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Purpose: To report clinical outcomes of successful excisional goniotomy with the Kahook Dual Blade (KDB), through 60 months.
Patients and methods: This was a noncomparative, single-surgeon, retrospective review of eyes receiving successful KDB 
goniotomy with or without concomitant phacoemulsification between October 2015 and January 2016 with five years of uninterrupted 
follow-up. Intraocular pressure (IOP), number of glaucoma medications, best corrected visual acuity (BCVA), and complications were 
recorded. Primary outcomes included changes from baseline in IOP, medication use, and BCVA, through five years.
Results: Fifty-two eyes of 28 patients were analyzed. Most eyes had mild primary open angle glaucoma (73%). Of the eyes analyzed, 
41 underwent combined surgery and 11 underwent standalone surgery. With all eyes combined, mean (standard deviation) baseline 
IOP was 21.0 (4.1) mmHg and mean baseline medication use was 1.8 (1.1) medications per eye. Across time points at months 6, 12, 
24, 36, 48, and 60, mean postoperative IOP ranged from 13.0 to 13.7 mmHg, representing mean reductions of 7.3–8.0 mmHg (34.7– 
38.3%; p <0.0001 at every time point). Similarly, mean medication use ranged from 0.4 to 0.6 medications per eye, representing mean 
reductions of 1.2–1.4 medications (66–75.5%; p <0.0001 at every time point). Mean logMAR BCVA improved from 0.321 (0.177) 
preoperatively to 0.015 (0.035) at month 60 (p < 0.0001).
Conclusion: In eyes not requiring secondary surgical procedures (eg, long-term surgical successes), excisional goniotomy provided 
clinically and statistically significant reductions in both IOP and the need for medications that were highly consistent through five years of 
follow-up. KDB goniotomy appears to be highly successful in Caucasian patients with open angle glaucoma on ≥1 IOP-lowering 
medications at baseline and with no history of prior ocular surgery. Successful excisional goniotomy with the KDB can be expected to 
improve long-term glaucoma-related visual outcomes through IOP reduction and to improve quality of life through medication reduction.
Keywords: glaucoma, goniotomy, intraocular pressure, IOP-lowering medications, phacoemulsification, minimally invasive glaucoma 
surgery

Introduction
As the world’s leading cause of blindness, the diagnosis and preemptive treatment of glaucoma is critical to prevent the 
irreversible blindness associated with disease progression.1 Typically, glaucoma is treated first by medicinal therapy and later 
with lasers and/or surgical interventions to promote further intraocular pressure (IOP) reduction.2 Trabeculectomy was the 
“gold standard” surgical procedure for many decades but is limited by significant complications such as blebitis, corneal 
erosion, conjunctival hemorrhage, and high reoperation rates, indicating the need for less invasive procedures performed at 
earlier disease stages.3–5 Minimally invasive glaucoma surgeries (MIGSs) are conjunctival sparing procedures which have 
minimized and/or delayed the need for traditional incisional surgeries under a favorable safety profile, albeit with a slight 
compromise in IOP-reducing efficacy.6 MIGS devices which target the trabecular outflow pathway, such as the Kahook Dual 
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Blade (KDB; New World Medical), function through bypassing the majority of trabecular outflow and directing aqueous 
egress to the Schlemm’s canal.7

The KDB is an ab-interno trabeculotomy MIGS device that excises diseased trabecular meshwork over multiple clock 
hours to restore aqueous outflow to the Schlemm’s canal and its distal collector channels.8 Unlike other goniotomy-based 
MIGS devices, the KDB procedure involves the subsequent removal of the excised material, thus reducing the risk of 
scarring and probability of reoperation.7,9 KDB excisional goniotomy is indicated for use with or without phacoemulsi-
fication and across the spectrum of disease severity in patients with open angle glaucoma (OAG)7,8,10–15 but successful 
outcomes have been reported in patients with angle closure glaucoma,16–19 congenital glaucoma,20 and uveitis-associated 
ocular hypertension.21 The follow-up period of most reports on KDB ranges from 6- to 24-months, with only two studies 
reporting 36-month outcomes.14,15 Currently, there is an unmet need for KDB studies with long-term follow-up.

Within this report, we evaluate five-year efficacy outcomes and success parameters of patients receiving successful 
KDB excisional goniotomy with or without concurrent phacoemulsification.

Methods
A retrospective, single surgeon (SD), noncomparative interventional study was conducted. The study protocol was reviewed 
and approved by the Mayo Clinic Institutional Review Board (IRB) in 2018 (certificate approval number: 02/28/2018). This 
study was conducted in accordance with the tenets of the Declaration of Helsinki.

The inclusion criteria consisted of adults aged 18 years or older diagnosed with glaucoma that underwent successful 
excisional KDB goniotomy, with or without concomitant phacoemulsification, between January 1, 2015, and January 31, 
2016. Successful KDB goniotomy was defined as eyes which achieved an IOP ≤21 mmHg and/or ≥20% reduction from 
baseline and did not require secondary surgical reinterventions, through five years. Eyes were not excluded on the basis 
of race, surgical history, type and severity of glaucoma, or baseline IOP, medications, and best corrected visual acuity 
(BCVA). All consecutive eligible patients who met the criteria of successful KDB goniotomy were enrolled.

KDB excisional goniotomy was performed according to the manufacturer’s instructions for use.22 The sharp tip of the 
device was advanced through a clear corneal incision to the nasal angle. The device tip was used to pierce the trabecular 
meshwork, and the heel was seated against the Schlemm’s canal. The KDB device was then advanced for four clock hours 
in a clockwise or counterclockwise direction, creating two parallel incisions to excise a strip of trabecular meshwork, 
without damaging adjacent structures. Finally, the KDB blade was removed from the eye. A persistent opening on the 
goniotomy site and goniotomy opening with a wide angle can be visualized in Figures 1 and 2, respectively. In cases with 
combined phacoemulsification, the KDB procedure was performed following successful intraocular lens implantation.

Figure 1 Gonioscopic view of a persistent opening (indicated by red arrows) on the goniotomy site (yellow outline).
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Participants were evaluated preoperatively, intraoperatively, and at 6, 12, 24, and 36, 48, and 60 months postoperatively. 
Pre- and postoperative data included IOP (assessed with Goldmann applanation tonometry), number of glaucoma medications 
used, and BCVA (assessed using a Snellen eye chart at 20 feet). Slit lamp and fundus examinations were used to visualize and 
evaluate the anterior and posterior segments of each eye. Glaucoma severity was classified based upon the International 
Classification of Diseases 10 definition.23

Standard descriptive statistics were used to report demographics and baseline characteristics, with means and standard 
deviations used for continuous variables, and percentages used for categorical variables. Data analysis was conducted 
using the SPSS program 22.0 (SPSS Inc., Chicago, IL). The primary outcome measures of the study were changes from 
baseline in IOP, glaucoma medication burdens, and BCVA at each postoperative time point, assessed using 2-tailed 
paired t-tests with P <0.007 as the level of significance (adjusted using the Bonferroni correction). Primary outcomes 
were reported as means (standard deviations) and were calculated from the total number eyes at each follow-up visit. 
Sample size remained consistent through the study duration as all patients were present at each follow-up.

Results
Fifty-two eyes of 28 patients underwent KDB excisional goniotomy and were followed for up to 60 months. 
Demographic and preoperative glaucoma status data can be found in Table 1. The mean (SD) age of all patients was 
67.8 (9.3) years, and most were Caucasian (75%) and female (61%). All eyes were surgically naïve and had various 
forms of OAG, ranging from a mild to severe severity. The study’s retention rate was 100%.

Mean IOP at baseline and each postoperative visit for all eyes can be found in Table 2. The mean (SD) baseline IOP was 21.0 
(4.1) mmHg and through up to 60 months of follow-up ranged consistently from 13.0 (2.1) to 13.7 (2.1) mmHg (P <0.0001 for 
every time point compared to baseline) with mean percent IOP reductions from 34.7% to 38.3% (Figure 3). At 60 months, all 
eyes achieved an IOP ≤21 mmHg, and 81% achieved an IOP reduction of ≥20% from baseline.

Mean glaucoma medication use and BCVA at baseline at each postoperative visit for all eyes can also be found in 
Table 2. The mean (SD) number of medications was 1.8 (1.1) and through up to 60 months of follow-up ranged from 0.4 
(0.8) to 0.6 (1.0) medications (P <0.0001 for every time point against baseline) with a trend for decreased medication use 
over time (Figure 4). Mean medication reductions across all follow-up visits ranged from 66% to 75.5%. At 60 months, 
98% of all eyes were using ≥1 fewer glaucoma medications than at baseline, with 67.3% being medication-free. No eyes 
experienced an increase in medication dependence. Mean logMAR BCVA improved from 0.321 (0.177) at baseline to 
0.015 (0.035) at month 60 (P < 0.0001). At last follow-up (60 months), all eyes had a visual acuity of 20/20 (n = 44; 
84.6%) or 20/25 (n = 8; 15.4%).

Separate analyses for eyes receiving KDB goniotomy with phacoemulsification and standalone KDB can be found in 
Tables 3 and 4, respectively. In the combined group, the mean (SD) baseline IOP was 20.5 (3.5) mmHg and ranged from 
13.3 (2.9) to 13.8 (2.8) mmHg over 60 months of follow-up, representing mean percent reductions from 32.9% to 35.3%. 
Mean number of medications was 1.3 (0.7) at baseline and ranged consistently from 0.1 (0.4) to 0.2 (0.5) medications at 
each follow-up visit, characterizing mean percent reductions by 83.6–89.1%. Mean logMAR BCVA was 0.400 (0.096) at 

Figure 2 Ultrasound biomicroscopy image of a goniotomy opening (yellow outline) with a widened iridocorneal angle (indicated by red arrow).
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baseline and ranged from 0.010 (0.026) to 0.030 (0.061) over 60 months. Changes from baseline in IOP, medication use, 
and BCVA within the combined group were significant at every time point (P < 0.0001). Within the standalone cohort, the 
mean (SD) baseline IOP was 22.8 (5.8) mmHg and ranged from 11.4 (2.6) to 14.5 (1.4) mmHg over 60 months of follow- 
up, representing mean percent reductions by 36.7–50.2%. The mean number of medications was 3.5 (0.5) and ranged 
from 1.5 (0.9) to 2.2 (1.0) medications, characterizing mean percent reductions from 38.5% to 56.4%. Mean logMAR 
BCVA was 0.030 (0.045) at baseline and ranged from 0.040 (0.051) to 0.080 (0.087) over 60 months. Changes from 
baseline in IOP and medication use within the standalone group were significant for every time point (P < 0.0001), but 
changes in BCVA did not reach statistical significance.

Common complications observed include intraoperative heme reflux (n = 10; 19.2%) which resolved within week 1 
of follow-up, and IOP spikes within the first postoperative month which did not persist beyond 6 months. No serious 

Table 1 Demographic and Preoperative Glaucoma Status of Study Participants

All Eyes KDB + Phacoemulsification KDB

No. of patients, n 28 21 7

Age (year), mean (SD) 67.8 (9.3) 66.1 (9.4) 74.9 (6.1)

Gender, n (%)

Male 11 (39) 8 (38) 3 (43)

Female 17 (61) 13 (62) 4 (57)

Race, n (%)

White 21 (75) 17 (81) 4 (57)

Black 5 (18) 3 (14) 2 (29)

Asian 2 (7) 1 (5) 1 (14)

No. of eyes, n 52 41 11

Diagnosis, n (%)

Primary open angle glaucoma 38 (73) 34 (83) 4 (36)

Pseudoexfoliative glaucoma 7 (13) 0 7 (64)

Pigmentary glaucoma 6 (12) 6 (15) 0

Normal tension glaucoma 1 (2) 1 (2) 0

Glaucoma severity, n (%)

Mild 31 (60) 31 (76) 0

Moderate 13 (25) 10 (24) 3 (27)

Severe 8 (15) 0 8 (73)

Laterality, n (%)

Right eye 25 (48) 20 (49) 5 (45)

Left eye 27 (52) 21 (51) 6 (55)

Previous Glaucoma Procedures, n (%)

No previous glaucoma procedures 52 (100) 41 (100) 11 (100)

Abbreviations: KDB, Kahook Dual Blade; SD, Standard Deviation.
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adverse device-related events were observed in any eye, through 60 months. Additionally, no patient complaints or visual 
field changes were observed.

Discussion
In this analysis of our five-year experience with successful KDB goniotomy, clinically and statistically significant 
reductions in both IOP and the use of IOP-lowering medications were observed in all eyes through up to 60 months 

Figure 3 Mean IOP over time in the study cohort. Error bars represent standard deviation. Reductions from baseline were significant (p < 0.0001) at every time point.

Table 2 Mean Intraocular Pressure, Medication Use, and Best Corrected Visual Acuity at Each Study Visit in All Eyes

Baseline 6 Months 12 Months 24 Months 36 Months 48 Months 60 Months

Number of eyes, n 52 52 52 52 52 52 52

Intraocular Pressure, mmHg

Mean (SD) 21.0 (4.1) 13.0 (2.1) 13.3 (2.3) 13.7 (2.6) 13.7 (2.1) 13.6 (2.4) 13.5 (2.9)

Change from baseline −8.0 −7.7 −7.3 −7.3 −7.4 −7.5

% Change from baseline −38.3% −36.6% −34.9% −34.7% −35.2% −35.9%

Significance (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Medications, n

Mean (SD) 1.8 (1.1) 0.6 (1.0) 0.5 (1.0) 0.5 (0.9) 0.5 (0.9) 0.4 (0.8) 0.4 (0.8)

Change from baseline −1.2 −1.3 −1.3 −1.3 −1.4 −1.4

% Change from baseline −66.0% −71.3% −72.3% −72.3% −75.5% −75.5%

Significance (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Best Corrected Visual Acuity, logMAR

Mean (SD) 0.321 (0.177) 0.034 (0.055) 0.043 (0.069) 0.026 (0.043) 0.030 (0.045) 0.022 (0.041) 0.015 (0.035)

Change from baseline −0.287 −0.278 −0.295 −0.291 −0.299 −0.306

Significance (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Abbreviation: SD, Standard Deviation.
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of follow-up. The procedure’s safety profile was excellent, with minimal intraoperative and early post-operative 
complications observed.

It is unclear as to what led to the long-term success of this study cohort. All eyes within this study cohort were surgically 
naïve, with no previous glaucoma surgeries or laser therapies performed. This could have possibly led to a higher probability 
of surgical success than seen in previously operated eyes, but there is inconclusive evidence within the literature to support this 
assertion. For instance, one study compared outcomes of Trabectome surgery (NeoMedix) in surgically naïve eyes to 

Table 3 Mean Intraocular Pressure, Medication Use, and Best Corrected Visual Acuity at Each Study Visit in Eyes Receiving Kahook 
Dual Blade Goniotomy Combined with Phacoemulsification

Baseline 6 Months 12 Months 24 Months 36 Months 48 Months 60 Months

Number of eyes, n 41 41 41 41 41 41 41

Intraocular Pressure, mmHg

Mean (SD) 20.5 (3.5) 13.4 (1.8) 13.4 (1.8) 13.8 (2.8) 13.5 (2.2) 13.6 (2.4) 13.3 (2.9)

Change from baseline −7.1 −7.1 −6.7 −7.0 −6.9 −7.2

% Change from baseline −34.7% −34.5% −32.9% −34.1% −33.9% −35.3%

Significance (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Medications, n

Mean (SD) 1.3 (0.7) 0.2 (0.5) 0.1 (0.4) 0.1 (0.4) 0.1 (0.4) 0.1 (0.4) 0.1 (0.4)

Change from baseline −1.1 −1.2 −1.2 −1.2 −1.2 −1.2

% Change from baseline −83.6% −89.1% −89.1% −89.1% −89.1% −89.1%

Significance (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Best Corrected Visual Acuity, logMAR

Mean (SD) 0.400 (0.096) 0.030 (0.052) 0.030 (0.061) 0.020 (0.037) 0.020 (0.042) 0.010 (0.035) 0.010 (0.026)

Change from baseline −0.370 −0.370 −0.380 −0.380 −0.390 −0.390

Significance (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Abbreviation: SD, Standard Deviation.

Figure 4 Mean medication use over time in the study cohort. Error bars represent standard deviation. Reductions from baseline were significant (p < 0.0001) at every time 
point.
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previously operated eyes and observed a higher surgical success rate (defined as IOP ≤21 mmHg with ≥20% reduction from 
baseline and no glaucoma surgical reinterventions) in surgically naïve eyes (78% vs 65%; P < 0.01) at 36 months, but its 
findings are limited by the inclusion of prior vitreoretinal surgery, vitrectomy, and corneal transplantation in the surgery-naïve 
group.24 Another study concluded that prior failed tube shunt implantation did not decrease the IOP-reducing efficacy of 
trabectome surgery but was ineffective at reducing glaucoma medication burdens in these patients.25

Other studies have analyzed success predictors of KDB goniotomy. Sieck et al analyzed 12-month outcomes of KDB 
goniotomy with or without phacoemulsification and found no significant association between surgical success (defined as 
≥20% IOP reduction and/or ≥1 medication reduction) and age, sex, baseline IOP, or baseline number of medications.26 

Similarly, Pratte et al evaluated surgical success of combined phacoemulsification and KDB goniotomy (defined as ≥20% 
IOP reduction or ≥1 medication reduction with an IOP <18 mmHg at each follow-up visit) and found that prior laser 
trabeculoplasty, ethnicity, age, glaucoma type or severity, and preoperative IOP were not significant predictors of surgical 
success in a cohort of 132 eyes.27 However, these authors concluded that a higher number of IOP-lowering medications 
at baseline correlated with a greater probability of surgical success, with a higher percentage of patients on >1 medication 
meeting success criteria compared to those on 0–1 medications (68.3% vs 56.5%; P = 0.037) at 6 months.27 This may 
account for the success seen within our study cohort, as all patients were on ≥1 IOP-lowering medications at baseline. 
Conversely, Ibrahim et al also evaluated 6-month surgical success outcomes (defined as ≥20% IOP reduction and/or ≥1 
medication reduction if postoperative IOP was +2 mmHg from baseline) of combined phacoemulsification and KDB 
goniotomy and did not find the baseline number of glaucoma medications to be a significant success predictor (OR, 1.73; 
P = 0.166); however, the authors established that a higher baseline IOP was associated with greater surgical success (OR, 
2.01; P = 0.016);.10 When stratifying our study cohort by baseline IOP, pressures ranged from 14 to 21 mmHg in 63.5% 
of eyes (Group 1) and 22–34 mmHg in 36.5% of eyes (Group 2). At 60 months, IOP decreased to 13.5 mmHg in both 
groups, therefore it is unlikely that baseline IOP was a significant success predictor within our study.

Table 4 Mean Intraocular Pressure, Medication Use, and Best Corrected Visual Acuity at Each Study Visit in Eye Receiving Standalone 
Kahook Dual Blade Goniotomy

Baseline 6 Months 12 Months 24 Months 36 Months 48 Months 60 Months

Number of eyes, n 11 11 11 11 11 11 11

Intraocular Pressure, mmHg

Mean (SD) 22.8 (5.8) 11.4 (2.6) 12.8 (3.5) 13.4 (1.9) 14.5 (1.4) 13.8 (2.4) 14.2 (2.8)

Change from baseline −11.4 −10.0 −9.4 −8.3 −9.0 −8.6

% Change from baseline −50.2% −43.8% −41.4% −36.7% −39.4% −37.8%

Significance (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Medications, n

Mean (SD) 3.5 (0.5) 2.2 (1.0) 1.7 (0.9) 1.7 (0.9) 1.6 (1.1) 1.5 (0.9) 1.5 (0.9)

Change from baseline −1.3 −1.8 −1.8 −1.9 −2.0 −2.0

% Change from baseline −38.5% −51.3% −51.3% −53.8% −56.4% −56.4%

Significance (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Best Corrected Visual Acuity, logMAR

Mean (SD) 0.030 (0.045) 0.060 (0.062) 0.080 (0.087) 0.060 (0.049) 0.050 (0.051) 0.050 (0.051) 0.040 (0.051)

Change from baseline +0.030 +0.050 +0.030 +0.020 +0.020 +0.010

Significance (P) 0.098 0.085 0.081 0.082 0.082 0.341

Abbreviation: SD, Standard Deviation.
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This study’s results fulfill an unmet need for clinical outcome data of KDB goniotomy with a long-term follow-up. 
Advantages of our study include its complete follow-up and enrollment of all eligible eyes. The main limitation of our 
study is its retrospective nature. Additionally, the results from this study do not represent real-world outcomes, as it 
exclusively evaluates long-term surgical successes.

Conclusions
Excisional goniotomy using the KDB, with or without concomitant phacoemulsification, appears to be a safe and 
efficacious treatment modality in surgically naïve eyes with OAG on ≥1 IOP-lowering medications at baseline, through 
five years. When evaluating device outcomes in long-term surgical successes, KDB goniotomy was demonstrated to 
improve long-term visual outcomes by significantly reducing both IOP and medication burdens. Patients with self-limited 
bleeding and no complications had successful outcomes.
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