%, 
70.1%, and 83.6% of eyes, respectively ( P = .0002). 
In the multivariate analysis, eyes receiving a gelatin 

45 μm microstent relative to SIBS microshunt (haz- 
ard ratio [HR] 2.0; 95% confidence interval [CI] 1.5- 
2.7), trabeculectomy relative to SIBS microshunt (HR 

1.6; 95% CI 1.2-2.2), or intraoperative MMC dose less 
than 0.4 mg/mL (HR 1.5; 95% CI 1.1-2.0) was signifi- 
cantly associated with failure. Complications occurred in 

33.6%, 42.8% and 56% of eyes ( P = .0001); needling 
in 12.3%, 29.9% and 22% ( P < .0001); revisions in 

10.6%, 8.5% and 8.5% ( P = .68); and reoperations 
in 5.5%, 13.9% and 7.8% ( P < .001) with SIBS mi- 
croshunt, gelatin 45 μm microstent, or trabeculectomy, 
respectively. 
• CONCLUSIONS: Overall, patients with the SIBS mi- 
croshunt achieved higher success rates compared to both 

trabeculectomy and the gelatin 45 μm microstent group, 
with fewer postoperative complications, interventions, 
and reoperations for glaucoma. (Am J Ophthalmol 
2025;277: 169–183. © 2025 Elsevier Inc. All rights are 
reserved, including those for text and data mining, AI 
training, and similar technologies.) 
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by 2040, with residents of Africa and Asia disproportional-
ity affected. 1 , 2 Glaucoma continues to be the leading cause
of irreversible blindness globally, blinding an estimated 11.2
million people worldwide and accounting for 8% of global
blindness. 1 , 3 The cornerstone of glaucoma treatment re-
mains the lowering intraocular pressure (IOP)—slowing
disease progression and limiting further visual field losses. 4 

First line therapy consists of either topical eye drops or laser
trabeculoplasty, with both interventions showcasing similar
efficacy profiles. 5 When these initial therapies fail, a sur-
gical glaucoma procedure is often undertaken. Glaucoma
filtering surgeries, such as trabeculectomy or traditional
tube shunt, achieve sustained IOP reduction and are cost-
effective but have significant sight-threatening short and
long-term side effects, such as hypotony and blebitis. 6 How-
ever, novel microinvasive glaucoma surgical techniques and
devices have promised to alleviate many of these added risks
with improved safety profiles. 7 , 8 

While several choices exist for angle-based trabecular by-
pass microinvasive glaucoma surgical, clinical data and ex-
pert opinion suggest a lesser IOP lowering capacity rela-
tive to subconjunctival bleb-forming surgeries. 9 , 10 One of
the more challenging aspects of trabeculectomy is achiev-
ing the appropriate outflow resistance through creation of
the scleral flap. The variability of the technique in this pro-
cedure may lead to more inconsistent outcomes, thereby
reducing its predictability. Recently, in response to this
challenge, two flow regulated implants (microinvasive bleb
surgeries [MIBS]) have emerged that are designed to con-
nect the anterior chamber into the subtenon’s space. 11 

The XEN45 gel stent (gelatin 45 μm microstent; Aller-
gan) is composed of crosslinked gelatin and possesses a sim-
ple tubular design. 12 The Preserflo MicroShunt (SIBS mi-
croshunt; Santen) is composed of bioinert poly(styrene-
block-isobutylene-block-styrene) (SIBS) material and has
two radial fins designed to help seat the device within the
scleral tract—mitigating peri–tubular flow and device mi-
gration. 13 

A limited number of studies have reported on the effi-
cacy of trabeculectomy compared to either the SIBS mi-
croshunt or gelatin 45 μm microstent. A single-center, ret-
rospective study by Theilig et al 14 comparing trabeculec-
tomy ( n = 100) and gelatin 45 μm microstent ( n = 100)
showcased no difference in IOP lowering and topical med-
ications between both procedures, with a higher rate of
postoperative complications in the trabeculectomy group.
Schlenker et al 15 also showed no difference in surgical suc-
cess between gelatin 45 μm microstent ( n = 281) and
trabeculectomy ( n = 228), and similar rates of postopera-
tive complications. Another retrospective study by Wag-
ner et al 16 assessed the efficacy of trabeculectomy, gelatin
45 μm microstent, and SIBS microshunt, albeit with 35
eyes in each group. There was no notable difference in sur-
gical success after 6 months between each procedure. Simi-
larly, other smaller, retrospective studies also demonstrated
no statistically significant difference in IOP lowering post-
170 AMERICAN JOURNAL OF OPHTH
peratively between either the gelatin 45 µm microstent
s SIBS microshunts or SIBS microshunt vs trabeculec-
omy. 17 , 18 In contrast, a larger, multicenter, randomized
ontrolled trial (RCT) investigated the efficacy of SIBS mi-
roshunt ( n = 132) and trabeculectomy ( n = 395) and re-
orted a higher rate of surgical success in the trabeculec-
omy group albeit with higher rates of postoperative inter-
entions and transient hypotony. 19 , 20 These results, how-
ver, must be interpreted in the context of the low dose of
itomycin C (MMC) (0.2 mg/mL) used, as well as the sig-

ificantly greater proportion of African American patients
over two times) in the microshunt group, representing a
otential failure of randomization, and the greater likeli-
ood of these patients to experience surgical failure. 21 An-
ther RCT comparing gelatin 45 µm microstent ( n = 95) vs
rabeculectomy ( n = 44) showed no statistically significant
ifference in surgical success, but lower mean IOP, numeri-
ally lower failure rate and less need for glaucoma medica-
ions in the trabeculectomy group. 22 

To the best of our knowledge, there are no large, multi-
enter studies reporting concurrently the efficacy of gelatin
5 μm microstent, SIBS microshunt, and trabeculectomy
n glaucomatous eyes on maximally tolerated medical ther-
py. This study aims to summarize rates of surgical success,
isk factors for failure, and adverse events observed in pa-
ients with glaucoma who received either the gelatin 45 μm
icrostent, SIBS microshunt, or standard trabeculectomy
ith MMC as a stand-alone procedure in a multicenter, ret-

ospective study over a 12-month follow-up period. 

METHODS 

his study reports 1-year outcomes from an investigator-
nitiated, multicenter, retrospective interventional case se-
ies of consecutive patients receiving trabeculectomy or

IBS with a SIBS microshunt or with a gelatin 45 μm
icrostent and MMC between August 2015 and August

020. Surgeries were performed by an international group of
cademic ophthalmology centers located in Canada, Italy,
he Netherlands, Belgium, Singapore, Dominican Repub-
ic. This study adhered to the tenets of the Declaration of
elsinki, and institutional review board approval was ob-

ained from Trillium Health Partners. All patients provided
nformed consent for surgery. Baseline preoperative char-
cteristics collected include demographics (age, eye, sex,
thnicity, diabetes status) and ocular characteristics (best-
orrected visual acuity [BCVA]; IOP at which the decision
or surgery was made [decision IOP]; glaucoma medications;
laucoma diagnosis; cup-to-disc ratio; visual field mean de-
iation; and history of previous cataract surgery, other ocu-
ar surgery, or laser trabeculoplasty). 

INCLUSION AND EXCLUSION CRITERIA: Data on con-
ecutive eyes were collected. The microshunts were im-
ALMOLOGY SEPTEMBER 2025



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

l  

c  

s

•  

p  

r  

p  

l  

p  

a  

r  

n  

a

•  

o  

G  

w  

C  

c  

t  

v  

i  

t  

a  

t  

s  

w  

r  

K  

p  

e
 

f  

t  

e  

B  

M  

(  

c  

t
M  

C  

a  

e  

c  

s  

d  

u  

w  

l  

v  

t  

o  

f  
planted, or trabeculectomy performed in glaucomatous eyes
with an IOP above target and/or progressing on maximally
tolerated medical therapy. Eyes with prior incisional glau-
coma surgical intervention were excluded from the analysis,
and procedures combined with phacoemulsification were
excluded. Eyes were also excluded if they had less than 1
month of follow-up or if they received MMC doses greater
than 0.4 mg/mL. 

• SURGICAL PROCEDURES: The procedure for SIBS Mi-
croShunt implantation has been previously described in
detail. 23 An open conjunctival ab-externo approach was
used. The procedure for the gelatin 45 μm microstent was
previously described in detail. 24 A closed conjunctival ab-
interno approach was used. Trabeculectomy was accom-
plished using a fornix-based conjunctival flap with partial
thickness scleral flap as has been described previously. 15 

All filtering surgeries were performed with intraoperative
MMC. The dose used was according to the surgeon’s deci-
sion. 

• POSTOPERATIVE MANAGEMENT: After the procedure,
patients were instructed to stop all glaucoma medications
and start steroid drops every 2 hours for the first week, fol-
lowed by a slow taper over 8 to 10 weeks. Topical mox-
ifloxacin drops were used for a week, and a nonsteroidal
anti-inflammatory drop for 1 month. Patients were seen
at postoperative day 1, postoperative day 3/4, and then as
needed at the surgeon’s discretion. Reintroduction of glau-
coma medications, needling, digital ocular compression,
AC reformation, surgical revisions, and reoperations were
performed as per surgeon discretion. 

• PRIMARY OUTCOME: The primary outcome was the pro-
portion of eyes at 1 year achieving surgical success. Com-
plete success was defined as: (1) no two consecutive IOP
readings greater than 17 mm Hg, nor clinical hypotony
(IOP less than 6 mm Hg and more than 2 lines of vision loss
from sequalae of hypotony), (2) at least a 20% reduction
from decision IOP (at the time surgical treatment was de-
cided to be pursued), and (3) no glaucoma medication use.
Qualified success allowed for medication use. Surgical re-
visions, reoperation, or loss of light perception vision were
considered immediate failures. Out-of-range IOP or medi-
cation use in the first month was not considered a failure,
nor were in-clinic interventions, including needlings. 

• SECONDARY OUTCOMES: Secondary efficacy outcome
measures had modified upper IOP thresholds of 14 and
21 mm Hg for complete and qualified success criteria with
a 20% IOP reduction from baseline. Also reported are me-
dian IOP and medication burden, time to first medication
use, and BCVA in logarithm of the minimum angle of res-
olution (logMAR) units at last follow-up or at reoperation.
In additional secondary analyses, we explored risk factors
for failure, including sex, age, ethnicity, right vs left eye,
VOL. 277 MICROSHUNT VS. GELATIN 45UM M
ens status, previous trabeculoplasty, glaucoma type, glau-
oma severity, decision IOP, preoperative vision, diabetes
tatus, and MMC dose. 

SAFETY OUTCOMES: Postoperative interventions, com-
lications (including leak or dehiscence, hyphema, vit-
eous hemorrhage, choroidal detachments, macular folds,
rolonged inflammation, corneal decompensation, macu-
ar edema, diplopia, iris incarceration, or blocked or ex-
osed microshunt), more serious complications (including
ngle closure, retinal detachment, suprachoroidal hemor-
hage, malignant glaucoma, blebitis, endophthalmitis, or
o light perception vision), and reoperations were recorded
nd similarly analyzed for risk factors. 

STATISTICAL ANALYSIS: All statistical analyses were run
n SAS university edition software (SAS Institute Inc).
raphs were drawn with either SAS university edition soft-
are or Prism 9 (Version 9.1.2, GraphPad Software, LLC).
ategorical variables were displayed as proportions, and

omparisons were made using a Fisher’s exact test. Con-
inuous outcomes were described as means (standard de-
iation) or medians (interquartile range [IQR]), depend-
ng on normality, and then compared with either 2-sided
-tests or Wilcoxon tests as appropriate. All Snellen visual
cuity measurements were converted to logMAR. Overall
reatment success was calculated using survival analysis to
tatistically account for loss to follow-up and demonstrated
ith Kaplan–Meier curves. The results were stratified by the

isk factors for failure listed below and again visualized using
aplan–Meier curves for the various IOP cut-offs for com-
lete and qualified success, with the log-rank test used to
valuate differences between strata. 

Cox proportional hazard models were used to identify risk
actors for surgical failure and other adverse events. Fac-
ors analyzed included type of glaucoma surgery, age, sex,
ye, phakic status, previous laser trabeculoplasty, baseline
CVA, disease severity, ethnicity, elevated decision IOP,
MC dose, and diabetes diagnosis on both a univariable

crude) and multivariable (adjusted) basis. For type of glau-
oma surgery and other included variables, effect modifica-
ion was investigated by inspecting the appropriate Kaplan–

eier curves. In cases of significant effect modification, a
ox model was created stratified by the modifying vari-

ble. The Efron method was used to approximate data with
quivalent failure intervals. There was assumed to be no
ompeting risk factors that could have impacted data cen-
oring. Collinearity was assessed by regression using a Con-
ition Index threshold of > 30. Martingale residuals were
sed to determine if the proportional hazards prerequisites
ere met for each variable. If this assumption was vio-

ated, it was addressed through either: (1) adding a time-
ariable interaction term, or (2) stratifying the model by
he nonproportional variable. If the regression coefficient
f the time-variable interaction term indicates it accounts
or less than 1% of the change in hazard over time, the
ICROSTENT VS. TRABECULECTOMY 171
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time-variable interaction term was excluded from the final
model. As some patients had both eyes enrolled or came
from different surgical sites, we accounted for this intra-
cluster dependence using a frailty model with an approach
popularized by Lee et al, 25 which estimates the regression
parameters in the Cox model by maximum partial likeli-
hood estimates under an independent working assumption
and employs a robust sandwich covariance matrix estimate.
In short, the random effects models had a nested structure
by surgical site and then patient eye. Secondary categorical
or continuous outcomes were analyzed with a general lin-
ear model on both a univariable and multivariable basis. A
2-sided P value of < .05 was considered statistically signifi-
cant. 

RESULTS 

• STUDY POPULATION AND BASELINE CHARACTERIS-

TICS: This study identified 691 eyes from 623 patients who
underwent bleb-forming surgery between August 2015 and
August 2020. Eyes ( n = 114) that had less than 1-month of
follow-up were excluded from the analysis. The final cohort
included 577 eyes from 521 patients with a 91% follow-up
rate over 1 year. The follow-up rate was 92.8% for SIBS
microshunt eyes, 94.5% for gelatin 45 μm microstent eyes,
and 83% for patients with trabeculectomy. Table 1 summa-
rizes the baseline characteristics of the included patients,
consisting of SIBS microshunt eyes ( n = 235), gelatin
45 μm microstent eyes ( n = 201), and trabeculectomy
eyes ( n = 141). The median (IQR) follow-up time was 14
(12.7-17.2) months for the entire cohort, 14.0 (12.9-17.1)
months for SIBS microshunt eyes, 14.4 (12.6-18.5) months
for gelatin 45 μm microstent eyes, and 13.8 (12.8-16.1)
months for trabeculectomy eyes. 

Patients who received SIBS microshunt had significantly
lower baseline IOP and received lower dose of MMC than
the gel stent or trabeculectomy patients. Patients who re-
ceived the gelatin 45 μm microstent were more likely to be
Caucasian and to take more glaucoma medications at base-
line compared to the remainder of the cohort. 

• PRIMARY OUTCOME: Complete surgical success at 1-year
( Figure 1 , B) defined as no IOP above 17 mm Hg or be-
low 6 mm Hg (also with clinical hypotony) on 2 consec-
utive visits and a 20% reduction from the decision IOP
was significantly higher ( P = .0002) in SIBS microshunt
eyes (68.8%) compared to gelatin 45 μm microstent eyes
(46.2%) and trabeculectomy eyes (58.0%). Using the same
success criteria and allowing for postoperative glaucoma
medication use (qualified success, Figure 1 , E), success rates
of gelatin 45 μm microstent eyes (70.1%) were signifi-
cantly lower ( P = .0002) than that of SIBS microshunt eyes
(89.7%) and trabeculectomy eyes (83.6%). Median (IQR)
with 95% confidence interval (CI) time to failure (for com-
172 AMERICAN JOURNAL OF OPHTH
lete success) was significantly longer ( P < .001) for SIBS
icroshunt eyes compared to gelatin 45 μm microstent

nd trabeculectomy eyes (5.5 [4.2-8.2] months [ n = 68] vs
.8 [1.4-6.9] months [ n = 107] and 2.8 [1.4-4.9] months
 n = 57], respectively). No failures occurred due to clini-
al hypotony in any group. 

SECONDARY IOP OUTCOMES: Using an upper IOP cut-
ff of 14 mm Hg, complete success ( Figure 1 , A) was sig-
ificantly higher ( P < .0001) in SIBS microshunt eyes
65.3%) compared to gelatin 45 μm microstent eyes
40.1%) and trabeculectomy eyes (52.1%); and qualified
uccess ( Figure 1 , D) was significantly lower ( P = .0002)
n gelatin 45 μm microstent eyes (67.3%) compared to
IBS microshunt eyes (87.9%) and trabeculectomy eyes
81.1%). With an upper cut-off of 21 mm Hg, complete suc-
ess ( Figure 1 , C) was significantly higher ( P < .0001) in
IBS microshunt eyes (69.3%) compared to gelatin 45 μm
icrostent (47.6%) and trabeculectomy eyes (60.3%);

nd qualified success ( Figure 1 , F) was significantly lower
 P < .0001) in gelatin 45 μm microstent eyes (71.7%) com-
ared to SIBS microshunt eyes (91.1%) and trabeculectomy
yes (86.8%). Complete and qualified success rates for all
OP cut-offs are summarized in Table 2 . 

CHARACTERISTICS ASSOCIATED WITH SURGICAL FAIL-

RE: For the Cox regression analysis identifying risk factors
or failure ( Figure 2 ), we used the 6 to 14 mm Hg IOP cut-
ff with ≥20% IOPR—as it was the strictest of the criteria
nd provided highest statistical power. In the adjusted mul-
ivariable analysis, procedures involving gelatin 45 μm mi-
rostent implantation (hazard ratio [HR] 2.0; 95% CI 1.5-
.7), trabeculectomy (HR 1.6; 95% CI 1.2-2.2), or less than
.4 mg/mL intraoperative MMC concentration (HR 1.5;
5% CI 1.1-2.0) had a significantly higher risk of failure.
mong these significant variables, intraoperative MMC

oncentration was impacted by substantial effect modifica-
ion between surgery types. When stratified by surgery type,
he HR for receiving less than 0.4 mg/mL intraoperative

MC was significant for SIBS microshunt eyes (HR 2.0;
5% CI 1.3-3.1) and nonsignificant for gelatin 45 μm mi-
rostent (HR 1.5; 95% CI 0.9-2.4) and trabeculectomy (HR
.7; 95% CI 0.3-1.5) eyes. Previous trabeculoplasty, base-
ine BCVA > 0.4 logMAR, baseline IOP ≥ 21 mm Hg,
ge < 70, diabetes, advanced disease, pseudophakia, gender,
laucoma type, and ethnicity all had insufficient evidence
o support prognostic utility. No variables were impacted by
ollinearity. 

IOP, MEDICATION USE, AND BCVA: Figure 3 illustrates
ignificant differences in median (IQR) IOP and medi-
ation at different follow-up points. Eyes receiving the
elatin 45 μm microstent had significantly higher median
OP at the 3-, 6- and 12-month follow-up compared to
IBS microshunt eyes ( P < .001) and trabeculectomy eyes
 P < .01). At 1-year, the median IOP was 12 (10-15) mm
ALMOLOGY SEPTEMBER 2025



TABLE 1. Baseline Characteristics 

Demographic SIBS, N = 209 (Eyes, 

n = 235) 

Gelatin Microstent, 

N = 187 (Eyes, 

n = 201) 

Trab, N = 125 (Eyes, 

n = 141) 

P Value 

Age, median (IQR), y 63 (54-73) 67 (56-77) 66 (58-74) .01 

> 70 y, n (%) 67 (28.5%) 78 (38.8%) 56 (39.7%) .03 

Left eye, n (%) 117 (49.8%) 102 (50.8%) 76 (53.9%) .74 

Female, n (%) 93 (39.6%) 88 (43.8%) 68 (48.2%) .25 

Diabetes, n (%) 32 (13.6%) 44 (21.9%) 29 (20.6%) .06 

Ethnicity, n (%) 

White 136 (57.9%) 138 (68.7%) 77 (54.6%) .02 

Non-white 99 (42.1%) 63 (31.3%) 64 (45.4%) 

Vision 
Preop VA (logMAR), median (IQR) 0.18 (0.1-0.3) 0.18 (0.1-0.4) 0.18 (0.1-0.4) .23 

Preop BCVA ≥0.4 logMAR, n (%) 201 (85.5%) 159 (79.1%) 110 (78%) .11 

Glaucoma type and severity 
Decision IOP, median (IQR) a 20 (16.5-25) 22 (18-26) 22 (17-29) .01 

Medication classes, median (IQR) 3 (3-4) 4 (3-4) 3 (3-4) .01 

Cup-to-disk ratio, median (IQR) 0.85 (0.75-0.9) 0.85 (0.75-0.9) 0.9 (0.8-0.9) .41 

Preop MD, median (IQR), dB −12.2 

(−20.8 to −5.3) 

−12.4 

(−20.7 to −5.3) 

−13.4 

(−20.9 to −6.9) 

.55 

Disease type 

POAG, n (%) 164 (69.8%) 135 (67.2%) 87 (61.7%) .27 

PXG, n (%) 11 (4.7%) 24 (11.9%) 16 (11.3%) .01 

Other OAG, n (%) 45 (19.1%) 33 (16.4%) 27 (19.1%) .60 

ACG, n (%) 1 (0.4%) 4 (2%) 2 (1.4%) .32 

NTG, n (%) 12 (5.1%) 3 (1.5%) 9 (6.4%) .05 

OHT, n (%) 2 (0.9%) 2 (1%) 0 .51 

Disease severity, n (%) b 

Mild 48 (20.4%) 48 (23.9%) 24 (17%) .30 

Moderate 54 (23%) 41 (20.4%) 37 (26.2%) .45 

Advanced 133 (56.6%) 112 (55.7%) 80 (56.7%) .98 

Previous ocular laser/surgery, n (%) 
Trabeculotomy/microbypass, n (%) 19 (8.1%) 22 (10.9%) 9 (6.4%) .31 

Laser trabeculoplasty, n (%) 100 (42.6%) 102 (50.8%) 57 (40.4%) .11 

Previous cataract surgery, n (%) 109 (46.4%) 101 (50.3%) 62 (43.9%) .49 

MMC concentration, n (%) 
0.2 mg/mL 100 (42.6%) 45 (22.4%) 33 (23.4%) .01 

0.4 mg/mL 135 (57.5%) 156 (77.6%) 108 (76.6%) .01 

ACG = angle closure glaucoma; BCVA = best-corrected visual acuity; IOP = intraocular pressure; IQR = interquartile range; logMAR = log- 

arithm of the minimum angle of resolution; MD = mean deviation; MMC = mitomycin C; NTG = normal tension glaucoma; OAG = open-angle 

glaucoma; OHT = ocular hypertension; POAG = primary open-angle glaucoma; PXG = pseudoexfoliation glaucoma; SIBS = poly(styrene- 

block-isobutylene-block-styrene; Trab = trabeculectomy; VA = visual acuity. 
a IOP measured at the visit when the decision was made to proceed with surgery. 
b Based on visual field mean deviation: mild = 0 dB to >−6 dB; moderate = −6 dB to >−12 dB; and advanced = −12 dB or worse. 
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Hg and the median medication use was 0 (0-1) for SIBS
microshunt eyes; 14 (11-17) mm Hg and 0 (0-2) for gelatin
45 μm microstent procedures; and 13 (10-16) mm Hg and
0 (0-1) for trabeculectomy eyes, respectively ( Figure 3 ).
There was no significant difference between groups in me-
dian medication use at the 12-month follow-up point. 

An individualized representation of patient IOP changes
from the decision for surgical intervention to the first re-
ported visit 1-year postoperatively is shown in Figure 4 . At
VOL. 277 MICROSHUNT VS. GELATIN 45UM M
 year, a significantly greater proportion of SIBS microshunt
yes ( n = 169, 72%) and trabeculectomy eyes ( n = 93,
4%) were glaucoma medication free compared to gelatin
5 μm microstent eyes ( n = 104, 50%). Of the SIBS mi-
roshunt eyes that achieved qualified success, at 1-year, 63
27%) were on fewer medications than at the time the de-
ision was made for surgery—19 (8%) were on the same,
nd 6 (3%) were on more. Of the gelatin 45 μm micros-
ent eyes that achieved qualified success, 64 (31%) were on
ICROSTENT VS. TRABECULECTOMY 173



FIGURE 1. Kaplan–Meier survival curves for complete and qualified success through 12 months. (A-C) Kaplan–Meier survival 
curves for complete success defined as patients being medication free, achieving a ≥20% IOPR, and within one of the following IOP 

ranges: (A) 6-14 mm Hg, (B) 6-17 mm Hg, (C) 6-21 mm Hg. (D-F) Qualified success was defined as patients requiring medications 
to achieve a ≥20% IOPR and one of the following IOP ranges: (D) 6-14 mm Hg, (E) 6-17 mm Hg, (F) 6-21 mm Hg. 

 

 

 

 

 

 

 

 

 

c  

1  

o

•  

a  

i  

m  

t  

t  
fewer medications, 27 (13%) were on the same, and 2 (1%)
were on more. For trabeculectomy eyes, 31 (21%) were on
fewer medications, 13 (9%) were on the same, and 4 (3%)
were on more medications after 1-year follow-up. 

BCVA at 12 months was significantly better ( P = .0016)
in SIBS microshunt eyes compared to the gelatin 45 μm
microstent and trabeculectomy eyes (median [IQR] log-
MAR 0.18 [0.1-0.3] vs 0.3 [0.1-0.5] and 0.3 [0.1-0.5], re-
spectively). The proportion of eyes losing greater than 2
lines of vision at last follow-up or reoperation was signifi-
174 AMERICAN JOURNAL OF OPHTH
antly lower ( P < .0001) in SIBS microshunt eyes ( n = 35,
5%) compared to gelatin 45 μm microstent ( n = 51, 25%)
r trabeculectomy eyes ( n = 42, 30%). 

COMPLICATIONS: Transient hypotony (IOP < 6 mm Hg
t any time) occurred significantly more often ( P < .0001)
n trabeculectomy eyes ( n = 81, 57.4%) compared to SIBS
icroshunt ( n = 86, 36.6%) or gelatin 45 μm micros-

ent eyes ( n = 69, 34.3%). Two hundred forty-four pa-
ients (46.8%) had a postoperative complication ( Table 3 ).
ALMOLOGY SEPTEMBER 2025



TABLE 2. Success Rates With 20% IOPR 

Complete SIBS, N = 209 (Eyes, 

n = 235) 

Gelatin Microstent, 

N = 187 (Eyes, 

n = 201) 

Trab, N = 125 (Eyes, 

n = 141) 

Log-Rank 

P Value 

6-14 65.3% 40.1% 52.1% < .0001 

6-17 68.8% 46.2% 58.0% .0002 

6-21 69.3% 47.6% 60.3% < .0001 

Qualified 
6-14 87.9% 67.3% 81.1% .0002 

6-17 89.7% 70.1% 83.6% .0002 

6-21 91.1% 71.7% 86.8% < .0001 

FIGURE 2. Crude and adjusted hazard ratios for surgical failure at 12-month follow-up. Shown are crude (Left), adjusted (Middle), 
and frailty model (Right) hazard ratios for the indicated risk factors, with 95% confidence intervals. 
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Eyes with SIBS microshunt had significantly fewer post-
operative complications compared to gelatin 45 μm mi-
crostent or trabeculectomy (SIBS microshunt: 26.8% vs
gelatin 45 μm microstent: 38.8% and trabeculectomy:
53.9%; P < .001). Serious complications occurred signifi-
cantly more frequently ( P < .05) in gelatin 45 μm micros-
tent ( n = 10, 5%) and trabeculectomy ( n = 6, 4.3%) eyes
compared to SIBS microshunt eyes ( n = 2, 0.9%). 

• POSTOPERATIVE INTERVENTIONS: Overall, 180 eyes
(31%) received postoperative interventions ( Table 4 ). Eyes
receiving the SIBS microshunt were significantly less likely
to experience postoperative interventions compared to
gelatin 45 μm microstent or trabeculectomy (SIBS mi-
croshunt: 19.6% vs gelatin 45 μm microstent: 44.3% and
trabeculectomy: 31.9%; P < .001). Needling rates were
significantly lower ( P < .0001) in SIBS microshunt eyes
( n = 29, 12.3%) relative to both gelatin 45 μm micros-
tent ( n = 60, 29.9%) and trabeculectomy eyes ( n = 31,
22%). 
VOL. 277 MICROSHUNT VS. GELATIN 45UM M
CHARACTERISTICS ASSOCIATED WITH RECEIVING

EEDLING: Eyes receiving the gelatin 45 μm microstent
HR 2.3; 95% CI 1.4-3.6), trabeculectomy (HR 2.1; 95%
I 1.2-3.6), or having a baseline IOP ≥21 mm Hg (HR
.91.6; 95% CI 1.1-2.3) were significantly associated with
n increased risk of needling in the multivariable analysis.
he median (IQR) time to needling was 3.5 (1.3-7.7)
onths for SIBS microshunt eyes, which was significantly

onger ( P = .0002) than for gelatin 45 μm microstent
yes (2.5 [1.3-5.9] months) and trabeculectomy eyes (2.1
1.0-8.6] months). The median (IQR) IOP and medication
se at the time of needling was 20 (18-27) mm Hg and 0
0-2) classes for SIBS microshunt eyes, 22 (19-30) mm Hg
nd 0 (0-2) classes for gelatin 45 μm microstent eyes, and
3 (17-32) mm Hg and 0 (0-2) classes. 

POSTOPERATIVE SURGICAL REVISIONS: Overall, 54
9.5%) eyes received a postoperative revision in the oper-
ting room. There were no significant differences in rates
f postoperative revision between SIBS microshunt, gelatin
ICROSTENT VS. TRABECULECTOMY 175



TABLE 3. Patients With Postoperative Complications 

Total, N = 521 

( n = 577 Eyes) 

P Value 

SIBS, N = 209 (Eyes, 

n = 235) 

Gelatin Microstent, 

N = 187 (Eyes, 

n = 201) 

Trab, N = 125 (Eyes, 

n = 141) 

Any complication 63 (26.8%) 78 (38.8%) 76 (53.9%) .0001 

Hyphema 22 (9.4%) 29 (14.4%) 13 (9.2%) 

Choroidal detachment 13 (5.5%) 17 (8.5%) 17 (12.1%) 

Tube touching iris 8 (3.4%) 6 (3%) 0 

Shallow AC 9 (3.8%) 10 (5%) 12 (8.5%) 

Leak/dehiscence 7 (3%) 4 (2%) 41 (29.1%) 

Binocular diplopia 3 (1.3%) 0 0 

Epithelial defect 4 (1.7%) 0 0 

Dellen 4 (1.7%) 1 (0.5%) 1 (0.7%) 

Blocked lumen/ostomy 2 (0.9%) 6 (3%) 2 (1.4%) 

Corneal edema 3 (1.3%) 0 1 (0.7%) 

Macular edema 2 (0.9%) 4 (2%) 1 (0.7%) 

Monocular diplopia 1 (0.4%) 0 0 

Iritis 1 (0.4%) 1 (0.5%) 1 (0.7%) 

Ptosis 1 (0.4%) 1 (0.5%) 0 

Iridocorneal touch 1 (0.4%) 0 2 (1.4%) 

Vitreous hemorrhage 1 (0.4%) 2 (1%) 0 

Serious complications 2 (0.9%) 10 (5%) 6 (4.3%) .021 

Hypotony maculopathy 1 (0.4%) 5 (2.5%) 2 (1.4%) 

No light perception 1 (0.4%) 0 0 

Malignant glaucoma 0 5 (2.5%) 2 (1.4%) 

Blebitis 0 0 1 (0.7%) 

Endophthalmitis 0 0 1 (0.7%) 

Other complicationsa 22 (9.4%) 41 (20.4%) 31 (22%) .0006 

AC = anterior chamber. 
a PEE, blepharitis, blurred vision, chalazion, ERM, photopsia, floaters, pain, photophobia, PCO, ocular surface disease. 

TABLE 4. Eyes With Postoperative Interventions 

Intervention SIBS, N = 209 (Eyes, 

n = 235) 

Gelatin Microstent, 

N = 187 (Eyes, 

n = 201) 

Trab, N = 125 (Eyes, 

n = 141) 

P Value 

Any intervention (exc. other) 46 (19.6%) 89 (44.3%) 45 (31.9%) < .0001 

AC reformation 16 (6.8%) 24 (11.9%) 15 (10.6%) 

AC tap 3 (1.3%) 16 (8%) 9 (6.4%) 

Suture removal/lysis 0 0 64 (45.4%) 

Laser tube occlusion 0 4 (2%) 0 

TpA into tube 0 2 (1%) 0 

Choroidal drainage 0 1 (0.5%) 0 

Needling 29 (12.3%) 60 (29.9%) 31 (22%) < .0001 

MMC injection 13 (5.5%) 10 (5%) 6 (4.3%) 

OVD injection 10 (4.2%) 0 1 (0.7%) 

5-FU injection 5 (2.1%) 28 (13.9%) 19 (13.5%) 

Other (sub-conj. Avastin injection, 

subtenon’s Kenalog injection, YAG 

capsulotomy) 

1 (0.4%) 1 (0.5%) 3 (2.1%) 

5-FU = 5-fluorouracil; 95% CI = ninety-five percent confidence interval; AC = anterior chamber; IOP = intraocular pressure; MMC = mit- 

omycin C; OR = odds ratio; OVD = ophthalmic viscoelastic device; SIBS = poly(styrene-block-isobutylene-block-styrene; TpA = tissue-type 

plasminogen activator; Trab = trabeculectomy. 
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FIGURE 3. Violin plots with median and interquartile ranges of intraocular pressure and medication classes at the time the decision 

was made to undergo surgery and at the indicated follow-up visit. The depicted data were censored for patients with reoperations 
( n = 14). POM = postoperative month; POY = postoperative year. Width of the violin plots represents the proportion of patients 
at a given y -value within the indicated group at each follow-up visit. 
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45 μm microstent, or trabeculectomy eyes. In the SIBS mi-
croshunt group, 25 eyes (10.6%) experienced a revision at
a mean (IQR) of 5.5 (2.1-9.7) months postoperatively. In
the gelatin 45 μm microstent group, 17 eyes (8.5%) ex-
perienced a revision at a mean (IQR) of 2.1 (0.4-11.2)
months postoperatively. In the trabeculectomy group, 12
eyes (8.5%) experienced a revision at a mean (IQR) of 1.2
(0.4-3.6) months postoperatively ( Table 5 ). 

• REOPERATIONS FOR GLAUCOMA: Fifty-two (9.1%) eyes
received a reoperation for glaucoma. Eyes with a SIBS mi-
croshunt and trabeculectomy were significantly less likely to
require a reoperation for glaucoma compared to eyes receiv-
ing gelatin 45 μm microstent (5.5% and 7.8%; vs 13.9%,
P < .001). 

DISCUSSION 

This multicenter retrospective, interventional cohort study
of consecutive patients is the largest to date comparing sur-
gical outcomes in patients with open-angle glaucoma after
SIBS microshunt implantation, gelatin 45 μm microstent
implantation, or standard trabeculectomy. All procedures
resulted in a significant reduction in IOP and medication
use postoperatively; however, we observed differences be-
tween the three types of bleb-forming surgeries. The SIBS
microshunt group achieved the highest success rates com-
VOL. 277 MICROSHUNT VS. GELATIN 45UM M
ared to the trabeculectomy or the gelatin 45 µm micros-
ent groups. This superiority was also demonstrated across
ll IOP cut-offs for both complete and qualified success.
ostoperative IOP was similar for SIBS microshunt and tra-
eculectomy. Eyes receiving the gelatin 45 µm microstent
ad lower success rate and significantly higher median IOP
fter 1-year follow-up compared to eyes receiving SIBS mi-
roshunt or trabeculectomy. However, no significant differ-
nce in medication requirements was observed at 1 year
mongst the 3 procedures. Complications, postoperative in-
erventions (including needling), and reoperations for glau-
oma all occurred significantly more frequency after gelatin
5 µm microstent or trabeculectomy compared to the SIBS
icroshunt. 
The cohort evaluated is multicenter and representative

f a diverse patient population, and its composition ap-
roximates that of previously published cohorts. 14 , 17 , 19 , 26

here were some measured differences between the groups,
hich are worth noting. Patients were younger and received
 lower concentration of MMC in the SIBS group vs other
nterventions. Young age and lower concentration of MMC
ave been associated with increased surgical failure. 6 , 27 De-
pite this, SIBS eyes had the lowest risk of failure amongst
he groups. There was a significantly higher proportion of
hite patients in the gelatin 45 μm microstent group, with
hite ethnicity being associated with a lower risk of fail-
re in previous studies. 28 However, this association was not
bserved in our study. Patients in the gelatin 45 μm micros-
ent group were on significantly higher number of glaucoma
ICROSTENT VS. TRABECULECTOMY 177



TABLE 5. Eyes With Postoperative Revisions and Reoperations 

Procedure SIBS, N = 209 (Eyes, 

n = 235) 

Gelatin Microstent, 

N = 187 (Eyes, 

n = 201) 

Trab, N = 125 (Eyes, 

n = 141) 

P Value 

Any revision 25 (10.6%) 17 (8.5%) 12 (8.5%) .68 

Ab externo bleb revision 24 (10.2%) 13 (6.5%) 11 (7.8%) 

Second bleb revision 1 (0.4%) 1 (0.5%) 5 (3.5%) 

Device repositioning 5 (2.1%) 5 (2.5%) 0 

Flap revision N/A N/A 5 (3.5%) 

Device exchange 9 (4.3%) 0 N/A 

Any reoperation 13 (5.5%) 28 (13.9%) 11 (7.8%) .007 

SIBS microshunt 0 2 (1%) 1 (0.7%) 

Tube shunts 10 (4.4%) 21 (10.5%) 8 (5.7%) 

Baerveldt implant 6 (2.6%) 11 (5.5%) 2 (1.4%) 

Ahmed glaucoma valve 2 (0.9%) 10 (5%) 6 (4.3%) 

Paul glaucoma valve 2 (0.9%) 0 0 

ECP/CPC 3 (1.3%) 4 (2%) 2 (1.4%) 

Trabeculectomy 0 1 (0.5%) 0 

95% CI = ninety-five percent confidence interval; CPC = cyclophotocoagulation; ECP = endocyclophotocoagulation; IOP = intraocular 

pressure; OR = odds ratio; SIBS = poly(styrene-block-isobutylene-block-styrene; Trab = trabeculectomy. 

FIGURE 4. Heatmap representing the number of patients’ eyes 
on 0 to 5 glaucoma medication classes at the time of surgical 
decision and at postoperative year 1. 
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medications (4 classes vs 3 classes) at baseline compared
to other groups, which is known to be associated with in-
creased risk of bleb failure. 29 , 30 This could be a confounder
leading to the higher failure seen in the gelatin 45 μm mi-
178 AMERICAN JOURNAL OF OPHTH
rostent group. Importantly, there were no statistically sig-
ificant differences in disease severity, gender, or diabetes
tatus across all three groups. To control for potential con-
ounders as best as possible, we reported adjusted HR, which
id not materially change the relative success amongst the
 study procedures. 

The Cox proportional hazards model evaluated other
isk factors for surgical failure. Three significant risk fac-
ors were identified. Receiving < 0.4 mg/mL intraoperative

MC doses was associated with 1.5 × the hazard relative
o higher doses, which aligns with previous studies on SIBS
icroshunt. 31 , 32 When exploring the interaction between

ype of surgery and MMC dosage, we found that the effect of
MC was driven predominantly by the SIBS microshunt.

or the gelatin 45 μm microstent, the MMC dose appeared
ess impactful on surgical success, though a larger sample
ize may have found a statistically significant positive im-
act. In the trabeculectomy group, the MMC dose seemed
o have less influence on surgical outcomes. We postulate
hat single lumen micron implants draining to posterior
hicker Tenons space may require a higher MMC dose com-
ared with trabeculectomy and anterior filtration. 31 Several
onsiderations are made when determining the appropriate
ose of MMC, including surgeon’s preference, patient age,
enon anatomy, patient ethnicity, and bleb morphology,
mongst others. A mega-analysis published by De Francesco
t al, including 450 eyes, compared MMC concentration
f 0.2 mg/mL and0.4 mg/mL in SIBS microshunt implanta-
ion. It found that patients receiving MMC 0.4 mg/mL were
lmost half as likely to experience surgical failure compared
o the patients who received a lower dose. In addition, the

MC 0.4 mg/mL group also had higher success rates, lower
ALMOLOGY SEPTEMBER 2025
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IOP, lower needling and surgical revision rates, and was not
associated with increased complications. 33 These findings
are consistent with the present study and reinforce the value
of using higher MMC concentrations in MIBS procedures
in reducing surgical failure. For trabeculectomy, MMC dos-
ing impact is less certain and inconsistent in terms of suc-
cess. 

The presented results are similar to some previous stud-
ies, which suggest an increased efficacy of SIBS microshunt
relative to the gelatin 45 μm microstent or trabeculec-
tomy. Although it should be noted direct comparisons are
often difficult to make as nonrandomized studies have dif-
ferent baseline patient characteristics, surgical techniques,
site differences, varying success criteria, measured and un-
measured confounders, and different follow-up intervals. A
small study by Scheres et al 17 comparing SIBS vs gelatin
45 μm microstent in 41 eyes used a similar IOP thresh-
old and medication use success criterion without requiring
a 20% reduction in IOP and included procedures combined
with phacoemulsification. In their study, complete success
in the SIBS microshunt group was 58% (lower than our
reported 68.8%) compared to 49% in the gelatin 45 μm
microstent group (comparable to our reported 46.2%). In
contrast, a study by Wagner et al 16 comparing all three in-
terventions in 105 eyes with a similar surgical success crite-
rion (without a 20% reduction in IOP) showcased no sta-
tistically detectable differences between three groups, how-
ever, the short follow-up duration of 6 months and small
sample size of 35 eyes in each group may have been insuf-
ficient to resolve any statistically significant differences be-
tween groups. They report surgical success rates for SIBS
microshunt of 74.2% (higher than our reported 68.8%),
for gelatin 45 μm microstent of 51.4% (higher than our
reported rate of 46.2%), and for trabeculectomy of 73.5%
(higher than our reported 58%). 

In terms of the results compared to trabeculectomy, a re-
cent prospective, randomized, noninferiority clinical trial
comparing SIBS microshunt to trabeculectomy contradicts
our results. 19 Their original definition of surgical success was
a ≥20% reduction in IOP from baseline at 1 year, without
increasing the number of glaucoma medications. In a post
hoc analysis using criteria (6-17 mm Hg and 20% IOP re-
duction with no medications or reoperations) similar to our
study, trabeculectomy had a higher surgical success (66.7%
vs 53.9%; a 12.7% difference [95% CI: 3.0-22.5]) com-
pared to the SIBS microshunt at 1-year follow-up. This
discrepancy may stem from differences in methodology.
Their study employed prespecified criteria for the reintro-
duction of glaucoma medications postoperatively. Further-
more, a low concentration of MMC (0.2 mg/mL) was used,
which may be more impactful for MIBS procedures than
trabeculectomy and has already proven to decrease the suc-
cess rates of SIBS microshunt implantation. 33 In addition,
most investigators had no previous experience with SIBS
microshunt implantation technique and postsurgical man-
agement compared to trabeculectomy, which the authors
VOL. 277 MICROSHUNT VS. GELATIN 45UM M
cknowledged could explain the differential success rates
avoring trabeculectomy reported compared to other pub-
ished studies. Additionally, a potential randomization fail-
re may have occurred as the SIBS microshunt group had
 significantly higher proportion of African/Black patients,
hich is a patient population associated with a higher risk
f bleb fibrosis and failure. In contrast, our surgical group
ollectively had extensive experience with the surgical and
ostsurgical management of SIBS microshunt. Taken to-
ether, these factors may explain the differences in surgical
uccess observed between our study and that of Baker et al
urther study is warranted. 

A RCT comparing the gelatin 45 μm microstent to
rabeculectomy found no statistically significant differ-
nce in success rates ( ≥20% IOP reduction from base-
ine without medication increase) between the two groups
gelatin 45 μm microstent 62.1% vs trabeculectomy 68.2%,
 = .487). 22 While trabeculectomy demonstrated a numer-

cally lower failure rate and a lower mean IOP, the gelatin
5 µm microstent was associated with more favorable safety
utcomes, including improved visual recovery and a lower
ncidence of hypotony. In contrast, our study found that the
rabeculectomy group had statistically significantly higher
uccess rates at all IOP cut-offs for both complete and qual-
fied success, possibly because we had more stringent success
riteria. 

The lumen of the gelatin 45 μm microstent is signifi-
antly smaller than that of the 70 μm SIBS microshunt
nd thus higher resistance and lower pressure drop, compar-
tively at normal ranges of aqueous production. 34 , 35 This
ay limit its IOP-lowering potential compared to either

he SIBS microshunt or trabeculectomy. More recently,
he gelatin 63 μm microstent—a larger lumen device—
as been commercialized, which may offer improved effi-
acy in lowering IOP. Indeed, Hussein et al 24 compared the
elatin 63 μm microstent with the 45 μm version and found
igher success rates (59.5% vs 28.6%, P = .009) and sig-
ificantly lower mean IOP (12.7 ± 4.8 vs 15.5 ± 5.1 mm
g, P = .001) in the gelatin 63 μm group. However, our

tudy did not compare the gelatin 63 μm microstent with
ther bleb procedures. A comparative trial using the gelatin
3 μm microstent instead of the 45 μm variant could
ield different results, likely improving surgical success of
he gelatin microstent. Additionally, surgeons have begun
dopting new techniques for microstent placement, such
s primary needling and opening the conjunctiva, which
ould lead to more predictable outcomes with better results
han those observed in our analysis. 32 , 36 

Postoperative complications were significantly lower in
he SIBS microshunt group compared to both the gelatin
5 μm microstent and trabeculectomy groups. These re-
orted complication rates are in line with those reported
y Baker et al 19 in their prospective study comparing SIBS
icroshunt vs trabeculectomy and those of Scheres et al 17

n a retrospective study comparing SIBS and gelatin 45 μm
icrostents. Similarly, in the RCT by Sheybani et al 22 com-
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paring gelatin 45 μm microstent vs trabeculectomy, post-
operative complications were more common in the tra-
beculectomy group, and the rates of hypotony (23.2% vs
50%) were twice as high in the trabeculectomy group com-
pared to the gelatin 45 μm microstent. Our study also found
the highest complication rates in the trabeculectomy group,
including transient hypotony (trabeculectomy eyes 57.4%
vs SIBS microshunt 36.6% vs gelatin 45 μm microstent
34.3%, P < .0001), bleb leaks, and wound dehiscence—
29.1% in trabeculectomy compared to 3% in SIBS and 2%
in gelatin 45 μm microstent eyes. The higher complication
rates observed in the gelatin 45 μm microstent and tra-
beculectomy groups in our study may have been affected
by the use of a higher concentration of MMC in those
eyes compared to the SIBS microshunt group. As reported
in previous studies, higher doses of MMC are associated
with an increased risk of complications in glaucoma filter-
ing surgery. 37 , 38 

Rates of postoperative interventions were significantly
lower in the SIBS microshunt group compared to others
( Table 3 ). Overall, our rate of postoperative interventions
in the SIBS group (19.6%) were much lower than a re-
cent prospective, randomized study comparing SIBS mi-
croshunt vs trabeculectomy with a 40.8% rate of inter-
vention. 19 However, unlike our study, that study counted
instances of the reintroduction of glaucoma medications
postoperatively within the overall intervention count—
when these instances are excluded the rate is brought in
line with what is reported by our study. The most fre-
quently performed intervention in the present study was
needling, with similar rates reported in the literature previ-
ously for SIBS microshunt, 39 gelatin 45 μm microstent, 22 , 40 

and trabeculectomy study groups. 41 , 42 Rates of needling
in the SIBS group were significantly lower than gelatin
45 μm microstent or trabeculectomy eyes, and are corrobo-
rated by needling rates reported for trabeculectomies rang-
ing from 8% to 30% 

15 , 19 , 22 and for gelatin 45 μm micros-
tent ranging from 23% to 43%. 15 , 22 , 40 , 42 Anterior chamber
reformation and anterior chamber tap were relatively rare
within the SIBS microshunt group—occurring in less than
7% of patients—and occurred at a significantly lower rate
compared to gelatin 45 μm microstent or trabeculectomy
eyes. 

Overall, the rates of operating room revisions in our study
were approximately 10% and did not differ significantly be-
tween study groups. The most common revision was ab-
externo bleb revision across all groups. The rate of reop-
eration for glaucoma was found to be significantly lower
in the SIBS microshunt and trabeculectomy groups. Previ-
ous literature supports a higher rate of reoperation for glau-
coma after gelatin 45 μm microstent compared to the SIBS
microshunt and trabeculectomy; Scheres et al 17 reported a
27% rate after gelatin 45 μm microstent compared to a 17%
rate after SIBS microshunt, and Schlenker et al 15 reported
180 AMERICAN JOURNAL OF OPHTH
 10.3% rate after gelatin 45 μm microstent compared to
% after trabeculectomy. However, variability in the defini-
ions of “revision” and “reoperation” employed across stud-
es presents a challenge to making direct interstudy com-
arisons. 

Limitations of this study include its retrospective na-
ure and the potential for selection bias—despite mitiga-
ion efforts through the collection of data from consec-
tive eyes. Many retrospective studies suffer from signifi-
ant loss to follow-up, which may be differential and lead
o biased conclusions. A relative strength of the present
tudy was the low number of patients lost to follow-up, and
ost importantly, the rates were similar across study groups.
aseline characteristics were overall similar, although there
ere some differences, and of course, in any nonrandom-

zed design, there are also unmeasured confounders which
annot be accounted for. However, the most striking po-
ential confounders actually were hypothesized to nega-
ively impact the efficacy of the SIBS microshunt group
elative to the other groups, making the higher efficacy
ound for the SIBS microshunt more striking. Our multi-
ariable analysis did not find significant confounding, as a
urther test of robustness. Finally, as IOP is an imperfect

easure of glaucoma control, 42 structural and/or functional
esting would ideally be utilized to better capture differen-
ial glaucoma progression rates after surgery as ultimately
he most meaningful clinical outcome. However, defining
urgical success in glaucoma studies will remain an ongoing
hallenge. 43 The absence of health economic calculations,
uch as quality-adjusted life years, prevents a direct and ob-
ective comparison of cost-effectiveness between all three
roups. 

Despite these limitations, we performed an inclusive and
obust statistical analysis of the results of 3 bleb procedures,
ith similar baseline characteristics, a thorough analysis
f confounders, and a multicenter large sample size with
xcellent follow-up rates. Unlike other comparative stud-
es, we did not include combined procedure with cataract
urgery, which can be another complicated factor. This
tudy provides important new information on differences
etween bleb-forming surgeries, which may be generaliz-
ble. 

In conclusion, all three interventions we studied low-
red IOP and medication use significantly. We found higher
linical efficacy of SIBS microshunt vs gelatin 45 μm mi-
rostent and trabeculectomy in achieving complete and
ualified surgical success. SIBS microshunt also demon-
trated a more favorable safety profile with fewer postop-
rative complications, interventions, and reoperations for
laucoma, which may lead to improved patient outcomes
nd lower healthcare cost utilization. Further randomized
rospective trials would help to further evaluate these
ndings. 
ALMOLOGY SEPTEMBER 2025
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