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Purpose: To determine the change in Humphrey visual field and clinical parameters after minimally invasive glaucoma surgery 
combined with cataract surgery.
Patients and Methods: Patients undergoing minimally invasive glaucoma surgery combined with cataract surgery in a multicenter 
retrospective case series between 2013 and 2021 with reliable preoperative and 12 to 18 month postoperative visual field measure-
ments were included. Devices included iStent, XEN, and Hydrus. Clinical parameters were compared with a generalized linear model 
with generalized estimating equations between preoperative and postoperative visits including best corrected visual acuity, intraocular 
pressure, number of glaucoma medications and visual fields. Visual field metrics included mean deviation (MD), pattern standard 
deviation (PSD), visual field index (VFI), and Collaborative Initial Glaucoma Treatment Study (CIGTS) score of total deviation 
probability and pattern deviation probability.
Results: Forty-four eyes from 39 patients were included. During the follow up period, visual acuity improved from 0.23±0.17 to 0.10 
±0.14 logMAR (mean ± standard deviation, p<0.001), number of glaucoma medications was reduced from 2.68±1.06 to 1.46±1.32 
(p<0.001), and intraocular pressure decreased from 17.08±4.23 mmHg to 14.92±3.13 mmHg (p=0.003). Differences across devices 
were negligible. The only significant difference was a greater reduction in number of glaucoma medications in the XEN group 
(p<0.001). There were no significant changes in the global parameters of VFI, MD, PSD, or CIGTS.
Conclusion: Overall, minimally invasive glaucoma surgery combined with cataract surgery appears to be effective at stabilizing 
visual field function, reducing intraocular pressure, reducing number of glaucoma medications, and improving visual acuity over a 12 
to 18 month follow-up period across MIGS devices.
Keywords: glaucoma, MIGS, visual field, cataract

Introduction
Glaucoma is rising in prevalence and intraocular pressure (IOP) is the only known modifiable risk factor.1,2 Ocular 
hypotensive medications can be effective, but their effect is limited by adherence, self-administration is often sub- 
optimal, and they can cause ocular surface toxicity and systemic adverse effects.3–7, In recent years, minimally invasive 
glaucoma surgery (MIGS) combined with cataract surgery has risen in popularity as an alternative to reduce eye drop 
burden or replace more invasive and complicated glaucoma surgeries.8–11 MIGS is aptly named given the micro 
incisional, conjunctival sparing, ab interno approach typically employed.12 Several different types of MIGS interventions 
have been developed and target various outflow mechanisms. These mechanisms include increasing trabecular outflow 
via trabecular meshwork bypass, subconjunctival filtration, increasing outflow via suprachoroidal shunts, and reducing 
aqueous production.12–14
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Many studies have previously shown MIGS combined with cataract surgery to be safe and to have significant IOP 
reducing and medication lowering effects.10,13,15–17 Visual acuity (VA) of MIGS combined with cataract surgery is 
similar compared to cataract surgery alone.15 Current evidence assessing postoperative visual fields (VF) following 
MIGS has been limited, yet preliminary findings indicate MIGS better stabilizes VF compared to cataract surgery 
alone.18 The goal of this study is to evaluate clinical and VF outcomes following cataract surgery combined with iStent, 
XEN, and Hydrus.

Materials and Methods
This was a retrospective review of patients who underwent cataract surgery with concurrent implantation at two clinical 
sites: the University of California, San Francisco (UCSF) and Prism Eye Institute in Brampton, Ontario, Canada. This 
study was compliant with the Health Insurance Portability and Accountability Act and conformed to the tenets of the 
Declaration of Helsinki for research involving human participants. Institutional Review Board approval was obtained 
from UCSF and from the Trillium Health Partners Research Ethics Board.

Inclusion and Exclusion Criteria
This was a retrospective review of all patients who underwent cataract surgery with concurrent implantation of an iStent 
Trabecular Micro-Bypass device (Glaukos, Laguna Hills, California) or a Hydrus Microstent (Alcon, Fort Worth, Texas) 
at UCSF between January 2017 and March 2021, or a XEN Gel Stent (Allergan Inc., Dublin, Ireland) at the Prism Eye 
Institute between March 2013 and August 2018. The inclusion criteria were patients 18 years of age or older who had at 
least one preoperative VF, at least one postoperative VF, and follow-up data greater than 12 months. For follow-up 
period, the range was limited to 12–18 months. Patients were excluded if they had best corrected visual acuity worse than 
20/200 in the operative eye, had prior trabeculectomy or glaucoma drainage device implantation, had an ocular or 
neurological comorbidity affecting their VF, or unreliable VF parameters with fixation losses or false negatives >33% or 
false positives >15%. Baseline demographics were collected including age, sex, lens status, and type of glaucoma. 
Number of glaucoma medications, VF metrics, IOP, and cup to disc ratio were recorded preoperatively and post-
operatively. Preoperative central corneal thickness was recorded.

Humphrey Visual Field Testing
All visual field testing was performed using the Humphrey VF analyzer (Carl Zeiss Ophthalmic Systems, Dublin, 
California) using a size III white stimulus, with a Swedish Interactive Threshold Algorithm (SITA) standard strategy to 
complete 24–2 or 30–2 protocols. Tape was used to elevate the upper eyelid for patients with symptomatic ptosis. Global 
indices including mean deviation (MD), pattern standard deviation (PSD), and visual field index (VFI) were obtained. For 
specific sector analyses, pointwise total deviation (TD), pattern deviation (PD), TD probability (TDP), and PD probability 
(PDP) values were extracted using a validated, open-sourced script (https://pypi.org/project/hvf-extraction-script/).19 The 
script was used to extract pointwise data from the Ophthalmic Perimetry Values (OPV) DICOM files obtained directly from 
the Humphrey Visual Field device or extracted JPEG files. The sector wise values were then calculated by averaging the 
pointwise values across each sector based on prior established sectorial mapping.20 Each VF hemifield was divided into five 
subfields: central, paracentral, nasal, arcuate 1, and arcuate 2 (Figure 1), as previously described.20 For 30–2 VF test, only 
data for points falling within the 24–2 domain were collected. Analysis of VF defects was carried out based on the 
classification system proposed by the Ocular Hypertension Treatment study.21,22

Surgical Procedure
The type of MIGS performed was determined based on surgeon preference. Cataract surgery was performed prior to MIGS by 
phacoemulsification through a clear corneal incision. For iStent insertion, acetylcholine (Miochol-E, Bausch & Lomb, 
Rochester, NY) was given intracamerally, the nasal angle was visualized using a gonioprism, and the device was inserted 
using the manufacturer-provided handpiece, as previously described.23 Similarly, for Hydrus implantation, the nasal anterior 
chamber angle was visualized and the device was inserted into Schlemm’s canal, as previously described.24,25 For Xen stent 
placement, 0.1 mL mitomycin C 0.01% was injected in the intended quadrant of device insertion through the subconjunctiva. 
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An ab interno approach was used where the anterior chamber angle was visualized and the device was inserted into the 
subconjunctival space using previously described technique.26 Bleb development was observed to confirm correct device 
placement. All patients were prescribed postoperative antibiotics for one week and a steroid taper over three to four weeks. 
Glaucoma drops were continued or discontinued at surgeon discretion.

Calculation of CIGTS Score
Calculation of Collaborative Initial Glaucoma Treatment Study (CIGTS) score was originally designed to measure the 
extent of VF defects longitudinally.27 In our study, CIGTS score was calculated for both the total deviation probability 
(TDP) and the pattern deviation probability (PDP) to calculate the global metrics CIGTS_TDP and CIGTS_PDP.

Statistical Analysis
Global VF analysis was performed for VFI, MD, and PSD. Analysis of each metric to compare preoperative to 
postoperative visits was performed using a generalized linear regression model with a generalized estimating equation, 
which accounted for the inter-eye correlation as well as longitudinal correlation among repeated measurements of the 
same eye. Each visit was treated as a categorical variable to avoid assuming a linear relationship between VF 
measurements and time. Comparisons across types of MIGS were analyzed using one-way analysis of variance 
(ANOVA). Change scores between visits for stent comparisons were calculated by subtracting postoperative values 
from preoperative values. Statistical analyses were performed using SAS version 9.4 (Cary, North Carolina). P-values 
<0.05 were considered statistically significant for all analyses. Bonferroni correction was applied for calculations with a 
large number of tests. Specifically, as there were 10 tests for each regional index, a corrected p-value threshold for 
statistical significance resulted in an alpha value of alpha/n, effectively necessitating a p<0.005 for significance, that was 
applied to the correspondingly resultant p-values.

Figure 1 Humphrey VF 24–2 regional pattern. The VF pattern layout was divided into 10 subfields (five per hemifield) based on the characteristics of glaucomatous VF 
defect. Regions were outlined as superior central (1) or inferior central (2); superior paracentral (3) or inferior paracentral (4); superior arcuate 1 (5) or inferior arcuate 1 
(6); superior arcuate 2 (7) or inferior arcuate 2 (8); and superior nasal (9) or inferior nasal (10). Regional analyses of the subfields were performed using total deviation (TD), 
total deviation probability (TDP), pattern deviation (PD), and pattern deviation probability (PDP).
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Results
A total of 175 eyes of 153 patients were screened, of which 44 eyes of 39 patients were included in this study. Of the 131 
eyes excluded, 65 eyes were due to not having adequate VF testing, 37 eyes due to history of prior glaucoma surgery, 22 
eyes having preoperative BCVA worse than 20/200, and four eyes having ocular or neurological comorbidity affecting 
the visual field, and three eyes with visual field not typical for glaucomatous defects. Baseline demographic and clinical 
characteristics are shown in Table 1. Five patients (12.8%) underwent MIGS implantation in both eyes. The most 
common diagnosis was primary open-angle glaucoma (68.2%), and the most common type of MIGS was iStent (52.3%). 
The average patient age was 72.4 years at time of surgery, with 51.3% of patients being female. The average IOP was 
17.1 mmHg and the average number of glaucoma drops was 2.7. Postoperatively, IOP, logarithm of the minimum angle 
of resolution (logMAR) visual acuity, and number of glaucoma medications were all significantly reduced from baseline 
(Table 2). Specific preoperative to postoperative changes included: IOP reduced from 17.1±4.2 mmHg to 14.9 
±3.1 mmHg (p=0.003), LogMAR decreased from 0.23±0.17 to 0.10±0.14 (p<0.001), and number of glaucoma drops 
decreased from 2.7±1.1 to 1.5±1.3 (p<0.001), a 44% reduction.

The number of eyes available for analysis for the 12 to 18 month follow-up examination was 35, with nine eyes 
having follow-up greater than 18 months. Over the course of the study period, there was no significant change in the 
global parameters of VFI, MD, PSD, CIGTS_TDP, and CIGTS_PDP (Table 3).

Across MIGS device groups, XEN, iStent, and Hydrus, there were significant differences in preoperative BCVA, VFI, 
MD, and PSD. Baseline BCVA values were significantly different across stents (p=0.02), as were baseline VFI values 
(p=0.002), and baseline MD (p=0.001) and PSD (p<0.001) values (Tables 4 and 5). Also, significant differences were 

Table 1 Baseline Patient and Ocular Characteristics

Total (39 Patients and 44 Eyes)

Age at time of surgery in years (mean ±SD)a 72.4 (7.2)

Gender
Male 48.7% (19)

Female 51.3% (20)

Number of eyes eligible for study
1 87.2% (34)

2 12.8% (5)

Laterality
Right 45.4% (20)

Left 54.5% (24)

Diagnosis
Primary open angle glaucoma 68.2% (30)

Primary angle closure glaucoma 9.1% (4)

Combined mechanism glaucoma 8.1% (4)
Normal-tension glaucoma 4.5% (2)

Pigmentary glaucoma 4.5% (2)

Pre-perimetric glaucoma 2.3% (1)
Pseudoexfoliative glaucoma 2.3% (1)

Procedure type

iStent 52.3% (23)
XEN 31.8% (14)

Hydrus 15.9% (7)

Central corneal thickness (microns)
Mean ±SD (22 eyes) 532.9 (30.6)

Cup to disc ratio

Mean ±SD (41 eyes) 0.73 (0.15)

Notes: aFor the five patients with both eyes included in the study, age at time of surgery differed by 0–12 months. 
Abbreviation: SD, standard deviation.
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observed between groups for postoperative measurements. BCVA (p=0.006) values at postoperative measurements were 
significantly different between stent groups, as were the number of glaucoma drops (p<0.001), VFI (p=0.01), MD 
(p=0.003), and PSD (p=0.009) (Tables 4 and 5).

Change from baseline to follow up in the different MIGS devices demonstrated significantly greater improvement for 
BCVA in the iStent group (p=0.0008), significantly greater decrease for number of glaucoma drops in the XEN group 
(p=0.001), and significantly greater improvement for MD in the Hydrus group (p=0.04), as compared to other groups. 
However, when comparing the baseline to follow up change values across stents, only the number of glaucoma drops change 
value was statistically significant compared to other stent change values for a given variable (p<0.001) (Tables 4 and 5).

We identified and compared local regions to determine which region had the worst VF function for each of the 10 
indices at baseline and follow-up in addition to whether the pattern of VF defect remained the same or changed between 
baseline and follow-up (Table 6). No subfield was significantly different than others pre- or postoperatively.

Table 2 IOP, Visual Acuity, and Number of Glaucoma Medications Over Time

Baseline Follow-up p-valuea

IOP (mmHg)
Number of eyes 44 35 0.003

Mean (SD) 17.1 (4.2) 14.9 (3.1)

BCVA (LogMAR)
Number of eyes 44 35 <0.001

Mean (SD) 0.23 (0.17) 0.10 (0.14)

Glaucoma drops (n)
Number of eyes 44 35 <0.001

Mean (SD) 2.7 (1.1) 1.5 (1.3)

Notes: aGeneralized linear model with generalized estimating equation (GEE) method was used for comparison of 
difference between baseline and follow-up. 
Abbreviations: BCVA, best corrected visual acuity; IOP, intraocular pressure; LogMAR, logarithm of the minimum angle 
of resolution; SD, standard deviation.

Table 3 Global Visual Field Change Over Time

Baseline Follow-up p-valuea

VFI (%)

Count (eyes) 44 32 0.74

Mean (SD) 80 (20) 80 (20)
MD (dB)

Count (eyes) 44 32 0.34

Mean (SD) −8.5 (6.7) −7.8 (7.1)
PSD (dB)

Count (eyes) 44 32 0.78

Mean (SD) 6.5 (4.4) 6.6 (4.7)
CIGTS_TDP

Count (eyes) 44 32 0.07

Mean (SD) 9.7 (6.3) 8.3 (6.6)
CIGTS_PDP

Count (eyes) 44 32 0.31

Mean (SD) 4.9 (4.3) 5.6 (4.8)

Notes: aGeneralized linear model with generalized estimating equation (GEE) method was used for comparison of 
difference between baseline and follow-up. 
Abbreviations: CIGTS_PDP, Collaborative Initial Glaucoma Treatment Study score on pattern deviation probability; 
CIGTS_TDP, Collaborative Initial Glaucoma Treatment Study score on total deviation probability; dB, decibel; MD, mean 
deviation; PSD, pattern standard deviation; VFI, visual field index.
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Changes in regional TD, PD, TPD, and PDP VF index from baseline to follow-up are shown in Supplemental Table 1. 
None of the changes were statistically significant.

Discussion
As MIGS devices gain more popularity, it will be important to better characterize visual field changes after surgery. Our 
study found that MIGS combined with cataract surgery yielded an IOP reduction of 2.2 mmHg, a 1.2 reduction of 
number of glaucoma medications, a 0.13 logMAR reduction of BCVA, and stable VF function on regional and global 
analysis over a 12 to 18 month follow-up period. Furthermore, when comparing change values from baseline to follow- 
up across stent groups, the only significant difference was found in the change in number of glaucoma drops, with XEN 
exhibiting the largest decrease at follow-up.

Table 4 IOP, Visual Acuity, and Number of Glaucoma Medications Changes Across Stents and Over Time

Baseline Follow-up Change from Baseline at Follow-up p-valuea

IOP (mmHg)
XEN

Count (eyes) 14 12 12

Mean (SD) 16.9 (4.5) 14.4 (3.1) −2.5 (4.6) 0.09
iStent

Count (eyes) 23 16 16

Mean (SD) 17.1 (4.6) 15.5 (3.6) −1.6 (3.4) 0.07
Hydrus

Count (eyes) 7 7 7
Mean (SD) 17.4 (3.3) 14.9 (2.4) −2.5 (2.6) 0.07

p-value 0.97 0.79 0.97

BCVA (LogMAR)
XEN

Count (eyes) 14 12 12

Mean (SD) 0.29 (0.17) 0.20 (0.15) −0.09 (0.2) 0.13

iStent
Count (eyes) 23 16 16

Mean (SD) 0.24 (0.17) 0.06 (0.10) −0.18 (0.1) 0.0008

Hydrus
Count (eyes) 7 7 7

Mean (SD) 0.07 (0.12) 0.02 (0.11) −0.05 (0.1) 0.44

p-value 0.02 0.006 0.18

Glaucoma drops (#)
XEN

Count (eyes) 14 12 12

Mean (SD) 3.1 (1.0) 0.3 (0.7) −2.8 (1.3) 0.0010
iStent

Count (eyes) 23 16 16

Mean (SD) 2.7 (1.1) 2.3 (1.3) −0.4 (0.8) 0.08
Hydrus

Count (eyes) 7 7 7

Mean (SD) 2.0 (1.0) 1.6 (1.0) −0.4 (1.1) 0.47

p-value 0.09 <0.001 <0.001

Notes: aGeneralized linear model with generalized estimating equation (GEE) method was used for comparison of difference between 
baseline and follow-up. 
Abbreviations: BCVA, best corrected visual acuity; IOP, intraocular pressure; LogMAR, logarithm of the minimum angle of resolution.
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MIGS has been shown to reduce IOP significantly, with a stronger effect than glaucoma medications alone and over a 
longer period of time.28 Furthermore, the efficacy of MIGS in IOP and medication reduction has been demonstrated with 
or without the combination of cataract surgery.29–31 Arriola-Villabobos et al demonstrated a 17.5% drop in IOP with a 
follow-up of five years in an iStent only cohort.31 In addition, Fea et al demonstrated that phacoemulsification combined 
with iStent produced a 3.1 mmHg decrease in IOP over a 15 month period, which was significantly greater than the 
decrease with phacoemulsification alone, which produced a 1.6 mmHg decrease in IOP.32 It has been shown that multiple 
iStent implantations can produce an even greater reduction in IOP, however, we only used data from single iStent 
implantation in our study.33 A two-year study on Hydrus devices also reported significant decrease in IOP compared to 
phacoemulsification alone, with a reduction of greater than or equal to 20% of the IOP in 77% of eyes with Hydrus use.34 

Lastly, a systematic review of XEN gel stent found an overall IOP reduction of 35% across their meta-analysis.35 We 

Table 5 Visual Field Changes Across Stents and Over Time

Baseline Follow-up Change from Baseline at Follow-up p-valuea

VFI (%)
XEN

Count (eyes) 14 10 10

Mean (SD) 70 (20) 70 (10) 0.0 (0.1) 0.67
iStent

Count (eyes) 23 15 15

Mean (SD) 80 (20) 80 (20) 0.0 (0.1) 0.60
Hydrus

Count (eyes) 7 7 7
Mean (SD) 90 (10) 90 (10) 0.0 (0.1) 0.37

p-value 0.002 0.01 0.57

MD (dB)
XEN

Count (eyes) 14 10 10

Mean (SD) −13.3 (5.9) −12.8 (5.4) 0.5 (2.0) 0.73

iStent
Count (eyes) 23 15 15

Mean (SD) −7.1 (6.3) −7.2 (7.1) −0.1 (2.4) 0.98

Hydrus
Count (eyes) 7 7 7

Mean (SD) −3.5 (3.5) −1.9 (3.8) 1.6 (1.3) 0.04

p-value 0.001 0.003 0.16

PSD (dB)
XEN

Count (eyes) 14 10 10

Mean (SD) 9.8 (3.7) 9.9 (3.6) 0.1 (1.4) 0.97
iStent

Count (eyes) 23 15 15

Mean (SD) 5.5 (4.1) 6.0 (4.9) 0.5 (1.3) 0.50
Hydrus

Count (eyes) 7 7 7

Mean (SD) 3.0 (2.3) 3.4 (2.5) 0.4 (0.6) 0.20

p-value <0.001 0.009 0.86

Notes: aGeneralized linear model with generalized estimating equation (GEE) method was used for comparison of difference between 
baseline and follow-up. 
Abbreviations: BCVA, best corrected visual acuity; dB, decibel; IOP, intraocular pressure; LogMAR, logarithm of the minimum angle of 
resolution; MD, mean deviation; PSD, pattern standard deviation; SD, standard deviation; VFI, visual field index.
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Table 6 Cross-sectional Analysis of Local Visual Field Metrics

Inferior 
Arcuate 1

Inferior 
Arcuate 2

Inferior 
Central

Inferior Nasal Inferior 
Paracentral

Superior 
Arcuate 1

Superior 
Arcuate 2

Superior 
Central

Superior Nasal Superior 
Paracentral

p- 
valuea

Baseline

TD

n 44 44 44 44 44 44 44 44 44 44 0.18

Mean (SD) −8.59 (8.79) −7.63 (8.36) −7.66 (8.55) −10.41 (10.08) −9.49 (10.30) −8.58 (8.96) −6.63 (7.28) −8.72 (8.60) −10.33 (10.27) −9.58 (9.35)

PD

n 42 42 42 42 42 42 42 42 42 42 0.21

Mean (SD) −5.62 (6.52) −4.73 (6.81) −5.02 (7.40) −7.43 (7.91) −6.33 (8.20) −6.10 (7.09) −4.29 (5.57) −5.67 (6.89) −7.54 (8.55) −6.56 (7.24)

TDP

n 44 44 44 44 44 44 44 44 44 44 0.01

Mean (SD) 2.10 (1.55) 1.79 (1.53) 2.08 (1.59) 2.21 (1.58) 2.41 (1.64) 1.83 (1.64) 1.38 (1.49) 2.32 (1.61) 2.06 (1.69) 2.40 (1.64)

PDP

n 44 44 44 44 44 44 44 44 44 44 0.09

Mean (SD) 1.05 (1.38) 0.77 (1.28) 0.98 (1.38) 1.32 (1.63) 1.22 (1.42) 1.06 (1.53) 0.63 (1.20) 1.13 (1.37) 1.32 (1.64) 1.27 (1.48)

Follow-up

TD

n 32 32 32 32 32 32 32 32 32 32 0.34

Mean (SD) −8.22 (9.77) −6.27 (8.57) −6.47 (9.99) −8.81 (10.03) −9.09 (11.42) −8.10 (9.14) −7.23 (7.78) −7.28 (8.04) −9.94 (10.85) −8.98 (9.77)

PD

n 32 32 32 32 32 32 32 32 32 32 0.36

Mean (SD) −6.89 (8.11) −4.91 (7.02) −5.17 (8.98) −7.50 (8.34) −7.84 (9.95) −7.22 (8.03) −5.92 (6.16) −6.09 (7.24) −8.66 (9.53) −7.62 (8.37)

TDP

n 32 32 32 32 32 32 32 32 32 32 0.04

Mean (SD) 1.91 (1.55) 1.41 (1.54) 1.44 (1.60) 1.74 (1.61) 2.14 (1.64) 1.69 (1.67) 1.45 (1.55) 1.77 (1.66) 1.88 (1.75) 2.03 (1.72)

PDP

n 32 32 32 32 32 32 32 32 32 32 0.054

Mean (SD) 1.32 (1.55) 0.90 (1.43) 0.81 (1.48) 1.18 (1.61) 1.51 (1.63) 1.33 (1.60) 1.03 (1.39) 1.16 (1.39) 1.38 (1.73) 1.44 (1.66)

Notes: aGeneralized linear model with generalized estimating equation (GEE) method was used for comparison of difference between baseline and follow-up. 
Abbreviations: n, number; PD, pattern deviation; PDP, pattern deviation probability; SD, standard deviation; TD, total deviation; TDP, total deviation probability.
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found that patients who underwent either of the three stent implantations had an average of 2.2 mmHg drop in IOP, or a 
12.9% decrease, within 12 to 18 months. Notably, with a baseline IOP of 17.1 mmHg and a final average number of 
glaucoma drops of 1.5, it is unsurprising there was a modest IOP reduction. Furthermore, we found the change in IOP 
over our follow-up period to be similar across all three devices. While the decrease in IOP in the entire MIGS cohort was 
significant, individual analysis of stents yielded partial significance, which is most likely attributable to the small sample 
sizes of the individual groups.

MIGS has also been shown to reduce number of glaucoma medications significantly. A systematic review of XEN 
stent and cataract surgery revealed an average reduction of 1.86 drops with a range of 1.4 to 3.1.35 In addition, a meta- 
analysis of iStent implants revealed an average medication reduction of 1.2 for a follow-up time between 36 and 60 
months.36 Our study demonstrated an average number of glaucoma medication reduction of 1.2, with XEN being 
significantly different than the other two stent groups with a reduction of 2.8 number of medications compared to 0.4 
in the iStent group and the Hydrus group (Table 4). One explanation for this result could be that XEN stents are 
inherently superior in terms of lowering IOP compared to iStent and Hydrus. However, the change in number of 
glaucoma medications is based on clinical decision making and is a value that is dependent on and balanced with IOP 
target goal, which varies across glaucoma diagnoses and patient and physician clinical decision making. Notably, the 
XEN group in our study was located at a different care center than the Hydrus and iStent groups, which could contribute 
to the differences in balance of medication reduction and IOP with stent placement. Altogether, similarly to IOP 
reduction, number of glaucoma medication reduction across the literature post iStent, Hydrus, and XEN exhibited 
similar results to our findings, with an average of one-to-three medications reduced after implantation.31–35

Research on VF stability after MIGS is forthcoming. A retrospective study of XEN implants found MD to be stable 
across various types of glaucoma 12 months after surgery.37 Another study on first-generation iStent showed MD decline 
over five years to be insignificant, in accordance with the noted stability of our findings.38 Of note, studies with newer 
versions of the stents employed in this study, namely XEN 45 and iStent inject, demonstrated significant reduction in 
visual field loss compared to control.39,40 Moreover, Liu et al demonstrated that the superior hemifield was most affected 
over a three-year follow-up period in glaucoma patients, although this analysis was after GDD implantation.20 Our study 
cohort demonstrated no significant global or regional change in VF metrics over the follow-up period, which indicates a 
preservation of visual function after MIGS. These findings are contrasted against the regular rate of VF change in 
glaucomatous patients, which typically range from −0.5 to −0.4 dB per year in mild and moderate glaucoma.41 Our 
patient population had an average MD at baseline of −8.5 dB, which is representative of moderate stage glaucoma. While 
we did find that our global visual field outcome metrics were different at baseline between MIGS groups, when 
comparing change over follow-up period across MIGS groups, XEN, iStent, and Hydrus exhibited no significant change 
in VFI, MD, or PSD with the exception of mean Hydrus MD change (p=0.04). This change can most likely be attributed 
to the small sample size of our Hydrus group (n=7), which also displayed significant overlap in mean plus or minus 
standard deviation between baseline and follow-up. Furthermore, comparison of change from baseline to follow up 
across MIGS groups did not find the Hydrus change to be statistically different from the other groups (p=0.16). The 
iStent group was found to have significantly improved BCVA compared to XEN and Hydrus. The mechanism for this 
finding is unknown, and a comparison of change values across stents did not indicate this change to be significant 
(p=0.18). Lastly, we did not find any subfield to be significantly worse than others at either baseline or at follow up in our 
study after applying Bonferroni correction.

This study has several limitations. The study’s retrospective nature introduces the possibility of selection bias and 
problems related to incomplete data and attrition. Expected changes in visual acuity following cataract surgery may 
confound glaucoma-related visual field changes, and future studies could consider a post-cataract surgery visual field as 
baseline. In addition, the 12 to 18 month postoperative follow-up period is short. However, this study provides strong 
preliminary data that could serve as the foundation of other prospective clinical trials, which are currently lacking for 
MIGS. Future studies looking at longer-term outcomes, especially with VF analysis, are needed to continue to validate 
treatment effect and visual function changes in MIGS implantation.
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Conclusion
We present the first study to describe detailed VF and clinical metrics over a longitudinal postoperative period following 
MIGS with cataract surgery. In our cohort utilizing three different MIGS devices, the number of glaucoma medications 
decreased, the average IOP decreased, and the global and sector-based VF metrics largely remained stable Additional 
studies are needed to better understand the long-term clinical and VF outcomes following MIGS.
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