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Abstract 

Background:  The short- and medium-term outcomes of iStent have been extensively studied; however, only few 
studies have investigated its long-term outcomes. Here, we assessed the long-term efficacy and safety of two iStents 
with concomitant cataract surgery in glaucomatous eyes while also evaluating measures of disease stability using vis-
ual field and optical coherence tomography (OCT) of the optic nerve and the macula throughout 8 years of follow-up.

Methods:  This longitudinal, single-center consecutive case series included glaucomatous eyes that underwent 
implantation of two first-generation trabecular micro-bypass stents (iStent) with concomitant cataract surgery. 
Eight-year efficacy outcomes included mean intraocular pressure (IOP) and medications, as well as surgical success. 
Eight-year safety outcomes included best-corrected visual acuity (BCVA), visual field mean deviation (VF-MD), cup-to-
disc ratio (CDR), retinal nerve fiber layer (RNFL) thickness, ganglion cell-inner plexiform layer (GC-IPL) thickness, and 
adverse events.

Results:  A total of 62 eyes with primary open-angle glaucoma (POAG) were included. At 8 years postoperative, 
IOP reduced by 26% from 19.2 ± 3.9 mmHg preoperatively to 14.2 ± 2.4 mmHg (P < 0.001), 91.1% of eyes achieved 
IOP ≤ 18 mmHg (vs. 51.6% preoperatively), 69.6% of eyes achieved IOP ≤ 15 mmHg (vs. 14.5% preoperatively), and 
25% of eyes achieved IOP ≤ 12 mmHg (vs. 1.6% preoperatively). Medication use decreased by 17.9% from 2.8 ± 1.1 
preoperatively to 2.3 ± 1.2 (P = 0.018). Surgical success was 90%, as six eyes underwent subsequent glaucoma surger-
ies. Safety measures of BCVA, CDR, RNFL thickness and GC-IPL thickness remained stable through 8 years postopera-
tive. VF-MD remained stable until postoperative year 5 and subsequently progressed according to the natural history 
of glaucomatous disease.

Conclusions:  Implantation of two iStents with concomitant cataract surgery is an effective and safe treatment 
option for surgery-naïve POAG eyes, evidenced by significant IOP and medication reductions, reasonable surgical suc-
cess, and favorable safety outcomes, throughout the 8-year follow-up. Our data additionally supports the efficacy of 
this combined procedure in stabilizing or slowing disease progression.
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surgery, Long-term outcomes
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Background
Glaucoma is an irreversible, progressive optic neuropa-
thy and a major cause of blindness worldwide [1]. The 
incidence of this degenerative condition is expected to 
rise with the increase in the aging population [2]. While 
we have yet to find a cure for glaucoma, multiple medi-
cal and surgical techniques have emerged to delay dis-
ease progression. Through different mechanisms of 
action, these procedures attempt to decrease intraocu-
lar pressure (IOP), the only modifiable risk factor for 
glaucoma identified to date [3]. Patients benefit from 
different management approaches depending on their 
demographics, medication compliance, and disease type 
and severity. For instance, medical therapy is often the 
preferred approach for early cases of glaucoma [1]; how-
ever, it bears limitations such as ocular surface damage, 
diurnal IOP variations, and dependence on patient com-
pliance [4–6]. On the other extreme, advanced glaucoma 
cases are often managed via more invasive glaucoma 
surgeries, such as filtering surgeries. The efficacy of such 
procedures in reducing the IOP has been well estab-
lished; however, there remain many concerns regarding 
the safety of these procedures [7–9].

Over the past decade, and with the advent of minimally 
invasive glaucoma surgeries (MIGSs), the field of glau-
coma has witnessed an explosion of new surgical tech-
niques and research examining their efficacy and safety 
[10, 11]. MIGSs are advantageous due to their superior 
safety compared to traditional incisional glaucoma sur-
geries, minimal disruption of conjunctival and scleral 
tissue, faster recovery time, and compatibility with con-
current cataract surgery, while also offering a modest 
efficacy [12]. The iStent trabecular micro-bypass was the 
first MIGS device to receive the US Food and Drug Asso-
ciation (FDA) approval for treatment of mild-to-moder-
ate open-angle glaucoma [13]. iStent reduces the IOP by 
bypassing the dysfunctional trabecular meshwork, allow-
ing the drainage of aqueous humor from the anterior 
chamber into Schlemm’s canal [14].

A wealth of research has examined the outcomes 
of the first- or second-generation trabecular micro-
bypass stents (iStent or iStent inject) with or without 
concomitant cataract surgery in various glaucoma 
subtypes and severities [13–50]. Although these stud-
ies have typically supported the safety and efficacy of 
this device in glaucomatous eyes, the data have been 
often limited to short- and medium-term outcomes. 
Few studies have investigated the outcomes of iStent 
beyond 5  years postoperative [51, 52], among which 
only one assessed disease stability in terms of visual 
field measures [52], and none investigated the struc-
tural measures of disease stability such as retinal nerve 
fiber layer (RNFL) and ganglion cell-inner plexiform 

layer (GC-IPL) thickness. Therefore, the aim of this 
study was to evaluate the long-term safety and efficacy 
of two iStents with concomitant cataract surgery in 
glaucomatous eyes.

Methods
Participants and study design
This longitudinal, consecutive case series included 
eyes that underwent cataract extraction with concomi-
tant implantation of two first-generation trabecular 
micro-bypass stents (CE-TMS) between 2009 and 2012. 
Inclusion criteria consisted of glaucomatous damage evi-
denced by RNFL imaging, ganglion cell analysis, or visual 
field testing; a coexisting cataract; the need for reduc-
tion of IOP or glaucoma medications; and the availability 
of 8  years of follow-up data. Eyes with nasal peripheral 
anterior synechiae or conditions inhibiting clear visuali-
zation of the nasal trabecular meshwork, elevated epis-
cleral venous pressure, or chronic ocular inflammation 
were deemed ineligible for the surgery. The severity of 
cataract was assessed according to the Lens Opacities 
Classification System II [53], and the decision to per-
form a concomitant cataract surgery was made based on 
the patient’s subjective vision complaints, followed by a 
discussion regarding the risks and benefits of the proce-
dure. To increase the power and generalizability of the 
study, no exclusion criteria were set based on the diag-
nosis or severity of glaucoma. Glaucoma severity was 
classified according to the Hodapp-Anderson-Parrish 
visual field criteria with visual field mean deviation (VF-
MD) no worse than −6 dB classified as mild, between −6 
and −12 dB as moderate, and −12 dB or worse as severe 
glaucoma [54]. All eyes underwent the surgery at a sin-
gle ophthalmology center by one experienced glaucoma 
specialist.

All procedures were performed in accordance with 
the tenets of the Declaration of Helsinki. The study was 
approved by the ethics review board of the local hospital 
and was exempted from patient consent due to its retro-
spective nature.

Surgical technique
The surgical technique has been described in detail 
elsewhere [15–18]. In short, two areas with the great-
est degree of trabecular meshwork pigmentation or with 
evidence of focal blood reflux, separated by at least two 
clock hours, were preoperatively marked at the corneal 
limbus. Under sterile conditions, and after the instillation 
of topical anesthetic drops, a clear corneal incision was 
made temporally, through which the two iStent devices 
were advanced and inserted into the nasal trabecular 
meshwork, adjacent to the collector channels identified 
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preoperatively. Subsequently, standard phacoemulsifica-
tion was performed using the same corneal incision.

The standard postoperative regimen included one tab-
let of oral acetazolamide 500  mg on the first evening, 
topical moxifloxacin 0.5% (3 times a day for 1 week), topi-
cal nepafenac ophthalmic solution 0.1% (3 times a day for 
1  month), and loteprednol etabonate 0.5% (4 times per 
day, tapered down every 4 days). Glaucoma medications 
were modified postoperatively on a case-by-case basis, 
as per the surgeon’s discretion, according to preoperative 
IOP, glaucoma severity, tolerance of the eye drops, and 
glaucoma drops used in the contralateral eye.

Outcome measures and statistical analyses
Eligible participants were identified, and their rele-
vant preoperative and postoperative clinical data were 
extracted, up to 8  years postoperative. Outcome meas-
ures were categorized into efficacy and safety measures. 
Efficacy measures included postoperative change in IOP 
and glaucoma medication use, as well as surgical suc-
cess. Surgical success was based on four failure criteria: 
Criterion-A consisted of glaucoma reoperation due to 
inadequate IOP control or disease progression; Crite-
rion-B included eyes in which the use of glaucoma medi-
cations increased at ≥ 2 visits; Criterion-C included those 
that underwent selective laser trabeculoplasty (SLT) 
postoperatively; Criterion-D included all eyes that failed 
according to the former three criteria and the earliest 
failure date was considered for those failing according to 
two or more criteria. Safety measures included postop-
erative change in best-corrected visual acuity (BCVA), 
VF-MD, and structural measures of disease stability such 
as cup-to-disc ratio (CDR), RNFL thickness, and GC-IPL 
thickness. Of note, the average GC-IPL thickness  was 
measured as the distance between the outer boundary of 
the nerve fiber layer and the outer boundary of the inner 
plexiform layer, obtained from the macular cube scan, 
and analyzed by the built-in Cirrus HD-OCT software 
[55]. Intraoperative and postoperative adverse events 
were noted.

To minimize the potential effect of regression toward 
the mean on IOP, the mean of the last two preopera-
tive IOP measurements was used to define the baseline 
IOP for eyes in which there were two preoperative IOP 
measurements within the month prior to surgery. For 
statistical analyses, BCVA scores were converted to the 
logarithm of the minimum angle of resolution (logMAR). 
IOP spike was defined as an increase in IOP of > 50% 
or > 10 mmHg, relative to the preoperative IOP [56, 57]. 
To limit the bias from postoperative conditions and to 
ensure that the postoperative outcomes of eyes can be 
associated with CE-TMS, postoperative data of eyes that 

underwent additional glaucoma surgeries were censored 
in the analysis of subsequent follow-up time points.

Postoperative change in continuous variables of interest 
was assessed using the generalized estimating equations 
(GEE), a modelling approach that is free from distribu-
tional assumptions, and robust in the face of missing data 
of longitudinal studies [58]. GEE models were corrected 
for inter-eye correlation. Little’s Test of Missing Com-
pletely at Random (MCAR) tested whether the missing 
data are missing completely at random. For completeness 
of analyses, we additionally performed multiple imputa-
tions using logistic regression models with 50 iterations 
and repeated the GEE models, as supplementary analy-
ses. Proportional analyses were performed to assess the 
percentage of eyes with IOP ≤ 18  mmHg,  ≤ 15  mmHg,  
≤ 12 mmHg, as well as those that were medication-free, 
maintained or decreased their glaucoma medication 
use, or decreased their use by at least one medication. 
Kaplan–Meier curve assessed the cumulative 8-year 
survival according to the four failure criteria described 
above. All statistical analyses were performed using SPSS 
26.0 (IBM, NY, USA) with alpha set at 0.05 for statistical 
significance.

Results
Baseline characteristics
This study included 62 consecutive eyes of 47 subjects 
that had a minimum postoperative follow-up duration of 
8 years. The average age was 68.6 ± 8.8 years, and all eyes 
had a preoperative diagnosis of POAG, with mild severity 
in 64%, moderate in 16%, and severe in 20%. At baseline, 
the average IOP was 19.2 ± 3.9  mmHg, and the average 
medication use was 2.8 ± 1.1 glaucoma medications. The 
type and severity of cataract included nuclear sclerosis 
(NS) grade 1 (42%), NS grade 2 (36%), NS grade 3 (10%), 
cortical cataract (6%) and posterior subcapsular cataract 
(6%). Average BCVA was 0.17 ± 0.15 logMAR, and the 
average VF-MD was − 5.9 ± 6.6  dB. A total of 28 eyes 
(45.2%) had previously undergone SLT with a median 
time of 3.5  years (interquartile range [1.4–6.8] years) 
before CE-TMS. No eye had prior history of incisional 
glaucoma surgery. Demographic and baseline clinical 
patient characteristics are outlined in Table 1.

Efficacy measures
Efficacy measures consisted of postoperative reduction 
in IOP and glaucoma medication use, as well as surgical 
success. Postoperatively, a statistically significant reduc-
tion was observed in both IOP and glaucoma medication 
use, which persisted throughout the eight postoperative 
years (P < 0.001; Table  2). As illustrated in Fig.  1, IOP 
decreased significantly from 19.2 ± 3.9 mmHg preopera-
tively to 15.8 ± 3.0  mmHg at postoperative year (POY) 
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1 (3.4  mmHg absolute reduction, 17.7% relative reduc-
tion; P < 0.001), to 14.6 ± 2.8 mmHg at POY5 (4.6 mmHg 
absolute reduction, 24% relative reduction; P < 0.001), 
and to 14.2 ± 2.4  mmHg at POY8 (5.0  mmHg absolute 
reduction, 26% relative reduction; P < 0.001). Given the 
known association between the IOP-lowering effect of 
iStent and the baseline IOP, similar analyses were per-
formed with baseline IOP as a covariate. While higher 
baseline IOP was significantly associated with a greater 
postoperative IOP reduction (P < 0.001), IOP change 
remained statistically significant at all postoperative 
time points (P < 0.001). Proportional analyses assessed 
the percentage of eyes with different IOPs (Fig.  2). Pre-
operatively, approximately half of the eyes (51.6%) had 
an IOP ≤ 18  mmHg, contrasting with 91.1% of eyes at 
POY8. In addition, only 14.5% of eyes had a preoperative 
IOP ≤ 15  mmHg, compared to more than two-thirds of 
eyes (69.6%) at POY8. Finally, IOP ≤ 12 mmHg was only 
noted in one eye (1.6%) preoperatively, whereas a quar-
ter of eyes (25%) obtained this substantially low IOP at 
POY8.

As illustrated in Fig. 3, the number of glaucoma medica-
tions decreased from 2.8 ± 1.1 preoperatively to 0.9 ± 1.3 
at postoperative month (POM) 1 (1.9 medications abso-
lute reduction, 67.9% relative reduction; P < 0.001), then 
progressively increased to 1.3 ± 1.2 at POY1 (1.5 absolute 
reduction, 53.6% relative reduction; P < 0.001), 2.1 ± 1.2 at 
POY5 (0.8 absolute reduction, 25.0% relative reduction; 
P < 0.001), and finally, to 2.3 ± 1.2 at POY8 (0.5 absolute 
reduction, 17.9% relative reduction; P = 0.006). The pro-
portion of medication-free eyes increased from 1.6% pre-
operatively to 36.2% at POY1, 12.7% at POY5, and 10.7% 

at POY8. At 8  years postoperative, the use of glaucoma 
medications was maintained or decreased in 82.1% of 

Table 1  Demographic and preoperative ocular characteristics

Mean ± standard deviations are presented, where applicable

Variable 62 eyes of 47 subjects

Age at time of surgery (years) 68.6 ± 8.8

Sex (male:female), n (%) 29:33 (46.8:53.2)

Eye (OD:OS); n (%) 33:29 (53.2:46.8)

History of selective laser trabeculoplasty, n (%) 28 (45.2)

Central corneal thickness (μm) 545.7 ± 34.5

Axial length (mm) 24.0 ± 1.6

Anterior chamber depth (mm) 3.1 ± 0.4

Intraocular pressure (mmHg) 19.2 ± 3.9

Glaucoma medications 2.8 ± 1.1

Best-corrected visual acuity (logMAR) 0.17 ± 0.15

Cup-to-disc ratio 0.71 ± 0.16

Visual field mean deviation (dB)  − 5.9 ± 6.6

Retinal nerve fiber layer thickness (μm) 70.5 ± 13.7

Ganglion cell-inner plexiform layer thickness 
(μm)

64.4 ± 12.9

Table 2  Eight-year outcomes in intraocular pressure, glaucoma 
medication use, and best-corrected visual acuity

Mean ± standard deviations are presented and statistically compared to 
preoperative values using Generalized Estimating Equations with sequential 
Bonferroni correction for multiple comparisons

IOP intraocular pressure; BCVA best-corrected visual acuity; POM postoperative 
month; POY postoperative year

Statistical significance is denoted by * for P < 0.05 and ** for P < 0.001

Variable N Mean % Change 
vs. baseline

Mean 
change 
vs. 
baseline

P value

IOP (mmHg)
 Preopera-
tive

62 19.2 ± 3.9

 POM1 62 15.4 ± 3.5  − 19.8  − 3.8  < 0.001**

 POM6 57 15.5 ± 3.4  − 19.3  − 3.7  < 0.001**

 POY1 59 15.8 ± 3.0  − 17.7  − 3.4  < 0.001**

 POY2 57 15.7 ± 3.1  − 18.2  − 3.5  < 0.001**

 POY3 54 15.7 ± 3.0  − 18.2  − 3.5  < 0.001**

 POY4 53 14.9 ± 2.6  − 22.4  − 4.3  < 0.001**

 POY5 53 14.6 ± 2.8  − 24.0  − 4.6  < 0.001**

 POY6 51 14.8 ± 2.7  − 22.9  − 4.4  < 0.001**

 POY7 56 14.9 ± 3.1  − 22.4  − 4.3  < 0.001**

 POY8 56 14.2 ± 2.4  − 26.0  − 5.0  < 0.001**

Number of glaucoma medications
 Preopera-
tive

62 2.8 ± 1.1

 POM1 62 0.9 ± 1.3  − 67.9  − 1.9  < 0.001**

 POM6 58 1.2 ± 1.2  − 57.1  − 1.5  < 0.001**

 POY1 58 1.3 ± 1.2  − 53.6  − 1.5  < 0.001**

 POY2 57 1.5 ± 1.2  − 46.4  − 1.3  < 0.001**

 POY3 55 1.6 ± 1.3  − 42.9  − 1.1  < 0.001**

 POY4 55 1.9 ± 1.3  − 32.1  − 0.9  < 0.001**

 POY5 55 2.1 ± 1.2  − 25.0  − 0.8  < 0.001**

 POY6 56 2.2 ± 1.2  − 21.4  − 0.6  < 0.001**

 POY7 56 2.3 ± 1.2  − 17.9  − 0.6    0.002*

 POY8 56 2.3 ± 1.2  − 17.9  − 0.5    0.006*

BCVA (logMAR)
 Preopera-
tive

62  0.17 ± 0.15

 POM1 62 0.11 ± 0.10  − 35.3  − 0.06  < 0.001**

 POM6 57 0.10 ± 0.19  − 41.2  − 0.07  < 0.001**

 POY1 56 0.09 ± 0.11  − 47.1  − 0.08  < 0.001**

 POY2 58 0.07 ± 0.10  − 58.8  − 0.10  < 0.001**

 POY3 53 0.07 ± 0.10  − 58.8  − 0.10  < 0.001**

 POY4 52 0.08 ± 0.11  − 52.9  − 0.09  < 0.001**

 POY5 53 0.06 ± 0.09  − 64.7  − 0.11  < 0.001**

 POY6 51 0.09 ± 0.11  − 47.1  − 0.08  < 0.001**

 POY7 55 0.12 ± 0.12  − 29.4  − 0.05    0.014*

 POY8 56 0.11 ± 0.14  − 35.3  − 0.06    0.015*
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eyes, and half of the eyes had decreased their medication 
use by ≥ 1 medication(s) (Fig. 4).

Kaplan–Meier survival curve illustrates the cumulative 
success according to four criteria (Fig.  5). According to 
Criterion-A, surgical success was 90%, as six eyes under-
went subsequent glaucoma surgeries, including one with 
the Ahmed Glaucoma Valve (POM5), one with cyclo-
photocoagulation (POM20), three with non-penetrating 
glaucoma surgery (POM27, POM30, POM55), and one 
with the Hydrus microstent (POM44). According to 
Criterion-B, the 8-year surgical success was 82%, with 
10 eyes failing due to an increase in the use of glaucoma 
medications at two or more consecutive visits compared 
to baseline. Criterion-C yielded a surgical success of 56%, 
with 25 eyes failing due to the need for SLT. Finally, Cri-
terion-D (the aggregate of criteria A, B, and C)—yielded 
an 8-year surgical success of 42%.

Safety measures
Postoperatively, BCVA experienced a statistically sig-
nificant improvement which persisted throughout the 
eight years of follow-up (Table 2; P < 0.05). At POY8, all 
eyes had a BCVA of 20/100 or better, and 68.5% had a 
BCVA of 20/25 or better, compared to only 45.2% preop-
eratively. A small proportion of eyes (14.5%) experienced 

worsening of BCVA compared with their preoperative 
vision. The causes of vision decline in these nine eyes 
were attributed to the progression of age-related macu-
lar degeneration (five eyes), epiretinal membrane (two 
eyes), vitelliform macular dystrophy (one eye), and pro-
gression of glaucoma (one eye). Structural measures of 
disease stability remained stable throughout the 8-year 
follow-up (Table  3), including CDR (P = 0.103), RNFL 
thickness (P = 0.951), and GC-IPL thickness (P = 0.171). 
VF-MD remained stable up until POY5. However, com-
pared to the preoperative VF-MD (− 5.9 ± 6.6  dB), this 
measure progressed at subsequent years, including 
POY6 (− 7.0 ± 7.1  dB; P = 0.027), POY7 (− 6.6 ± 7.3  dB; 
P = 0.043), and POY8 (− 8.0 ± 7.8 dB; P < 0.001).

No intraoperative complications were noted in any of 
the eyes. With regards to postoperative adverse events, 
18 eyes (29%) experienced IOP spikes, the majority of 
which (94%) occurred by postoperative week (POW)  2. 
Six eyes underwent an anterior chamber tap, and the 
spike in IOP was thought to be secondary to steroid 
response which improved upon tapering of the topical 
steroids in five eyes. Five eyes (8.1%) experienced tran-
sient micro-hyphema at postoperative day (POD) 1. One 
eye experienced transitory central macular edema which 
was managed by topical non-steroidal anti-inflammatory 

Fig. 1  Change in intraocular pressure throughout eight years postoperative. * Denotes statistical significance at P < 0.05 and the error bars 
represent 95% confidence intervals. Mean ± standard deviations are presented
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drugs. Posterior capsular opacification was noted in 27 
eyes, nine of which underwent YAG capsulotomy dur-
ing the 8-year follow-up. Of note, no eye experienced any 
sight-threatening complications such as endophthalmitis, 
hypotony, choroidal detachment, rebound iritis or stent 
obstruction, or loss of light perception throughout the 
8-year follow-up.

Supplementary analyses to address the missing data
The MCAR test confirmed that the missing data were 
missing completely at random (P = 0.543). Thus, multiple 
imputations were performed. Similar statistical analyses 
as reported above were performed using the imputed 
data. The results were comparable to those from the orig-
inal dataset with missing data and are reported in Addi-
tional files 1, 2: Tables S1 and S2.

Discussion
Over the past decade, the surgical management of glau-
coma has been revolutionized. The ever-increasing 
wealth of data on the variety of MIGS procedures, most 
of which supports their efficacy and safety, has contrib-
uted to a paradigm shift in the surgical management of 

glaucoma. Given the novelty of MIGS, studies have often 
been limited to short- [59–62] or medium-term out-
comes [28, 63–65]. Thus far, the longest-term study on 
iStent—the first FDA-approved MIGS device—reports 
outcomes up to 7 years postoperative [52]. Thus, the pre-
sent, reasonably-sized 8-year outcome study contributes 
to the long-term literature on iStent. The results from 
a homogenous group of POAG eyes without prior inci-
sional glaucoma surgeries support the long-term efficacy 
of iStent, while also demonstrating the safety of this pro-
cedure through a variety of markers for disease stability, 
some of which were omitted by similar long-term studies.

CE-TMS leads to a significant IOP reduction imme-
diately postoperative, which was sustained throughout 
the 8  years of follow-up. At POY8, the cohort experi-
enced an absolute IOP reduction of 5.0 mmHg—trans-
lating to a 26% relative reduction compared to the 
preoperative IOP (P < 0.001). Our 8-year results are 
notable as the long-term efficacy of iStent, and MIGS in 
general, remains an outstanding question [36]. Histo-
pathological studies have evidenced inflammatory and 
fibrotic changes in the trabecular meshwork surround-
ing the trabecular micro-bypass stent [66]. Although it 

Fig. 2  Eyes with IOP ≤ 18 mmHg, ≤ 15 mmHg, and ≤ 12 mmHg, preoperatively and throughout eight years postoperative. Bars represent the 
proportion of eyes with IOP ≤ 18 mmHg (solid black bars), IOP ≤ 15 mmHg (checked bars), and IOP ≤ 12 mmHg (solid grey bars). IOP: intraocular 
pressure
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can be postulated that this inflammation and fibrosis 
due to the insertion of the iStent could lead to increased 
IOP, another study including 24 eyes showed no statis-
tical difference in the 48-month IOP of eyes with com-
bined iStent implantation and cataract surgery (n = 10) 
compared to those with cataract surgery alone (n = 14) 
[60]. The absence of intergroup differences could be 
due to the study’s small sample size, rendering the sta-
tistical analysis underpowered. Nevertheless, our data 
is supported by 19.9% and 22.9% reductions reported 
by prior studies at POY6 and POY7, respectively [51, 
52]. The larger reduction evidenced in our cohort, 
which was also sustained over a longer follow-up 
period, could be attributed to multiple factors, includ-
ing the inter-population differences and the use of an 
additional iStent (for a total of two stents) compared 
to the aforementioned studies. The use of a single stent 
has been shown to lead to significant IOP reductions; 
however, implantation of additional stents can lead to 
incrementally greater IOP reductions sustained over a 
longer period [67]. Another explanation could be the 
differences in surgical techniques. As detailed in our 
previous studies of the iStent inject, [15–18] the stents 
were implanted into the trabecular meshwork, adja-
cent to the collector channels (identified and marked 

preoperatively, as described in “Methods”), to ensure 
maximal proximity of the stents to the collector chan-
nel ostia. Our rationale is based on the knowledge that 
collector channel ostia provide the shortest pathway to 
aqueous veins and that the collector channels in these 
areas are more dilated, which collectively can allow for 
the most efficient outflow [68–70].

In addition to IOP reduction, the use of glaucoma 
medications decreased significantly as well. This decrease 
peaked at POM1, with an absolute reduction of 1.9 medi-
cations (67.9% relative reduction; P < 0.001). Subsequently, 
glaucoma medications were gradually reintroduced until 
POY8 with a final absolute reduction of 0.5 medication 
(17.9% relative reduction), which remained significantly 
less than the preoperative use. This is in keeping with 
the findings of the 6-year and 7-year studies, where they 
reported an average decrease of 0.4 and 0.6 medication, 
respectively [51, 52]. Of note, the use of glaucoma medi-
cations decreased by at least one medication in half of 
the eyes, and 10.7% were medication-free at POY8. This 
is particularly important in the context of known short-
comings of topical glaucoma drops including disruption 
of the ocular surface, limited potential in controlling the 
diurnal IOP variations, dependence on patient’s compli-
ance, and cost—most of which are addressed by surgical 

Fig. 3  Change in the number of glaucoma medications throughout eight years postoperative. * Denotes statistical significance at P < 0.05 and the 
error bars represent 95% confidence intervals. Mean ± Standard deviations are presented
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interventions [4–6]. Of note, iStent implantation has 
been shown to improve quality of life in the context of 
decreased number of glaucoma medications [71].

The World Glaucoma Association consensus, detailed in 
Guidelines on Design and Reporting of Glaucoma, recom-
mends studies to report surgical success through Kaplan–
Meier graphs [72]. With regards to MIGS, success is 
typically defined as postoperative IOP below a certain cut-
off and a minimum IOP reduction of 20%. In the absence of 
preoperative medication washout, we believe that inclusion 
of such criteria for a cohort of medically controlled patients 
with a preoperative IOP of 19.2 ± 3.9 mmHg, where a mini-
mum IOP reduction of 20% translates to an IOP range close 
to the episcleral venous pressure, would lead to mislabeling 
of a majority of the eyes as failures. Thus, we defined four 
failure criteria as described in the Methods section. Our 
Kaplan–Meier survival analyses demonstrated an excellent 
8-year survival of 90% according to Criterion-A, as only six 
eyes underwent additional glaucoma surgeries throughout 
the follow-up. Also, the number of glaucoma medications 
increased in 10 eyes and 25 eyes underwent SLT, resulting 
in success rates of 82% and 56% for Criterion-B and Crite-
rion-C, respectively. It is important to interpret the postop-
erative IOP drop in the context of additional interventions 
such as SLT or glaucoma drops for those with suboptimal 
postoperative response. The 10% reoperation rate in our 
study is in line with that of Ziaei et al. where a total of 5 eyes 

Fig. 4  Medication-free eyes and eyes with reductions of ≥ 0 and ≥ 1 medication(s), preoperatively until eight years postoperative. Bars represent 
the proportion of medication-free eyes (solid grey bars), eyes with medication reduction of ≥ 0 medication(s) (solid black bars), and reduction of ≥ 1 
medication(s) (checked bars)

Fig. 5  Eight-year Kaplan–Meier survival chart. The cumulative 
eight-year survival was 90% for Criterion-A (dashed blue line; 
glaucoma reoperation due to inadequate IOP control or disease 
progression), 82% for Criterion-B (dotted green line; increased use 
of glaucoma medications at ≥ 2 visits), 56% for Criterion-C (dashed 
and dotted red line; selective laser trabeculoplasty), and 42% for 
Criterion-D (aggregate of criterion A, B, and C; solid black line)
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(12%) underwent further glaucoma surgeries throughout 
the 7-year follow-up [52]. This low reoperation rate along 
with the sustained IOP reduction throughout the 8  years 
of follow-up supports the long-term efficacy of iStent, con-
trasting to the shorter-term decrease in IOP achieved with 
SLT or cataract surgery [73–76].

CE-TMS showed excelled safety throughout 8  years 
postoperative. Early postoperative IOP spike was the 
most common adverse event. A recent study by Salimi 
et  al., found that limiting the use of postoperative ster-
oids in CE-TMS can help minimize early postoperative 
IOP spikes [34]. No evidence of stent obstruction or 
stent-associated complication was noted and none of the 
cases experienced any sight-threatening adverse event. 
The postoperative improvements in BCVA persisted 
throughout the follow-up, and all eyes had a vision equal 
to or better than 20/100. While this is attributable to the 
vision-enhancing effect of cataract surgery, the absence 
of cases with vision worse than 20/100 or loss of light 
perception supports the safety of CE-TMS. VF-MD—a 
functional measure of disease progression—remained 
stable until POY5 and progressed thereafter. In contrast 
to our results, Ziaei et  al., did not find any significant 
differences between the VF-MD at baseline and POY7 
[52]. However, in their study, only 19 patients had 7-year 
outcomes, which could explain the lack of significant 
findings due to a potentially underpowered analysis. 
Glaucoma is a progressive disease and in the absence 
of curative treatment, all currently available interven-
tions aim to slow down the rate of disease progression. 
Thus, our findings with regards to VF-MD, along with 
those of Ziaei et al., are valuable findings supporting the 
long-term efficacy of iStent in stabilizing or slowing dis-
ease progression. All the structural markers of disease 
progression remained stable postoperatively, including 
CDR, RNFL thickness, and GC-IPL thickness. Previous 
studies have evidenced a poor agreement between pro-
gression detection of RNFL, neuroretinal rim, and visual 
field measurements [77]. In this context, we encourage 
future studies to systematically report VF-MD, RNFL, 
and GC-IPL data—measures that are not consistently 
reported by MIGS studies.

Our study is not without limitations. The retrospective 
nature of the study, while provides valuable real-world 
long-term data, had the potential for containing miss-
ing data. To address this shortcoming, after confirm-
ing that the data were missing completely at random, we 
performed secondary analyses on an imputed database 

Table 3  Eight-year outcomes in visual field mean deviation, cup-
to-disc ratio, retinal nerve fiber layer thickness, and ganglion cell-
inner plexiform layer thickness

VF-MD visual field mean deviation; CDR cup-to-disc ratio; RNFL retinal nerve fiber 
layer; GC-IPL ganglion cell-inner plexiform layer; POM postoperative month; 
POY postoperative year

Mean ± Standard deviations are presented and statistically compared to 

Variable N Mean % Change 
vs. 
baseline

Mean 
change 
vs. 
baseline

P value

VF-MD (dB)

 Preopera-
tive

58  − 5.9 ± 6.6

 POY1 52  − 4.1 ± 5.8  − 30.5 1.8 0.092

 POY2 46  − 4.7 ± 6.0  − 20.3 1.2 0.130

 POY3 47  − 6.3 ± 6.5  6.8  − 0.4 0.227

 POY4 46  − 5.8 ± 6.3  − 1.7 0.1 0.953

 POY5 45  − 5.5 ± 6.4  − 6.8 0.4 0.634

 POY6 44  − 7.0 ± 7.1 18.6  − 1.1 0.027*

 POY7 45  − 6.6 ± 7.3 11.9  − 0.7 0.043*

 POY8 57  − 8.0 ± 7.8 35.6  − 2.1  < 0.001**

CDR

 Preopera-
tive

42 0.71 ± 0.16

 POY1 45 0.71 ± 0.16 0.0 0.00 0.751

 POY2 52 0.70 ± 0.17  − 1.4  − 0.01 0.203

 POY3 49 0.70 ± 0.17  − 1.4  − 0.01 0.322

 POY4 48 0.70 ± 0.16  − 1.4  − 0.01 0.310

 POY5 48 0.70 ± 0.16  − 1.4  − 0.01 0.187

 POY6 47 0.71 ± 0.16 0.0 0.00 0.830

 POY7 45 0.71 ± 0.15 0.0 0.00 0.782

 POY8 53 0.70 ± 0.16  − 1.4  − 0.01 0.176

RNFL thickness (μm)

 Preopera-
tive

14 70.5 ± 13.7

 POY1 19 71.7 ± 11.3 1.7 1.2 0.613

 POY2 35 74.4 ± 13.5 5.5 3.9 0.205

 POY3 36 74.7 ± 12.6 6.0 4.2 0.214

 POY4 39 74.8 ± 11.3 6.1 4.3 0.192

 POY5 42 74.7 ± 12.0 6.0 4.2 0.222

 POY6 41 74.6 ± 12.6 5.8 4.1 0.230

 POY7 40 75.2 ± 12.2 6.7 4.7 0.181

 POY8 49 74.3 ± 11.9 5.4 3.8 0.228

GC-IPL thickness (μm)

 Preopera-
tive

14 64.4 ± 12.9

 POY1 19 65.7 ± 11.2 2.0 1.3 0.623

 POY2 34 65.6 ± 13.1 1.9 1.2 0.674

 POY3 36 64.2 ± 11.9  − 0.3  − 0.2 0.962

 POY4 39 67.4 ± 11.2 4.7 3.0 0.337

 POY5 42 65.5 ± 11.5 1.7 1.1 0.679

 POY6 41 64.2 ± 12.5  − 0.3  − 0.2 0.966

 POY7 40 65.1 ± 11.4 1.1 0.7 0.752

 POY8 48 63.8 ± 10.9  − 0.9  − 0.6 0.857

preoperative values using Generalized Estimating Equations with sequential 
Bonferroni correction for multiple comparisons. Statistical significance is 
denoted by * for P < 0.05 and ** for P < 0.001

Table 3  (continued)
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that evidenced very similar findings (Additional files 1,  
2: Tables S1 and S2). The absence of a control arm lim-
its our findings to the efficacy of a combined procedure, 
as opposed to iStent as a stand-alone procedure. Medica-
tion washout was not performed for any of the eyes, as 
this can be inappropriate in a real-world clinical setting. It 
can be argued that the absence of preoperative medication 
washout is a strength, as it makes the degree of IOP and 
medication reduction more noteworthy. Our cohort con-
sisted of medically controlled glaucomatous eyes with no 
prior incisional glaucoma surgery; thus, our findings may 
not necessarily be generalizable to eyes with advanced, 
uncontrolled glaucoma—a subpopulation that should be 
studied by future works. In absence of available informa-
tion regarding the ethnic background of patients, we were 
unable to assess potential associations between ethnic-
ity and surgical outcomes. Finally, given the retrospective 
and unmasked nature of this study, we cannot rule out the 
possibility of investigator bias in performing postopera-
tive measurements. While this is a limitation, the single-
surgeon nature of the study limits inter-rater variability. 
Identification of the risk factors for early postoperative 
failure that requires surgical reoperation will be of interest 
to future research.

Conclusion
This 8-year study provides the longest follow-up data, 
available to date, on the efficacy and safety of cataract sur-
gery with concurrent implantation of two iStents, using a 
reasonably sized and homogenous cohort of POAG eyes. 
The results support the long-term efficacy of CE-TMS in 
reducing IOP and glaucoma medication use, while also 
improving visual acuity throughout 8 years postoperative. 
Furthermore, functional and structural markers of disease 
stability supported the long-term efficacy of this proce-
dure in stabilizing or slowing disease progression. These 
findings, along with the excellent safety profile evidenced, 
suggest that the insertion of two iStents combined with 
cataract surgery is an efficacious and safe option for sur-
gery naïve POAG eyes, with results lasting up to 8 years 
postoperative.
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