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Abstract

Purpose: To describe the preliminary clinical experience, including corneal structural response to Ripasudil hydrochloride hydrate

(Glanatec® ophthalmic solution 0.4 %, Kowa Company, Ltd, Japan) in cases of corneal endothelial dysfunction.

Methods: Retrospective observational study based on patients’ clinical records treated with Ripasudil hydrochloride hydrate three
times a day for different conditions of corneal endothelial dysfunction. Outcome measures included clinical data with subjective re-
sponse, uncorrected distance visual acuity (UDVA, Snellen), central corneal thickness (CCT, um) measured with rotating Scheimpflug
tomography (Pentacam HR, Oculus® Wetzlar, Germany), intraocular pressure (IOP, mmHg) measured with dynamic Scheimpflug
imaging (Corvis ST, Oculus®, Wetzlar, Germany) and endothelial cell density (ECD, cells/mm?) measured with EM-4000 Specular
Microscope (Tomey®, Nuremberg, Germany).

Results: Five patients were analyzed, four women and one man, with a mean age of 74.2 + 12.4 years. Two cases of Fuchs’ endothelial
corneal dystrophy (FECD), two of pseudophakic bullous keratopathy (PBK) and one of penetrating keratoplasty graft decompensa-
tion (PKGD) were included. Treatment duration until results range from 1 to 6 months (mean 3.4 months). A good response was
observed in both the cases of FECD and PBK. Despite a good initial response, a bad result was observed in the PKGD case. There were
no ocular or systemic side effects related.

Conclusion: The ROCK inhibitor Ripasudil hydrochloride hydrate is potentially effective in the treatment of different forms of cor-
neal endothelial decompensation. Our work shows the short-term efficacy and safety of topical Ripasudil in the management of FECD
and PBK derived endothelial decompensation. More studies with large samples and longer follow-up are needed.
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Introduction

Rho-associated kinase (ROCK) is a serine/threonine-protein ki-
nase involved in the regulation and modulation of many cell signal
pathways, namely shape and size, smooth muscle contraction, cell
adhesion, cell stiffening, and extracellular matrix reorganization.
These factors are determinants of Aqueous Humor (AH) outflow
via the trabecular pathway, a ROCK inhibitor, Ripasudil hydro-
chloride hydrate (Ripasudil) (Glanatec® ophthalmic solution 0.4
%, Kowa Company, Ltd, Japan), was approved in Japan in 2014 to
be used in glaucoma patients [1]. On the other hand, knowing the
referred potential general cellular effects, these Rho Kinase inhibi-
tors have been tested for some years for the use on the corneal
endothelium healing, as this tissue has a very limited proliferation
capacity and, therefore, any structural damage is repaired by the
migration of remaining corneal endothelium cells to the afflicted

area, with a resulting drop in endothelium density [2].

The group of Okumura,, et al. reported back in 2009 the effect
of the selective ROCK inhibitor Y-27632 in promoting in vitro cell
proliferation of cultured primate endothelial cells [3]. In 2011, the
same group demonstrated that its topical application in the form
of eye drops could enhance both in vitro (monkey model) and in
vivo (rabbit) corneal endothelial wound healing [4] and rapidly
moved further to a pilot trial testing the same eye drops (10 mM of
Y-27632 applied six times a day for 7 days) on human patients with
corneal endothelial dysfunction [5] either with central or diffuse
corneal edema due to corneal decompensation associated with
Fuchs Endothelial Corneal Dystrophy (FECD). In this study [5] the
authors suggest that ROCK inhibitor eye drops enhance corneal en-
dothelial wound healing by promoting residual corneal endothelial
cells proliferation, as long as some relatively healthy cells remain,
as there was no substantial effect in the more advanced cases. Nev-
ertheless, the only current therapeutic choice approved for treating
corneal endothelial decompensation is corneal transplantation us-

ing donor corneas [2].

The evolution of surgical procedures has enabled less invasive
treatment of corneal endothelial decompensation with better clini-
cal outcomes. However, these surgeries still have associated issues,
such as the difficulty of the actual surgical technique, graft rejec-
tion, acute and chronic cell loss, and the shortage of donor corneas.
Therefore, new and innovative therapies are still in great demand.
Currently, one research direction focuses on tissue engineering
therapy, and another is pharmaceutical treatment, with two pro-
posed methods of delivery of ROCK inhibitors to heal the corneal
endothelium, including topical eye drops and an anterior chamber

injection with cultured endothelial cells [2].
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The aim of the present study is to describe the preliminary
clinical experience, including corneal structural response to Ri-
pasudil hydrochloride hydrate in cases of corneal endothelial dys-

function.

Materials and Methods

This is a retrospective observational study based on patients’
clinical records treated with Ripasudil three times a day for differ-
ent conditions of corneal endothelial dysfunction. The study ad-
hered to the tenets of the Declaration of Helsinki. Approval was ob-
tained from the ‘Federal University of Sdo Paulo (UNIFESP) ethics
committee, nr: 2568.770/2018. Informed consent for the off-label
treatment of corneal edema with Ripasudil and for the use of ano-

nymized images and clinical data were obtained from all patients.

Outcome measures included clinical data with subjective re-
sponse, uncorrected distance visual acuity (UDVA, Snellen), central
corneal thickness (CCT, pm) measured with rotating Scheimpflug
tomography (Pentacam HR, Oculus®, Wetzlar, Germany), intraocu-
lar pressure (I0P, mmHg) measured with dynamic Scheimpflug im-
aging (Corvis ST, Oculus® Wetzlar, Germany) and central endothe-
lial cell density (ECD, cells/mm?) measured with Tomey® EM-4000
Specular Microscope (Nidek® Nagoya, Japan).

Results

Five consecutive patients were analyzed, four women and one
man, with a mean age of 74.2 + 12.4 years. Mean treatment dura-
tion until results was 3.4 months [1-6]. Two cases had Fuchs’ en-
dothelial corneal dystrophy (FECD), two had pseudophakic bullous
keratopathy (PBK) and one had penetrating keratoplasty graft de-
compensation (PKGD). There were no ocular or systemic side ef-

fects related. Table 1 summarizes all cases.

Case 1

An 80-year old female with systemic hypertension and FECD
grade 5 (Krachmer) diagnosis with a baseline ECD of 2704 cells/
mm?started a clinical picture of corneal decompensation after un-
eventful cataract surgery, with corneal edema (CCT 688um) and
UDVA decreased to 20/40. Ripasudil 3 times a day was initiated
and after 2 months of treatment, the corneal edema cleared, with
a CCT decrease of 132um and IOP decrease of 3mmHg. UDVA im-
proved to 20/30, but the ECD was not quantifiable. Ripasudil was
discontinued and after 9 months the clinical picture remained sta-
ble, with the CDVA reaching 20/20.
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Treat-
Ini- | Initial | Initial ment Final Final
Pa- Initial Final Final Sid
Gen- | o MHAL 1 dial | 10P | ECD | duration | UDVA | & | M Ecp | ¢
Age thol- UDVA . CCT I0P ef-
der o (Snellen) CCT | (mm | (cells/ until (Snel- (um) | (mmHg) (cells/ fects
gy (um) | Hg) mm?2) results len) g mm?2)
(months)
Casel | 80 | Female | FECD 20/40 688 11.5 2704 2 20/20 552 8.5 NQ None
Case2 | 83 | Female | FECD CF 713 NQ NQ 3 20/50 | 480 13 981 None
Case3 | 58 | Female | PBK 20/25 628 10.5 2194 6 20/20 533 11 NM None
Case4 | 86 |Female | PBK 20/40 578 13 725 1 20/30 | 558 12 NM None
Case5 | 64 Male | PKGD | 20/400 603 11 2545 4 20/400 | 763 10 NQ None

Table 1: Summary of all cases.

Phaco: Phacoemulsification with Intraocular Lens Placement; NQ: No Quantifiable; NM: No Measured; CF: Counting Fingers; PKGD: Pen-

etrating Keratoplasty Graft Decompensation.

Case 2

An 83-year old female with Diabetes Mellitus, systemic hyper-
tension, dyslipidemia, and FECD grade 5 (Krachmer) diagnosis
with central guttata, who underwent cataract surgery 15 years
before, started a clinical picture of corneal decompensation with
corneal edema and vision decreased to counting fingers (CF). After
the poor response to topical hypertonic 5%®, maintaining a CCT
of 713um with the impossibility to measure the IOP and the ECD,
Ripasudil 3 times a day treatment was added. The corneal edema
started to clear after 1 month. After 3 months of treatment, a CCT
decrease of 233um to 480um was observed, with UDVA improved
to 20/50 and already quantifiable ECD (981 cells/mm?). The pa-
tient maintained the treatment for more than seven months and

two months after stopping the cornea remained without edema.

Case 3

A 58-year old otherwise healthy female initiated a clinical pic-
ture of PBK with ECD of 2194 cells/mm? a CCT of 628um, and
UDVA of 20/25, one month after uneventful cataract surgery. Ripa-
sudil 3 times a day was initiated and after 6 months of treatment,
corneal edema cleared, with a CCT of 533um and UDVA of 20/20.

The ECD was not measured.

Case 4

An 86-year old Type 2 diabetic female with a history of cataract
surgery and Descemet stripping endothelial keratoplasty (DSAEK)
due to PBK in one eye, has been proposed to cataract surgery in the
other eye, with UDVA of 20/200 and endothelium at risk for PBK
with an ECD of 725 cells/mm?. Corneal edema was observed four
days after the procedure (CCT 578um) with UDVA of 20/40. Treat-
ment with Ripasudil 3 times a day was started immediately. After

1 month of treatment, corneal edema cleared, with a decrease of

20um in the CCT and UDVA improvement to 20/30. The ECD was
not measured. Ripasudil was stopped after 3 months and after al-
most one year from the procedure, the clinical picture remained
stable.

Case 5
A 64-year-old type 2 diabetic, hypertense and hyperuricemic

male initiated chronic graft decompensation from a previous pene-
trating keratoplasty (PK) for bullous keratopathy, seven years after
uneventful cataract surgery. After a poor response to Hypertonic
5%®, with a CCT of 603um, ECD of 2545 cells/mm? and UDVA of
20/400, Ripasudil 3 times a day was added. Besides some improve-
ment after 4 months of treatment, with a decrease in the CCT from
603um to 559um, 1 month after that, further decompensation was
observed, with the CCT reaching 763um, the same UDVA, and non-
quantifiable ECD.

Discussion
Endothelial cell density

Although the capacity of promoting in vitro and in vivo cell pro-
liferation of endothelial cells, the known variability in the mea-
surements, and the difficulty to obtain reliable values in pathologic
corneas makes the ECD a worse parameter than CCT for the eval-

uation of response.

Fuchs’ corneal dystrophy

The current mainstay method of treatment for FECD is a corneal
transplant, as cell death is one of the major contributing factors of
disease progression. The use of a drop solution of ROCK inhibitor is
effective in the early stages of disease [2]. On the other hand, there
were also a report [6] from 2013 of a 2-year follow-up success in

a more advanced stage: in this case, the patient had mid periphery
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ECD of 757 cells/mm? and underwent corneal endothelial denuda-
tion in the central pupillary region followed by the topical admin-
istration of 50mL of 10 mM ROCK inhibitor, Y-27632 as eye drops,
repeated 6 times daily for 7 days.

Another promising treatment option being studied is the use of
these drugs as an injection in combination with cultured corneal
endothelial cells, increasing the adhesion of the cultured cells to
the substrate and promoting corneal endothelial regeneration and
restoration of corneal transparency. This technique has been tested
in animal models of corneal endothelial decompensation without
any sign of harmful effects [7]. The present study showed a good
clinical response in both FECD cases (case 1 and case 2) with im-

portant improvement in anatomical parameters and UDVA.

In risk endothelium and acute corneal trauma

PBK is one of the leading causes of corneal transplantation in
many countries [8,9]. The density of endothelial cells available for
redistribution is the main factor that determines whether the cor-

nea becomes transparent or undergoes corneal decompensation.

Figure 1: Case 1: Scheimpflug image (Pentacam®), baseline
(before phacoemulsification) and 9 months after the procedure (7

months after medication cessation).
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Figure 2: Case 2: Scheimpflug image (Pentacam®), before treat-

ment and after 3 months of treatment.

In 2015, the group of Okumura,, et al. [10] reported preliminary
results on three patients who developed severe corneal edema
and corneal haziness, after cataract surgery: in two patients, more
than half of Descemet’s membrane area was detached accidental-
ly and was removed during phacoemulsification and in the other
one, almost one half of the corneal endothelial area was damaged
due to trauma during the dissection of one iris cyst during cata-
ract surgery. For all patients, 1 mM of Y-27632 was administered
in the form of an eye drop six times daily for 4 months, followed
by four times daily for 2 additional months. Within one to two
months, there was the recovery of corneal transparency, show-
ing an increase in corneal endothelial cell density in all three pa-
tients. These preliminary findings of the safety and effectiveness of
ocular topical ROCK inhibitor support their use as a treatment for
corneal endothelial damage. The present study found good clinical
response in both PBK cases (cases 3 and 4) with a rapid response
in the case with less baseline ECD (case 4), in contrast to the worse
outcome reported recently [11] after twelve weeks of treatment
with one daily drop of the topical ROCK inhibitor, Netarsudil®. In
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the case of chronic PKGD, despite high baseline graft ECD, after the
initial clinical response, in line with the reported in two cases in
the same study [11], further decompensation was observed in the

present study (case 5)

Figure 3: Case 3: Scheimpflug image (Pentacam®), before treat-

ment and after 6 months of treatment

Figure 4: Case 4: Corneal thickness comparative analysis (Penta-

cam®), before treatment and 8 months after treatment cessation.
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Figure 5: Case 5: Corneal thickness comparative analysis (Penta-

cam®), before treatment and after 4 months of treatment.

Adverse effects

A large series of 103 glaucomatous eyes [12] in a long-term Ri-
pasudil treatment showed Blepharitis has the most common rea-
son for discontinuation. There was found an association with the
history of allergy to other glaucoma topical medications and most
cases resolved spontaneously after that. Dose-dependent conjunc-
tival hyperemia is usually seen in most the patients. Non-dose-de-
pendent conjunctival hemorrhage was also reported. Additionally,
no other side effects have been reported yet. We did not observe

any side effects during the follow-up in our series.

Conclusion

The ROCK inhibitor Ripasudil hydrochloride hydrate is poten-
tially effective in the treatment of different forms of corneal endo-
thelial decompensation. Our work shows the short-term efficacy
and safety of topical Ripasudil in the management of FECD and
PBK derived endothelial decompensation. More studies with large

samples and longer follow-up are needed.
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