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Abstract: Ripasudil, a rho-associated protein kinase inhibitor ophthalmic solution, shows a protective
effect in preventing excessive scarring in vitro. This study aims to evaluate the safety and efficacy of
ripasudil for glaucoma patients submitted to the needling procedure. In this prospective, multicenter,
single-arm study, we included 20 eyes of 20 patients with glaucoma who underwent the needling
procedure without antimetabolites. All patients administered ripasudil after needling for three
months. The primary endpoint of this study was the safety of ripasudil in patients, and the secondary
endpoint was the change in IOP at 12 weeks after the needling procedure. No serious complications
were found in the patients. One eye experienced pruritus and conjunctival follicle, while another
eye had conjunctival follicle. These complications were transient and resolved quickly after dis-
continuation of ripasudil. The mean preoperative IOP was 14.6 ± 4.6 mmHg, which decreased to
11.0 ± 4.7 mmHg (p = 0.0062) at 1 week postoperatively. The IOP reduction effect continued to
12 weeks (11.8 ± 3.1 mmHg; p = 0.0448). The administration of the ROCK inhibitor, ripasudil, after
the needling procedure is safe and effective in maintaining IOP for 12 weeks.

Keywords: glaucoma; trabeculectomy; needling; a rho-associated protein kinase inhibitor; ripasudil

1. Introduction

Glaucoma is an optic neuropathy characterized by gradual, progressive morphological
changes in the optic disc and visual field loss [1]. Trabeculectomy (TLE) is a traditional
surgical technique for lowering intraocular pressure (IOP) with long-term efficacy in
slowing the advancement of visual field loss among patients with glaucoma [2]. However,
over time, we often experience a loss of IOP control. When filtration fails after the initial
success of trabeculectomy, the most common cause is fibrosis, a natural part of the wound
healing process.

The transconjunctival bleb needling procedure is designed to address the inadequacies
of failing blebs thorough the mechanical removal of adhesions. Failed blebs often require
multiple needling procedures due to fibrosis.

Ripasudil (Glanatec®, ophthalmic solution 0.4%, Kowa Company, Ltd., Tokyo, Japan)
is an approved ophthalmic solution in Japan for managing glaucoma or ocular hyperten-
sion, which received approval in 2014. Several reports indicate that topical instillation
treatment with the ROCK inhibitors Y-27632 [3,4] and ripasudil [5] can mitigate excessive
scarring in vitro and following glaucoma filtration surgery in mouse or rabbit models. In
our previous study, we reported that administration of ripasudil following the needling
procedure with mitomycin C (MMC) did not show a more significant reduction in IOP
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when compared to the MMC needling procedure alone. However, this study suggests that
ripasudil might reduce the number of IOP-lowering agents required after the needling
procedure [6]. It is worth noting that this study was retrospective, and all subjects had
received MMC just before needling. The antifibrosis effect of MMC might mask the effect
of ripasudil.

In the present study, we conducted a prospective assessment of the safety profile in
glaucoma patients who underwent needling without MMC and subsequently received ripa-
sudil following the procedure. The study also thoroughly investigated the effectiveness of
ripasudil administration in preventing bleb failure by suppressing fibrosis within the bleb.

2. Materials and Methods

In this prospective, multicenter, open-label, single-arm, phase II study, we evaluated
patients at Hiroshima University Hospital and Hiroshima Eye Clinic in Japan. The study
was conducted in accordance with the Declaration of Helsinki and received approval from
the Hiroshima University Certified Review Board (Approval No. CRB210008, 26 May 2022).
We analyzed 20 eyes of 20 glaucoma patients who underwent the needling procedure
without the use of antimetabolites. Clinical signs of scarring determined by glaucoma
specialists, including increased IOP following TLE and vascularization of the bleb, were
the main indicators for the needling procedure. During the needling procedure, none of the
patients encountered intraoperative complications. Our study specifically enrolled patients
who underwent the needling procedure at least three months after TLE and excluded
individuals with a previous history of conjunctival surgery (except for TLE).

All patients underwent comprehensive ophthalmic examination, and the following
data were collected: sex, age, type of glaucoma, IOPs (Goldmann Applanation Tonometer,
Haag-Streit, Köniz, Switzerland), lens status, the time interval since the most recent TLE,
number of antiglaucoma medications, and corneal endothelial cell density. To categorize
the morphological appearance observed through slit lamp examination, we assessed the
characteristics of the blebs utilizing the Indiana Bleb Appearance Grading Scale. The scale
takes into account the parameters of height, extent, vascularity, and leakage, which is
graded through the Seidel test [7].

The primary endpoint of this study was to evaluate the safety profile of ripasudil
administrated promptly in patients who underwent the needling procedure. Ophthalmic
and systemic evaluations were conducted to scrutinize the occurrence of local and systemic
adverse events (AEs) as well as adverse drug reactions (ADRs). AEs were documented irre-
spective of whether abnormalities occurred in the contralateral eye to which the ripasudil
ophthalmic solution was administered.

We also assessed the treatment’s efficacy as the secondary endpoint. We characterized
absolute success as achieving a >20% reduction in IOP from the preneedling baseline
without the use of antihypertensive medications (excluding the instillation of ripasudil).
If the IOP exceeded the predefined criteria in two consecutive measurements, failure was
deemed to have occurred at the initial time point when the IOP first exceeded the criteria.
The necessity for repeat needling or an alternative glaucoma surgical intervention was
categorized as a failure. We further characterized relative success as achieving an IOP
within the ranges (A) 4 mmHg or higher but less than 22 mmHg, (B) 4 mmHg or higher
but less than 19 mmHg, (C) 4 mmHg or higher but less than 16 mmHg, or (D) 4 mmHg or
higher but less than 13 mmHg, in an attempt to adhere to the outcome criteria outlined
by the World Glaucoma Association guidelines. If the IOP exceeded the defined criteria in
two consecutive measurements, failure was deemed to have occurred at the initial time
point when the IOP first exceeded the above criteria. The necessity for repeat needling or
another glaucoma surgical intervention was classified as a treatment failure.

2.1. Needling Procedure

All needling procedures were conducted in an outpatient department by glaucoma
specialists listed in the protocol. Following the application of topical anesthesia (0.4%
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oxybuprocaine and 0.1% adrenaline), iodine and polyvinyl alcohol (PA·IODO ophthalmic
and eye-washing solution, diluted six times with saline solution) were administered to the
external eye. Subsequently, a 27-gauge needle was used to inject 0.1 mL of 2% xylocaine
with epinephrine approximately 10 mm distal to the bleb. The needle was introduced
between the conjunctiva and sclera, and fibrotic tissues were incised and elevated. After
the procedure, patients were instructed to use ripasudil twice daily for three months, in
conjunction with topical antibiotics (1.5% levofloxacin) and an anti-inflammatory (0.1% flu-
orometholone ophthalmic suspension) ophthalmic solution three times daily for one week.

2.2. Statistical Analysis

All the original data collected were stored in the electronic data capture (EDC) system
(REDCap 12.0.33, Vanderbilt University). The EDC system was digitally secured on a
password-protected internet server, and the investigators from the study team entered the
data directly into the EDC system.

Considering the exploratory nature of this study, the sample size was projected by
referencing historical medical records, which included an assessment of the annual patient
volume at both Hiroshima University Hospital and Hiroshima Eye Clinic.

The analysis sets for this study were delineated as the Full Analysis Set (FAS) and
the Per-Protocol Set (PPS). The FAS encompassed all participants in the study, excluding
instances that failed to meet the eligibility criteria. The PPS was derived from the FAS, with
the exclusion of individuals lacking available measurements for the primary endpoints and
patients with substantial deviations from the study protocol. In this investigation, the FAS
and PPS were congruent.

The primary endpoint of this study, focusing on the safety of administering ripasudil
immediately following the needling procedure, was evaluated by quantifying the incidence
of AEs and adverse drug reactions (ADRs), expressed in both absolute numbers and
percentages. The analysis population encompassed all patients who received a minimum
of one dose of ripasudil, and they were categorized based on the nature of AEs or ADRs.

For the secondary endpoint, aimed at assessing the efficacy of ripasudil, the results
underwent analysis utilizing either Student’s t-test or Wilcoxon’s rank sum test. Survival
rates were estimated by employing the Kaplan–Meier method. All statistical analyses were
conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Measurement data
are presented as mean ± standard deviation with a 95% confidence interval. Statistical
significance was considered when the p-value was <0.05.

3. Results

We conducted an analysis on 20 eyes belonging to 20 glaucoma patients who under-
went bleb needling without MMC due to TLE failure with a fornix-based conjunctival flap
using MMC. A summary of demographic data is provided in Table 1. All patients were
Japanese. There were 12 males and 8 females, with a mean age of 70.3 ± 11.8 years old
(range: 49–89 years old). The mean time from TLE to needling was 4.2 ± 6.7 years (range:
0.30–30.02 years).

Table 1. Demographic characteristics.

Total number of eyes 20
Mean preoperative IOP (mmHg) 14.6 ± 4.6

Mean number of antihypertensive medications 1.0 ± 1.3
Age (years) 70.3 ± 11.8

Gender (male/female) 12/8
Laterality (right/left) 9/11

Glaucoma classification
POAG 18
PACG 0
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Table 1. Cont.

Secondary glaucoma 2
Time from TLE surgery to needling (Y) 4.3 ± 6.7

Lens status
Phakia 7

IOL 13
IOP, intraocular pressure; POAG, primary open-angle glaucoma; PACG, primary angle-closure glaucoma; TLE,
trabeculectomy.

During the study period, no serious AEs or ADRs were found in the patients. We
had two minor ADRs: one eye had pruritus and conjunctival follicle, and one eye had
conjunctival follicle. However, the complications were transient and resolved quickly after
the discontinuation of ripasudil (Table 2).

Table 2. Type of side effects.

Total number of side effects 2 (10.0%)
Type of side effects
conjunctival follicle 2 (10.0%)

pruritus 1 (5.0%)
Note: There was one eye with pruritus and conjunctival follicle concurrently manifested in the same eye.

Figure 1 illustrates a significant reduction in the mean IOP. The mean preoperative
IOP was 14.6 ± 4.6 mmHg, which decreased to 11.0 ± 4.7 mmHg (a reduction of 25.1%,
p = 0.0006) at 1 week postoperatively. This reduction in IOP was maintained up to 12 weeks
(11.8 ± 3.1 mmHg; a reduction of 19.1%, p = 0.0012) (Figure 1). The Kaplan–Meier sur-
vival plot for absolute success showed a 12-week survival rate of 50.0% (Figure 2). For
criteria A, B, C, and D, the relative success rates were 100.0%, 100.0%, 95.0%, and 82.0%,
respectively (Figure 3).
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Figure 1. Preoperative and postoperative mean IOPs (mmHg). Error bars show standard deviation.
The mean preoperative IOP was lowered immediately after the needling procedure (p = 0.0006,
Wilcoxon’s rank sum test). The effect of IOP reduction was continued to 12 weeks (p = 0.0012,
Wilcoxon’s rank sum test). Error bars show the standard deviation.
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Figure 2. Kaplan–Meier survival plot for absolute success. We characterized absolute success as
achieving a >20% reduction in IOP from the preneedling baseline without the use of antihypertensive
medications (excluding the instillation of ripasudil). If the IOP exceeded the predefined criteria in
two consecutive measurements, failure was deemed to have occurred at the initial time point when
the IOP first exceeded the criteria. The necessity for repeat needling or an alternative glaucoma
surgical intervention was categorized as a failure.

There were no significant differences between the preoperative and postoperative
mean numbers of antiglaucoma medications at 12 weeks (p = 0.10) (Table 3). The number
of eyes with antiglaucoma medications before the needling procedure was nine (45%).
The most utilized type of antiglaucoma medication before the needling procedure was
prostaglandins (PG), followed by beta-blockers (BB). The subsequent use included carbonic
anhydrase inhibitors (CAI) and alpha-2-agonists (AA) (PG: two eyes; PG + BB: two eyes;
PG + CAI: one eye; PG + BB + CAI: two eyes; PG + BB + CAI + AA: one eye; BB: one eye).
The number of eyes with antiglaucoma medications other than ROCK inhibitors 12 weeks
after the needling procedure was two (PG: one eye; BB: one eye).
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Figure 3. Kaplan–Meier survival plot for relative success. We characterized relative success as
achieving an IOP within the following ranges: (A) 4 mmHg or higher but less than 22 mmHg, (B)
4 mmHg or higher but less than 19 mmHg, (C) 4 mmHg or higher but less than 16 mmHg, or
(D) 4 mmHg or higher but less than 13 mmHg. If the IOP exceeded the defined criteria in two
consecutive measurements, failure was deemed to have occurred at the initial time point when the
IOP first exceeded the above criteria. The necessity for repeat needling or another glaucoma surgical
intervention was classified as a treatment failure. Note: Survival rate and censoring of Relative
success B were equal to Relative success A.

Table 3. Number of antiglaucoma medications.

Number of Antiglaucoma Medications p *

preoperative 0.95 ± 1.28
1 week 1.00 ± 0.00 0.14
4 weeks 1.05 ± 0.23 0.12

12 weeks 1.19 ± 0.54 0.10
* Wilcoxon’s rank sum test.
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The morphological slit lamp appearance of the blebs showed no significant difference
between the preoperative and postoperative periods during the 12 weeks (Table 4).

Table 4. Changes in the morphological slit appearance of the blebs.

Indiana Bleb Appearance Grading Scale, Height (H0–H3) **

Preoperative

H0 H1 H2 H3 Total (%) p *

1 weeks

H0 2 0 1 0 3 (15%)

0.23

H1 1 3 0 0 4 (20%)
H2 0 5 4 0 9 (45%)
H3 0 0 1 2 3 (15%)

missing
values 1 0 0 0 1 (5%)

Total (%) 4 (20%) 8 (40%) 6 (30%) 2 (10%) 20 (100%)

4 weeks

H0 2 0 0 9 2 (11%)

0.15

H1 2 3 1 0 6 (32%)
H2 0 3 4 1 8 (42%)
H3 0 1 1 1 3 (16%)

missing
values 0 0 0 0 0 (0%)

Total (%) 4 (21%) 7 (37%) 6 (32%) 2 (11%) 19 (100%)

12 weeks

H0 2 0 0 0 2 (13%)

0.07

H1 1 2 1 0 4 (25%)
H2 1 4 2 1 8 (50%)
H3 0 1 1 0 2 (13%)

missing
values 0 0 0 0 0 (0%)

Total (%) 4 (25%) 7 (44%) 4 (25%) 1 (6%) 16 (100%)

Indiana Bleb Appearance Grading Scale, Extent (E0–E3) ***

Preoperative

E0 E1 E2 E3 Total (%) p *

1 weeks

E0 3 0 0 0 3 (15%)

0.06

E1 0 7 0 0 7 (35%)
E2 1 3 4 0 8 (40%)
E3 0 0 1 0 1 (5%)

missing
values 1 0 0 0 1 (5%)

Total (%) 5 (25%) 10 (50%) 5 (25%) 0 (0%) 20 (100%)

4 weeks

E0 3 0 0 0 3 (16%)

0.06

E1 1 7 0 0 8 (42%)
E2 1 2 4 0 7 (37%)
E3 0 0 1 0 1 (5%)

missing
values 0 0 0 0 0 (0%)

Total (%) 5 (26%) 9 (47%) 5 (26%) 0 (0%) 19 (100%)

12 weeks

E0 3 0 0 0 3 (19%)

0.06

E1 1 5 0 0 6 (38%)
E2 1 3 3 0 7 (44%)
E3 0 0 0 0 0 (0%)

missing
values 0 0 0 0 0 (0%)

Total (%) 5 (31%) 8 (50%) 3 (19%) 0 (0%) 16 (100%)
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Table 4. Cont.

Indiana Bleb Appearance Grading Scale, Vascularity (V0–V4) ****

Preoperative

V0 V1 V2 V3 V4 Total (%) p *

1 weeks

V0 1 0 0 0 0 1 (5%)

0.81

V1 0 3 0 0 0 4 (20%)
V2 1 0 1 2 0 7 (35%)
V3 1 0 4 6 0 8 (35%)
V4 0 0 0 0 0 0 (0%)

missing
values 0 0 0 1 0 1 (5%)

Total (%) 3 (15%) 3 (15%) 5 (25%) 9 (45%) 0 (0%) 20 (100%)

4 weeks

V0 1 0 0 0 0 1 (5%)

1.00

V1 0 3 1 0 0 4 (21%)
V2 1 0 4 1 0 6 (32%)
V3 0 0 0 8 0 8 (42%)
V4 0 0 0 0 0 0 (0%)

missing
values 0 0 0 0 0 0 (0%)

Total (%) 2 (11%) 3 (16%) 5 (26%) 9 (47%) 0 (0%) 19 (100%)

12 weeks

V0 0 0 0 0 0 0 (0%)

1.00

V1 0 2 0 0 0 2 (13%)
V2 1 0 4 1 0 6 (38%)
V3 0 0 0 8 0 8 (50%)
V4 0 0 0 0 0 0 (0%)

missing
values 0 0 0 0 0 0 (0%)

Total (%) 1 (6%) 2 (13%) 4 (25%) 9 (56%) 0 (0%) 16 (100%)

Indiana Bleb Appearance Grading Scale, Leakage (S0–S2) *****

Preoperative

S0 S1 S2 Total (%) p *

1 weeks

S0 19 0 0 19 (95%)
S1 0 0 0 0 (0%)
S2 0 0 0 0 (0%)

missing
values 1 0 0 1 (5%)

Total (%) 20 (100%) 0 (0%) 0 (0%) 20 (100%)

4 weeks

S0 19 0 0 19 (100%)
S1 0 0 0 0 (0%)
S2 0 0 0 0 (0%)

missing
values 0 0 0 (0%)

Total (%) 19 (100%) 0 (0%) 0 (0%) 19 (100%)

12 weeks

S0 19 0 0 16 (100%)
S1 0 0 0 0 (0%)
S2 0 0 0 0 (0%)

missing
values 1 0 0 0 (0%)

Total (%) 16 (100%) 0 (0%) 0 (0%) 16 (100%)

* Wilcoxon’s rank sum test. ** Height: H0, flat bleb without visible elevation; H1, low bleb elevation; H2, moderate
bleb elevation; and H3, high bleb. *** Extent: E0, no visible bleb extent equal to less than 1 clock hour; E1,
extent equal to or greater than 1 clock hour but less than 2 clock hours; E2, extent equal to or greater than
2 clock hours but less than 4 clock hours; and E3, extent equal to or greater than 4 clock hours. **** Vascularity:
V0, avascular/white (no microcysts visible on slit lamp examination); V1, avascular/cystic (microcysts of the
conjunctiva visible on slit lamp examination); V2, mild vascularity; V3, moderate vascularity; and V4, extensive
vascularity (vascular engorgement). ***** Leakage: S0, no bleb leak; S1, pinpoint transconjunctival leakage visible
on the bleb surface (at multiple points), without streaming of fluid within 5 s of application; and S2, streaming
aqueous egress visible within 5 s of application of fluorescein.
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Furthermore, there was no significant difference in corneal endothelial cell density
preoperatively and postoperatively at 12 weeks (p = 0.14) (Table 5).

Table 5. Changes in corneal endothelial cell density.

Cells/mm2 p *

Preoperative 2422.24 ± 479.54
1 week 2238.34 ± 479.75 0.06
4 weeks 2375.89 ± 409.54 0.02
12 weeks 2269.53 ± 436.34 0.14

* Wilcoxon’s rank sum test.

4. Discussion

This study showed that ripasudil administration after needling without any antifibrotic
agents, such as MMC or 5-FU, did not result in any serious AEs or ADRs. Hidenobu T. et al.
documented the results of a phase I clinical trial, elucidating that the seven-day repeated
instillation of ripasudil exhibited manageable adverse events (AEs). These included mild to
moderate conjunctival hyperemia observed in the healthy volunteers, and such events were
resolved within 90 min following instillation [8]. The safety profile of ripasudil exhibited
similarity to that observed in patients diagnosed with ocular hypertension or open-angle
glaucoma [9,10]. In this study, only two eyes had temporally pruritus and conjunctival
follicle, and these were resolved quickly after the discontinuation of ripasudil. These results
may indicate that the safety of ripasudil after glaucoma filtration surgery was equivalent to
that in patients with ocular hypertension or glaucoma who underwent filtration surgery.

The most efficacious treatment for patients with glaucoma is the reduction in
IOP [11,12]. TLE is considered the gold-standard surgical technique for lowering the
IOP [2]. This procedure establishes a drainage pathway connecting the anterior chamber
and the sub-Tenon space, resulting in the formation of a filtrating bleb within the subcon-
junctival space for the aqueous humor. The success of TLE relies on the continuous passage
of aqueous humor between the anterior chamber and subconjunctival space. Neverthe-
less, the primary factors contributing to procedure failure are commonly attributed to the
proliferation of fibroblasts and the formation of scars at the conjunctival and episcleral
interface of the filtrating bleb [13,14]. During glaucoma filtration surgery, the scleral flap or
conjunctiva becomes exposed to cytokines and growth factors released by various types of
inflammatory cells and fibroblasts [15]. These reactions elicit the activation and migration of
fibroblasts and other inflammatory cells. Activated fibroblasts generate and secrete extracel-
lular matrix, such as collagen, leading to fibrosis. ROCK inhibitors mitigate the expression
of extracellular-matrix-degrading enzymes in fibroblasts, thereby reducing the secretion of
extracellular matrix [16]. Ibrahim et al. revealed that the ROCK inhibitor Y-27632 has the
potential to inhibit fibrosis and enhance outcomes after glaucoma filtration surgery. This is
achieved by inhibiting the transdifferentiation of Tenon fibroblasts into myofibroblasts and
transforming growth factor β (TGF-β) and mitogen-activated protein kinase signaling after
surgery [3]. Ko et al. reported that ripasudil suppressed postoperative scar formation by
altering the expression of α-SMA and vimentin after filtration surgery in a mouse model [5].
Honjyo M. et al. also reported that the topical instillation of Y-27632 inhibited wound
healing and fibroproliferation after filtration surgery in a rabbit model by reducing the
expression of α-SMA in the immunohistochemical staining of blebs postoperatively [4].

There are several treatment options available for addressing bleb failure after tra-
beculectomy, including antihypertensive medications, surgical treatments such as needling
with or without antimetabolites like 5-FU or MMC [17–19], or surgical revisions with vari-
ous techniques [20]. Currently, there is no universally accepted gold-standard treatment
for bleb failure, and different glaucoma specialists may adapt their practices based on their
individual experiences [21]. Transconjunctival bleb needling is designed to rejuvenate
failing blebs by mechanically removing adhesions. To prevent fibroblast proliferation, 5-FU
or MMC are commonly used in bleb needling procedures through subconjunctival injec-
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tion [22–24]. The potential for achieving IOP control and reducing the need for antiglau-
coma medications following needling surgery with antimetabolites is noteworthy [24].
Considering these, this study provides a prospective clinical assessment of administering
the ROCK inhibitor ripasudil to clinically reduce subconjunctival scarring after the initial
needling procedure without the subconjunctival injection of antifibrotic agents. This study
demonstrates that ripasudil administration maintains IOP and survival rate after needling
procedure for 12 weeks. Despite counting ripasudil itself as an antiglaucoma medication,
there was no observed increase in the number of antiglaucoma medications from the pre-
operative period to 12 weeks after the needling procedure. In a prior study, we reported a
reduction rate of 27.22% after the needling surgery with MMC subconjunctival injection,
with IOP decreasing from 16.9 ± 4.5 mmHg to 12.3 ± 4.8 mmHg (n = 15) at 12 weeks post
procedure [6]. A Kaplan–Meier survival plot is presented with the same definition as in
this study, showing a 12-week survival rate of 60.00% after needling with MMC. While it
may be challenging to make a direct comparison, ripasudil administration after needling
appears to help maintain the filtration bleb through antifibrotic effects, without resulting in
any serious complications.

The success of trabeculectomy or needling procedures largely depends on the for-
mation of a filtration bleb. Bleb morphology is a crucial factor for success. Lee YS et al.
identified that a smaller central bleb extension and flatter height are morphological risk
factors for failure [25]. The needling procedure generally increased the spread of the bleb.
In our study, although there was a tendency for improvement and maintenance of bleb
extension and height after needling with the use of the ROCK inhibitor, there was no
statistically significant difference in bleb extension and height before and after the needling
procedure. While the study duration was too short to definitively assess the effects of the
ROCK inhibitor on maintaining morphological bleb formation thorough its antifibrotic
effects, it is possible that ripasudil administration after the needling procedure preserved
the morphology of the bleb, potentially resulting in a reduction in IOP.

A major concern with the use of antimetabolites is their safety, as these were re-
ported to be potentially toxic to ocular tissues. Helosa A. et al. reported that there was
no significant difference in preoperative corneal endothelial cell density at 12 months [18].
However, several studies indicated that the subconjunctival injection of antimetabolites
can cause severe damage to corneal endothelial cells [26–29]. While such complications
are rare, they cannot be resolved through observation or treatment with ocular instillation
and may require corneal transplantation. ROCK inhibitors were reported to have the
potential to improve corneal endothelial diseases, such as Fuchs endothelial dystrophy or
corneal edema, and to have a protective effect on corneal endothelial cells after cataract
surgery [30–34]. The exact mechanism by which ROCK inhibitors improve corneal endothe-
lial cells has not been fully elucidated, but it is possible that these promote the reactivation
of cell proliferation and migration, and the restoration of the corneal endothelial pump
and barrier functions, contributing to the regeneration of corneal endothelial cells [29,35].
In this study, there was no change in corneal endothelial cell density more than 12 weeks
after the needling surgery. This result suggests that ripasudil may potentially preserve
corneal endothelial cells after needling surgery by promoting the regeneration of corneal
endothelial cells.

This study has several limitations. The first is the lack of a dose–response test including
the optical frequency of ripasudil or the optical ripasudil concentration. However, ripasudil,
Glanatec®, was approved in Japan as an ophthalmic solution at a concentration of 0.4%
with instillation two times per day. We believe that using the approved range is an
important indicator of the safety of patients. Second, this study was designed as a single-
arm trial because we defined safety as the primary endpoint. Therefore, the assessment of
effectiveness involves comparing patients before and after needling procedures. Specifically,
the efficacy of ripasudil cannot be adequately evaluated in terms of its effect on the overall
course of the disease beyond its pharmacological action, which makes it an inadequate
approach compared to a placebo-controlled design. Kim JS et al. reported that bleb needling
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procedures without any antimetabolites resulted in an IOP reduction over 12 weeks (from
23.0 ± 6.2 mmHg to 16.4 ± 5.7 mmHg, n = 72) [36]. While it is challenging to make a direct
comparison and the follow-up period was too short to calculate survival, our findings
suggest that administration of ripasudil after the needling procedure may be more effective
for lowering and maintaining IOP than not using any antimetabolites, even though the
preneedling IOP was lower than their result (from 14.6 ± 4.6 mmHg to 11.8 ± 3.1 mmHg,
n = 20). This may be attributed to the antifibrosis effect of ripasudil. Since there are no
previous reports on the clinical use of ripasudil after needling without using antimetabolites
such as MMC or 5-FU, it is difficult to predefine the obvious criteria of efficacy in this
study. Therefore, despite the limitations in controlling bias, we plan to use the results of this
study’s efficacy as a reference for future studies. The study will consider success and failure
criteria related to reductions in the number of preprocedure antiglaucoma medications.
We also plan to incorporate a control group to assess the potential IOP-lowering effect of
ripasudil due to its antifibrotic action.

5. Conclusions

In conclusion, ripasudil administration after needling is safe and effective for control-
ling IOP, and it seems to have a potential role in maintaining corneal endothelial cells.

Author Contributions: Y.M. (Yu Mizuno) was the principal investigator of this trial and wrote the
manuscript with critical assistance from K.K., N.O., H.O. (Hiromitsu Onoe), K.T., H.O. (Hideaki
Okumichi), K.H., Y.M. (Yukiko Miura) and Y.K. Authors Y.M. (Yu Mizuno) and Y.K. conceived and
designed the trial protocol. Y.M. (Yu Mizuno), N.O., H.O. (Hiromitsu Onoe), K.T., H.O. (Hideaki
Okumichi), K.H., Y.M. (Yukiko Miura) and Y.K. collected the clinical data. K.K. and Y.K. supported
this project from a regulatory perspective. G.A. performed formal analysis. All authors contributed
to multiple revisions of the trial protocol and approved the final manuscript version for publication.
Y.M. (Yu Mizuno) was responsible for the statistical analyses in this study. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was supported by Hiroshima University Hospital.

Institutional Review Board Statement: This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Hiroshima University Certified Review Board (approval no.
CRB210008, 26 May 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent was obtained from the patients to publish this paper.

Data Availability Statement: Data are contained within the article.

Acknowledgments: The authors would like to thank Hiroshima University Hospital Clinical Research
Center for the advice on the experimental design.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Quigley, H.A.; Addicks, E.M.; Green, W.R.; Maumenee, A.E. Optic nerve damage in human glaucoma. II. The site of injury and

susceptibility to damage. Arch. Ophthalmol. 1981, 99, 635–649. [CrossRef] [PubMed]
2. Cairns, J.E. Trabeculectomy. Preliminary report of a new method. Am. J. Ophthalmol. 1968, 66, 673–679. [CrossRef]
3. Ibrahim, D.G.; Ko, J.; Iwata, W.; Okumichi, H.; Kiuchi, Y. An in vitro study of scarring formation mediated by human tenon

fibroblasts: Effect of Y-27632, a Rho kinase inhibitor. Cell Biochem. Funct. 2019, 37, 113–124. [CrossRef] [PubMed]
4. Honjo, M.; Tanihara, H.; Kameda, T.; Kawaji, T.; Yoshimura, N.; Araie, M. Potential role of rho-associated protein kinase inhibitor

Y-27632 in glaucoma filtration surgery. Investig. Ophthalmol. Vis. Sci. 2007, 48, 5549–5557. [CrossRef] [PubMed]
5. Ko, J.-A.; Komatsu, K.; Minamoto, A.; Kondo, S.; Okumichi, H.; Hirooka, K.; Kiuchi, Y. Effects of ripasudil, a rho-kinase inhibitor,

on scar formation in a mouse model of filtration surgery. Curr. Eye Res. 2023, 48, 826–835. [CrossRef] [PubMed]
6. Mizuno, Y.; Okada, N.; Onoe, H.; Tokumo, K.; Okumichi, H.; Hirooka, K.; Kiuchi, Y. Effect of the Rho-kinase inhibitor Ripasudil

in needling with Mitomycin C for the failure of filtering bleb after trabeculectomy:a cross-sectional study. BMC Ophthalmol. 2022,
22, 433. [CrossRef] [PubMed]

7. Cantor, L.B.; Mantravadi, A.; WuDunn, D.; Swamynathan, K.; Cortes, A. Morphologic classification of filtering blebs after
glaucoma filtration surgery: The Indiana Bleb Appearance Grading Scale. J. Glaucoma 2003, 12, 266–271. [CrossRef]

https://doi.org/10.1001/archopht.1981.03930010635009
https://www.ncbi.nlm.nih.gov/pubmed/6164357
https://doi.org/10.1016/0002-9394(68)91288-9
https://doi.org/10.1002/cbf.3382
https://www.ncbi.nlm.nih.gov/pubmed/30773659
https://doi.org/10.1167/iovs.07-0878
https://www.ncbi.nlm.nih.gov/pubmed/18055804
https://doi.org/10.1080/02713683.2023.2217367
https://www.ncbi.nlm.nih.gov/pubmed/37216470
https://doi.org/10.1186/s12886-022-02680-9
https://www.ncbi.nlm.nih.gov/pubmed/36376831
https://doi.org/10.1097/00061198-200306000-00015


J. Clin. Med. 2024, 13, 75 12 of 13

8. Tanihara, H.; Inoue, T.; Yamamoto, T.; Kuwayama, Y.; Abe, H.; Araie, M. K-115 Clinical Study Group. Phase 1 clinical trials of a
selective Rho kinase inhibitor, K-115. JAMA Ophthalmol. 2013, 131, 1288–1295. [CrossRef]

9. Tanihara, H.; Inoue, T.; Yamamoto, T.; Kuwayama, Y.; Abe, H.; Suganami, H.; Araie, M. K-115 Clinical Study Group, 2015.
Intra-ocular pressure-lowering effects of a Rho kinase inhibitor, ripasudil (K-115), over 24 hours in primary open-angle glaucoma
and ocular hypertension: A randomized, open-label, crossover study. Acta Ophthalmol. 2015, 93, e254–e260. [CrossRef]

10. Sakamoto, E.; Ishida, W.; Sumi, T.; Kishimoto, T.; Tada, K.; Fukuda, K.; Yoneda, T.; Kuroiwa, H.; Terao, E.; Fujisawa, Y.; et al.
Evaluation of offset of conjunctival hyperemia induced by a Rho-kinase inhibitor; 0.4% Ripasudil ophthalmic solution clinical
trial. Sci. Rep. 2019, 9, 3755. [CrossRef]

11. Shaarawy, T.M.; Sherwood, M.B.; Grehn, F. Guidelines on Design and Reporting of Glaucoma Surgical Trials; Kugler Publications:
Amsterdam, The Netherlands, 2009; pp. 15–24.

12. Weinreb, R.N.; Aung, T.; Medeiros, F.A. The pathophysiology and treatment of glaucoma: A review. JAMA 2014, 311, 1901–1911.
[CrossRef] [PubMed]

13. Skuta, G.L.; Parrish, R.K. Wound healing in glaucoma filtering surgery. Surv. Ophthalmol. 1987, 32, 149–170. [CrossRef] [PubMed]
14. Broadway, D.C.; Chang, L.P. Trabeculectomy, risk factors for failure and the preoperative state of the conjunctiva. J. Glaucoma

2001, 10, 237–249. [CrossRef] [PubMed]
15. Chang, L.; Crowston, J.G.; Cordeiro, M.F.; Akbar, A.N.; Khaw, P.T. The role of the immune system in conjunctival wound healing

after glaucoma surgery. Surv. Ophthalmol. 2000, 45, 49–68. [CrossRef] [PubMed]
16. Akhmetshina, A.; Dees, C.; Pileckyte, M.; Szucs, G.; Spriewald, B.M.; Zwerina, J.; Distler, O.; Schett, G.; Distler, J.H. Rho-associated

kinases are crucial for myofibroblast differentiation and pro-duction of extracellular matrix in scleroderma fibroblasts. Arthritis
Rheum. 2008, 58, 2553–2564. [CrossRef] [PubMed]

17. Shetty, R.K.; Wartluft, L.; Moster, M.R. Slit-lamp needle revision of failed filtering blebs using high-dose Mitomycin C. J. Glaucoma
2005, 14, 52–56. [CrossRef] [PubMed]

18. Maestrini, H.A.; Cronemberger, S.; Matoso, H.D.; Reis, J.R.; Mérula, R.V.; Filho, A.D.; Sakurai, E.; Ferreira, G.A. Late needling
of flat filtering blebs with adjunctive Mitomycin C: Efficacy and safety for the corneal endothelium. Ophthalmology 2011, 118,
755–762. [CrossRef]

19. Sherwood, M.B.; Spaeth, G.L.; Simmons, S.T.; Nichols, D.A.; Walsh, A.M.; Steinmann, W.C.; Wilson, R.P. Cysts of tenon’s capsule
following filtration surgery. Medical management. Arch. Ophthalmol. 1987, 105, 1517–1521. [CrossRef]

20. Chew, A.C.Y.; Htoon, H.M.; Perera, S.A.; Rubio, C.J.S.; Ho, C.L. Outcomes of surgical bleb revision at a tertiary Singapore eye
hospital. Int. Ophthalmol. 2022, 42, 443–453. [CrossRef]

21. Mercieca, K.; Drury, B.; Bhargava, A.; Fenerty, C. Trabeculectomy bleb needling and antimetabolite administration practices in the
UK: A glaucoma specialist national survey. Br. J. Ophthalmol. 2018, 102, 1244–1247. [CrossRef]

22. Ewing, R.H.; Stamper, R.L. Needle revision with and without 5-fluorouracil for the treatment of failed filtering blebs. Am. J.
Ophthalmol. 1990, 110, 254–259. [CrossRef] [PubMed]

23. Mardelli, P.G.; Lederer, C.M.; Murray, P.L.; Pastor, S.A.; Hassanein, K.M. Slit-lamp needle revision of failed filtering blebs using
Mitomycin C. Ophthalmology 1996, 103, 1946–1955. [CrossRef]

24. Chen, X.; Suo, L.; Hong, Y.; Zhang, C. Safety and efficacy of bleb needling with antimetabolite after trabeculectomy failure in
glaucoma patients: A systemic review and meta-analysis. J. Ophthalmol. 2020, 30, 4310258. [CrossRef] [PubMed]

25. Lee, Y.S.; Wu, S.C.; Tseng, H.; Wu, W.C.; Chang, S.H.L. The relationship of bleb morphology and the outcome of needle revision
with 5-fluorouracil in failing filtering bleb. Medicine 2016, 95, e4546. [CrossRef] [PubMed]

26. Anand, N.; Khan, A. Long-term outcomes of needle revision of trabeculectomy blebs with Mitomycin C and 5-fluorouracil: A
comparative safety and efficacy report. J. Glaucoma 2009, 18, 513–520. [CrossRef] [PubMed]

27. Wu, K.Y.; Wang, H.Z.; Hong, S.J. Mechanism of mitomycin-induced apoptosis in cultured corneal endothelial cells. Mol. Vis. 2008,
14, 1705–1712. [PubMed]

28. Pathak-Ray, V.; Choudhari, N. Rescue of failing or failed trabeculectomy blebs with slit-lamp needling and adjunctive Mitomycin
C in Indian eyes. Indian J. Ophthalmol. 2018, 66, 71–76. [CrossRef]

29. Rabiolo, A.; Marchese, A.; Bettin, P.; Monteduro, D.; Galasso, M.; Dolci, M.P.; Di Matteo, F.; Fiori, M.; Ciampi, C.; Bandello, F.
Needle revision outcomes after glaucoma filtering surgery: Survival analysis and predictive factors. Eur. J. Ophthalmol. 2020, 30,
350–359. [CrossRef]

30. Schlötzer-Schrehardt, U.; Zenkel, M.; Strunz, M.; Gießl, A.; Schondorf, H.; da Silva, H.; Schmidt, G.A.; Greiner, M.A.; Okumura,
N.; Koizumi, N.; et al. Potential functional restoration of corneal endothelial cells in Fuchs endothelial corneal dystrophy by
ROCK inhibitor (ripasudil). Am. J. Ophthalmol. 2021, 224, 185–199. [CrossRef]

31. Syed, Z.A.; Rapuano, C.J. Rho kinase (ROCK) inhibitors in the management of corneal endothelial disease. Curr. Opin. Ophthalmol.
2021, 32, 268–274. [CrossRef]

32. Okumura, N.; Koizumi, N.; Kay, E.P.; Ueno, M.; Sakamoto, Y.; Nakamura, S.; Hamuro, J.; Kinoshita, S. The ROCK inhibitor eye
drop accelerates corneal endothelium wound healing. Investig. Ophthalmol. Vis. Sci. 2013, 54, 2493–2502. [CrossRef] [PubMed]

33. Okumura, N.; Inoue, R.; Okazaki, Y.; Nakano, S.; Nakagawa, H.; Kinoshita, S.; Koizumi, N. Effect of the Rho kinase inhibitor
Y-27632 on corneal endothelial wound healing. Investig. Ophthalmol. Vis. Sci. 2015, 56, 6067–6074. [CrossRef] [PubMed]

34. Fujimoto, H.; Setoguchi, Y.; Kiryu, J. The ROCK inhibitor ripasudil shows an endothelial protective effect in patients with low
corneal endothelial cell density after cataract surgery. Transl. Vis. Sci. Technol. 2021, 10, 18. [CrossRef] [PubMed]

https://doi.org/10.1001/jamaophthalmol.2013.323
https://doi.org/10.1111/aos.12599
https://doi.org/10.1038/s41598-019-40255-9
https://doi.org/10.1001/jama.2014.3192
https://www.ncbi.nlm.nih.gov/pubmed/24825645
https://doi.org/10.1016/0039-6257(87)90091-9
https://www.ncbi.nlm.nih.gov/pubmed/3328315
https://doi.org/10.1097/00061198-200106000-00017
https://www.ncbi.nlm.nih.gov/pubmed/11442190
https://doi.org/10.1016/S0039-6257(00)00135-1
https://www.ncbi.nlm.nih.gov/pubmed/10946081
https://doi.org/10.1002/art.23677
https://www.ncbi.nlm.nih.gov/pubmed/18668558
https://doi.org/10.1097/01.ijg.0000146364.90506.7c
https://www.ncbi.nlm.nih.gov/pubmed/15650605
https://doi.org/10.1016/j.ophtha.2010.08.020
https://doi.org/10.1001/archopht.1987.01060110063032
https://doi.org/10.1007/s10792-021-02061-z
https://doi.org/10.1136/bjophthalmol-2017-310812
https://doi.org/10.1016/S0002-9394(14)76340-8
https://www.ncbi.nlm.nih.gov/pubmed/2396649
https://doi.org/10.1016/S0161-6420(96)30403-X
https://doi.org/10.1155/2020/4310258
https://www.ncbi.nlm.nih.gov/pubmed/33335782
https://doi.org/10.1097/MD.0000000000004546
https://www.ncbi.nlm.nih.gov/pubmed/27603345
https://doi.org/10.1097/IJG.0b013e3181911271
https://www.ncbi.nlm.nih.gov/pubmed/19223788
https://www.ncbi.nlm.nih.gov/pubmed/18806879
https://doi.org/10.4103/ijo.IJO_523_17
https://doi.org/10.1177/1120672119830861
https://doi.org/10.1016/j.ajo.2020.12.006
https://doi.org/10.1097/ICU.0000000000000748
https://doi.org/10.1167/iovs.12-11320
https://www.ncbi.nlm.nih.gov/pubmed/23462749
https://doi.org/10.1167/iovs.15-17595
https://www.ncbi.nlm.nih.gov/pubmed/26393474
https://doi.org/10.1167/tvst.10.4.18
https://www.ncbi.nlm.nih.gov/pubmed/34003995


J. Clin. Med. 2024, 13, 75 13 of 13

35. Okumura, N.; Koizumi, N.; Ueno, M.; Sakamoto, Y.; Takahashi, H.; Tsuchiya, H.; Hamuro, J.; Kinoshita, S. ROCK inhibitor
converts corneal endothelial cells into a phenotype capable of regenerating in vivo endothelial tissue. Am. J. Pathol. 2012, 181,
268–277. [CrossRef]

36. Kim, J.S.; Kim, H.J.; Na, K.I.; Kim, Y.K.; Park, K.H.; Jeoung, J.W. Comparison of efficacy and safety of bleb needle revision with
and without 5-fluorouracil for failing trabeculectomy bleb. J. Glaucoma 2019, 28, 386–391. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ajpath.2012.03.033
https://doi.org/10.1097/IJG.0000000000001226

	Introduction 
	Materials and Methods 
	Needling Procedure 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

