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Purpose: To compare the safety and efficacy of Kahook Dual Blade (KDB) versus Trabectome with cataract surgery in reducing
intraocular pressure (IOP) and medications used by patients with glaucoma.

Methods: Retrospective chart review comparing eyes after KDB or Trabectome with cataract surgery at 2 academic centers. Surgical
success was defined as IOP <21 mmHg with >20% IOP reduction at post-operative month 12 (POM12). Changes in IOP, number of
glaucoma medications, and adverse events were assessed.

Results: Ninety eyes in the KDB group and 125 eyes in the Trabectome group were included. Mean changes in IOP at POM12 were —1.9 +4.9
mmHg (11.2%, P = 0.002) in the KDB group and —3.5 + 5.5 mmHg (19.1%, P < 0.001) in the Trabectome group, without a significant
difference between the groups (P =0.20). Mean change in glaucoma medications at POM12 was —0.8 £ 1.5 in the KDB group (58%, P <0.001)
and —0.3 + 1.3 (38%, P = 0.003) in the Trabectome group, with KDB having a greater decrease in medications (P = 0.02). The percentage of
eyes achieving success was 30% for the KDB group and 54% for the Trabectome group (P = 0.01). Hyphema was the most common
complication, with an incidence of 3% for the KDB group and 14% for the Trabectome group (P = 0.01).

Conclusion: KDB or Trabectome with cataract surgery is safe and effective at lowering IOP and medication burden, with KDB
resulting in a greater reduction in medications and Trabectome more frequently achieving success with an increased incidence of
hyphema. Considering the study’s limitations, the outcomes were similar.
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Plain Language Summary

e Kahook Dual Blade and Trabectome are two surgical devices used to perform a goniotomy that have been shown to be effective
at reducing intraocular pressure both as standalone procedures and at the time of cataract surgery.

® There are no published studies to date that directly compare the outcomes from Kahook Dual Blade and Trabectome procedures.

® This study compares the efficacy and safety outcomes of Kahook Dual Blade and Trabectome and shows that there was a greater
reduction of glaucoma medications in the Kahook Dual Blade group, while the patients in the Trabectome group had a higher
rate of hyphema and achieved the success measure more frequently at 12 months.

® Taking the limitations of the study into consideration, the outcomes were relatively similar.

Introduction

Glaucoma is a progressive optic neuropathy with characteristic visual field loss and is the second leading cause of global
blindness. Approximately 2% of Americans have primary open-angle glaucoma (POAG), the most common form.'*
Intraocular pressure (IOP) is the only modifiable risk factor to decrease vision loss from glaucoma and can be controlled
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with IOP lowering medications, laser, and surgery. Surgical options include filtering surgeries, tube shunts and a growing
selection of microinvasive glaucoma surgery (MIGS) devices. MIGS increases aqueous humor outflow via trabecular,
suprachoroidal, or subconjunctival routes, or reduces aqueous humor production.”* As the surgical options offered by
MIGS continue to expand and their use continues to increase in comparison to traditional glaucoma surgeries,
comparative analyses are critical in properly guiding surgeons in their choice of procedure.’

The trabecular meshwork (TM) is the site of greatest resistance to aqueous humor outflow in the eye, and removing
this tissue via goniotomy or trabeculotomy reduces IOP by increasing aqueous outflow.® The Kahook Dual Blade (KDB;
New World Medical, Rancho Cucamonga, CA) and Trabectome (Microsurgical Technology, Redmond, WA) are two
MIGS devices that excise or ablate TM and have been shown to be effective at lowering IOP via this similar mechanism,
both as standalone procedures and at the time of cataract surgery.” '® Schematic diagrams of the KDB and Trabectome
can be found in Figure 1.

Although the KDB and Trabectome procedures are similar, there are no published manuscripts that directly compare
them.'" The purpose of this study is to compare the efficacy and safety of KDB versus Trabectome, both in combination
with cataract surgery. Given both devices similarly remove TM in the nasal angle, the authors hypothesize that KDB and
Trabectome will have comparable levels of success and efficacy. Furthermore, since post-operative bleeding commonly
occurs from blood reflux through collector channels, the authors hypothesize that KDB and Trabectome will have
comparable rates of post-operative hyphema.'? In comparing these two devices, we hope that our findings will assist
clinicians in selecting optimal MIGS treatments for their patients.

Materials and Methods

This was a retrospective chart review comparing all patients undergoing KDB goniotomy between January 2016 and
March 2020 at New York Eye and Ear Infirmary of Mount Sinai and Trabectome between January 2013 and
December 2019 at Yale Eye Center, both in combination with cataract surgery. This study was approved by the Mount
Sinai Institutional Review Board (IRB) (IRB-20-03241) and the Yale IRB (IRB-2000026321). Patient consent to review
medical records was not required by the Mount Sinai IRB and the Yale IRB, as the use or disclosure of patient health
information involved no more than a minimal risk to the privacy of individuals. All efforts were made to maintain patient
data confidentiality including use of an encrypted local database and an adequate plan to destroy patient identifiers at the
earliest opportunity consistent with the conduct of research. All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional research committees and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards.
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Figure | Schematic diagram of the Kahook Dual Blade (A) and Trabectome (B). (A) The Kahook Dual Blade is a surgical knife with a pointed tip for puncturing the
trabecular meshwork that is then excised with dual blades. (B) The Trabectome handpiece has irrigation and aspiration along with a footplate to guide the handpiece in
Schlemm’s Canal and an electrode to ablate the trabecular meshwork.
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Data were collected from subjects aged 18 years or older with at least 1 month of follow-up after surgery. All
glaucoma subtypes and severities were included, along with patients with history of selective laser trabeculoplasty (SLT)
or argon laser trabeculoplasty (ALT). Exclusion criteria included age less than 18 years, having prior intraocular surgery,
and having additional glaucoma surgery performed at the time of KDB or Trabectome with cataract surgery or within 12
months of the initial surgery.

Patient demographics and pre-operative characteristics were gathered. Visual acuity was evaluated via Snellen chart,
intraocular pressure (IOP) via Goldmann applanation tonometry, visual fields via 24-2 Humphrey visual field, anterior
segment via slit-lamp examination, and posterior segment via dilated fundus examination. Medication regimens were
determined at the discretion of each surgeon but included the following medications: bimatoprost, brimonidine,
brinzolamide, dorzolamide, latanoprost, methazolamide, netarsudil, pilocarpine, tafluprost, timolol, travoprost, and
unoprostone. IOP and number of medications were collected from the visits closest to post-operative month 1
(POM1), month 6 (POM6), and month 12 (POM12) following surgery. Complications including hyphema, IOP elevation
greater than 10 mmHg above pre-operative value, ciliary body detachment, hypotony, aqueous misdirection, wound leak,
and postoperative infection were recorded. Hyphema was defined as either dispersed or layering and was recorded on
post-operative day 1 (POD1). All grades of hyphemas including microhyphema were recorded. Anticoagulation use was
recorded categorically in patients taking acetylsalicylic acid, clopidogrel, direct oral anticoagulants, or warfarin. Chart
documentation was completed by each individual surgeon. The Enhanced Glaucoma Severity Staging system was used to
grade severity.'> Success was defined as an IOP <21 mmHg and at least 20% reduction in IOP at POM12.

Surgical Techniques

KDB and Trabectome were both performed at the time of cataract surgery prior to phacoemulsification. All surgeons
were fellowship-trained glaucoma specialists and had prior experience performing the respective surgeries. Patients were
selected for surgery based on inability to control IOP with topical medication alone or to reduce medication burden. The
ultimate decision for the MIGS procedure was at the discretion of the surgeon. All patients had visually significant
cataracts with best corrected visual acuity (BCVA) <20/40 or reduced vision by at least 2 lines on the Snellen chart with
glare testing. Surgical techniques were consistent across glaucoma subtypes.

A clear corneal incision was used for the procedures. For the KDB cases, ophthalmic viscosurgical device (OVD) was
injected into the anterior chamber, whereas chamber stability for Trabectome cases was primarily via the Trabectome’s
infusion port. The patients’ heads were then rotated nasally 30 to 45 degrees away from the surgeon and the microscope 30 to
45 degrees temporally toward the surgeon. A Swan-Jacobs gonio prism was placed on the cornea to directly visualize the TM.

The KDB or Trabectome was inserted into the anterior chamber through the temporal corneal wound to access the
nasal TM. For the KDB surgeries, the tip of the blade was used to pierce the TM, and the heel was placed in Schlemm’s
canal. The blade was advanced to create parallel incisions along the TM resulting in 3 to 4 clock hours of a TM strip that
was then removed from the eye. For the Trabectome surgeries, the footplate was used to penetrate the TM and position
the device into Schlemm’s canal. The electrode was activated with foot control to ablate 3 to 4 clock hours of TM with
continuous aspiration of the ablated material.

Statistical Analysis

Mean change in IOP and number of medications were calculated for each time point following surgery, and standard
deviations with 95% confidence intervals were included. Surgical success was calculated as a percentage. Wilcoxon rank
sum tests and independent sample t-tests were used to compare continuous variables, and ANOVA and Chi Square tests
were used to compare categorical variables. Multiple linear regression was used to identify demographic and baseline eye
characteristics to control for. As both eyes from single patients were included in the study, multilevel modeling was used
to correct for intereye effects. Multilevel modeling was also used to control for baseline IOP, number of medications, and
self-reported race and ethnicity when comparing the main outcomes of KDB and Trabectome. A P value of <0.05 was
considered statistically significant. All analyses were performed with SPSS version 23.0.0.0 (IBM Corp, Released 2015.
Armonk, NY, USA).
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Results

Demographics

Ninety eyes from 72 patients in the KDB group and 125 eyes from 88 patients in the Trabectome group were included in
the analysis. IOP and medication measurements at 12 months included 71 eyes in the KDB group and 115 eyes in the
Trabectome group.

There was no significant difference in demographic and baseline characteristics between the two groups (Table 1). In
the KDB and Trabectome groups, respectively, the mean ages were 72 and 73 years (P = 0.68), 60% and 55% were
females (P = 0.48), and most patients were African American (31% and 40%) and Caucasian (26% and 44%). POAG
was the most common diagnosis in both groups (57% and 60%). More patients in the KDB group were on antic-
oagulation compared with those in the Trabectome group (33% vs. 12%, P < 0.001).

At the pre-operative visit, mean IOP was 16.9 + 4.5 mmHg and 18.3 + 5.9 mmHg (P = 0.06) for the KDB and Trabectome
groups, respectively. Mean number of medications was 2.7 + 1.4 and 2.3 £ 1.3 (P = 0.6) for the KDB and Trabectome groups,
respectively. Visual field mean deviations were —8.2 £+ 6.8 and —10.3 + 9.0 dB (P = 0.08), and optical coherence tomography

Table | Baseline Demographics and Pre-Operative Characteristics

Parameter KDB Trabectome P value
Patients 72 88
Total Eyes 90 125
Age (years) 72.1%9.9 72.6+9.6 0.68
Females 60.0% 55.2% 0.48
Race/Ethnicity
African American 31% 40% 0.06
Caucasian 26% 44%
Latin American 6% 9%
Asian 11% 4%
Unknown 26% 3%
Glaucoma Type
Primary Open Angle 57% 60% 0.38
Exfoliation 12% 15%
Pigmentary 1% 4%
Chronic Angle Closure 14% 8%
Normal Tension 4% 4%
Ocular Hypertension 3% 5%
Mixed Mechanism 3% 2%
Glaucoma Suspect 3% 1%
Other 1% 2%
Glaucoma Metrics
Pachymetry (um) 538+51 545+42 0.25
Pre-op Mean IOP (mmHg) 16.9+4.5 18.3+5.9 0.06
Pre-op Mean Medications 27+1.4 2.3%1.3 0.60
Mean Deviation (dB) —8.2+6.8 —10.3£9.0 0.08
Severity®
Ocular Hypertension 3% 2% 0.35
Early 39% 29%
Moderate 22% 18%
Severe 13% 12%
End-Stage 6% 14%
OCT RNFL?® Avg Thickness (um) 73.9+20.3 71.3x15.5 0.38
Best-Corrected Visual Acuity (Snellen) 20/83 20/74 0.47
On Anticoagulation 33% 12% <0.001

Notes: *OCT RNFL, optical coherence tomography retinal nerve fiber layer. “Severity Based on the Enhanced
Glaucoma Severity Staging system.''
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retinal nerve fiber layer (OCT RNFL) average thicknesses were 73.9 +20.3 and 71.3 & 15.5 microns (P = 0.38) for the KDB and
Trabectome groups, respectively.

Evaluation of Confounding Factors

The impact of demographic and baseline ocular characteristics on change in IOP, change in medication number, and
success rate was evaluated at 12 months following surgery. Multiple regression showed no significant impact of age,
gender, glaucoma subtype, or glaucoma severity based on visual field on these main outcomes (Table 2).

In the KDB group, Caucasian patients had an IOP reduction of 3.95 mmHg (22%) compared with 0.98 (6.6%) in non-
Caucasian patients (P = 0.03) and a decrease in medications of 1.63 (55%) versus 0.69 (20%), respectively (P = 0.01). In
the Trabectome group, Caucasian patients had no significant difference in IOP change compared with non-Caucasian
patients; however, there was a greater decrease in medications of 0.7 (28%) versus 0.09 (4%) in the KDB group (P =
0.009). There was no significant difference between racial or ethnic groups regarding the success measure. Given these
findings, race/ethnicity was controlled for in the multilevel modeling of the main outcomes.

Efficacy Measures

Mean IOP and number of glaucoma medications at the pre-operative, POM1, POM6, and POM12 visits for the KDB and
Trabectome groups are shown in Figure 2. IOP and medication number were significantly lower at each follow-up visit
compared with the pre-operative visit for both groups (P < 0.05), and there was no significant difference between the
treatment groups at each time point. Change in IOP and number of medications between the two groups from the pre-
operative visit to POM12 are shown in Figure 3.

The average IOP changed by —1.9 + 4.9 mmHg (11.2% reduction, P = 0.002) for the KDB group and —3.5 +
5.5 mmHg for the Trabectome group (19.1% reduction, P < 0.001). There was a between-group difference of Trabectome
having a greater change in IOP of —1.6 mmHg (CI —3.19 to —0.53, P = 0.04) that was not significant after controlling for
baseline IOP, intereye effects, and race/ethnicity (P = 0.20). The average number of medications changed by —0.8 + 1.5
(58% reduction, P < 0.001) for the KDB group and —0.3 £+ 1.3 for the Trabectome group (38% reduction; P = 0.003).
There was a between-group difference of KDB having a greater change in medication number by —0.5 medications (CI
—1.0 to —0.2, P = 0.002) that remained significant after controlling for baseline number of medications, intereye effects,
and race/ethnicity (P = 0.02).

In the KDB group, 58% of patient had a decrease in number of medications, 32% had no change, and 10% had an
increase in medication compared with 38%, 45%, and 17%, respectively, for the Trabectome group shown in Figure 4.
There was a significantly greater number of eyes with a decrease of at least 1 medication (P = 0.04) in the KDB group
after controlling for baseline number of medications, intereye effects, and race/ethnicity.

Surgical success at 12 months was defined as an IOP <21 mmHg and IOP decrease of at least 20% without an
increase in number of glaucoma medications. The Trabectome group had a greater rate of success at 12 months compared
with the KDB group (54% vs. 30%, P = 0.01) after controlling for baseline IOP, intereye effects, and race/ethnicity.

Table 2 Multiple Regression Analysis to Assess for Significance of Interaction Between
Baseline Characteristics and Change in IOP, Change in Medication Number, and Success
Rate at 12 Months

Parameter Change in IOP Change in Medication Success Rate at
Number 12 Months
Age 0.05 0.00 0.0l
Gender 0.04 —0.13 —0.08
Race/Ethnicity —0.65 —0.46* 0.07
Glaucoma Subtype —0.39 0.00 0.03
Glaucoma Severity 0.05 0.01 —0.01

Notes: All values presented in the table are B coefficients from the regression, indicating the relationship between

the parameter (rows) and outcomes (columns). *P < 0.05.
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Figure 2 (A) Intraocular pressure (IOP) prior to and following surgery. (B) Number of medications used prior to and following surgery.
Notes: There was a significant decrease in IOP and number of medications for the Kahook Dual Blade (KDB) and Trabectome groups at all time points following surgery.

The error bars denote 95% confidence intervals.
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Figure 3 (A) Change in intraocular pressure (IOP) at 12 months compared with pre-op. There was no significant difference in IOP change between the treatment groups. (B)

Change in number of medications at 12 months compared with pre-op.

Notes: There were significant decreases in IOP and number of medications for the Kahook Dual Blade (KDB) and Trabectome groups at 12 months compared with pre-op.
The KDB group had a greater significant decrease in number of medications at |2 months compared with the Trabectome group. +Controlling for pre-op IOP, intereye effects,
and race/ethnicity. 1Controlling for pre-op number of medications, intereye effects, and race/ethnicity. The error bars denote 95% confidence intervals.

Safety Measures
The incidence of hyphema following surgery on POD1 was 3% for the KDB group and 14% for the Trabectome group

(P =0.01). All cases of hyphema resolved spontaneously without the need for additional procedures, and there was no
correlation between the incidence of post-operative hyphema and the use of anticoagulation (P = 0.86). During the 12-
month follow-up period, 3% of patients in each group had IOP elevation greater than 10 mmHg. There were no
incidences of hypotony, ciliary body detachment, wound leak, choroidal hemorrhage, or postoperative infection.
A small number of patients in both groups required additional glaucoma surgery during the 12-month follow-up period.
In the KDB group, 6.3% of eyes required filtration or shunting procedures compared with 3.4% in the Trabectome group

(P = 0.76).
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Figure 4 Categorical change in medications at 12 months compared with pre-op among the KDB and Trabectome groups.
Notes: The Kahook Dual Blade (KDB) group had a significantly greater number of eyes achieving a decrease in medications of at least | at 12 months following surgery
compared with the Trabectome group. $Controlling for pre-op number of medications, intereye effects, and race/ethnicity.

Discussion

In this retrospective comparative analysis of KDB and Trabectome combined with cataract surgery, KDB showed
a greater reduction in medications, while Trabectome had a higher success rate despite no statistically significant
difference in IOP change between these groups. KDB had a greater decrease in medications at 12 months of —0.5
medications with 58% of patients having a decrease in medications compared with 38% of Trabectome patients.
Although there was no significant difference in IOP change at each time point between the two groups, 54% of eyes
in the Trabectome group met the definition of success versus 30% of eyes in the KDB group at 12 months. Both surgeries
had excellent safety profiles with no sight-threatening complications. There was a higher rate of hyphema in the
Trabectome group which was self-limited and not associated with anticoagulation use.

To our knowledge, this is the first manuscript to directly compare KDB and Trabectome outcomes. While retro-
spective in nature, the strengths of the study include that the procedures were performed by fellowship-trained glaucoma
specialists across two institutions and that the patient population was diverse. Analyzing results from two institutions
allowed for capturing broader clinical data, and while the patient population was diverse, the procedure groups were
similar in terms of age, demographics, and baseline ocular characteristics.

The outcomes from KDB with cataract surgery were similar to other studies. Our KDB group had an 11.2% reduction
in IOP compared with 10.6-31% reduction in other studies and a 33% reduction in medications compared with 21-83%
at 12 months.”'*'* Based on our multiple regression analysis, the differences between this study and previously
published results do not appear to be related to glaucoma subtypes or disease severity based on visual field although
the lower average pre-operative IOP in this study could be a contributing factor. Notably, in a heterogeneous glaucoma
cohort including patients with POAG, exfoliative glaucoma, and uveitic glaucoma, Murata et al found that KDB ab
interno trabeculotomy was effective in reducing IOP regardless of glaucoma type.’° The greater decrease in IOP and
medication number following KDB among Caucasians has not been shown in other studies to date. Race and ethnicity
have not been associated with failure of KDB goniotomy, and analysis of Black, Afro-Latinx, and Latino patients had
similar outcomes to those reported in other KDB studies that had a largely Caucasian demographic.?'>* Further
investigation with larger studies including randomized control trials should be considered to investigate this.

Results from Trabectome with cataract surgery were similar to those previously reported at 12 months. The
Trabectome group had a 19.1% reduction in IOP compared with 12.5-30% in other studies and a 15% reduction in
medications compared with 14.4-56% at 12 months.*** Based on our multiple regression analysis, the differences
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between this study and these previously published results do not appear to be related to glaucoma subtypes or disease
severity based on visual field although the lower average pre-operative IOP in this study could be a contributing factor.
The smaller reduction in medications among non-Caucasian patients following Trabectome has not been found in prior
studies that directly evaluated the impact of race and ethnicity on Trabectome outcomes.>**°

The efficacy measures comparing KDB to Trabectome had seemingly conflicting results. While KDB had a greater
reduction in medications, Trabectome achieved success more frequently, and there was no significant difference in IOP
reduction between the groups. These differing outcomes make it difficult to determine if one procedure is superior to the
other. The differences in medication outcomes could be affected by a lack of a medication washout period or standardized
protocol for post-operative glaucoma medications. The higher success rate of the Trabectome group could be related to the
higher mean pre-operative IOP compared to the KDB group. Although this difference was not statistically significant, it may
have impacted our success variable which was dependent on a 20% reduction in IOP. With the minor difference in efficacy
measures between these two groups in the context of these limitations, the outcomes appear to be relatively similar.

Interestingly, this study found a higher incidence of hyphema after Trabectome (14%) compared with KDB (3%),
which was not associated with anticoagulation use. Though Trabectome contains an electrosurgical unit, its higher
incidence of hyphema suggests no apparent benefit of cauterizing vessels of the TM area. As reflux from episcleral veins
due to decreased IOP after phacoemulsification can contribute to hyphema, one possible cause of a lower hyphema
incidence in the KDB group could be retained viscoelastic decreasing the extent of blood reflux from collector channels
in comparison to Trabectome which has an irrigation-aspiration function. Overall, the hyphemas in both groups
spontaneously resolved, and there were no other adverse outcomes that were clinically significant.

An important factor to consider in selection of surgical modalities is cost. Medicare physician reimbursement for
goniotomy in Connecticut and New York as a stand-alone procedure ranges from $900-1000, regardless of the modality
used.?' This makes the profit margin of goniotomy based on the cost of performing the procedure. The KDB price ranges
from $350-500 in the United States, whereas a Trabectome procedure pack costs $700-750, not accounting for the
upfront cost of a Trabectome system (previously cited as ~$50,000 in 2014) or the cost of the disposable materials for
either procedure, which is similar.’*> While cost can be considered in choosing between these devices, this study
nonetheless found that KDB and Trabectome are similar in their safety and efficacy profiles.

The limitations of this study include the retrospective nature, the procedures being performed at different institutions,
the low number of subjects with subtypes of secondary glaucoma, and the absence of a medication washout period
without pre-defined criteria for changing glaucoma medications post-operatively. Given that this study is retrospective,
there was no randomization, and patients were selected based on being likely to respond well to the respective procedure.
Furthermore, this study included various subtypes of glaucoma; however, there was no significant difference in
distribution of subtypes between the KDB and Trabectome cohorts.

The procedures were performed at different institutions by surgeons with non-standardized indications for surgery
between sites. This could result in a difference in patient selection, surgical technique, documentation of hyphema, pre-
operative management of anticoagulation, and post-operative management. There was no washout period of medications
prior to surgery or pre-defined criteria for changing glaucoma medications post-operatively, which confounds medication
outcomes. Additionally, patients with concurrent ophthalmologic diseases were not excluded from the study. Furthermore,
cataract surgery and intraocular lens implantation alone in ocular hypertensive patients can result in moderate but persistent
reductions in IOP.>* While the reductions in IOP reported in this study are similar to those found in similar studies, it is
unclear what degree of IOP reduction can be attributed to cataract surgery alone versus the MIGS procedure itself.

Potential areas for future investigation include comparing these procedures in prospective, randomized, and controlled
trials, comparing their safety and efficacy as stand-alone procedures, and evaluating the effectiveness of glaucoma
medication type after goniotomy or trabeculotomy given the difference in IOP and medication outcomes between the
KDB and Trabectome groups in this study.

Conclusion
While the KDB cohort showed greater reduction in number of glaucoma medications and the Trabectome cohort met our
criteria for surgical success at a greater rate compared to KDB, both devices performing goniotomy in combination with
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cataract surgery were similarly safe and effective. Although there were statistically significant differences in medication
reduction and success rates, the outcomes were comparable when considering the inherent limitations of the study. No
metric analyzed in our study heavily favored one surgical device over the other. Additional studies including randomized
control studies are needed to fully assess the differences in outcomes for different minimally invasive glaucoma

surgeries.
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