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Purpose: This retrospective study compares the surgical outcomes of ab interno trabeculotomy using the Kahook Dual Blade (KDB)
and Tanito microhook (TMH) combined with cataract surgery.

Patients and Methods: Twenty-four eyes from 19 and 17 patients with glaucoma in the KDB and TMH groups, respectively, were
included. Background factors were matched for medication score and disease type using propensity scores.

Results: Preoperative age, sex, intraocular pressure (IOP), medication scores, and disease type were comparable between the groups.
The intraoperative incision range was lower in the KDB than TMH group. The postoperative medication scores and IOPs were 2.7
+1.6 mmHg and 14.5 + 2.8 mmHg in the KDB group, and 2.0+1.8 and 13.8 + 3.4 mmHg in the TMH group, respectively. There were
no significant differences between the groups regarding changes in medication scores, IOP reduction rate, or survival 6 months
postoperatively. Postoperative IOP changes were significantly associated with preoperative IOP in both groups, and trabeculotomy
range in the KDB group. There were no significant between-group differences regarding the incidence of postoperative complications,
excluding a higher incidence of hyphema in the TMH group.

Conclusion: Surgical outcomes for ab interno trabeculotomy using the KDB and TMH were not significantly different. There was no
significant difference in the occurrence of postoperative complications, except hyphema, which may reflect the difference in the
incision range of trabeculotomy between the hooks. Finally, in the KDB group, where narrow incisions range up to just over one

quadrant, the trabeculotomy incision range correlated with IOP.

Plain Language Summary: Glaucoma is a leading cause of vision loss. Controlling intraocular pressure (IOP) is crucial to slow the
disease. We performed a type of minimally invasive glaucoma surgery called ab interno trabeculotomy using two different hooks—the
Kahook Dual Blade and Tanito microhook—combined with cataract surgery. We compared how effectively they lowered IOP and
reduced the need for glaucoma medications. Both hooks achieved similar IOP reductions; however, wider incisions may lead to an
increased risk of hyphema. Furthermore, the range of trabeculotomy incisions up to just over one quadrant may correlate with IOP.
This information may help people with glaucoma and cataracts make informed surgical decisions.

Keywords: ab interno trabeculotomy, Kahook dual blade, minimally invasive glaucoma surgery, propensity score, Tanito ab interno

microhook

Introduction

Glaucoma is a leading cause of blindness worldwide.' Intraocular pressure (IOP) is the only modifiable factor that halts
glaucoma progression and should be adequately controlled to prevent visual field deterioration.>”® As the population
ages, procedures that address both cataracts and glaucoma are increasingly important; minimally invasive glaucoma
surgery (MIGS) has rapidly evolved to fulfill this need.'’
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Ab interno trabeculotomy incises the inner trabecular meshwork (TM) and Schlemm’s canal (SC) to facilitate aqueous
outflow."""* Two commonly used instruments are the Kahook Dual Blade (KDB) and Tanito microhook (TMH).'*!3
Retrospective comparisons can be biased regarding differences in baseline IOP, medication use, or glaucoma types; to
mitigate this bias, we used propensity score matching to balance medication scores and glaucoma types between the two
treatment groups. We aimed to compare the short-term surgical outcomes of ab interno trabeculotomy with KDB vs TMH
in patients who underwent concurrent cataract surgery after matching the background factors of medication score and

glaucoma types.

Materials and Methods

This study was conducted as part of the “Clinical Study on Induced Astigmatism and Postoperative Outcomes of
Minimally Invasive Glaucoma Surgery” research protocol approved by the Institutional Review Board of our hospital,
and complied with the tenets of the Declaration of Helsinki. The Ethics Committee waived the need for informed consent
for the use of patient’s medical record data in accordance with the provisions of the “Guidelines for Epidemiological
Research” issued by the Japanese government. However, the protocol was posted on our hospital’s website to inform the
study participants. Only anonymized data were used for the statistical analyses.

Participants

A total of 94 eyes of 62 Japanese patients with glaucoma who underwent ab interno trabeculotomy with KDB or TMH
combined with cataract surgery by an ophthalmologist between January 2018 and December 2019 at Saitama Red Cross
Hospital and were followed up for >6 months were selected. Patients with a history of glaucoma surgery or significant
ocular disease were excluded. Propensity score matching was performed among the two groups using logistic regression
analysis, and each patient was matched 1:1 based on their preoperative medication score and disease type; the caliper
coefficient was set to 0.2. We performed surgery on patients whose progression was not controlled with medication alone
and whose cataracts were observed concurrently. These patients were indicated for ab interno trabeculotomy, rather than
trabeculectomy, due to their target IOP being in the mid-teens, alongside considerations for their age and other back-
ground factors.

Surgical Technique

All patients underwent ultrasonic phacoemulsification using the INFINITY Vision System (Alcon Surgical, Fort Worth,
TX, USA) and acrylic intraocular lens insertion through a corneal incision. Trabeculotomy was performed after cataract
surgery under gonioscopy (IPRISM; Glaucos Corp., Laguna Hills, CA, USA); KDB or TMH were selected at the
surgeon’s discretion. In the KDB group, the KDB was introduced into the anterior chamber, where its pointed tip was
engaged with the TM until the heel settled within SC. Subsequently, the KDB was advanced for approximately 3—6 clock
hours (nasal and inferior quadrants), and the TM was excised.

A microhook was inserted into the anterior chamber through the corneal incision in the TMH group. Afterward, the
tip of the microhook was inserted into SC and moved circumferentially. After 3—8 clock hours (nasal and inferior and
temporal quadrants), the inner wall of SC and TM were incised. Postoperatively, antibiotics (moxifloxacin),
a corticosteroid (betamethasone sodium phosphate), and miotic medication (pilocarpine hydrochloride) were adminis-
tered four times daily as eye drops. The drug doses were tapered during the postoperative period. Finally, the surgeon’s
recommendation resulted in the readministration of IOP-lowering medications.

Statistical Analysis

The primary endpoints were changes in IOP and medication scores over time, with observation time points at 1, 3
(2 weeks), and 6 (¥4 weeks) months postoperatively. Additionally, the baseline IOP was the final IOP measured
preoperatively. Regarding the medication score analysis, the concomitant medication and oral acetazolamide were
assigned “2” and “1”, respectively. The routine use of postoperative miotic medications was not considered for IOP
reduction.
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Baseline clinical numerical factors and postoperative numerical values were compared between the KDB and TMH
groups using a linear mixed model, with each patient as a random effect. Linear mixed models were used to adjust for the
hierarchical structure of data modeling by grouping measurements in subjects to reduce possible bias from including data
from both eyes in one patient.'® Furthermore, the associations between the rate of IOP reduction and preoperative IOP,
medication scores, and the extent of trabeculotomy incision were examined using a linear mixed model. Kaplan—-Meier
survival analysis and Log rank tests were performed to determine whether an IOP reduction of <20%, IOP of >18 mmHg,
or additional glaucoma surgery were defined as failures.

All statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan),'” a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). Data are
reported as the mean + standard deviation, and statistical significance was set at p<0.05.

Results
Overall, 24 eyes each from 19 and 17 patients with glaucoma in the KDB and TMH group, respectively, were included in
the final analysis. Five surgeons performed trabeculotomy with KDB, while three performed surgery with TMH. Table 1
presents the patient background of each group. The preoperative age of the KDB and TMH groups was 70.0 + 7.4 years
and 71.8 + 11.2 years, respectively, with no significant difference (p=0.54, linear mixed model). The male/female ratio
was 15/9 and 16/8 eyes in the KDB and TMH groups, respectively, with no significant difference between groups
(p=1.000, generalized linear mixed model). Preoperative medication scores were 4.3 £ 1.2 and 4.5 + 2.4 in the KDB and
TMH groups, respectively (p=0.97, linear mixed model). Preoperative IOP was 19.7 +£ 4.7 mmHg and 20.1 + 7.3 mmHg
in the KDB and TMH groups, respectively (p=0.83, linear mixed model). Glaucoma types included 15 primary open-
angle glaucoma (POAG), three normal-tension glaucoma (NTG), three pseudoexfoliative glaucoma (PXG), one second-
ary open-angle glaucoma (SOAG), and two chronic angle closure glaucoma (CACG) cases in the KDB group; and 12
POAG, three NTG, six PXG, one SOAG, and two CACG cases in the TMH group, with no significant difference in
prevalence between the two groups (p=0.999, generalized linear mixed model). Furthermore, the intraoperative incision
range was significantly lower in the KDB (117.9° + 24.5°) than TMH (177.5° + 59.4°; p<0.001, linear mixed model)
group.

Tables 2 and 3 present the changes in IOP and medication scores, respectively. The decrease in IOP from baseline was
significant at all time points in both groups (KDB: p<0.001, TMH: p<0.005; Table 2). Similarly, the reduction in
medication scores from baseline was significant at all time points in both groups (KDB: p<0.001, TMH: p<0.001;

Table | Background Demographics

KDB Group | TMH Group | p-value*
No. of eyes (patients) 24 (19) 24 (17)
Age (years), mean = SD 70075 718+ 112 0.54
Female/Male 15/9 16/8 0.84
Right/Left 9/15 11713 0.56
Medication score, mean = SD 43+ 12 45+24 0.97
IOP (mmHg), mean £ SD 19.7 £ 47 20.1 £7.3 0.83
Type of glaucoma 1.0
POAG, eyes (%) 15 (62.5) 12 (50.0)
NTG, eyes (%) 3 (12.5) 3 (12.5)
PXG, eyes (%) 3 (12.5) 6 (25.0)
SOAG, eyes (%) 1 (4.2) 1 (4.2)
CACG, eyes (%) 2 (8.3) 2 (8.3)
Incision range of trabeculotomy (°), mean + SD | 117.9 + 245 177.5 £ 59.4 4.7E-05

Note: *Calculated using a generalized linear mixed model.

Abbreviations: |OP, intraocular pressure; KDB, Kahook dual blade; TMH, Tanito ab interno trabeculotomy
microhook; SD, standard deviation; POAG, primary open-angle glaucoma; NTG, normal-tension glaucoma; PXG,
pseudoexfoliative glaucoma; SOAG, secondary open-angle glaucoma; CACG, chronic angle closure glaucoma.
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Table 2 Changes in IOP Over Time

Time KDB Group (n=24) TMH Group (n=24) p-value **
Point
IOP at each time point % change from the p-value* IOP at each time point % change from the p-value*
(mmHg), mean * SD baseline, mean * SD (mmHg), mean * SD baseline, mean * SD
Baseline 197 £ 47 20.1 £7.3
| month 157 + 35 17.3 £ 220 0.00042 146 + 3.8 18.8 + 334 0.0024 0.84
3 months 155 + 3.0 18.0 £ 20.1 0.00015 132 £29 253 + 28.6 0.00024 0.44
6 months 145 +28 23.6 + 189 0.000001 | 138 +34 226 +31.5 0.00098 0.87

Notes: *Calculated using a linear mixed model of IOP between the preoperative and postoperative values. **Calculated using a linear mixed model of the % change from

baseline between the hooks.
Abbreviations: |OP, intraocular pressure; KDB, Kahook dual blade; TMH, Tanito ab interno trabeculotomy microhook; SD, standard deviation.

Table 3 Changes in Medication Score Over Time

Time KDB Group (n=24) TMH Group (n=24)
Point
Medication score Change in the p-value* | Medication score Change in the p-value* | p-value**
at each time point, medication score, at each time point, medication score,
mean * SD mean t SD mean t* SD mean * SD
Baseline 43+ 1.2 45+24
| month 2115 23+ 1.7 1.2E-07 22+24 —22+29 0.00014 0.94
3months | 25+ 1.5 -19+12 2.9E-08 19+ 1.7 -25+27 1.6E-05 0.26
6 months | 2.7 + 1.6 -1.7+12 3.2E-07 20+1.8 2429 5.6E-05 0.22

Notes: *Calculated using a linear mixed model of medication scores between pre- and postoperative values. **Calculated using a linear mixed model of
the change from baseline between the hooks.
Abbreviations: KDB, Kahook dual blade; TMH, Tanito ab interno trabeculotomy microhook; SD, standard deviation.

Table 3). However, the change in the IOP reduction rate and medication score from baseline at each time point did not
significantly differ between the two groups (linear mixed model).

As shown in Table 4, preoperative IOP was significantly associated with the IOP reduction rate in the KDB and TMH
groups (coefficients: 3.1 and 3.0, p<0.001 and p<0.001, respectively; linear mixed model). Additionally, the incision
range of trabeculotomy was significantly associated with the IOP reduction rate in the KDB group (coefficient: 0.47,
p<0.001; linear mixed model), but not in the TMH group (Table 4).

Based on the Kaplan—Meier survival curve analysis, the probabilities of complete success in the KDB and TMH
groups were 62.5% and 58.3%, respectively, at 6 months postoperatively, with no significant between-group difference
(p=0.99; Table 5, Figure 1).

Table 6 presents the postoperative complications. IOP elevations >25 mmHg were observed in three eyes each in the
KDB and TMH groups. Additional filtration surgery was required in one and four eyes in the KDB and TMH groups,
respectively. No significant differences were observed between the two types of hooks. Layered anterior chamber

Table 4 Association Between the Percent Change in Intraocular Pressure and Selected

Variables
Parameter KDB Group (n=24) TMH Group (n=24)
Coefficient | SE p-value* | Coefficient | SE p-value*
Baseline IOP 3.1 0.49 | 0.000022 | 3.0 0.67 | 0.00035
Baseline MS 3.6 3.1 0.25 0.78 32 0.8l
Incision range of LOT | 0.47 0.16 | 0.00064 —0.18 0.13 | 0.18

Notes: *The association between postoperative IOP change at 6 months and preoperative age, IOP, medication
score, and incision range of LOT was investigated using a linear mixed model in the KDB and TMH groups.
Abbreviations: |IOP, intraocular pressure; MS, medication score; LOT, ab interno trabeculotomy; KDB, Kahook dual
blade; TMH, Tanito ab interno trabeculotomy microhook; NTG, normal tension glaucoma.
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Table 5 Survival Rate

KDB Group | TMH Group | p-value*

Number of eyes 24 24
Survival rate at 6 months | 0.63 0.58 0.99
95% confidence interval 0.40-0.78 0.36-0.75

Note: *Log rank test.
Abbreviations: KDB, Kahook dual blade; TMH, Tanito ab interno trabeculotomy
microhook.

hemorrhages were significantly more frequently observed in the TMH than KDB group (4 vs 14 eyes, p=0.00006;
generalized linear mixed model).

Discussion

This study compared the surgical outcomes following ab interno trabeculotomy using KDB and TMH (both in 24 eyes).
Additionally, the eyes were matched for preoperative medication scores and disease-type background factors using
propensity scores. No significant differences were observed in preoperative age, IOP, sex, medication scores, disease
type, IOP reduction rate, change in medication scores, or survival between the two groups.

Maheshwari et al'® conducted a prospective, randomized, interventional study comparing TMH and phacoemulsifica-
tion alone. They reported that 12 months postoperatively, the preoperative IOP in the TMH group decreased from
26.5 mmHg to 12.5 mmHg, while the preoperative IOP in the phacoemulsification alone group decreased from
25.3 mmHg to 20.0 mmHg. Omoto et al'>*° and Aoki et al*' recently reported significant reductions in the postoperative
IOP and use of IOP-lowering medications after phacoemulsification and aspiration of the lens with trabeculotomy using
KDB or TMH; no significant differences were observed in IOP reduction at the 6- or 12-month follow-up between the
two techniques. In our study, IOP significantly decreased from 19.7 mmHg to 14.5 mmHg, and from 20.1 mmHg to
13.8 mmHg in the KDB and TMH groups, respectively, at 6 months postoperatively; however, no significant difference
was observed in the IOP reduction rate or changes in medication scores between the two groups. A recent study reported

100
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Figure | Success rate of intraocular pressure control after ab interno trabeculotomy using the KDB or TMH according to survival curve analysis. Surgery failure was defined
as an intraocular pressure decrease of <20%, intraocular pressure of >18 mmHg, and additional glaucoma surgery. Black: KDB group; red: TMH group.
Abbreviations: KDB, Kahook Dual Blade; TMH, Tanito microhook.
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Table 6 Postoperative Complications

KDB Group (n=24) | TMH Group (n=24) | p-value*

Transient IOP spike, eyes (%) 3 (12.5) 3 (12.5) 1.000
Additional glaucoma filtration surgery, eyes (%) | | (4.2) 4 (16.7) 0.114
Hyphema, eyes (%) 4 (16.7) 14 (58.3) 0.00006

Note: *Calculated using a generalized linear mixed model.
Abbreviations: |OP, intraocular pressure; KDB, Kahook dual blade; TMH, Tanito ab interno trabeculotomy microhook.

an IOP of 15-16 mmHg at 6 months postoperatively following trabeculotomy with TMH (median medication score of
5).22 The postoperative IOP values in our study were comparable with those reported in previous studies.

Furthermore, the baseline medication scores were higher in both groups in our study compared with those previously
reported (2.4%* and 1.35** in the KDB and TMH groups in previous studies, compared with 4.24 and 4.27 in Omoto’s

study,?’

and 4.3 and 4.5, in this study, respectively). The medication scores decreased significantly compared with
baseline and remained under good control for >6 months, with no significant difference between the two groups.
Our study demonstrated that the higher the preoperative IOP, the greater the change in postoperative IOP in both the

25728 therefore, our

KDB and TMH groups (Table 4). This aligns with several previous studies that used trabeculotomy;
study results indicate that the magnitude of IOP reduction would be greater in eyes with a higher preoperative 10P.

In this study, no significant difference in survival at 6 months postoperatively was observed between the two groups.
Aoki et al*' reported that at 12 months postoperatively, the criteria (20% reduction in preoperative IOP and IOP
>20 mmHg) were 71.8% and 62.2% in the TMH and KDB groups, respectively, with no significant difference between
the two groups regarding survival. Additionally, Iwasaki et al*’ studied patients with POAG and PXG and reported long-
term outcomes in the KDB group; they reported a survival rate of 62.4% at 12 months for the criteria (20% reduction in
preoperative IOP, IOP >18 mmHg, or additional glaucoma surgery). Okada et al*® reported survival rates of 70.4% and
48.2% at 12 months in the TMH and KDB groups, respectively, while Tanito et al*' reported a standard survival rate of
44.6% at 12 months postoperatively for 560 eyes in the TMH group (including 28% with TMH ab interno trabeculotomy
alone without cataract surgery). Therefore, we believe that our results are justified based on survival rates in both groups.

Rosenquist et al*® reported a gradual decrease in aqueous humor outflow resistance with increasing degrees of
incision based on observations in human enucleated eyes; 30°, 120°, and 360° incisions resulted in 30%, 60%, and 71%
decreases in IOP, respectively. However, the question of whether IOP decreases gradually with an increasing degree of

1** examined the effect of the degree of incision (between 150°

incision remains controversial. For example, Manabe et a
and 360°) on postoperative IOP and found no significant association. No significant difference in IOP reduction was
observed between the 180° and 360° incisions,*® or between the one- and two-quadrant incisions.”? In our study, the
KDB and TMH incisions were made at 117.9° & 24.5°, and a wider angle of 177.5° &+ 59.4°, respectively. No significant
differences were observed in the postoperative IOP reduction rates or changes in medication scores between the two
groups, indicating that a reduction in the incisional area does not affect the postoperative IOP. The rate of IOP reduction
did not correlate with the range of trabeculotomy incision in the TMH group; however, the range of trabeculotomy
incision (coefficient: 0.47, p=0.001; linear mixed model) significantly correlated with the rate of IOP reduction in the
KDB group. Therefore, this finding, combined with those of previous reports, implies that for narrower incisions up to
just over one quadrant, the incision range of trabeculotomy correlates with IOP. However, the range of trabeculotomy
incision does not correlate with postoperative IOP changes for incisions over one quadrant.

Safety was adequate in both groups in our study; however, the incidence of hyphema in trabeculotomy has been
reported to range from 17-50%.722**2° A previous study reported a significant difference in the frequency of
postoperative hyphema between 180° and 360° SC incisions.>® The incidence of hyphema in the KDB and TMH groups

was 16.7% and 58.3%, respectively (Table 6), probably owing to the larger incisional extent in the TMH than KDB

group. 226

This study included one (4.2%) and four (16.7%) patients in the KDB and TMH groups, respectively, who underwent
additional filtration procedures owing to failure. One patient in the KDB group required an additional filtration procedure
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24 months postoperatively, and each patient in the TMH group required additional filtration procedures at 1, 2, 4, and 11
months postoperatively, respectively. Iwasaki et al*’ reported that 4.1% of patients in the KDB group required additional
glaucoma surgery during a mean follow-up of 31.3 £+ 14.8 months. Furthermore, several patients in the TMH group
required additional filtration surgery. Unfortunately, the number of participants was reduced owing to the use of
propensity scores, and risk factors could not be assessed. However, given the lack of a significant difference in the
rate of postoperative IOP reduction, additional surgery may be required in the KDB group if the follow-up period is
extended.

This study had several limitations. First, the retrospective nature of our work and discretionary use of KDB or TMH
could introduce bias; however, propensity score matching mitigates some of this concern. Second, propensity score
matching was employed, thus reducing the number of available cases and potentially introducing variability compared
with studies with larger sample sizes. While propensity score matching adjusts for known confounders—those variables
deliberately chosen by the authors—it does not mitigate the impact of unknown confounding factors. Third, even after
matching the types of disease, there were three more patients with PXG in the TMH group and three fewer patients with
POAG:; thus, the types of disease did not match perfectly. We performed a subgroup analysis of eyes with PXG and
POAG; IOP reduction at 6 months postoperatively was more pronounced in the PXG (KDB: 43%, TMH: 41%) than
POAG (KDB: 23%, TMH: 6%, Supplementary Table 1) group, and changes in medication scores at 6 months post-
operatively were more pronounced in the PXG (KDB: —3.0, TMH: —4.2) than POAG (KDB: —1.5, TMH: —1.0,
Supplementary Table 2) group. These findings align with previous reports suggesting that the PXG group demonstrates

a stronger lotomy effect and greater IOP reduction.®>*® However, the small sample size in this study necessitates caution
in interpreting these results. The disparity in effects between the PXG and POAG groups within the KDB and TMH
subgroups may have influenced the observed outcomes; thus, further prospective randomized clinical trials are necessary
to comprehensively address these limitations.

Despite these limitations, our study contributes valuable comparative data on KDB and TMH devices under real-
world practice conditions. A recent randomized controlled trial has shown the benefits of combining TMH with
phacoemulsification over phacoemulsification alone.'® Thus, future studies with longer follow-up and larger cohorts
may clarify whether incision extent should be optimized for individual patient risk profiles.

Conclusion

Ab interno trabeculotomy using KDB or TMH yields significant and similar reductions in IOP and medication scores at 6
months when combined with cataract surgery. Wider incisions may lead to an increased risk of hyphema. Furthermore, as
in the KDB group in our study, the extent of trabeculotomy incision up to just over one quadrant may correlate with IOP.

Abbreviations

CACG, chronic angle closure glaucoma; IOP, Intraocular pressure; KDB, Kahook Dual Blade; MIGS, minimally
invasive glaucoma surgery; NTG, normal-tension glaucoma; POAG, primary open-angle glaucoma; PXG, pseudoexfo-
liative glaucoma; SC, Schlemm’s canal, SOAG, secondary open-angle glaucoma; TM, trabecular meshwork; TMH,
Tanito microhook.
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