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Purpose: The aim of this study was to evaluate ab interno trabeculotomy outcomes without phacoemulsification.

Methods: This retrospective study evaluated 118 eyes of patients aged 18 and above who underwent ab interno trabeculotomy between
December 2017 and August 2022. When surgeries were performed in both eyes, only the eye undergoing the initial surgery was
evaluated. Prior to and after surgery, the intraocular pressure (IOP) and mean number of IOP-lowering medications were compared. An
IOP of <21 mmHg (A) and <18 mmHg (B) along with a >20% reduction in the preoperative IOP was defined as survival. Cases that
required reoperation for glaucoma were defined as surgical failure. The Kaplan—Meier method was used to evaluate the survival rates.
A Cox proportional hazards model was used to analyze the preoperative factors that influenced survival rates.

Results: At 36 months postoperatively, the 13.4 + 2.8 mmHg average IOP was significantly decreased from the preoperative 23.5 +
9.8 mmHg value (P < 0.0001). Moreover, a significant decrease in the mean number of the IOP-lowering medications to 2.3 + 1.4 at 36
months was found versus the initial 3.9 + 1.1 preoperative value (P < 0.0001). The survival rates for criteria A and B at 36 months
postoperatively were 28% and 25%, respectively. Only the preoperative IOP was identified by multivariate analysis as a factor
influencing survival rates (P < 0.0001). Hyphema in 36 eyes (30.5%) and an IOP spike in 20 eyes (16.9%) were the only observed
complications. Additional glaucoma surgery was required in 27 eyes (22.9%) during the follow-up period.

Conclusion: Utilization of ab interno trabeculotomy effectively lowered the IOP and reduced the number of IOP-lowering medica-
tions. Patients with higher preoperative IOP exhibited better postoperative outcomes.
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Introduction

Retinal ganglion cell damage that occurs during the disease referred to as glaucoma can lead to progressive optic
neuropathy and is associated with specific morphological features of the optic nerve disc and progressive visual field
defects." The only proven method that has definitively been shown to decrease the speed of the progression of the visual
field damage is through the reduction of the intraocular pressure (IOP).>* However, surgery is typically performed when
sufficient lowering or progression of disease cannot be prevented after utilization of the maximum tolerated medical and/
or laser therapy.

For the treatment of glaucoma, trabeculectomy is the most widely performed surgical procedure.*> However,
minimally invasive glaucoma surgery (MIGS) has recently become available and is now being utilized, as it can be
performed at an earlier stage as compared to that for trabeculectomy.®’ Trabecular meshwork incision surgery is the most
crucial technique in MIGS that is being performed within the eye.® The characteristics of this procedure include the use
of specialized instruments for incising the trabecular meshwork. The Trabectome, Kahook Dual Blade (KDB), Tanito
microhook, and suture trabeculotomy are among the various instruments that have been developed for MIGS. During ab
interno trabeculotomy, the mechanism by which the IOP is reduced is via the creation of an incision in the inner wall of
the Schlemm’s canal, which is known to cause resistance to the aqueous humor outflow. Thus, restoration of the
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physiological aqueous outflow pathways can be achieved through these incisions, which will facilitate the drainage of the
aqueous humor into the collector channels.” Since the physiological aqueous outflow pathway is utilized by the ab interno
trabeculotomy, this leads to fewer complications, such as hypotony, wound leak, or shallow anterior chamber, as
compared to procedures that do not utilize this pathway, such as filtration surgery.'® Furthermore, ab interno trabecu-
lotomy keeps the conjunctiva and sclera tissue free from damage.

While the outcomes of ab interno trabeculotomy with phacoemulsification have been reported in many studies, there are
limited reports on the specific details on the outcomes of ab interno trabeculotomy alone. However, not only are the
outcomes of ab interno trabeculotomy alone important, but further details on cases where trabeculotomy intraocular surgery
results in poor IOP reduction also need to be reported on and evaluated. Therefore, our current investigation evaluated the
preoperative factors that may influence IOP reduction, in addition to examining postoperative outcomes and complications.

Materials and Methods

Between December 2017 and August 2022 at Hiroshima University Hospital, ab interno trabeculotomy as a standalone
procedure was performed on patients who were 18 years and older, and who underwent at least 6 months of follow-up
observation. If both eyes underwent the procedure within the specified period, the study only used the patient data from
the first eye surgery. If the postoperative target IOP was around 18 mmHg, we chose ab interno trabeculotomy as the
primary surgical method, with the exception of neovascular glaucoma. This analysis retrospectively extracted data from
the medical records of the cases that met the inclusion criteria. This study was in accordance with the principles of the
Declaration of Helsinki and was conducted following approval from the university’s ethics committee. Informed consent
was obtained from the included cases prior to the initial surgery.

All patients initially underwent a basic surgical procedure that created an incision on the temporal side of the cornea,
followed by filling of the anterior chamber with viscoelastic material. After using gonioscopy to identify the trabecular
meshwork, the inferior trabecular meshwork was incised from the nasal side using a Tanito microhook (Inami & Co.,
Ltd., Tokyo, Japan) or KDB (New World Medical, Rancho Cucamonga, CA, USA) (Figure 1). Following irrigation of the
intraocular space, wound closure was confirmed. Three times a day, patients were administered postoperative eye drops
that included 1.5% levofloxacin and 0.1% fluorometholone, with 2% pilocarpine eye drops administered three to four
times a day. Previously used glaucoma eye drops were discontinued before the surgery and then based on the post-
operative IOP, were subsequently gradually reintroduced on an as-needed basis.

The surgical success or failure was defined based on two IOP criteria. The Kaplan-Meier method was used to
evaluate the obtained results. An IOP of <21 mmHg (A) with a decrease rate of >20% or an IOP of <18 mmHg (B) with
a decrease rate of >20% was defined as survival. Cases that required reoperation for glaucoma were defined as surgical
failure. When two consecutive measurements indicated that the IOP criteria were not met, this was considered to be an
event (death). The event (death) was considered to occur at the point where the glaucoma surgery or laser treatment was
performed in these cases. The preoperative factors that influenced the above survival criteria were analyzed using Cox

Figure | Intraoperative findings determined by the Kahook Dual Blade. The Kahook Dual Blade was inserted into the anterior chamber through the corneal port at the
temporal position.
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proportional hazards modeling. Preoperative IOP, central corneal thickness, axial length, condition of the lens, surgical
instruments used, preoperative number of IOP-lowering medications, age, sex, preoperative mean deviation (MD) value,
preoperative type of IOP-lowering medications, and glaucoma subtype were the factors included in the analysis. After
initially performing a univariate analysis, a multivariate analysis was then performed on the factors that showed
significant differences. For the mean number of IOP-lowering medications, 1 point was assigned for each glaucoma
eye drop, while 2 points were assigned for combination of eye drops and oral carbonic anhydrase inhibitors. The
Humphrey Field Analyzer (Carl Zeiss Meditec, Dublin, CA, USA) with the Swedish Interactive Thresholding Algorithm
program either 30-2 or 24-2 was used to determine the preoperative MD value within 6 months prior to the surgery.
Partial laser interferometry (IOL Master 700; Carl Zeiss Meditec) and central corneal thickness measurements obtained
using a specular microscope (Topcon SP-3000; Topcon Corporation, Tokyo, Japan) were performed to determine the
axial length measurements. IOP was measured using the Goldman applanation tonometer.

Statistical analysis was performed using JMP Pro 16 software (SAS Inc., Cary, NC, USA), with a significance level
set at P < 0.05. All data are presented as the mean + standard deviation. P-values were adjusted using the Bonferroni
correction in cases where multiple measurements of the IOP and topical medication score were taken.

Results

There were 118 eyes (63 eyes of males and 55 eyes of females) evaluated in this study, with a patient mean age of 52.9 +
18.1 years (Table 1). The mean follow-up period was 25.1 £ 16.5 months. When eyes were divided into glaucoma
subtypes, there were 48 eyes with primary open-angle glaucoma, 20 eyes with exfoliation glaucoma, 9 eyes with steroid
glaucoma, 2 eyes with chronic angle-closure glaucoma, 21 eyes with juvenile open-angle glaucoma, 1 eye with
pigmentary glaucoma, and 17 eyes with secondary glaucoma.

Significant IOP reductions were observed at every time point up to 36 months postoperatively, as compared to the
preoperative IOP values (P < 0.0001 at every time point) (Table 2). There was a significant decrease in the mean number
of postoperative I[OP-lowering medications at every time point up to 36 months postoperatively (P < 0.0001 at every time
point) (Table 3).

Criteria A survival rates were 55% at 3 months postoperatively, 47% at 6 months, 40% at 12 months, 36% at 18
months, 36% at 24 months, and 28% at 36 months (Figure 2A). Criteria B survival rates were 53% at 3 months
postoperatively, 46% at 6 months, 38% at 12 months, 33% at 18 months, 30% at 24 months, and 25% at 36 months

Table | Demographics and Preoperative Ocular
Characteristics

No. Eyes 118
Age (years) 529 £ 18.1
Gender (M/F) 63/55
Preoperative IOP (mmHg) 235+98
No. IOP-lowering medication 39+ 1.1
Type of glaucoma
Primary open-angle glaucoma 48
Exfoliation glaucoma 20
Steroid glaucoma 9
Chronic angle closure glaucoma 2
Juvenile open-angle glaucoma 21
Other secondary glaucoma 18
Device (microhook/KDB) 94/24
Lens status (phakia/pseudophakia) 79/39
Axial length (mm) 259 + 1.8
Central cornea thickness (um) 505.5 + 342
Visual field mean deviation (dB) -10.2 + 6.7

Abbreviation: M, male; F female; IOP, intraocular pressure;
KDB, Kahook Dual Blade.
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Table 2 Preoperative and Postoperative Intraocular
Pressure
Periods No. Eyes | Mean IOP (mmHg) | *P Value
Preoperative 118 235+98
| month 115 152 +49 <0.0001
6 months 106 149 + 4.1 <0.0001
12 months 83 145 + 43 <0.0001
24 months 48 142 + 3.7 <0.0001
36 months 29 134 +£28 <0.0001

Note: *P < 0.0] was considered significant after the Bonferroni correction.

Abbreviation: IOP, intraocular pressure.

Table 3 Preoperative and Postoperative Medications

Periods No. Eyes | Mean Number of | *P Value
Medications

Preoperative 118 39 % 1.1

| month 5 14 +14 <0.0001
6 months 106 2015 <0.0001
12 months 83 22+ 14 <0.0001
24 months 48 2314 <0.0001
36 months 29 2314 <0.0001

Note: *P < 0.01 was considered significant after the Bonferroni correction.

(Figure 2B). Analysis of the preoperative factors that influenced the survival conditions was performed using the Cox

proportional hazards models. For criteria A, a significant increase in the risk of failure was found for the preoperative

IOP (Table 4). The univariate analysis for criteria B found significant differences for the following three factors:

preoperative IOP with a risk ratio of 0.94, presence of carbonic anhydrase inhibitor eye drops with a risk ratio of

1.82, and primary open-angle glaucoma with a risk ratio of 1.56 (Table 5). The only significant factor found by the

multivariate analysis for these factors was the preoperative IOP, which had a risk ratio of 0.94 (Table 5).

The only observed postoperative complications were hyphema with niveau formation in 36 eyes (30.5%), transient
IOP elevation in 20 eyes (16.9%), and ciliary body detachment in 1 eye (0.8%) (Table 6). There were 27 eyes (22.9%)
that underwent glaucoma surgeries during the follow-up period. Of these surgeries, trabeculectomy was performed in 21
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Figure 2 Kaplan-Meier survival analysis plot of all ab interno trabeculotomy eyes. Survival after ab interno trabeculotomy was defined as pressure lowering of 20% from

baseline or IOP <21 mmHg (A) and <I8 mmHg (B).
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Table 5 Univariate and Multivariate Analyses for Possible Risk Factors for Failure After Ab

Table 4 Univariate Analyses for Possible Risk Factors for Failure

After Trabeculotomy Ab Interno in Criteria a Using Cox
Proportional Hazards Regression Models
Factors Univariate
RR (95% CI) P value
Age 1.00 (0.98-1.01) 0.48
Gender (male) 0.73 (0.47-1.15) 0.18
Preoperative |IOP 0.93 (0.90-0.96) <0.0001
Preoperative |OP-lowering medications
Prostaglandin analog 1.04 (0.33-3.32) 0.94
f-blocker 1.26 (0.63-2.54) 0.51
CAl 1.64 (0.91-2.93) 0.10
Alpha-2 agonists 0.94 (0.59-1.50) 0.78
ROCK inhibitor 0.84 (0.53—1.35) 0.47
Type of glaucoma
Primary open-angle glaucoma 1.45 (0.93-2.28) 0.10
Exfoliation glaucoma 0.71 (0.37-1.38) 0.32
Steroid glaucoma 0.36 (0.11-1.15) 0.08
Juvenile open-angle glaucoma 1.36 (0.78-2.36) 0.28
Other secondary glaucoma 0.88 (0.46—1.67) 0.70
Device (microfook) 1.84 (0.95-3.58) 0.07
Lens status (phakia) 1.23 (0.76-2.01) 0.40
Axial length 1.07 (0.90-1.28) 0.45
Central cornea thickness 1.00 (1.00-1.01) 0.23
Visual field mean deviation 0.99 (0.96-1.02) 0.47

Abbreviation: IOP, intraocular pressure; CAl carbonic anhydrase inhibitor; ROCK,
Rho-associated protein kinase; RR, risk ratio; Cl, confidence interval.

Interno Trabeculotomy in Criteria B Using Cox Proportional Hazards Regression Models

Factors Univariate Multivariate
RR (95% CI) P value RR (95% CI) P value
Age 1.00 (0.99-1.01) 0.94
Gender (male) 0.68 (0.44-1.05) 0.08
Preoperative |OP 0.94 (0.91-0.96) <0.0001 0.94 (0.91-0.97) <0.0001
Preoperative |OP-lowering medications
Prostaglandin analog 1.09 (0.34-3.45) 0.89
B-blocker 1.17 (0.60-2.27) 0.65
CAl 1.82 (1.02-3.26) 0.04 1.65 (0.91-2.96) 0.10
Alpha-2 agonists 1.05 (0.66—1.66) 0.85
ROCK inhibitor 0.78 (0.49-1.23) 0.28
Type of glaucoma
Primary open-angle glaucoma 1.56 (1.00-2.41) 0.048 0.93 (0.58-1.49) 0.75
Exfoliation glaucoma 0.76 (0.40-1.44) 0.40
Steroid glaucoma 0.32 (0.10-1.04) 0.06
Juvenile open-angle glaucoma 1.27 (0.73-2.19) 0.40
Other secondary glaucoma 0.83 (0.44-1.57) 0.57
(Continued)

Clinical Ophthalmology 2024:18

https:

Dove:


https://www.dovepress.com
https://www.dovepress.com

Mochizuki et al Dove

Table 5 (Continued).

Factors Univariate Multivariate
RR (95% CI) P value RR (95% CI) P value
Device (microhook) 1.36 (0.75-2.47) 0.31
Lens status (phakia) 1.08 (0.68-1.72) 0.75
Axial length 1.06 (0.89-1.27) 0.31
Central cornea thickness 1.00 (1.00-1.01) 0.23
Visual field mean deviation 0.99 (0.96-1.03) 0.76

Abbreviation: |OP, intraocular pressure; CAl carbonic anhydrase inhibitor, ROCK; Rho-associated protein kinase RR; risk
ratio, Cl; confidence interval.

Table 6 Postoperative Complications

Hyphema with Niveau 36 (30.5%)
Transient IOP elevation 2 30 mmHg 20 (16.9%)
Ciliary body detachment 1 (0.8%)

Abbreviation: IOP; intraocular pressure.

eyes, while 3 eyes underwent Ahmed glaucoma valve implantation, 2 eyes underwent ab externo trabeculotomy, with 1
eye receiving an Ex-PRESS glaucoma filtration device.

Discussion

Postoperative IOPs were significantly reduced at all of the time points in this surgical study when compared to the
preoperative values. In addition, there was a corresponding decrease in the mean number of IOP-lowering medications
used in these patients. A better IOP-lowering effect was observed following these surgeries in cases found to have
a higher preoperative IOP.

Tanito et al'’

previously evaluated microhook trabeculotomy alone and found that as compared to the preoperative
IOP value, which was 22.4 + 8.6 mmHg, the postoperative values at 12 and 24 months were 14.4 + 3.0 mmHg (n = 64)
and 13.9 + 3.2 mmHg (n = 37), respectively. The number of preoperative IOP-lowering medications was 3.3 + 1.1, and
while this was significantly decreased for up to 30 months, this was not found to be significant at 36 months. Sieck et al'
evaluated the KDB-alone group (n = 32) and reported finding a significant reduction in the mean IOP and in the IOP-
lowering medications from 20.4 + 1.3 mmHg to 14.1 £ 0.9 mmHg and from 3.1 + 0.2 to 2.3 + 0.4 at 12 months,
respectively. Wakil et al'® also evaluated a KDB-alone group (n = 23) that had a preoperative IOP of 24.3 + 9.1 mmHg,
which subsequently showed postoperative values of 16.9 + 7.6 mmHg and 16.7 = 7.6 mmHg at 12 and 18 months,
respectively. However, there was a similar number of IOP-lowering medications observed between the before (2.9 £ 1.0)
and after surgery (2.6 = 1.2 at 12 months, 3.3 + 1.1 at 18 months) values. Furthermore, at 24 months in a KDB-alone
group (n = 33), Barkander et al'* reported finding a reduction in the mean IOP from 22.3 £ 5.8 mmHg to 13.9 + 3.0
mmHg. Furthermore, there was also a reduction in the number of IOP-lowering medications from 3.5 + 0.6 to 3.1 = 0.9
(P = 0.047). In our current study, we found comparable IOP values to those reported for both the microhook and KDB
surgeries. However, we evaluated a larger number of patients in addition to having a longer follow-up period as
compared to that for the previous studies.

The Cox proportional hazards model analysis in our current study showed that a higher preoperative IOP was associated
with better postoperative survival rates. Previous reports have also found that the higher preoperative IOP that was found
during microhook-assisted trabecular meshwork surgery (including concurrent cataract surgery) was associated with a greater
reduction in the postoperative IOP, although it was found that there were still relatively high postoperative IOP levels.'
However, both previous reports and our current results have found that greater postoperative IOP reductions were associated
with higher preoperative IOPs. The presence of residual aqueous outflow resistance in the distal portion of the trabecular
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meshwork might be associated with this finding, as the surgical effect could potentially be limited in eyes having a lower
preoperative IOP. Therefore, when the primary goal of performing surgery is to reduce the IOP, it is important to consider that
patients with higher preoperative IOP could potentially be more likely to favorably respond to these types of procedures.
At 12 months postoperatively, it has also been reported that significantly better outcomes of microhook trabeculotomy are
achieved after the use of preoperative ripasudil.'® However, our current study did not find any influence on the postoperative
outcomes of ab interno trabeculotomy after the use of ripasudil. While the previous study evaluated patients who underwent
microhook trabeculotomy with and without cataract surgery, our current study included only ab interno trabeculotomy alone.
Furthermore, our present study also had a mean follow-up period of 25.1 £+ 16.5 months. This is in contrast to the Okuda

et al'®

study in which the surgical outcomes were evaluated for a short period, up to 1 year postoperatively.

There were some limitations for our current study. First, this was a retrospective and single institution study. Second,
due to the prior physician-prescribed use of IOP-lowering medications, the onset and duration of the IOP-lowering
medications that were administered for each individual patient remains indeterminate. However, it has been previously
reported that surgical failure of microhook trabeculotomy at 12 months postoperatively was significantly associated with
a longer duration of >4.5 years of IOP-lowering medication use.'’

In conclusion, the current study evaluated the postoperative outcomes of ab interno trabeculotomy and found that
favorable surgical outcomes were achieved when there were significant reductions in the IOP and in the number of IOP-
lowering medications. In addition, there was a greater effectiveness in IOP reduction through surgery in cases that had

a higher preoperative IOP.

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