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Purpose: To examine the potential risk factors affecting the long-term outcomes following a combination of phacoemulsification with 
ab interno trabeculotomy with the microhook (μLOT-Phaco) and goniotomy with the Kahook Dual Blade (KDB-Phaco).
Methods: For 12 months, we retrospectively examined a total of 100 eyes of 100 patients with primary open-angle glaucoma (POAG) 
and exfoliation glaucoma (EG) who had previously undergone surgery between December 2016 and December 2020. Patients with 
a preoperative intraocular pressure (IOP) ˂12 mmHg were excluded. Probability of success was calculated using the Kaplan–Meier 
method, with surgical failure defined as an IOP >18 mmHg, <20% IOP reduction or additional glaucoma surgery. The Cox 
proportional hazards model was used to examine the potential risk factors for failure, which included age, gender, type of glaucoma, 
surgical techniques, preoperative IOP, number and type of preoperative IOP-lowering medications, preoperative visual field mean 
deviation (MD) value, and axial length.
Results: For the 51 males and 49 females, mean preoperative age was 74.4 ± 9.0 years, with μLOT-Phaco performed in 44 and KDB- 
Phaco in 56 subjects. The type of glaucoma was POAG in 68 and EG in 32 eyes. Preoperative IOP was 20.5 ± 6.7 mmHg, while 
postoperative IOPs were 14.4 ± 4.2 mmHg, 13.7 ± 2.8 mmHg, and 14.6 ± 3.9 mmHg, respectively (P < 0.001). Significant decreases 
from the preoperative number of IOP-lowering medications (3.1 ± 1.2) were observed at 12, 24, and 36 months, respectively (1.2 ± 
1.3, 1.6 ± 1.3, and 2.1 ± 1.4 (P < 0.001)). Probability of success at 12, 24, and 36 months postoperatively was 52.0%, 49.6%, and 
47.7%, respectively. Lower preoperative IOP was shown to be a potential risk factor for surgical failure.
Conclusion: Long-term follow-ups showed IOP decreased in μLOT-Phaco and KDB-Phaco patients. Results suggest that patients 
with higher preoperative IOP may have better postoperative outcomes.
Keywords: MIGS, Kahook Dual Blade, intraocular pressure, glaucoma

Introduction
Glaucoma is one of the worldwide leading causes of blindness, with the number of glaucoma patients expected to 
continue to grow.1,2 Lowering intraocular pressure (IOP) is the only treatment proven to decrease the speed of the 
progression of the visual field defects.3 While conventional trabeculotomy requires complicated processes, trabeculotomy 
using the Tanito microhook (μLOT; Inami & Co., Ltd., Tokyo, Japan) and goniotomy using the Kahook Dual Blade 
(KDB; New World Medical, Rancho, Cucamonga, CA, USA) can be conducted via a corneal incision. This approach 
helps to eliminate both the complicated processes and scar formation. Many previous studies have reported on the 
efficacy of both μLOT and KDB.4–14 Furthermore, several previous studies have also reported finding no significant 
difference for both the short-term and long-term postoperative outcomes between μLOT-Phaco and KDB-Phaco.6,10,11
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Esfandiari et al15 conducted a 5-year follow-up study on the postoperative outcomes of trabectome surgery and reported 
the potential risk factors for failure included lower baseline IOP, younger age, and higher central corneal thickness. Some 
studies have examined the potential risk factors that can affect the postoperative outcomes of μLOT and KDB, 
respectively.7,12 Tanito et al7 reported that older age, steroid glaucoma, developmental glaucoma, and absence of post
operative complications were associated with lower final IOPs. Iwasaki et al8 showed that lower preoperative IOP was 
associated with poor surgical outcomes. However, none of these studies identified the potential risk factors for surgical 
failure in conjunction with long-term follow-ups. As it is important to know the potential risk factors for surgical failure that 
can be found during long-term follow-ups, our present study examined the potential risk factors that can affect the long- 
term outcomes following the use of combination phacoemulsification with μLOT (μLOT-Phaco) and KDB (KDB-Phaco).

Materials and Methods
This retrospective study evaluated subjects that underwent μLOT-Phaco or KDB-Phaco at Hiroshima University 
Hospital, Hiroshima Eye Clinic, and Kagawa University Hospital from December 2016 to December 2020. Subjects 
that had been diagnosed as primary open-angle glaucoma (POAG) or exfoliation glaucoma (EG) were included, with all 
enrolled subjects having a postoperative observation period of at least 12 months. KDB with or without cataract surgery 
was more effective for eyes with EG as compared to that for POAG.6,16 Therefore, we included both EG and POAG 
patients. If bilateral surgery was performed, preoperative and follow-up data were collected only from the initial eye that 
underwent the surgery. All enrolled subjects were at least 20 years of age or older. The study protocol was approved by 
the Ethics Review Committee of Hiroshima University (E-2436). All subjects were given opt-out disclosure of research 
information in accordance with the Declaration of Helsinki.

Patients with a preoperative IOP ˂12 mmHg were excluded. Furthermore, patients with a history of glaucoma surgery 
and a history of ocular disease other than glaucoma and cataract were also excluded. The visual field mean deviation 
(MD) value was calculated by the Humphrey Field Analyzer (HFA; Carl Zeiss Meditec AG, Jena, Germany) using the 
24–2 SITA standard program.

Surgical Techniques
Surgery was performed using the standard phacoemulsification technique with a 2.8-mm main port created on the 
temporal side of the cornea. The cataract surgical instrument used was the Whitestar Signature Pro (Johnson & Johnson; 
New Brunswick, NJ, USA). After removing the nucleus and cortex, the intraocular lens (IOL; DCB00V, Johnson & 
Johnson; XY1, HOYA, Tokyo, Japan) was inserted into the capsular bag. The trabecular meshwork was observed using 
a Hill surgical gonioprism (Ocular Instruments, Bellevue, WA, USA), with the microhook or KDB then inserted through 
the corneal wound and used to incise the Schlemm’s canal at the 120-degree nasal quadrant or 180-degree nasal and 
inferior quadrant. After removal of the remaining intraocular ophthalmic viscosurgical device, the procedure was 
completed by hydrating the port using a 27-gauge cannula.

Several surgeons performed the procedures, with each administering postoperative antibacterial therapy (1.5% levo
floxacin), anti-inflammatory therapy (0.1% fluorometholone or 0.1% betamethasone, and nepafenac), and miosis therapy 
(2% pilocarpine) depending on the individual situation. Antibacterial therapy and steroid medications were continued for 1 
month, while miosis therapy was continued for 1 to 3 months at the discretion of the surgeons. Most of the patients used 
nepafenac for 3 months. IOP-lowering medications were resumed in accordance with the postoperative IOP.

Statistical Analysis
All statistical analyses were performed using JMP software version 16 (SAS Inc., Cary, NC, USA). Corresponding t-tests 
were used to evaluate the preoperative IOP and the IOP at each of the 6-month time points that ranged from 6 to 48 
months postoperatively. A Wilcoxon’s signed rank sum test was also used to evaluate the number of preoperative IOP- 
lowering medications from 6 to 48 months postoperatively. Preoperative IOP was defined as the IOP on the day of the 
examination when the decision was made to perform the surgery. Probability of success was calculated using the Kaplan– 
Meier method, with the criteria for surgical failure defined as an IOP >18 mmHg, <20% reduction in the IOP 
preoperatively or additional glaucoma surgery. A Cox proportional hazards model was utilized to evaluate potential 
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risk factors for surgical failure, which included age, gender, type of glaucoma, surgical techniques, preoperative IOP, 
number and type of preoperative IOP-lowering medications including prostanoid receptor-related drugs (FP and EP2 
prostanoid receptor agonist drugs), beta adrenergic blocker (β-blocker), carbonic anhydrase inhibitor (CAI), alfa-2 
adrenergic agonist (α2 agonist), and rho-kinase inhibitor (ROCK inhibitor), preoperative visual field MD value, axial 
length, hyphema with niveau, and transient IOP elevation. Continuous variables are expressed as the mean ± standard 
deviation. A P value <0.05 was considered to be a statistically significant difference.

Results
Table 1 presents the clinical characteristics of the 100 eyes of the 100 patients enrolled in the study. The mean 
postoperative observation period was 34.1 ± 16.0 (12–63) months.

While the mean preoperative IOP was 20.5 ± 6.7 mmHg, there was a significant decrease in the postoperative IOP to 
14.6 ± 3.5 mmHg at 6 months, 14.4 ± 4.2 mmHg at 12 months, 13.7 ± 2.8 mmHg at 24 months, and 14.6 ± 3.9 mmHg at 
36 months after surgery (P < 0.0001 at each point) (Table 2). While the mean number of preoperative IOP-lowering 
medications was 3.1 ± 1.2, the number of medications decreased to 1.0 ± 1.2 at 6 months, 1.2 ± 1.3 at 12 months, 1.6 ± 
1.3 at 24 months, and 2.1 ± 1.4 at 36 months postoperatively (P < 0.0001 at each point) (Table 2).

Table 1 Clinical Backgrounds of Subjects

No. Eyes 100

Age (range) (years) 74.3±8.9 (47–91)

Gender (M/F) 51/49
Device (microhook/KDB) 44/56

Type of glaucoma (POAG/EG) 68/32

Preoperative IOP (range) (mmHg) 20.5±6.7 (12–44)
No. IOP-lowering medications (range) 3.1±1.2 (0–5)

Prostanoid receptor drugs 92

β-blocker 76
Carbonic anhydrase inhibitor 74

α2 agonist 35

ROCK inhibitor 28
Preoperative MD value (range) (dB) −11.0±7.8 (−0.3 - −30.9)

Axial length (range) (mm) 24.4±1.9 (19.8–31.1)

Abbreviations: M, male; F, female; KDB, Kahook Dual Blade; POAG, primary 
open-angle glaucoma; EG, exfoliation glaucoma; IOP, intraocular pressure; MD, 
mean deviation; ROCK, rho-kinase.

Table 2 Changes in IOP and Number of Preoperative and Postoperative IOP-Lowering Medication

No. Eyes IOP at Each Time Point  
(mmHg)

P value* No. IOP-Lowering Medications  
at Each Time Point

P value**

Baseline 100 20.5±6.7 <0.0001 3.1±1.2 <0.0001

Month 6 97 14.6±3.5 <0.0001 1.0±1.2 <0.0001
Month 12 95 14.4±4.2 <0.0001 1.2±1.3 <0.0001

Month 18 80 14.1±3.5 <0.0001 1.4±1.3 <0.0001

Month 24 64 13.7±2.8 <0.0001 1.6±1.3 <0.0001
Month 30 56 13.8±3.8 <0.0001 1.9±1.3 <0.0001

Month 36 49 14.6±3.9 <0.0001 2.1±1.4 <0.0001

Month 42 38 13.9±3.2 <0.0001 2.4±1.3 <0.0001
Month 48 27 14.2±3.2 <0.0001 2.6±1.3 0.0001

Notes: *Calculated using paired t-test for the IOP between preoperative and postoperative values. **Calculated using Wilcoxon signed-ranks 
test for the number of IOP-lowering medication between preoperative and postoperative values. 
Abbreviation: IOP, intraocular pressure.
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Probability of success was 52.0%, 49.6%, and 47.7% at 12, 24, and 36 months postoperatively (Figure 1). 
Postoperative complications included hyphema with niveau in 17.0% of cases, and transient high IOP exceeding 30 
mmHg in 18.0% of the cases.

Table 3 shows the results of the univariate and multivariate analysis of risk factors using the Cox proportional hazards 
model. As for the univariate analysis, there were no significant differences detected for the age, gender, surgical 
technique, number and type of IOP-lowering medications, MD value, and axial length. However, there were significant 
differences detected for the type of glaucoma and the preoperative IOP. The risk ratio was 2.59 for POAG (P = 0.01), 
while the preoperative IOP (as the IOP increased by 1 mmHg) had a risk ratio of 0.90 (P < 0.001). For the multivariate 
analysis, there were no significant differences in the type of glaucoma detected. However, there were significant 

Figure 1 Probability of postoperative success as determined by the Kaplan–Meier method following ab interno trabeculotomy with microhook and goniotomy with the 
Kahook Dual Blade combined with phacoemulsification. Surgical failure was defined as an intraocular pressure >18 mmHg, <20% IOP reduction or additional glaucoma 
surgery.

Table 3 Outcomes of Univariate and Multivariate Analysis

Univariate Analysis Multivariate Analysis

RR 95% CI P value RR 95% CI P value

Age (1 year old) 0.99 0.96–1.03 0.69
Gender (male) 0.87 0.50–1.50 0.61

Type of glaucoma (POAG) 2.59 1.26–5.33 0.01 1.75 0.82–3.72 0.15

Technique (μLOT-Phaco) 1.19 0.69–2.07 0.53
Preoperative IOP (1mmHg) 0.90 0.85–0.95 <0.001 0.90 0.86–0.97 0.005

No. IOP-lowering medications (1drug) 1.04 0.84–1.32 0.73

Preoperative MD value (1dB) 0.98 0.95–1.02 0.36
Axial length (1mm) 1.02 0.88–1.18 0.74

Type of IOP-lowering medications

Prostanoid receptor drugs 2.43 0.59–10.00 0.22
β-blocker 1.54 0.75–3.16 0.24

Carbonic anhydrase inhibitor 1.17 0.61–2.23 0.75

α2 agonist 1.03 0.58–1.84 0.91
ROCK inhibitor 0.77 0.40–1.47 0.43

Abbreviations: RR, risk ratio; CI, confidence interval; POAG, primary open-angle glaucoma; IOP, intraocular pressure; MD, mean 
deviation; ROCK, rho-kinase.
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differences detected for the preoperative IOP. The risk ratio was 0.91 (P = 0.005) for the preoperative IOP (as the IOP 
increased by 1 mmHg).

Discussion
The usefulness of minimally invasive glaucoma surgery (MIGS) has recently been reported in numerous references.4–14 The 
present study analyzed data for two devices, the microhook and the KDB. Although previous studies have compared the 
microhook and KDB, they did not find any difference in the postoperative outcomes between the two devices.6,10–12 

Therefore, we combined the outcomes of the two surgical methods in the current study. Furthermore, few reports have 
identified the risk factors that can affect the postoperative IOP, which is an important parameter for postoperative 
outcomes.7,12,15 Iwasaki et al12 reported on the postoperative long-term results and risk factors for KDB-Phaco. This 
previous study evaluated POAG and EG and concluded that the preoperative IOP was a risk factor. They defined surgical 
failure as an IOP >18 mmHg and <20% IOP reduction, which was the same as in the present study, and found a comparable 
risk ratio (0.89). Tanito et al7 reported on the mid-term results for 560 patients after μLOT, and found that the higher the 
preoperative IOP, the greater the rate of IOP reduction. Esfandiari et al15 previously evaluated the five-year outcomes of 
patients that underwent combined phacoemulsification and trabectome surgery and reported that a lower baseline IOP was 
associated with surgical failure. However, no other previous reports have analyzed the long-term risk factors for both KDB 
and μLOT. The risk factor derived from the present study was a low preoperative IOP, which is consistent with that reported 
in previous studies.12,15 A possible explanation for this is that a higher preoperative IOP may have resulted in a greater rate 
of IOP reduction, which would have made it easier to meet the definition of success.

In the univariate analysis, disease type was also detected as being a risk factor, as was the preoperative IOP. 
Furthermore, the presence of POAG resulted in having an increased risk ratio. Even so, there was a significantly higher 
preoperative IOP in the EG group (22.9 ± 1.1 mmHg) as compared to the POAG group (18.2 ± 0.8 mmHg) (P = 0.001). 
The 20% IOP reduction rate, which is part of the definition of surgical success in this study, may have contributed to the 
higher risk ratio in the POAG group with the lower mean preoperative IOP. There has also been a report that IOP- 
lowering medications may have some effect on the IOP, although this was not detected as a risk factor in the present 
study. Okuda et al17 reported that patients treated preoperatively with ripasudil hydrochloride hydrate (Kowa, Nagoya, 
Japan), which is the only rho-kinase (ROCK) inhibitor available in Japan, led to significantly better 1-year postoperative 
outcomes after μLOT as compared to patients who were not treated with the ROCK inhibitor. Thus, it is likely that 
ripasudil was not identified as a risk factor in the present study due to the inclusion of both μLOT and KDB data and the 
different backgrounds of the patients, all of whom had previously undergone concomitant cataract surgery. Goda et al18 

have also suggested that the IOP-lowering effect of ripasudil may be useful in predicting the post-LOT outcomes. 
However, while the present study used ripasudil eye drops in 28 eyes preoperatively, it did not investigate the IOP- 
lowering effect before and after the addition of ripasudil eye drops, so this remains unclear. Okuda et al19 also reported 
that prolonged use of IOP-lowering medications before μLOT had a negative effect on postoperative outcomes. Since we 
did not investigate the duration of the use of preoperative IOP-lowering medications, this point also remains unclear.

Regarding the technique, KDB-Phaco was performed by one surgeon, while the μLOT-Phaco procedure was performed by 
multiple surgeons. One of the effects of having multiple surgeons involves the extent of the Schlemm’s canal incision. In the 
present study, the incision was set at 120 degrees or 180 degrees in accordance with the judgment of the surgeon. In our previous 
papers, we reported that the incision range affects corneal higher-order aberrations at 3 months postoperatively20 but does not 
affect the postoperative outcomes.13 Thus, it can be considered that the incision range had no effect in the present study.

The present study had some limitations. First, only POAG and EG were used as the disease types. In routine practice, 
the type of glaucoma surgery is determined based on the patient’s background, glaucoma stage, and IOP, with μLOT and 
KDB additionally performed for disease types other than POAG and EG when the conditions are met. Therefore, it is 
possible that the present results may not reflect those observed in actual clinical practice. Second, the duration of the 
preoperative eye drop use is unknown. The facilities where this study was conducted basically treated patients who were 
being treated at local clinics up until the time they were referred for surgery. We did not examine the duration of the use 
of the IOP-lowering medications, as it was not practical to evaluate all of the medical data from the local ophthalmology 
clinics, as this could lead to missing data during the data collection, thereby affecting the accuracy of the analysis.
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In conclusion, the results of the present study showed that the use of μLOT-Phaco and KDB-Phaco reduced long-term 
IOP. These findings suggest that subjects with a higher preoperative IOP may have better postoperative outcomes.

Disclosure
The authors report no conflicts of interest in this work.
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