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ABSTRACT

Introduction: This was a comparison of laser
trabeculoplasty (LTP) outcomes in eyes with
prior Kahook Dual Blade (KDB) goniotomy
versus in goniotomy-naive control eyes.
Methods: This was a retrospective matched
comparative case series. We identified a cohort
of patients undergoing LTP between February
2017 and July 2020 at University of Missouri.
Patients were grouped by history of KDB
goniotomy versus goniotomy-naivety as a con-
trol group. Inclusion criteria included age at
least 18 years, minimum of 6 months follow-up
after LTP, and minimum period of 6 months
between KDB goniotomy and LTP. All KDB
procedures were combined with uncomplicated
phacoemulsification. Patients who had any
additional intraocular pressure (IOP)-lowering
procedures between KDB goniotomy and LTP

were excluded. Patients in the control group
received a single LTP procedure.Primary out-
come consisted of the comparison of LTP suc-
cess, defined as IOP reduction of at least 20% or
reduction of glaucoma medications from pre-
LTP baseline. Secondary outcomes included IOP
and medication reduction from pre-LTP
baseline.
Results: Twenty-one eyes of 19 patients with
history of KDB goniotomy and 42 eyes of 36
control patients without previous angle or laser
procedures were included. Baseline characteris-
tics including age, gender, ethnicity, type and
severity of glaucoma, baseline IOP, and baseline
medications were matched between groups. The
LTP success rate was higher in the control
group, but was not statistically significant (64%
vs 57%, p = 0.58). IOP reduction was only sig-
nificant in the control eyes (2.50 ± 4.0 mmHg,
p = 0.01 vs 2.35 ± 4.7 mmHg, p = 0.08). The
number of glaucoma medications was not sig-
nificantly reduced in either group.
Conclusion: LTP may have a limited IOP- and
medication-lowering effect in eyes with a his-
tory of KDB goniotomy compared to goniot-
omy-naive eyes.
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Key Summary Points

Why carry out this study?

As minimally invasive glaucoma surgery
(MIGS) gains popularity as treatment for
glaucoma, there have been several studies
that outline postoperative outcomes.
Non-incisional therapies such as selective
laser trabeculoplasty (SLT) have been used
as adjunct therapy for glaucoma in
patients with history of MIGS. This study
is the first to compare outcomes for
patients who have received SLT after
Kahook Dual Blade (KDB) goniotomy to a
control group who only received SLT.

What was learned from this study?

Our results show that eyes with prior KDB
goniotomy had limited IOP- or
medication-lowering response to
subsequent LTP performed. However,
further studies must be performed to
confirm our findings.

INTRODUCTION

Goniotomy performed with a Kahook Dual
Blade (KDB, New World Medical, Rancho
Cucamonga, CA) utilizes a single-use dual blade
designed to make parallel incisions in the tra-
becular meshwork (TM) to excise a full strip of
the TM en bloc, allowing the aqueous to drain
directly to distal outflow pathways [1]. This is a
type of ab interno Schlemm’s canal or TM bypass
angle surgery that has shown success in lower-
ing intraocular pressure (IOP) and reducing the
medication burden in adult glaucoma patients
as both a stand-alone procedure and combined
with phacoemulsification (phaco) [2–4]. Angle
surgeries and other microinvasive glaucoma
surgery (MIGS) procedures have grown in pop-
ularity due to their superior safety compared to
conventional filtering surgery [5–8]. However,
the IOP-lowering capacity of these procedures

can be limited and unpredictable [9]. Hir-
abayashi et al. reported that 9.5% of eyes that
underwent KDB goniotomy for all levels of
glaucoma severity needed additional IOP-re-
ducing procedures including trabeculoplasty
(6.8%), micropulse cytophotocoagulation
(1.4%), and filtering surgery (1.4%) [3].

Laser trabeculoplasty (LTP) is frequently
offered in patients who had inadequate
response to an angle surgery in attempt to fur-
ther lower IOP or reduce medication burden.
King et al. recently reported that the outcome of
LTP is not predictive of the outcome of subse-
quent KDB goniotomy, and KDB goniotomy
surgery remains to be effective even in eyes with
failed LTP [10]. However, the question of whe-
ther LTP could successfully lower IOP in eyes
with history of KDB goniotomy still exists, and
to our knowledge there is no published data
that addresses this question. Our primary goal
was to compare the IOP- and medication-low-
ering outcome of LTP after KDB goniotomy
compared to that in goniotomy-naive control
eyes.

METHODS

Patient Selection and Data Collection

This was a retrospective analysis of data from
patients who underwent LTP with history of
KDB goniotomy and phacoemulsification com-
pared to goniotomy-naive eyes at the University
of Missouri in Columbia from February 1, 2017
to July 31, 2020. All study related analyses were
approved by the institutional review board of
the University of Missouri Columbia School of
Medicine (Columbia, MO, USA, IRB #2019849).
This study adhered to all tenets of the Declara-
tion of Helsinki and its later amendments or
comparable ethical standards. A waiver of con-
sent and Health Insurance Portability and
Accountability Act (HIPAA) authorization was
granted in accordance with the regulations of
the Common Rule and HIPAA Privacy Rule.

Data was drawn from the charts of adult
patients with early to advanced primary or sec-
ondary open-angle glaucoma. Glaucoma sever-
ity was defined using the International
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Classification of Disease (ICD)-10 classification
[11]. The indications for both LTP and KDB
goniotomy were the need for IOP or medication
reduction due to confirmed progression at
baseline IOP or difficulty with medication
adherence. All patients who received KDB
goniotomy had a visually significant cataract
that required removal as a combined procedure.
Only subjects who had a minimum of 6 months

of follow-up after LTP and 6 months interval
between KDB goniotomy and LTP were inclu-
ded. All patients who required IOP-lowering
procedures between KDB goniotomy and LTP
were excluded. Both selective laser trabeculo-
plasty (SLT) and micropulse laser trabeculo-
plasty (MLT) were considered equivalent and
included as part of our analysis for LTP proce-
dures, whereas those with a history of argon

Table 1 Demographic characteristics of both prior KDB goniotomy and goniotomy-naive eyes

Subject-level parameters Prior KDB goniotomy (n = 19) Goniotomy-naive (n = 36) p value

Age (years), mean ± SD 69.40 ± 8.1 68.20 ± 7.9 0.61

Gender, % (n)

Female 68.42 (13) 61.11 (22) 0.74

Male 31.58 (6) 38.89 (14)

Ethnicity, % (n)

Caucasian 89.95 (17) 88.89 (32) 0.94

Other 10.52 (2) 11.11 (4)

Eye-level parameters Prior KDB goniotomy (n = 21) LTP only (n = 42) p value

Glaucoma diagnosis, % (n)

Primary open-angle 76.19 (16) 83.33 (35) 0.13

Normal tension 9.52 (2) 11.90 (5)

Combined mechanism 9.52 (2) 0.0 (0)

Pseudoexfoliatative 4.76 (1) 0.0 (0)

Traumatic 0.0 (0) 4.76 (2)

Glaucoma severity, % (n)

Mild 33.33 (7) 26.19 (11) 0.87

Moderate 9.52 (2) 14.29 (6)

Severe 57.14 (12) 59.52 (25)

Pre-laser IOP (mmHg), mean ± SD 19.52 ± 4.7 17.40 ± 4.0 0.09

Pre-laser medications, mean ± SD 1.62 ± 1.3 1.74 ± 1.3 0.74

Type of LTP, % (n)

MLT 85.71 (18) 73.81 (31) 0.35

SLT 14.2 (3) 26.19 (11)

IOP intraocular pressure, LTP laser trabeculoplasty, KDB Kahook Dual Blade
*Significance determined using chi-square, Fisher’s exact, Student’s t test, and Mann–Whitney U test
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laser trabeculoplasty (ALT) were excluded
[12, 13].

A total of 21 eyes of 19 patients were inclu-
ded in the prior KDB goniotomy combined with
phaco group and 42 goniotomy-naive eyes from
36 control patients were included in the control
group. Eyes in the control group had no addi-
tional prior or subsequent LTP performed. The
control group did not include pseudophakic
eyes as there have been studies published that
show SLT has comparable effect in pseudopha-
kic versus phakic eyes [14]. Each eye was con-
sidered independently. Baseline characteristics
including age, gender, ethnicity, glaucoma type
and severity, IOP, and the number of glaucoma
medications were matched between groups
(Table 1). For outcome measures, we recorded
IOP and number of medications at each post-
operative visit. Skilled technicians and treating
ophthalmologists were blinded to the study
during assessment of IOP and medication use
after surgery.

Surgical Procedures

Among LTP procedures, all MLT was performed
with an IQ 532TM laser (Iridex Corporation,
Mountain View, CA, USA) with 532 nm wave-
length, 15% duty cycle (500 Hz), duration of
300 ms, spot size 300 lm, and 1000 mW of
power over 360� of angle per procedure. SLT was

performed with 532 nm a frequency-doubled
Q-switched Nd:YAG laser with fixed 3 ns pulse
and 400 lm spot size, and variable energy
between 0.6 and 1.4 mJ per pulse, titrated to
visible microbubble, over 360� of angle per
procedure. No additional ocular hypotensive
medication was given at the time of laser, unless
IOP spike was noted at 1 h post laser. IOP was
checked with a Goldmann applanation
tonometer by a skilled technician or the treat-
ing ophthalmologist. Visual acuity and slit lamp
examination were performed at 2 weeks,
2 months, and 6 months follow-up. All patients
were kept under the same medications until
seen 2 months post-LTP, when they were
adjusted on the basis of the target IOP and sign
of progression determined by the treating
ophthalmologist.

KDB goniotomy was performed according to
the KDB’s Instructions for Use [15]. Procedures
began with a temporal near-clear 2.4 mm (mm)
incision into the anterior chamber. Cohesive
viscoelastic was injected into the anterior
chamber. The patient’s head was positioned,
and microscope adjusted to allow visualization
of the nasal angle using a Swam–Jacob-style
gonio prism. A strip of TM spanning approxi-
mately 4 clock hours was then excised circum-
ferentially and was removed with microforceps.
Phacoemulsification was performed after KDB
goniotomy in typical fashion with intraocular

Table 2 IOP and medication reduction after 6 months

Prior KDB goniotomy Goniotomy-naive p value

Pre-laser IOP (mmHg), mean ± SD 19.52 ± 4.7 17.40 ± 4.0 0.09

Post-laser IOP at 6 months (mmHg), mean ± SD (p value) 17.35 ± 4.8 (0.08) 15.93 ± 3.37 (0.01*) 0.53

IOP reduction at 6 months (mmHg), mean ± SD 2.35 ± 4.7 2.50 ± 4.0 0.81

IOP reduction % at 6 months, mean ± SD 6.41 ± 22.9 13.62 ± 18.3 0.22

Pre-laser medications, mean ± SD 1.62 ± 1.3 1.74 ± 1.3 0.74

Post-laser medications 6 months, mean ± SD (p value) 1.47 ± 1.2 (0.47) 1.58 ± 1.3 (0.27) 0.78

Post-laser medication reduction at 6 months, mean ± SD 0.29 ± 1.6 0.11 ± 0.9 0.62

Post-laser medication reduction % at 6 months, mean ± SD 17.31 ± 64.5 18.59 ± 38.9 0.94

IOP intraocular pressure, LTP laser trabeculoplasty, KDB Kahook Dual Blade
*Significance determined using Mann–Whitney U test, Welch’s T test, and Wilcoxon rank sign test with alpha value less
than 0.05
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lens implantation. Viscoelastic was completely
removed from the anterior chamber, and eyes
were filled with balanced salt solution and
intracameral moxifloxacin to achieve IOP in the
mid-20s to minimize blood reflux at the con-
clusion of surgery. Preoperative IOP-lowering
medications were continued in the postopera-
tive period, and reduced only if target IOP was
achieved and steroid was discontinued by no
more than one medication per visit.

Primary Outcome

Success of LTP was defined as 6 month IOP
reduction of at least 20% or medication reduc-
tion from pre-LTP baseline with no additional
IOP-lowering interventions, including repeat
LTP, within 6 months following the procedure.
For secondary outcomes, we compared IOP and
medication reduction at 6 months post-LTP
compared to pre-LTP in both cohorts.

Statistical Analysis

A sample size calculation assumed of a mean
postoperative IOP 11.83 ± 2.21 mmHg based
on the available data in the literature [16]. At a
power of 80% and an alpha level of 5%, we
estimated that a group size of 19 patients in
each treatment arm would allow for the detec-
tion of a difference of 2 mmHg or higher. Using
success rates to calculate sample size was defer-
red because of the novelty of our study.

Baseline characteristics and IOP and medi-
cation reduction between the two cohorts were
compared using chi-square, Fisher’s exact, Stu-
dent’s t test, and Mann–Whitney U test. Success
rates were compared using chi-square test. IOP

differences between groups were compared
using Mann–Whitney U and Welch’s T test. IOP
differences within groups across time were
compared with Wilcoxon rank sign test. A
p value less than 0.05 was considered statisti-
cally significant.

RESULTS

Baseline patient characteristics were compara-
ble between the prior KDB goniotomy and
goniotomy-naive cohorts (Table 1). Subjects
were evenly divided among men and women,
mostly Caucasian, mean age of 70, and diag-
nosed with severe primary open-angle glau-
coma (POAG). Average duration between KDB
goniotomy and LTP was 328.40 ± 193.8 days.

At 6 months, LTP was successful in 57.14%
(12/21 eyes) of prior KDB goniotomy eyes, and
in 64.29% (27/42) in goniotomy-naive eyes—
this difference was not statistically significant
(p = 0.58). Both pre-laser mean IOP and post-
laser mean IOP at 6 months were comparable
between treatment groups (Table 2). However,
pre- to post-laser IOP reduction was only sig-
nificant in the goniotomy-naive cohort
(2.50 ± 4.0 mmHg [p = 0.01] vs
2.35 ± 4.7 mmHg [p = 0.08]). Medication use at
6 months and medication reduction after LTP
was comparable between two groups (p = 0.78)
(Table 3).

DISCUSSION

Since the development of ALT in the 1970s, the
use of LTP for open-angle glaucoma has played
a crucial role in the management of glaucoma.

Table 3 Success rates of prior KDB goniotomy versus goniotomy-naive eyes after 6 months

Success Failure p value

Prior KDB goniotomy, % (n) 57.14 (12) 42.86 (9) 0.58

Goniotomy-naive, % (n) 64.29 (27) 35.71 (15)

LTP laser trabeculoplasty, KDB Kahook Dual Blade
*Significance determined using chi-square test and a value\ 0.05
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With the advent of SLT and MLT, both forms of
LTP have shown promise in lowering IOP in
eyes irrespective of the status of the lens
[17, 18]. A meta-analysis by Zhou et al. showed
that all available types of LTP are equally effec-
tive at decreasing IOP compared to medication-
based therapies [17]. Recently, King et al.
showed that the outcome of LTP is not predic-
tive of the outcome of subsequent KDB
goniotomy [10]. In this study, we sought to
determine whether LTP could successfully lower
IOP in eyes with prior KDB goniotomy. Given
the limitation of IOP-lowering capacity of tra-
becular-bypassing MIGS procedures, LTP would
be expected to produce suboptimal results in
eyes with distal outflow obstruction despite
enhanced trans-trabecular flow.

The only other study comparing success of
LTP after angle surgery retrospectively exam-
ined 14 eyes that received SLT after phaco-tra-
bectome, and they reported 42.9% success rates
at 3 months and 7.7% between 8 and
10 months following SLT. However, the study
did not include a control group [19]. Our results
show that eyes that had prior KDB goniotomy
failed to achieve significant IOP and medication
reduction at 6 months after LTP.

There are multiple potential factors con-
tributing to the comparable success rates and
significant IOP reductions in the goniotomy-
naive group only. One potential confounder is
the fact that some eyes (38.1%) received laser
trabeculoplasty prior to the KDB goniotomy.
This was similar to Töteberg-Harms and Rhee
[19], who also reported that 42.9% of patients
received laser trabeculoplasty prior to their
phaco-trabectome. However, the results of our
sub-analysis show that previous LTP may not
affect the outcome of a second LTP after KDB
goniotomy (Supplemental Tables 1–3). Success
rates, IOP reduction, and medication reduction
were comparable between eyes with a history of
LTP versus LTP-naive eyes that underwent prior
KDB goniotomy.

Another potential confounder is that most of
the patients (85.7% in the prior KDB goniotomy
group vs 73.8% in the control group) under-
went MLT as their LTP procedure after KDB
goniotomy. However, since both groups were
matched at baseline for all demographic

factors—including type of LTP—the imbalance
of MLT should not be concerning for this par-
ticular study. In addition, prior studies have
reported comparable IOP-lowering outcomes
between MLT and SLT [12, 13].

The main limitation of this study is its ret-
rospective design, and selection bias related to
case selection may further affect results. For
example, LTP is frequently offered in those
patients whose IOP is only minimally above
target (if not they would have been offered
surgical intervention or a ciliary ablation laser),
which may have contributed to their minimal
IOP- or medication-lowering effect. In addition,
since most of our patient population was Cau-
casian with a diagnosis of primary open-angle
glaucoma, our results may be less generalizable
to broader populations.

The possibility of successfully identifying
potential candidates for successful laser proce-
dures after angle surgery is intriguing. We hope
that this study provides additional insight into
the potential outcomes for patients with LTP
following KDB goniotomy and further interest
into selection criteria for patients undergoing
the aforementioned procedures.

CONCLUSION

Eyes with prior KDB goniotomy had limited
IOP- or medication-lowering response to sub-
sequent LTP performed.
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