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Purpose: Combining two or more MIGS (cMIGS) promises to be more efficacious than single MIGS (sMIGS). This study compared
the efficacy of PEcK, which combines Phacoemulsification (Phaco), Endocyclophotocoagulation (ECP), and Kahook dual blade
(KDB), relative to both of its constituent sMIGS, Phaco/ECP (Endo Optiks, NJ) and Phaco/KDB (New World Medical, CA) for the
first time.

Patients and methods: Data was collected retrospectively from 1833 visits of 271 patients who underwent PEcK, Phaco/ECP, or
Phaco/KDB from 20162021 at Massachusetts Eye and Ear. Primary outcomes included Generalized Estimating Equations (GEE) of
intraocular pressure (IOP) and medication burden, as well as survival models.

Results: Mean preoperative IOP was 17.6 + 5.0 (SD) mmHg on 3.0 + 1.4 medications in the PEcK group (n = 128), 17.9 £ 5.1 mmHg
on 2.2 + 1.5 medications in the Phaco/ECP group (n = 78), and 16.1 + 4.3 mmHg on 0.4 + 1.0 medications in the Phaco/KDB group (n
= 65). For more than 36 months, all procedures resulted in significant patterns of IOP and medication reduction (all p < 0.001), before
and after statistical adjustment. The reduction pattern in IOP was significantly different when comparing all groups over time and
favored PEcK (p = 0.04), but the reduction pattern in medications was not significantly different (p = 0.11). Procedures did not differ in
procedural time (p = 0.18) or in survival to maintain >20% IOP reduction (p = 0.43) without additional medication or procedure. There
was a trend toward significant difference in maintaining IOP < goal IOP that favored PEcK over Phaco/ECP after adjustment (p =
0.09).

Conclusion: PEcK may confer greater IOP reduction without added procedural time compared to Phaco/ECP and Phaco/KDB in
predominantly mild or moderate glaucoma. Further research on cMIGS may benefit from adopting this comparative analysis to
constituent MIGS.

Keywords: microinvasive glaucoma surgery, cMIGS, generalized estimating equations, GEE, comparative effectiveness, combined

efficacy, glaucoma

Précis

In this retrospective study of 271 patients with 1833 clinical visits, we suggest that combined Phacoemulsification,
Endocyclophotocoagulation, and Kahook dual blade (PEcK) may confer greater IOP reduction than its constituent MIGS
without additional procedural time.

Plain Language Summary
For the first time, in patients undergoing cataract removal, we compared a combination glaucoma surgery to both of its individual

procedures, which aim to lower eye pressure by decreasing fluid production (cyclophotocoagulation) or increasing fluid drainage
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(Kahook Dual Blade) in the front of the eye. We report that the combination of both glaucoma surgeries and cataract removal may lead
to greater reduction of eye pressure without added surgical time and without sacrificing safety.

Introduction

With many different mechanisms of action among microinvasive glaucoma surgery (MIGS), there is a growing interest in
establishing whether combining multiple MIGS (cMIGS) leads to an additive or synergistic effect." Although a number
of case reports, retrospective studies, and systematic reviews have reported on cMIGS, none has directly compared the
combination procedure to all of its constituent MIGS. Despite this, understanding the relative efficacy of ¢cMIGS to their
constituent MIGS is fundamental to clinical decision making and to establishing the benefit of combination. This study
focuses on the hypothesis that PEcK, a specific cMIGS that combines Phacoemulsification (Phaco),
Endocyclophotocoagulation (ECP; Endo Optiks, NJ, USA), and Kahook dual blade (KDB; New World Medical, CA,
USA), yields greater IOP reduction, medication reduction, and survival than its constituent MIGS, while maintaining
procedural time and safety.”

As one component of PEcK, ECP is used to ablate ciliary processes and decrease aqueous humor production.
Although complications including intraocular pressure spikes, postoperative inflammation, and lens dislocation remain
concerns, the procedure has an excellent safety profile in mild and moderate glaucoma.® In the literature, at 12 months
postoperatively from Phaco/ECP, mean intraocular pressure (IOP) is reduced by 2.7 to 11.5 mmHg in retrospective
studies.®

Phacoemulsification is also frequently combined with ab-interno trabecular excision using the Kahook Dual Blade.
Relying on retrospective studies and case series, the efficacy of Phaco/KDB has been reported with 12-month 10OP
reductions between 1.9 to 11.7 mmHg.” '

Furthermore, PEcK has only been reported in two studies and one systematic review to the best of our
knowledge."*!” Izquierdo et al performed a prospective, unblinded study of 49 eyes with mild-to-advanced primary
open-angle glaucoma on >2 medications, which were randomized to either PEcK or Phaco/ECP. At 12 months post-
operatively, mean IOP was reduced by 5.52 mmHg in the PEcK group, resulting in a 32.5% reduction compared to 20.3%
after Phaco/ECP (p = 0.031)."” Our group has also reported on PEcK (n = 53) in a retrospective study of predominantly
mild or moderate glaucoma compared to another cMIGS procedure combining iStent insertion, Cataract extraction, and
ECP (ICE). The study found a 12-month mean IOP reduction of 5.1 £+ 44mmHg on 1.6 £+ 1.5 fewer medications,
reporting a signal of potentially greater mean IOP reduction following PEcK compared to ICE (p = 0.08).

This study reports on the efficacy of PEcK for more than 36 months and establishes the relative efficacy to all of its
constituent single MIGS (sMIGS), both Phaco/ECP and Phaco/KDB, for the first time of any cMIGS.

Methods

Overview

The study protocol and waiver of consent for retrospective chart review was approved by the Massachusetts General
Brigham Institutional Review Board (IRB Number 2019P002735). All research adhered to the Declaration of Helsinki
and the Health Insurance Portability and Accountability Act, as well as standards of reporting.

Population

Subjects were queried from all surgical records at Massachusetts Eye and Ear performed by any fellowship-trained
glaucoma surgeon between January 2016 to July 2021 and were included if the operative report confirmed having
undergone PEcK, Phaco/ECP, or Phaco/KDB. Patients were excluded from analysis if they had an additional procedure
performed at the time of surgery, were less than 18 years of age at the time of surgery or had a history of MicroPulse
Trans-Scleral Cyclophotocoagulation (MPCPC) in the operative eye. Additionally, patients were excluded from analysis
if they had less than 6 weeks of follow-up to avoid biasing data by ignoring early failures in survival analysis. If both
eyes of a patient underwent operation, only the first operated eye was included. If a patient underwent an additional
glaucoma surgery or laser trabeculoplasty (LTP) on the operative eye, follow-up was concluded at that time.
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Surgical Technique

For PEcK and Phaco/ECP, phacoemulsification was followed by insertion of cohesive viscoelastic and then the ECP probe
into the sulcus and treatment of 90-360 degrees of ciliary processes in continuous wave mode at a power of 0.10-0.55 Watts
until observing whitening and shrinkage of ciliary processes. After ECP for PEcK and after phacoemulsification for Phaco/
KDB, the patient’s head was rotated for visualization, additional cohesive viscoelastic was inserted into the anterior chamber,
and the gonioscopy lens was placed onto the cornea. The KDB was introduced into the anterior chamber and an ab-interno
trabecular excision was performed. The KDB was passed through the trabecular meshwork (TM) between 1.0-5.0 clock
hours in an inside out fashion until two strips of TM were formed. These techniques are represented in the cited surgical
video.'® At completion of all procedures, a drop of prednisolone and moxifloxacin antibiotic were placed on the eye before it
was patched and shielded.

Data Collection

Baseline characteristics were collected from electronic health records of subjects and included age, gender, preferred language,
race/ethnicity, glaucoma type, and best corrected distance visual acuity (BCVA). Glaucoma type was denoted to be mixed
mechanism when there was more than one etiology of glaucomatous disease documented, most frequently with both closed
angle and open angle. Baseline medication burden was recorded as the number of medications prescribed, including the
number of constituent agents if fixed-dose combination medications were used. Baseline IOP was defined as the mean of
measurements made by the surgeon using Goldmann applanation tonometry on two consecutive visits prior to surgery. If
Goldmann applanation tonometry was not available for a pre- or postoperative visit, measurements from an iCare tonometer
(Tiolat Oy, Helsinki, Finland) or Optical Response Analyzer (Reichert Ophthalmic Instruments, Inc., Buffalo, NY, USA) were
recorded. Glaucoma stage was recorded and assigned based on the American Academy of Ophthalmology Preferred Practice
Pattern guidelines (ICD-10 Glaucoma Reference Guide).'® Prior history of ocular surgery, laser peripheral iridotomy (LPI),
and LTP in the operative eye was recorded. Prior LTP included Argon Laser Trabeculoplasty (ALT) or Selective Laser
Trabeculoplasty (SLT). The goal IOP was a preoperatively designated target that corresponded to a 20% IOP reduction from
the level at which glaucoma progression was first documented.?

Postoperative data were collected from 1 day, 6 (+2.5) weeks, 3 (£1) months, 6 (£2) months, 12 (+3) months, 18 (£3)
months, 24 (£3) months, 36 (+3) months, 48 (£3) months, and 60 (+3) months. Recorded measurements included IOP,
BCVA, number of glaucoma medications, and presence of postoperative complications. If subjects required further
glaucoma procedure or if patients underwent laser capsulotomy within 12 months, this was recorded.

Outcomes

Primary outcomes were the pattern of change in intraocular pressure (IOP) and medication burden for up to 60 months
postoperatively compared between procedures, as well as survival analyses. We examined two survival criteria, without
receiving additional glaucoma procedure or medication:

e Survival Criteria 1 (SC1): IOP < 21 mmHg and > 20% reduction from baseline.
e Survival Criteria 2 (SC2): IOP < goal IOP, where goal IOP represented a preoperatively designated 20% reduction
from the level at which glaucoma progression occurred.”

Separate to additional glaucoma procedure or medication, failure required a demonstrated inability to meet the above IOP
criteria at > 2 consecutive visits as this reduced confounding from temporary intraocular pressure fluctuations. Secondary
outcomes included the pattern of change in the Logarithm of the Minimum Angle of Resolution (logMAR), as well as the
procedure length and incidence of postoperative complications.

Statistical Analysis
Statistical analyses were performed using R statistical programming software (RStudio 2022.02.0). Number of medica-
tions and logMAR were treated as continuous variables. Statistical differences in baseline characteristics between cohorts

were evaluated by Kruskal-Wallis rank sum tests and Pearson’s Chi-squared tests.?*'
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Generalized Estimating Equations (GEE) were used to assess both the magnitude and temporality of change and to
properly account for repeated outcome measurements.*>** Additionally, GEEs are often suggested as the preferred model
type for interpreting population findings for continuous variables of repeated measurements without known distributions
and with a small sample size.** Through the GEEs, semi-parametric longitudinal regression models were fit to each
outcome, including IOP, medication burden, and logMAR. Models were examined between procedures and across each
categorical timepoint throughout 60 months. For selected baseline characteristics that were significantly or near
significantly different between procedures, the respective variables were included in the models for adjustment of
these differences. Statistical significance of covariates within the models was evaluated using Wald tests, which resulted
in a single p-value that compared the pattern of change across all timepoints, between procedures, or under both
conditions, while holding all other covariates constant. ANOVA was used in multivariate analysis of all procedures.”

Kaplan—Meier survival probabilities were generated and are presented as plots of event-free survival. Statistical difference
in the pattern of survival was evaluated using Log rank tests.”> To assess the impact of selected baseline characteristics that
were significantly or near significantly different between procedures, a Cox Proportional Hazards (Cox PH) regression model
was fit to the survival criterion, procedure, and selected baseline characteristics. Adjusted Cox PH Survival Curves were

generated to show how type of procedure influenced survival estimated from a model that adjusted for group differences.** 2’

Results

Baseline Characteristics and Statistical Adjustment

One thousand eight hundred thirty-three (1833) visits from 271 eyes of 271 patients were included. Mean preoperative
IOP was 17.6 + 5.0 (SD) mmHg on 3.0 + 1.4 medications in the PEcK group (n = 128), 17.9 + 5.1 mmHg on 2.2 + 1.5
medications in the Phaco/ECP group (n = 78), and 16.1 + 4.3 mmHg on 0.4 £ 1.0 medications in the Phaco/KDB group
(n = 65) (Table 1). Subjects had a mean age of 72.35, had predominantly mild or moderate glaucoma (69%), and were

Table | Baseline Characteristics

Variable Overall, PEcK, Phaco/ECP, Phaco/KDB, p-value
N =271 N =128 N=78 N =65
Demographic Characteristics
Age at surgery, mean (SD) [years] 72.35 (8.99) 71.96 (9.71) 72.65 (8.32) 72.75 (8.36) 0.95
Female sex, N (%) 160 (59%) 67 (52%) 53 (68%) 40 (62%) 0.078
Race-Ethnicity, N (%) 0.030%*
White 157 (58%) 76 (59%) 48 (62%) 33 (51%)
Black or African American 44 (16%) 17 (13%) 9 (12%) 18 (28%)
Hispanic or Latino 26 (9.6%) 12 (9.4%) 8 (10%) 6 (9.2%)
Asian 12 (4.4%) 4 (3.1%) 7 (9.0%) 1 (1.5%)
Other 12 (4.4%) 10 (7.8%) 1 (1.3%) 1 (1.5%)
Unavailable 20 (7.4%) 9 (7.0%) 5 (6.3%) 6 (9.2%)
Non-English speaker, N (%) 51 (19%) 22 (17%) 18 (23%) I (17%) 0.52
Glaucoma Characteristics
IOP, mean (SD) [mmHg] 17.3 (4.9) 17.6 (5.0) 17.9 (5.1) 16.1 (4.3) 0.056
Number of glaucoma medications, mean (SD) 22 (1.7) 3.0 (1.4) 2.2 (1.5) 0.4 (1.0 <0.001*
Glaucoma Type, N (%) <0.001*
Primary Open Angle 133 (49%) 75 (59%) 27 (35%) 31 (48%)
Mixed mechanism 82 (30%) 23 (18%) 45 (58%) 14 (22%)
Pseudoexfoliation 26 (9.6%) 18 (14%) 0 (0%) 8 (12%)
(Continued)

1650 "

Dove!

Clinical Ophthalmology 2023:17



https://www.dovepress.com
https://www.dovepress.com

Dove Oberfeld et al
Table | (Continued).
Variable Overall, PEcK, Phaco/ECP, Phaco/KDB, p-value
N =271 N =128 N=78 N = 65
Pigmentary 3 (1.1%) 3 (2.3%) 0 (0%) 0 (0%)
Normal or Low Tension 15 (5.5%) 5 (3.9%) 3 (3.8%) 7 (11%)
Ocular Hypertension 12 (4.4%) 4 (3.1%) 3 (3.8%) 5(7.7%)
Glaucoma Stage, N (%) 0.25
Mild 107 (39%) 41 (32%) 39 (50%) 27 (42%)
Moderate 81 (30%) 46 (36%) 18 (23%) 17 (26%)
Severe 60 (22%) 32 (25%) 15 (19%) 13 (20%)
Indeterminate Il (4.1%) 5 (3.9%) 3 (3.8%) 3 (4.6%)
Ocular Hypertension 12 (4.4%) 4 (3.1%) 3 (3.8%) 5 (7.7%)
Prior laser trabeculoplasty on operative eye, N (%)* 59 (22%) 36 (28%) 12 (15%) 1 (17%) 0.055
Prior LPI on operative eye, N (%) 71 (26%) 20 (16%) 43 (55%) 8 (12%) <0.001*
Other Ocular Characteristics
BCVA LogMAR, mean (SD) [log unit] 0.4 (0.4) 0.4 (0.5) 0.3 (0.3) 0.4 (0.4) 0.68
Central Corneal Thickness, mean (SD) 544 (38) 550 (37) 542 (39) 539 (38) 0.17
Prior surgery on operative eye, N (%) -
Non-Functioning Glaucoma Drainage Implant 3 (1.1%) 1 (0.8%) 2 (2.6%) 0 (0%)
Scarred-Down Trabeculectomy 3 (1.1%) 2 (1.6%) 1 (1.3%) 0 (0%)
Iridoplasty 4 (1.5%) 0 (0%) 4 (5.1%) 0 (0%)
Corneal 2 (0.7%) 0 (0%) 0 (0%) 2 (3.1%)
Other Anterior Chamber Surgery 2 (0.7%) 2 (1.6%) 0 (0%) 0 (0%)
Retinal 9 (3.3%) 4 (3.1%) 1 (1.3%) 4 (6.2%)
Lid 5 (1.8%) 2 (1.6%) 2 (2.6%) 1 (1.5%)
None 243 (90%) 117 (91%) 68 (87%) 58 (89%)
Procedure Characteristics
Procedure duration, mean (SD) [minutes] 368 (11.7) 37.5 (10.8) 37.3 (12.7) 349 (12.1) 0.18
Clock hours incised by KDB, mean (SD) 3.9 (0.6) 4.0 (0.4) - 3.6 (0.8) <0.001*
Degrees of ECP, mean (SD) [mW] 217 (49) 210 (37) 229 (62) - 0.06
Power of ECP, mean (SD) [mW] 0.33 (0.06) 0.35 (0.05) 0.29 (0.07) - <0.001*

Notes: Baseline demographics, disease characteristics, and procedural history in subjects who underwent phacoemulsification with endocyclophotocoagulation (Phaco/ECP), Kahook
Dual Blade (Phaco/KDB), or both PEcK with Kruskal-Wallis rank sum tests and Pearson’s Chi-squared tests. *Laser trabeculoplasty includes Laser Trabeculoplasty (LTP), Argon Laser
Trabeculoplasty (ALT), or Selective Laser Trabeculoplasty (SLT). *Asterisk identifies significance defined as p < 0.05. All bolded text is used to distinguish column and section headers of
the table.

Abbreviations: |IOP, Intraocular pressure; BCVA, Best corrected distance visual acuity; MPCPC, MicroPulse Trans-Scleral Cyclophotocoagulation; LPI, Laser Peripheral
Iridotomy.

naive to surgery (98.9%). Baseline characteristics that were significantly different included fewer medications in the
Phaco/KDB group (p<0.001), race-ethnicity (p=0.030), glaucoma type (p<0.001), and more frequent prior LPI on the
operative eye in the Phaco/ECP group (p<0.001). For the latter three characteristics, PEcK and Phaco/KDB groups
included predominantly primary open-angle glaucoma, while the Phaco/ECP group comprised mostly patients with
mixed-mechanism glaucoma who were thus more frequently of Asian race-ethnicity and who had thus more frequently
underwent prior LPI.

Additionally, variables for mean preoperative IOP (p = 0.056), prior LTP (p = 0.055), and sex (p = 0.078) approached
significant difference. Thus, GEEs were statistically adjusted for baseline mean IOP, medication burden, prior LTP, sex,
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and glaucoma type. Survival curves were statistically adjusted for baseline mean IOP, medication burden, prior LTP, sex,
and prior LPI. We did not adjust simultaneously by glaucoma type, race-ethnicity, and prior LPI because, as discussed
above, they trended together. Prior LPI was used for the survival curves over glaucoma type to minimize risk of
overfitting in the absence of plans to stratify by severity.

Between PEcK and Phaco/ECP, surgeons performed ECP in PEcK at higher power (p<0.001), often over fewer
degrees of ciliary body processes (p = 0.06). Between PEcK and Phaco/KDB, surgeons incised more clock hours in the
KDBs performed on PEcK subjects (p < 0.001).

Procedural and Comparative Efficacy

For more than 36 months, all procedures resulted in significant patterns of IOP and medication reduction (all p < 0.001),
before and after statistical adjustment (Table 2 and Table 3). At 18 months, mean IOP was reduced to 12.2 + 3.2 mmHg
on 2.0 + 1.4 medications after PEcK, 13.6 + 2.4 mmHg on 1.7 = 1.3 medications after Phaco/ECP, and 14.1 + 4.4 mmHg
on 0.5 + 1.0 medications after Phaco/KDB. Graphical representations of IOP and medication burden are included in
Supplemental Figure 1, and reductions of mean IOP and percent reductions are reported in Supplemental Table 1. The

parameters of all GEE models are reported in Supplemental Table 2.

The reduction pattern in IOP was significantly different when comparing all groups over time and favored PEcK, before
and after statistical adjustment (p = 0.04 and p = 0.03, respectively). In pairwise comparison of PEcK to Phaco/ECP, the
reduction pattern in IOP was significantly different and favored PEcK over Phaco/ECP, before and after statistical adjustment
(both p = 0.02). The reduction patterns in IOP following PEcK and Phaco/KDB were not different before statistical
adjustment (p = 0.13) and trended toward significance favoring PEcK after statistical adjustment (p = 0.07).

The reduction pattern in medications was not significantly different between procedures, with or without statistical
adjustment (p = 0.11 and p = 0.17, respectively). In pairwise comparison of PEcK and Phaco/ECP, the reduction patterns

Table 2 Change in Intraocular Pressure

Outcome: IOP [mmHg] PEcK Phaco/ECP Phaco/KDB
N | Mean (SD) | N | Mean (SD) | N | Mean (SD)

Baseline 128 17.6 (5.0) 78 17.9 (5.1) 65 16.1 (4.3)
6 weeks 114 13.3 (3.5) 72 14.5 (4.7) 63 13.8 (3.4)
3 months 79 12.9 (3.5) 58 139 (3.7) | 4l 132 (3.1)
6 months 102 134 (5.2) 63 13.7 3.1) 53 13.4 (2.6)
12 months 78 13.8 (4.1) | 43 13.7 2.4) 31 13.6 (3.8)
18 months 56 122 3.2) 30 13.6 (2.4) 18 14.1 (4.4)
24 months 42 12.5 (2.9) 31 13.0 (2.8) I 13.4 (5.1)
36 months 19 1.5 (2.6) 27 134 (2.2) 2 11.5 (3.5)
48 months 3 12.0 (1.7) 14 14.6 (3.1) 0 -

60 months 0 - 9 14.6 (1.4) 0 -

P-values: Evaluating the pattern of change

Over time, unadjusted <0.001*
Over time, adjusted® <0.001*
Comparing procedure to PEcK over time, - 0.02* 0.13
unadjusted
(Continued)
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Table 2 (Continued).

Outcome: IOP [mmHg] PEcK Phaco/ECP Phaco/KDB
N | Mean (SD) | N | Mean (SD) | N | Mean (SD)
Comparing procedure to PEcK over time, adjusted® - 0.02* 0.07
Comparing all procedures over time, unadjusted 0.04*
Comparing all procedures over time, adjusted® 0.03*

Notes: Mean intraocular pressure (IOP) and mean reduction in IOP at postoperative timepoints. Wald Tests with and without adjustment
for baseline IOP were used to evaluate difference between the pattern of change across timepoints and the pattern of change between all
timepoints and the two procedures. *Adjusted GEE for IOP included co-variates for baseline medication burden, prior laser trabeculoplasty,
glaucoma type, and sex. *Asterisk identifies significance defined as p < 0.05. All bolded text is used to distinguish column and section headers
of the table.

Abbreviations: Phaco/ECP, phacoemulsification and endocyclophotocoagulation (ECP); Phaco/KDB, phacoemulsification and Kahook Dual

Blade; PEcK, phacoemulsification, ECP, and KDB.

Table 3 Change in Medication Burden

Outcome: Medication Burden PEcK Phaco/ECP Phaco/KDB
N | Mean (SD) | N | Mean (SD) | N | Mean (SD)

Baseline 128 30 (1.4 78 2.2 (1.5) 65 0.4 (1.0
6 weeks 114 1.7 (1.4) 72 1.3 (1.4) 63 0.4 (1.0
3 months 79 1.6 (1.3) 58 1.3 (1.4) 41 0.3 (0.7)
6 months 102 1.7 (1.4) 63 1.2 (1.3) 53 0.3 (0.9)
12 months 78 1.9 (1.4) 43 1.4 (1.4) 31 0.3 (0.7)
18 months 56 2.0 (1.4) 30 1.7 (1.3) 18 0.5 (1.0)
24 months 42 2.1 (1.5) 31 1.5 (1.6) I 0.3 (0.5)
36 months 19 2.1 (1.6) 27 1.5 (1.6) 2 0.0 (0.0)
48 months 3 3.0 (1.0) 14 1.6 (1.5) 0 -
60 months 0 - 9 2 (1.5) 0 -
P-values: Evaluating the pattern of change

Over time, unadjusted 0.001*

Over time, adjusted® <0.001*

Comparing procedure to PEcK over time, - 0.15 0.04*

unadjusted

Comparing procedure to PEcK over time, adjusted® - 0.09 0.13

Comparing all procedures over time, unadjusted 0.11

Comparing all procedures over time, adjusted® 0.17

Notes: Mean medication burden and mean reduction in medications at postoperative timepoints. Wald Tests with and without adjustment
for baseline IOP were used to evaluate difference between the pattern of change across timepoints and the pattern of change between all
timepoints and the two procedures. *Adjusted GEE for medication burden included co-variates for baseline IOP, prior laser trabeculoplasty,
glaucoma type, and sex. *Asterisk identifies significance defined as p < 0.05. All bolded text is used to distinguish column and section headers
of the table.

Abbreviations: Phaco/ECP, phacoemulsification and endocyclophotocoagulation (ECP); Phaco/KDB, phacoemulsification and Kahook Dual
Blade; PEcK, phacoemulsification, ECP, and KDB.
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in medications were not different, before and after statistical adjustment (p = 0.15 and p = 0.09, respectively). Prior to
adjustment, the reduction patterns in medication were different between PEcK and Phaco/KDB, in favor of the latter (p =
0.04). After adjustment, pairwise comparison of the GEEs for medication burden were not different (p = 0.13).

At 12 months, 46% of PEcK patients, 44% of Phaco/ECP patients, and 40% of Phaco/KDB patients survived
under SCI to achieve and maintain a 20% IOP reduction (Figure 1). SC1 survival was not significantly different
between procedures prior to adjustment (p = 0.43) or after. Meanwhile, 69% of PEcK patients, 57% of Phaco/ECP
patients, and 87% of Phaco/KDB patients survived at 12 months under SC2 to achieve and maintain goal IOP
(Figure 2). SC2 survival was significantly different between procedures prior to adjustment (p = 0.008). After
adjustment, SC2 survival was not different between PEcK and Phaco/ECP (p = 0.09) or between PEcK and Phaco/
KDB (p = 0.39).

Procedural time averaged 36.8 minutes and was not different between procedures (p = 0.18) (Table 1). Subjects who
underwent either procedure experienced significant improvement in logMAR throughout GEE models across all time-
points, before and after adjustment (both p < 0.001) (Supplemental Table 3). Prior to adjustment, the pattern of

improvement in logMAR was similar between procedures (p = 0.81). After adjustment, there was significant difference
in the pattern of improvement in logMAR, which favored PEcK over Phaco/ECP (p = 0.04).

Postoperative Complications

Postoperative corneal edema resolved before 3 months, except in 3 cases where the finding persisted < 18 months
(Table 4). Postoperative inflammation resolved before 6 months, except in 6 cases which persisted < 12 months and
included one PEcK case complicated by rebound iritis. Postoperative hyphema or microhyphema resolved before 3
months, except for 3 cases which persisted < 6 months. There were 10 cases of postoperative cystoid macular edema
(CME) in patients who underwent either PEcK or Phaco/ECP, including one case with a preoperative history of CME.

Survival Criteria 1:
Key: e PEcK, ¢ Phaco/ECP, A Phaco/KDB
A. Unadjusted Kaplan-Meier Survival Curve B. Adjusted Cox Proportional Hazard
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Figure | (A) Unadjusted Kaplan-Meier Survival Estimates stratified by procedure with Log rank tests of significance (p < 0.05). (B). Adjusted Cox Proportional Hazards
Survival Curves, which included co-variates for baseline mean |OP, medication burden, prior LTP, sex, and prior LPI, stratified by procedure with pairwise p-values of the Cox
regression model fit (significance p < 0.05).

Abbreviations: Phaco/ECP, phacoemulsification and endocyclophotocoagulation (ECP); Phaco/KDB, phacoemulsification and Kahook Dual Blade; PEcK, phacoemulsifica-
tion, ECP, and KDB.
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Survival Criteria 2:
I0OP < goal IOP, without additional procedure or medication

Key: o PEcK,

, A Phaco/KDB

A. Unadjusted Kaplan-Meier Survival Curve B. Adjusted Cox Proportional Hazard
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Figure 2 (A) Unadjusted Kaplan-Meier Survival Estimates stratified by procedure with Log rank tests of significance (p < 0.05). (B) Adjusted Cox Proportional Hazards
Survival Curves, which included co-variates for baseline mean |OP, medication burden, prior LTP, sex, and prior LPI, stratified by procedure with pairwise p-values of the Cox
regression model fit (significance p < 0.05).

Abbreviations: Phaco/ECP, phacoemulsification and endocyclophotocoagulation (ECP); Phaco/KDB, phacoemulsification and Kahook Dual Blade; PEcK, phacoemulsifica-
tion, ECP, and KDB.

Additional procedural intervention was performed for 8.49% of total eyes, including 11 glaucoma drainage implants,
5 Xen Gel implants, 3 trabeculectomies, 3 MPCPC, and 1 LTP. These surgeries were performed on 15 patients in the
PEcK group, 5 patients in the Phaco/ECP group, and 3 patients in the Phaco/KDB group.

Table 4 Procedural Complications

Timepoint Corneal Edema, N (%) Inflammation, N (%) Hyphema or Microhyphema, N (%)
PEcK Phaco/ Phaco/ PEcK Phaco/ Phaco/ PEcK Phaco/ Phaco/
ECP KDB ECP KDB ECP KDB
Baseline 0 (0%) I (1.3%) 0 (0%) 1 (0.8%) 0 (0%) 0 (0%) 1 (0.8%) 0 (0%) 0 (0%)
| day 82 (64.1%) 38 (49.4%) 35 (53.8%) 103 (80.5%) 52 (67.5%) 45 (69.2%) 63 (49.2%) 4 (5.2%) 21 (32.3%)
6 weeks 7 (6.1%) 2 (2.8%) 2 (3.2%) 6 (5.3%) 10 (13.9%) 5 (7.9%) 7 (6.1%) 2 (2.8%) 3 (4.8%)
3 months 2 (2.5%) I (1.7%) 0 (0%) 2 (2.5%) 5 (8.6%) 2 (4.9%) 3 (3.8%) 0 (0%) 0 (0%)
6 months I (1%) I (1.6%) 1 (1.9%) 2 (2%) 2 (3.2%) 2 (3.8%) I (1%) 0 (0%) 2 (3.8%)
12 months I (1.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (3.2%) 0 (0%) 0 (0%) 0 (0%)
18 months I (1.8%) 0 (0%) 0 (0%) 1 (1.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
24 months 0 (0%) 0 (0%) 0 (0%) 1 (2.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
36 months 0 (0%) 0 (0%) 0 (0%) 0 (0%) | (3.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
48 months 0 (0%) 0 (0%) - 0 (0%) 0 (0%) - 0 (0%) 0 (0%) -
60 months - 0 (0%) - - 0 (0%) - - 0 (0%) -

Notes: Procedural complications, including corneal edema, anterior chamber inflammation, and hyphema or microhyphema, represented as N (%) at baseline and each
postoperative timepoint and stratified by procedure.

Abbreviations: Phaco/ECP, phacoemulsification and endocyclophotocoagulation (ECP); Phaco/KDB, phacoemulsification and Kahook Dual Blade; PEcK, phacoemulsifica-
tion, ECP, and KDB.
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Discussion

This study examines the efficacy of cMIGS relative to all its constituent sMIGS for the first time. Further, we
demonstrate that patients who underwent PEcK, Phaco/ECP, or Phaco/KDB experienced significant reductions in both
IOP and medication burden for more than 36 months, which is the first time that PEcK outcomes have been reported for
more than 12 months postoperatively.'!’

PEcK, Phaco/ECP, and Phaco/KDB resulted in sustained reductions in IOP for more than 36 months, with magnitudes
comparable to those reported in the other studies of patients with predominantly mild or moderate glaucoma.' *®'” The
IOP reduction following each procedure was also associated with a simultaneous significant reduction in the medication
burden. Despite being rarely reported, PEcK was associated in our study with a 12-month reduction in mean IOP of 3.8
mmHg on 1.1 fewer medications, which showed similar efficacy to that reported by Izquierdo et al and Klug et al. The
latter study suggested potentially greater efficacy of PEcK compared to ICE which had an associated 12-month reduction
in mean IOP of 1.4 mmHg on 0.8 fewer medications.”'’

Furthermore, PEcK and its constituent sMIGS had moderate efficacy in survival maintaining IOP < 21 mmHg and
>20% IOP reduction without additional procedure or medication at 12 months postoperatively, experiencing 46%, 44%,
and 40% SCI1 survival following PEcK, Phaco/ECP, and Phaco/KDB respectively. The moderate SC1 efficacies might
have been affected by the study population who had a mean baseline IOP within normal range. All procedures had
greater efficacy at maintaining IOP < goal IOP without additional procedure or medication (69%, 57%, and 87% SC2
survival at 12 months respectively). Thus, while many subjects did not maintain a 20% IOP reduction from their
preoperative baseline, a majority of subjects did achieve and maintain an IOP reduction appropriate to the clinical goal
determined by a glaucoma surgeon and corresponding to a 20% IOP reduction from the level at which glaucoma
progression was first documented.

In comparative analysis, PEcK conferred greater IOP reduction than its constituent sMIGS by ANOVA (p < 0.001)
and by pairwise comparison between PEcK and Phaco/ECP (p = 0.02). Although the IOP reduction patterns following
PEcK and Phaco/KDB were not statistically different, they did trend in favor of PEcK (unadjusted p = 0.13, adjusted p =
0.07) despite the baseline and possibly unmeasured characteristics of milder glaucoma in Phaco/KDB.

PEcK and its constituent sMIGS did not differ in the patterns of medication reduction. With this, adjusted
comparisons of medication reduction did approach significance in favor of Phaco/KDB over PEcK (p = 0.13) and
PEcK over Phaco/ECP (p = 0.09). The improved pattern of medication reduction following Phaco/KDB compared to the
other procedures may have been affected by an inability to fully adjust for unmeasured baseline characteristics of disease
severity given that the Phaco/KDB group had lower baseline IOP and medication burden.

PEcK and its constituent SMIGS performed similarly by procedural time (p = 0.18) and SC1 survival (p = 0.43).
Meanwhile, the results of SC2 survival suggest benefit of PEcK over Phaco/ECP in unadjusted and adjusted analyses, as
well as meaningfully similar efficacy to Phaco/KDB given the inability to adjust for unmeasured baseline characteristics
of greater disease severity in the PEcK group. Despite greater severity of glaucoma, patients who underwent the cMIGS
procedure sustained similar or greater SC1 and SC2 survival relative to the constituent sSMIGS performed in patients with
lower baseline I0OP, fewer baseline medications, less prior LTP, and a greater proportion of patients with mild stage
glaucoma. In this way, as a cMIGS, PEcK may be associated with additive or synergistic efficacy. It is also possible that
markers of greater disease severity are predictive of surgical efficacy with MIGS, and further research is needed.

PEcK and its constituent SsMIGS were all effective at restoring vision and were safe. On post-operative day 1, PEcK
was associated with more corneal edema, inflammation, and hyphema or microhyphema than its sMIGS. Beyond this
immediate post-operative period, these complications were rare, were similar between procedure categories, and thus
were insufficient to detect any hypothesized predisposition to inflammation following ECP and to bleeding following
KDB.'* Of note, only procedures involving ECP were associated with postoperative CME, albeit the incidence of this
complication was within the reported range of 0 to 10% in literature on ECP.” While the post-operative CME rate seemed
to favor Phaco/KDB, given that it lacked an ECP component, PEcK still resulted in a statistically greater pattern of
reduction in logMAR (p = 0.04) after adjustment. While this improved visual outcome following PEcK may not be
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clinically significant, it does reinforce that concern for increased rate of inflammation, hyphema, or CME from the
cMIGS did not compromise visual outcomes over time.

This retrospective nonrandomized study is limited by selection bias for undergoing PEcK or its constituent sMIGS at
surgeon discretion based on individual practitioner expertise, individual patient factors, and surgical factors, leading to
associated and not unexpected differences in baseline characteristics and disease severity. Although we statistically
adjusted for many inter-group differences, additional unmeasured differences may exist. Use of GEEs reduced limitations
from using repeated outcome measurements without known distributions, with a small sample size, and with attrition in
all procedure groups, though these limitations do still affect the study. Further, the generalizability of this study may be
diminished given that baseline mean IOP was within a normal range and comprised patients who sought care at a tertiary
care center. This study was limited to analysis of clinical efficacy and did not include analysis of cost efficacy, which will
be important in future research. The study adhered to the Guidelines on Design and Reporting of Glaucoma Surgical
Trials from the World Glaucoma Association.?’

In summary, PEcK may confer greater IOP reduction without added procedural time compared to Phaco/ECP and
Phaco/KDB in predominantly mild or moderate glaucoma. PEcK may also lead patients to maintain IOP < goal IOP more
often than Phaco/ECP and as often as Phaco/KDB. Further, PEcK had a similar safety profile to its constituent SMIGS in
patients for whom both ECP and KDB were clinically appropriate. By reporting the efficacy of cMIGS relative to all of
its constituent sSMIGS for the first time, we hope this methodology will be applied to further research on cMIGS in larger
populations, over longer follow-up intervals, and in prospective studies.

Summary
What Was Known

e Understanding the relative efficacy of combined microinvasive glaucoma surgeries (cMIGS) is integral to clinical
decision making, but no study or review has directly compared the combination procedure to all constituent MIGS.

e PEcK, which is combined Phacoemulsification, Endocyclophotocoagulation (ECP), and Kahook Dual Blade
(KDB), may offer greater IOP reduction than Phaco/ECP for 12 months postoperatively.

e PEcK has never been compared to its constituent Phaco/KDB or studied for longer than 12 months postoperatively.

What This Paper Adds

e PEcK, Phaco/ECP, and Phaco/KDB led to significant patterns of reduction in IOP and medication burden for more
than 36 months, supplementing the evidence that MIGS are effective.

¢ PEcK may be more efficacious than its constituent MIGS by conferring greater IOP reduction and similar outcomes
in medications and procedural time.

e PEcK led patients to maintain IOP < goal IOP more often than Phaco/ECP and as often as Phaco/KDB.

Abbreviations

ALT, Argon Laser Trabeculoplasty; BCVA, Best corrected distance visual acuity; CME, Cystoid macular edema; cMIGS,
Combined MIGS, denoting a procedure of two or more MIGS; Cox PH, Cox Proportional Hazards; GEE, Generalized
Estimating Equations; ICE, cMIGS procedure combining iStent insertion, Cataract extraction, and ECP; IOP, Intraocular
pressure; logMAR, Logarithm of the Minimum Angle of Resolution; LPI, Laser Peripheral Iridotomy; LTP, Laser
trabeculoplasty; MIGS, Microinvasive glaucoma surgery; MPCPC, MicroPulse Trans-Scleral Cyclophotocoagulation;
PEcK, cMIGS procedure combining Phacoemulsification, Endocyclophotocoagulation, and Kahook Dual Blade; Phaco,
Phacoemulsification; Phaco/ECP, Phacoemulsification with endocyclophotocoagulation; Phaco/KDB,
Phacoemulsification with Kahook Dual Blade; SC1, Survival Criteria 1; SC2, Survival Criteria 2; SLT, Selective Laser
Trabeculoplasty; sMIGS, Single MIGS, denoting a procedure that included only one MIGS; TM, Trabecular meshwork.
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