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Purpose: To compare outcomes of phacoemulsification and endocyclophotocoagulation with either dual blade goniotomy (PEcK) or 
two trabecular stents (ICE2).
Setting: Retrospective, nonrandomized comparative study from a level 3 triage center.
Methods: One hundred and seventy charts and a total of 1294 visits were reviewed following either PEcK or ICE2 from 2018 to 
2022. One hundred and twenty-eight patients had PEcK and 42 underwent ICE2. Patients with less than 30 days of follow-up were 
excluded. The mean follow-up time was 505 ± 308 days. Two Kaplan–Meier curves (KM) assessed survival with ≤ baseline 
medications while maintaining (1) [GIC – Goal IOP Criteria] IOP ≤ goal IOP or (2) [PRC – Percent Reduction Criteria] IOP 
reduction ≥ 20% with 5 mmHg ≤ IOP ≤ 21 mmHg for at least two consecutive visits. IOP and medication burden reduction were 
compared using a paired t-test.
Results: Most patients were Caucasian (65%) and had mild-stage glaucoma (43%). The most common glaucoma type was primary 
open-angle glaucoma (58%). Average age was 72.2 years at the time of surgery. Mean preoperative IOP was 17.58 ± 4.98 mmHg on 
3.00 ± 1.41 medications in PEcK and 15.36 ± 3.58 mmHg on 1.81 ± 1.11 medications in ICE2 (p = 0.015 for IOP; p < 0.001 for 
medications). Under GIC, the success rate was significantly higher in PEcK at POM6 (69% vs 46%, p < 0.001) and POY1 (63% vs 
36%, p < 0.001). Under PRC, the success rate was significantly higher in PEcK at POM6 (73% vs 61%, p = 0.031) and POY1 (67% vs 
50%, p = 0.028). Mean reductions at POY1 were 5.00 ± 4.31 mmHg on 1.35 ± 1.08 less medications after PEcK and 3.14 ± 2.83 
mmHg on 1.01 ± 0.94 less medications after ICE2 (p < 0.001 at POY1 for IOP; p < 0.05 after POW6 for medications).
Conclusion: Both PEcK and ICE2 reduce medication and IOP from baseline, with PEcK having more favorable GIC and PRC 
success rates and greater IOP and medication reduction at 1 year.
Keywords: microinvasive glaucoma surgery, phacoemulsification, endocyclophotocoagulation, Kahook Dual Blade, iStent inject, 
surgical outcomes

Introduction
Microinvasive glaucoma surgeries (MIGS) have grown tremendously over the last decade. A 2016 Medicare review 
calculated a 426% increase in the total number of MIGS performed from 2012, which coincides with the first time 
surgical codes were assigned for these types of procedures.1 MIGS are favored in some patients over filtering and tube 
shunt surgeries for their superior safety profile.2,3 This high safety profile, however, is overshadowed by these 
procedures’ modest intraocular pressure (IOP) and medication-reducing effect, the reason they are better suited for 
patients with mild-to-moderate glaucoma. The potential for additive IOP-lowering and medication burden reduction 
without a significant increase in risk has led many surgeons to practice phacoemulsification in combination with one or 
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more MIGS procedures.4 These combined MIGS (cMIGS) may result in more significant IOP and medication burden 
reduction than single MIGS (sMIGS), as suggested by some studies where cMIGS was more effective at reducing 
medication burden for at least 12 months.5

When phacoemulsification is performed in combination with endocyclophotocoagulation (ECP), a procedure that 
decreases aqueous production, the addition of a second, outflow-enhancing MIGS procedure may augment the overall 
IOP-lowering effect. Prior research has demonstrated greater reduction in both IOP and medication burden in the 
combinations of phacoemulsification/ECP/Kahook Dual Blade trabecular excision (New World Medical, Rancho 
Cucamonga, CA) (PEcK) and phacoemulsification/ECP/iStent inject (Glaukos Corporation, San Clemente, CA) (ICE2) 
compared to phacoemulsification/ECP alone.6–9 However, the relative effectiveness of PEcK and ICE2 remains 
unknown.

Methods
Overview
The Massachusetts General Brigham Institutional Review Board approved the study protocol. All research adhered to the 
Declaration of Helsinki and the Health Insurance Portability and Accountability Act.

Surgical Technique
All procedures were performed in the Glaucoma Service at Massachusetts Eye and Ear. All patients received eye blocks, 
standard phacoemulsification by fellowship-trained glaucoma surgeons was followed by insertion of the ECP probe into 
the sulcus after it was properly expanded with cohesive viscoelastic and treatment of 120 to 270 of ciliary processes in 
continuous wave mode at a power of 0.25–0.55 Watts until observing whitening and shrinkage of ciliary processes. An 
additional corneal incision was created with a keratome to complete the treatment for a total of 300 to 360 in some cases. 
Standard phacoemulsification and ECP surgical techniques were described in a previous study by Nirappel et al.10 After 
rotating the patient’s head for visualization and inserting additional cohesive viscoelastic into the anterior chamber, the 
gonioscopy lens was placed onto the cornea. For PEcK, 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) and 3.5–5.0 
clock hours of TM were excised in an inside-out fashion until two strips were formed. For ICE2, the first and second 
iStent inject were inserted into the nasal TM 2.0–3.0 clock hours apart.

Subsequently in both procedures, thorough removal of viscoelastic was done followed by injection of intracameral 
antibiotics (0.1 cc moxifloxacin or cefuroxime) and acetylcholine chloride intraocular solution (0.2cc). Dexamethasone 
was injected subconjunctivally. A drop of prednisolone and antibiotic were placed on the eye before it was patched and 
shielded. Unless there was a systemic contraindication, methylprednisolone (1 gram) was given intravenously, followed 
by a 6-day taper of oral methylprednisolone with an initial dose of 24 mg reduced by 4 mg daily.

Population
Subjects with known glaucoma and visually significant cataract were identified from surgical records at Massachusetts 
Eye and Ear between January 2018 and July 2022 and were included if the operative report confirmed having undergone 
PEcK or ICE2. Patients with 30 days or less of recorded follow-up were filtered out from our study population to avoid 
a bias caused by early failures. If an additional procedure was performed at the time of PEcK or ICE2, or if age was less 
than 18 years at the time of surgery, these patients were excluded. If a patient underwent surgery on both eyes, only the 
first eye was included.

Data Collection
A total of 1294 visits from 170 patient charts were reviewed following either PEcK or ICE2. Demographic data were 
gathered from the electronic medical records of study subjects and included age, gender, race/ethnicity, glaucoma type, 
and best-corrected visual acuity (BCVA). Baseline IOP was defined as the average of measurements made using 
Goldmann applanation tonometry on the last two visits prior to surgery. The baseline number of medications prescribed 
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was recorded as the number of constituent agents if fixed-dose combination medications were used. Patients were 
assigned to mild, moderate, or severe glaucoma based on the American Academy of Ophthalmology Preferred Practice 
Pattern guidelines (ICD-10 Glaucoma Reference Guide).11 Prior history of ocular surgery or laser procedure in the 
operative eye was recorded. The goal IOP was a target set preoperatively that corresponded to a 20% IOP reduction from 
the level at which glaucoma progression was first reported.6 Postoperative data were collected from follow-up visits at 
postoperative day 1 (POD1), week 6 (POW6), month 3 (POM3), month 6 (POM6), year 1 (POY1), and month 18 
(POM18) in agreement with the World Glaucoma Association’s Guidelines on Design and Reporting of Glaucoma 
Surgical Trials.12 Recorded measurements included IOP, BCVA, number of glaucoma medications, and presence of 
postoperative complications. If subjects required further glaucoma surgery, this was recorded.

Outcomes
Primary outcome measures were Kaplan–Meier survival curves based on goal and IOP reduction criteria. Two Kaplan– 
Meier curves (KM) assessed survival with ≤ baseline medications while maintaining (1) [GIC – Goal IOP Criteria] IOP ≤ 
goal IOP or (2) [PRC – Percent Reduction Criteria] IOP reduction ≥ 20% with 5 mmHg ≤ IOP ≤ 21 mmHg for at least 
two consecutive visits. IOP and medication burden reduction were compared using a paired t-test. Additionally, we 
examined the pattern of change in IOP and in the number of glaucoma medications over 18 months for each individual 
procedure and between PEcK and ICE2. Secondary outcomes included the pattern of change in Logarithm of the 
Minimum Angle of Resolution (logMAR) and the incidence of postoperative complications.

Statistical Analysis
This paper used the statistical analysis software package(s) R Studio Version 4.2.1. KM survival analyses were performed 
to calculate success probabilities subsequent to a 30-day postoperative grace period. P values were generated using Chi- 
squared tests to calculate the probability of achieving a 20% or greater reduction in IOP from preoperative measurements 
at any follow-up point and to check for significant differences in any baseline characteristics. T-tests were used to check 
for statistically significant changes from baseline for mean IOP and mean number of medications. We used the LogMAR 
representation of the Snellen Visual Acuities, substituting count fingers and hand motion with 2 for the former and 3 for 
the latter. No patients had no light perception or light perception. Our analysis was conducted in line with the analysis 
described by work done by Chang et al.13 Patients with 30 days or less of recorded follow-up were filtered out of our 
study population to avoid a bias caused by early failures. For all statistical tests, both t-tests and Chi-squared tests, a P < 
0.05 was set for establishing significance.

Results
Baseline Characteristics
170 eyes of 170 patients were included, with 128 subjects who underwent PEcK and 42 who underwent ICE2 between 
January 2018 and July 2022 at MEE with an average study follow-up of 505 ± 308 days. Subjects had a mean age of 72.2 
and were predominantly white (65%). A majority of patients had primary open-angle glaucoma (58%), were mild or 
moderate stage (75%), and were surgically naïve (90%). About one-third of patients (34%) had previously undergone 
a laser procedure, predominantly laser trabeculoplasty, on their operative eye. The PEcK cohort was more likely at 
baseline to have higher IOP (p = 0.02), a higher number of glaucoma medications (p < 0.01), and prior laser (p < 0.01). 
The PEcK group also consisted of a smaller proportion of patients with mild-to-moderate glaucoma compared to the 
ICE2 group (p < 0.001). In the PEcK group, a mean of 224 (±32) degrees of ciliary processes was treated with a mean 
power of 0.35 (±0.05) Watts. A mean of 4 clock hours of TM was excised. In the ICE2 group, a mean of 210 (±37) 
degrees of ciliary processes was treated with a mean power of 0.38 (±0.04) Watts of laser power. Demographic and 
baseline characteristics are summarized in Table 1
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Procedural and Comparative Efficacy
Two KM curves assessed survival with ≤ baseline medications while maintaining (1) [GIC – Goal IOP Criteria] IOP ≤ goal IOP or 
(2) [PRC – Percent Reduction Criteria] IOP reduction ≥ 20% with 5 mmHg ≤ IOP ≤ 21 mmHg for at least two consecutive visits 
(Figures 1 and 2). The survival probabilities at selected time points of interest are listed in Table 2. There were significant 
differences in the survival curves of PEcK and ICE2 groups under both goal IOP criteria (GIC) and percent reduction criteria 
(PRC) (P < 0.05, Log rank test). Under the GIC, the cumulative probability of survival was 73.3% in the PEcK group and 60.6% in 
the ICE2 group at month 6 (P = 0.031), and 66.8% in the PEcK group and 36.4% in the ICE2 group at year 1 (P = 0.028). Under the 
PRC, the cumulative probability of survival was 69.0% in the PEcK group and 46.3% in the ICE2 group at month 6 (P < 0.001), 
and 63% in the PEcK group and 36.4% in the ICE2 group at year 1 (P < 0.001, Table 2).

A multivariate Cox Proportional Hazards (PH) model was constructed to account for differences in baseline IOP, 
baseline number of medications, glaucoma stage and prior history of laser procedure on the operative eye. Glaucoma type 
was not selected in the final Cox PH model to avoid overfitting. Higher baseline IOP was associated with an 18% and 
15% reduced risk of failure under GIC (p < 0.001) and PRC (p < 0.001), respectively. A higher baseline number of 
medications was associated with a 17% reduced risk of failure under GIC (p = 0.048). Glaucoma stage and prior history 
of laser procedure were not a significant factor under both criteria.

Table 1 Baseline Demographics, Disease Characteristics, and Endocyclophotocoagulation Parameters in Both 
PEcK and ICE2 Cohorts

Characteristic

Overall, N = 170 PEcK, N = 128 ICE2, N = 42 P-valuea

Age at surgery, mean (SD) [years] 72.2 (9.3) 72.0 (9.7) 72.5 (8.1) 0.94
Female sex, N (%) 47 (48%) 66 (52%) 24 (57%) 0.65

Race-Ethnicity, N (%) 0.77

White 121 (71%) 89 (70%) 32 (76%)
Hispanic or Latino 17 (11%) 12 (9%) 5 (12%)

Black or African American 25 (15%) 21 (16%) 4 (10%)

Asian 6 (3.5%) 5 (4%) 1 (2%)
American Indian 1 (0.6%) 1 (1%) 0 (0%)

Baseline IOP, mean (SD) [mmHg] 17.05 (4.78) 17.60 (5.00) 15.36 (3.58) <0.001*

Number of glaucoma medications, means (SD) 2.70 (1.43) 2.99 (1.41) 1.81 (1.11) 0.015*
Glaucoma Type, N (%) 0.009*

Primary Open Angle 98 (58%) 76 (59%) 22 (52%)

Mixed mechanism 27 (16%) 23 (18%) 4 (9.5%)
Pseudoexfoliation 21 (12%) 17 (13%) 4 (9.5%)

Chronic Angle closure 2 (1.2%) 0 (0%) 2 (4.8%)

Pigmentary 2 (1.8%) 3 (2.3%) 0 (0%)
Normal Tension 11 (6.5%) 5 (3.9%) 6 (14%)

Ocular Hypertension 8 (4.7%) 4 (3.1%) 4 (9.5%)

Glaucoma Stage, N (%) 0.001*
Mild 73 (43%) 44 (34%) 29 (69%)

Moderate 54 (32%) 45 (35%) 9 (21%)

Severe 37 (22%) 35 (28%) 2 (5%)
Ocular Hypertension 6 (3%) 4 (3%) 2 (5%)

Preop LogMAR BCVA, mean (SD) [log unit] 0.31 (0.30) 0.32 (0.32) 0.29 (0.22) 0.58
Prior surgery on operative eye, N (%) 17 (10%) 11 (8.6%) 6 (14%) 0.44

Prior laser on operative eye, b N (%) 58 (34%) 54 (42%) 4 (9.5%) <0.001*

Endocyclophotocoagulation
Degrees, mean (SD) 213 (36) 224 (32) 210 (37) 0.037*

Power, mean (SD) [Watts] 0.35 (0.05) 0.35 (0.05) 0.38 (0.04) <0.001*

Notes: aKruskal–Wallis rank sum tests and Pearson’s Chi-squared tests with significance defined as p< 0.05. bIncludes laser peripheral iridotomy or 
laser trabeculoplasty. *Indicates a significant difference. 
Abbreviations: BCVA, best-corrected visual acuity; IOP, intraocular pressure.
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Figure 1 Survival comparison for PEcK vs ICE2 under [GIC – Goal IOP Criteria] with ≤ baseline medications while maintaining IOP ≤ goal IOP for at least two consecutive 
visits.

Figure 2 Survival comparison for PEcK vs ICE2 under [PRC – Percent Reduction Criteria] with ≤ baseline medications while maintaining IOP reduction ≥ 20% with 5 mmHg 
≤ IOP ≤ 21 mmHg for at least two consecutive visits.
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The PEcK and ICE2 procedures resulted in significant patterns of IOP and medication reduction from baseline (all 
P < 0.001) up to 18 months. At POM6, mean IOP reduction was 5.12 ± 4.57 mmHg on 1.47 ± 1.10 less medications after 
PEcK, and 2.67 ± 2.09 mmHg on 0.84 ±0.85 less medications after ICE2 (p = 0.09 for IOP; p < 0.01 for medications). At 
POY1, mean IOP reduction was 5.00 ± 4.31 mmHg on 1.35 ± 1.08 less medications after PEcK, and 3.14 ± 2.83 mmHg 
on 1.01 ± 0.94 less medications after ICE2 (p < 0.01 for IOP; p = 0.03 for medications). The PEcK procedure had higher 
IOP reduction than the ICE2 procedure at all postoperative timepoints. This difference only trended toward statistical 
significance at POM3 (p = 0.06) and POM6 (p = 0.09) but was statistically significant at POY1 (P < 0.001) and POY1.5 
(P = 0.006). The mean reduction in medications was significantly greater in the PEcK group compared to the ICE2 group 
up to POY1, but similar to the ICE2 group at POY1.5 (p = 0.93). Mean LogMAR BCVA was significantly improved from 
baseline up to POY1 in both groups. There were no between-group differences in the pattern of visual acuity improve-
ment at any time point. Mean IOP and mean medication reduction at selected time points of interest are listed in Table 3.

Postoperative Complications
Postoperative corneal edema and anterior segment inflammation (AC grade of 1+ cells or greater based on the Standardization of 
Uveitis Nomenclature criteria) rates were comparable between both groups and resolved within 3 months in most cases. Early 
postoperative hyphema and microhyphema (up to 1 month post-op) were significantly more common (P = 0.007) in the PEcK 
group but resolved within 3 months in 96.5% of cases. The number of persistent hyphema and microhyphema cases present at any 
time point beyond month 3 was similar between both groups (p > 0.99). By the end of follow-up time, lens heme was present in 
4.8% of PEcK cases versus none of the ICE2 cases; this difference, however, did not attain statistical significance. There was 
a single case of cystoid macular edema (CME) in a patient who underwent ICE2 and no patients experienced endophthalmitis. 
Additional surgical intervention was pursued within 12 months for 5 PEcK subjects (6% of total eyes), who had higher baseline 
IOP (25.83 ± 9.55) and medication burden (3.83 ± 0.98). None of the ICE2 patients required additional surgical intervention. The 
interventions included three Baerveldt Glaucoma Implants, one Ahmed Glaucoma Implant, and one trabeculectomy. 
Postoperative complications and procedures are summarized in Table 4.

Table 2 Percentage of Patients in PEcK and ICE2 Groups That Achieved (1) [GIC – 
Goal IOP Criteria] IOP ≤ Goal IOP or (2) [PRC – Percent Reduction Criteria] IOP 
Reduction ≥ 20% with 5 mmHg ≤ IOP ≤ 21 mmHg for at Least Two Consecutive 
Visits at POM3, POM6, POM12 and POM18

Time PEcK (N = 128) ICE2 (N = 42) p value

N Survival (%) N Survival (%)

[GIC – Goal IOP Criteria]

3 months 101 81.7 30 70.7 0.19

6 months 77 69.0 20 46.3 <0.001*

12 months 53 63.0 11 36.4 <0.001*

18 months 13 52.9 2 23.4 <0.001*

[PRC – Percent Reduction Criteria]

3 months 102 84.9 33 80.5 0.59

6 months 76 73.3 30 60.6 0.031*

12 months 51 66.8 17 50.4 0.028*

18 months 18 50.9 7 34.7 0.094

Note: *Significance (p < 0.05) was evaluated with Log rank test. 
Abbreviations: ICE2, combined phacoemulsification, endocyclophotocoagulation, and iStent inject inser-
tion; PEcK, combined phacoemulsification, endocyclophotocoagulation, and Kahook Dual Blade goniotomy.
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Table 3 Mean Intraocular Pressure (IOP) and Mean Medication Reduction at Postoperative Week 6, Months 3, 6, 12, and 18 in Both 
PEcK and ICE2 Cohorts

Time PEcK (N = 128) ICE2 (N = 42) p value 
(Among Groups)

Mean IOP  
Reduction 
(mmHg)

Mean  
Medication 
Reduction

Mean IOP  
Reduction 
(mmHg)

Mean  
Medication 
Reduction

IOP 
(mmHg)

Meds

1 day

Mean (N=170) 6.16 ± 5.28 2.50 ± 1.59 4.15 ± 4.01 1.28 ± 0.91 0.02* <0.001*

p value (compared to baseline) <0.001* <0.001* <0.001* <0.001*

6 weeks

Mean (N=147) 4.89 ± 4.29 1.50 ± 1.14 3.60 ± 3.34 1.35 ± 0.99 0.06 0.43

p value (compared to baseline) <0.001* <0.001* <0.001* <0.001*

3 months

Mean (N=94) 5.02 ± 4.08 1.59 ± 1.09 3.47 ± 3.21 1.07 ± 0.87 0.06 0.02*

p value (compared to baseline) <0.001* <0.001* <0.001* <0.001*

6 months

Mean (N=81) 5.33 ± 4.87 1.47 ± 1.10 4.16 ± 3.67 0.84 ± 0.85 0.09 <0.001*

p value (compared to baseline) <0.001* <0.001* <0.001* <0.001*

12 months

Mean (N=62) 5.01 ± 4.31 1.35 ± 1.08 3.14 ± 2.83 1.01 ± 0.94 <0.001* 0.02*

pvalue (compared to baseline) <0.001* <0.001* <0.001* <0.001*

18 months

Mean (N=56) 5.12 ± 4.57 1.15 ± 0.84 2.67 ± 2.09 1.17 ± 1.14 0.006* 0.93

p value (compared to baseline) <0.001* <0.001* <0.001* <0.001*

Note: *Significance (p < 0.05) was evaluated with Welch’s t-test. 
Abbreviations: ICE2, combined phacoemulsification, endocyclophotocoagulation, and iStent inject insertion; PEcK, combined phacoemulsification, endocyclophotocoagula-
tion, and Kahook Dual Blade goniotomy.

Table 4 Postoperative Complications in Both PEcK and ICE2 Cohorts

Complication PEcK (N=128) ICE2 (N= 42) p value

CME 0 (0%) 1 (2.4%) 0.56

Inflammation 108 (84%) 38 (90%) 0.47

Corneal Edema 6 (5.4%) 6 (17%) 0.062

Early Hyphema/Microhyphema 63 (49%) 10 (24%) 0.007*

Persistent Hyphema/Microhyphema 5 (4.5%) 1 (2.9%) >0.99

Lens Heme 5 (3.9%) 0 (0%) 0.44

Note: *Significance (p < 0.05) was evaluated with Log rank test. 
Abbreviations: ICE2, combined phacoemulsification, endocyclophotocoagulation, and iStent inject inser-
tion; PEcK, combined phacoemulsification, endocyclophotocoagulation, and Kahook Dual Blade goniotomy.
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Discussion
Patients who underwent either PEcK or ICE2 experienced significant reductions in both IOP and medication burden 
throughout 18 months. Our study compares the IOP-lowering and medication-reducing effects of PEcK versus ICE2 in 
a population with predominantly mild-to-moderate glaucoma. We demonstrate for the first time that PEcK results in 
greater patterns of IOP and medication burden reduction than ICE2, as well as more favorable KM survival estimates, at 
various time points within the 18-month follow-up period.

The PEcK procedure, to the best of our knowledge, has only been reported in two prior retrospective studies.6,9 At 12 
months following PEcK, mean IOP was decreased by 5.1 mmHg on 1.6 fewer medications in 53 subjects previously 
described in our prior study comparing PEcK to phacoemulsification/ECP/first generation single-stent iStent (ICE1).6 

These 12-month differences are similar in magnitude to those reported in 21 subjects by Izquierdo et al (5.52 mmHg 
decrease, 1.2 fewer medications).9 In our study, mean IOP was reduced by 5.00 mmHg on 1.35 fewer medications in 128 
subjects, which appears to conform with the above two studies.

For ICE2, 12-month mean IOP was decreased by 3.14 mmHg on 1.01 fewer medications. Only Pantalon et al have 
previously studied the outcomes of ICE2 in a population with higher baseline IOP (19.97 mmHg) and comparable 
medication number (2.22), reporting that 12-month mean IOP was decreased by 6.92 mmHg on 0.98 fewer medications.8 

Our study demonstrates that ICE2 is also effective in patients with lower baseline IOP.14 Additionally, the 12-month 
differences following ICE2 reported in this study suggest that the second-generation two-stent iStent inject may better 
decrease IOP and medication burden than ICE1, when compared to our prior study in a comparable population (1.4 
mmHg decrease, 0.76 fewer medications).6 Comparison with Ferguson et al, which is the only other study that reports on 
ICE1, is limited by substantially different study populations, given the higher baseline IOP (21.49 mmHg), which may 
have led to a higher 12-month IOP reduction (7.14 mmHg).7

PEcK demonstrated significantly greater patterns of IOP and medication reductions at various time points throughout 
the 18-month follow-up period. This difference could potentially be attributable to the larger opening in the TM created 
by ab interno trabeculectomy with the KDB compared to the two iStents.7 However, the PEcK group also had 
significantly greater IOP and number of medications at baseline compared to the ICE2 group. And though we constructed 
a multivariate Cox proportional hazards to account for these differences, the observations relating to IOP and medication 
reduction must be interpreted with caution.

PEcK had significantly higher efficacy at maintaining IOP ≤ goal IOP with ≤ baseline medications (GIC). Survival 
probability utilizing the GIC criteria was 63% and 36% at POY1 for the PEcK and ICE2 cohorts, respectively (p < 
0.001). ICE2 procedures showed significantly lower efficacy than PEcK at maintaining IOP reduction ≥ 20% with 5 
mmHg ≤ IOP ≤ 21 mmHg with ≤ baseline medications (PRC), with survival probabilities of 67% and 50% at POY1, for 
the PEcK and ICE2 cohorts, respectively (p < 0.001). As previously mentioned, higher baseline IOP was associated with 
greater posttreatment reductions in IOP under both success criteria, and higher baseline number of medication was 
associated with greater posttreatment reductions in medications under GIC. This may suggest that patients with higher 
baseline IOP were more likely to achieve a ≥20% reduction and maintain ≤ goal IOP. However, in the multivariate Cox 
adjusted KM curves, the differences in survival between the two groups were maintained. This supports a significant 
difference in survival between the two cohorts and suggests that PEcK has more favorable success rates compared to 
ICE2 based on our survival criteria.

Both procedures were found to be effective at restoring vision and were safe, with a low incidence of complications. 
The greater incidence of early postoperative hyphema after PEcK may limit its applicability in monocular patients or 
those who are intolerant to transient periods of blurry vision. This disadvantage, however, may be outweighed by the 
procedure’s greater efficacy, especially in more moderate-to-severe glaucoma patients who require substantial IOP and 
medication lowering but who are opposed to or may wish to postpone filtering surgery.

This study may be limited by its retrospective design, relatively small sample size for the ICE2 group, and patient 
attrition over time. There is also a risk of selection bias, as the choice of the procedure (ICE2 vs PEcK) and reinstating 
medications was made at each surgeon’s discretion. Although the risk of selection bias cannot be eliminated, it may be 
attenuated by the makeup of surgeons performing the cases. These surgeons do not routinely share patients or collaborate 
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on cases. Finally, follow-up duration was limited, and we cannot at the time comment on the longer-term success of 
either procedure. However, given the popularity of MIGS and the practice trends toward combining different MIGS as 
well as the paucity of comparative data regarding cMIGS, our data provide a reasonable and novel comparison between 
PEcK and ICE2. These data could be utilized in future studies for power and sample-size calculations.

Conclusion
Overall, we demonstrate that both PEcK and ICE2 procedures reduce IOP and medication number from baseline and up 
to 12 months post-op, with PEcK having significantly greater IOP control and medication burden reduction, as well as 
more favorable GIC and PRC survival rates. Although the larger opening in the TM created during PEcK was associated 
with a significantly higher rate of early hyphema and microhyphema, this may be outweighed by the procedure’s greater 
efficacy especially in moderate-to-severe glaucoma patients. Additional studies that prospectively examine larger cohorts 
over longer follow-up are needed to fully investigate these cMIGS procedures, although we realize that performing these 
prospective studies may not be cost-effective, which we believe further augments the value of the data we have 
presented.

What Was Known
● Combining multiple microinvasive glaucoma procedures (cMIGS) with different mechanisms to lower intraocular 

pressure (IOP) may be a safe and effective therapeutic approach in patients undergoing phacoemulsification.
● Both phacoemulsification/endocyclophotocoagulation/Kahook Dual Blade goniotomy (PEcK) and phacoemulsifica-

tion/endocyclophotocoagulation/two-stent iStent inject (ICE2) have greater efficacy than phacoemulsification/endo-
cyclophotocoagulation alone.

● Understanding the relative efficacies of different MIGS combinations is integral to clinical decision-making, but the 
relative effectiveness of PEcK versus ICE2 is uncertain.

What This Paper Adds
● Both PEcK and ICE2 lead to significant patterns of reduction in IOP and medication burden throughout 12 months, 

supplementing the evidence that combination MIGS procedures are effective.
● PEcK appears to confer significantly greater IOP and medication reduction than ICE2, as well as more favorable 

GIC and PRC survival rates.
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