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Abstract

:

We evaluated the effects of ripasudil on the distal aqueous outflow tract in patients with open-angle glaucoma (OAG) who underwent a 360° suture trabeculotomy ab interno followed by ripasudil treatment beginning 1 month postoperatively. We compared 27 of these patients, by using propensity score analysis, with 27 patients in a matched control group who had no ripasudil treatment. We assessed the changes in the mean intraocular pressure (IOP) and the relationship between the IOP changes and background factors. All eyes had a complete 360° Schlemm’s canal incision and phacoemulsification. The mean IOP at 1 and 3 months after ripasudil administration were significantly reduced by −1.7 ± 1.9 mmHg (p < 0.0001) and −1.3 ± 2.3 mmHg (p = 0.0081) in the ripasudil group, respectively, but IOP in the control group was not significantly reduced. The IOP reduction was significantly associated with the IOP before ripasudil treatment (p < 0.001). In conclusion, the use of ripasudil for patients with OAG after circumferential incision of the Schlemm’s canal produced significant IOP reductions. Ripasudil may affect the distal outflow tract, thereby leading to the IOP reduction.
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1. Introduction


Glaucoma is an ocular condition that manifests functional and structural abnormalities of the optic nerve related to retinal ganglion cell death [1,2]. Elevated intraocular pressure (IOP) is known to be a main risk factor for the onset and progression of glaucoma, so lowering the IOP has been believed to be the main treatment strategy to prevent vision loss in patients with glaucomatous eyes [3,4]. Aqueous humor drains through the conventional outflow pathway via the trabecular meshwork and the uveoscleral pathway through the ciliary body to the suprachoroidal space. This trabecular meshwork structure is thought to be responsible for the highest resistance to aqueous outflow [5,6,7]. However, several experiments and surgical outcomes have suggested that one-third to one-half of the total outflow resistance is located distal to Schlemm’s canal [8,9,10]. A number of medications, such as prostaglandin analogs, beta-blockers, carbonic anhydrase inhibitors, and α2-agonists, are used to lower IOP levels in glaucomatous eyes; however, these drugs affect the uveoscleral pathway or aqueous humor production as opposed to the conventional outflow pathway.



In addition to these IOP-lowering drugs, inhibitors of Rho-associated protein kinase (ROCK) have been developed to reduce IOP levels in animal and human eyes [11,12]. The IOP-lowering effects of ROCK inhibitors have induced alterations in cell shape, contraction, motility, attachment, and extracellular matrix production in the trabecular meshwork and Schlemm’s canal endothelial cells, which have resulted in improvements in the conventional aqueous outflow [12]. Certain ROCK inhibitors, including ripasudil (Glanatec ophthalmic solution 0.4%; Kowa Company, Ltd., Nagoya, Aichi, Japan) and netarsudil (Rhopressa ophthalmic solution 0.02%; Aerie Pharmaceuticals, Bedminster, NJ, USA), are now available in the market and are used in clinical practice in a number of countries [13,14]. In animal models, enucleated human eyes and living human eyes, netarsudil increased outflow facility by expanding the juxtacanalicular trabecular meshwork and by dilating episcleral veins [15,16,17,18,19,20]. However, the effects of ripasudil, one of the ROCK inhibitors, on the distal outflow pathway in living human subjects have not yet been studied.



We have seen several reports concerning the clinical outcomes of 360° suture trabeculotomy ab interno used for open-angle glaucoma (OAG) [21,22]. This procedure can relieve the resistance to aqueous humor outflow by using an incision of the trabecular meshwork and the inner layer of Schlemm’s canal. Therefore, the function of the distal outflow tract can be evaluated after the circumferential incision of Schlemm’s canal via this procedure. In our previous studies, we showed that the IOP was reduced and fluctuated within 1 month after the surgery, and then, from 1 month postoperatively, the IOP stabilized in most cases [21,22]. Therefore, in the present study, we evaluated the effects of ripasudil on the distal aqueous outflow tract in patients with OAG who underwent the circumferential incision of Schlemm’s canal, followed by ripasudil treatment beginning 1 month postoperatively. We then compared those patients with a matched control group, i.e., patients who had no ripasudil treatment postoperatively. We utilized a quasi-randomized propensity score analysis to minimize the influence of the confounding factors.




2. Materials and Methods


2.1. Study Design and Patients


This analysis was a retrospective, single-center, observational, comparative clinical study performed at Sato Eye and Internal Medicine Clinic (Arao City, Kumamoto, Japan) between 2014 and 2019. The study protocol adhered to the principles of the Declaration of Helsinki and was approved by the Institutional Review Board and the Ethics Committee at Sato Eye and Internal Medicine Clinic. Informed consent was obtained from all patients.



Patients were considered for admission into the study if they had OAG together with a visually significant cataract. We reviewed the medical charts of 42 consecutive patients who underwent a 360° suture trabeculotomy ab interno with phacoemulsification, and 1 month later these patients started to receive ripasudil between 2018 and 2019 (ripasudil group); alternatively, we reviewed 52 patients who underwent a 360° suture trabeculotomy ab interno with phacoemulsification without additional treatment after surgery between 2014 and 2017 (control group). Patients were followed up for at least 3 months after the start of ripasudil treatment. We did not include patients who had suture trabeculotomy ab interno alone because of the small number of these patients.



Study patients had primary open-angle glaucoma (POAG), normal-tension glaucoma, or exfoliation glaucoma. Glaucoma surgeries were performed both in medically uncontrolled eyes and in medically well-controlled eyes to reduce the medication burden. A cataract was said to be visually significant if a patient reported a glare or halos and had a best-corrected visual acuity of 20/20 or worse. If subjects had any of the following, they were excluded from this study: other types of glaucoma; a history of incisional glaucoma surgery; use of additional anti-glaucoma agents except ripasudil or surgery during a postoperative 3-month period; and being under 20 years of age at the time of the surgery. One surgeon (T.S.) performed all operations; he used the surgical procedure described here [21].



The primary outcome measure was the mean IOP change at each visit. We also assessed the relationship between the change in IOP and the background factors in the ripasudil group.




2.2. Surgical Technique


The suture trabeculotomy ab interno procedure used here was previously described in full [21]; in the present study, a modified technique for Schlemm’s canal incision was used. In brief, a 1.7 mm temporal corneal incision was made, and the Schlemm’s canal on the nasal side was incised at 15° by utilizing a microhook needle (HS-2167; Handaya, Tokyo, Japan) instead of the trabectome (NeoMedix, Tustin, CA, USA), as used in the original paper [21]. A standard phacoemulsification with intraocular lens implantation in the capsular bag was performed through the same or a new upper corneal incision (depending on the easier procedure in each case), with the phacoemulsification with lens implantation being performed after the suture trabeculotomy ab interno. At the end of operation, we used iCare (M.E. Technica, Tokyo, Japan) to determine that no wound leakage existed and that the IOP value in the supine position was 18 mmHg or more. Postoperative drug therapy consisted of a 2-week regimen of moxifloxacin hydrochloride, 0.1% betamethasone, and 2% pilocarpine.




2.3. Data Collection and Statistical Analysis


All potential subjects were screened for eligibility by using the following methods: slit-lamp biomicroscopy, indirect ophthalmoscopy, manifest refraction, measurement of IOP, and best-corrected visual acuity assessment (via the conventional Landolt ring chart). The surgeons or other ophthalmologists used a Goldmann tonometer to measure all IOP values. The mean of the 3 most recent measurements, acquired on separate days within 1 month before surgery, was utilized to determine the baseline IOP. An Auto Ref/Keratometer (ARK-530A; Nidek, Tokyo, Japan) was used to measure the manifest refraction; decimal visual acuity values were changed to the logarithm of the minimum angle of resolution.



All patients were evaluated on days 1, 2, and 3 after surgery, and then every 1–2 weeks for 1 month, after which ripasudil was administered. After the start of ripasudil treatment, patients were examined at 1, 2, and 3 months. The IOP was measured at every visit.



The JMP statistical package (version 14; SAS Institute Inc., Cary, NC, USA) was used to analyze all data. Cases were matched via propensity score analysis by using a genetic algorithm based on age, sex, type of glaucoma, preoperative IOP and medications, 1-month postoperative IOP, axial length, and visual field. Continuous data were expressed as means ± standard deviation, and changes in continuous variables were assessed by using the paired t-test. Multiple regression models were utilized to analyze associations between IOP changes at 3 months after ripasudil treatment and background factors. The statistical significance value was set at p < 0.05.





3. Results


3.1. Disposition and Characteristics of Patients


From among 40 patients in the ripasudil group and 54 patients in the control group, 54 patients were included in this study—27 patients in a ripasudil group and 27 patients in a control group. The propensity score analysis revealed no significant difference in baseline characteristics between the two groups (Table 1). Suture trabeculotomy ab interno combined with phacoemulsification was performed in all eyes, and all eyes had a complete 360° Schlemm’s canal incision.




3.2. Efficacy


As Figure 1a shows, the mean IOP value was significantly reduced from 16.4 ± 3.6 mmHg to 12.5 ± 3.0 mmHg (p < 0.0001) at 1 month post-operation in the ripasudil group and from 16.4 ± 3.4 mmHg to 12.1 ± 2.2 mmHg (p < 0.0001) at 1 month post-operation in the control group; ripasudil treatment was then started in the ripasudil group. The mean IOP values at 1 and 3 months after the start of ripasudil treatment were significantly reduced by −1.7 ± 1.9 mmHg (p < 0.0001) and −1.3 ± 2.3 mmHg (p = 0.0081) in the ripasudil group, respectively, and there was no significant difference between at 1 and 3 months IOP (p = 0.3013). At these same time points, however, the IOP reductions were not significant in the control group: 0.4 ± 2.2 mmHg (p = 0.8494) and 0.1 ± 2.0 mmHg (p = 0.9251), respectively. The IOP values at 1 month (p = 0.0003) and 3 months (p = 0.0317) after ripasudil treatment were significantly different between the ripasudil group and the control group. At both 1 and 3 months after ripasudil treatment, no IOP reduction was seen in 33% of the ripasudil group; at that same time point, 60% of the control group showed no IOP reduction (Figure 1b).



Multiple regression analysis of data for the ripasudil group demonstrated that the IOP reduction at 3 months was significantly associated with the IOP value before ripasudil treatment, but not with age, visual field, preoperative medications, or IOP value before surgery (Table 2).





4. Discussion


In this retrospective study, we used propensity score analysis to investigate the effects of ripasudil treatment on patients with OAG after 360° suture trabeculotomy ab interno, in whom the aqueous outflow resistance caused by the trabecular meshwork should be eliminated, and we found a significant IOP reduction. This finding suggested that ripasudil may affect the distal outflow tract, with the consequence being IOP reduction.



Although IOP elevation was long thought to be caused by outflow resistance at the trabecular meshwork, which blocks the eye’s drainage system, data from clinical studies of trabecular meshwork-targeted minimally invasive glaucoma surgery (MIGS) showed that the MIGS failed to lower the IOP to the pressure level in the recipient episcleral veins [23,24]. Previous studies in enucleated human eyes suggested that 25–50% of total outflow resistance is located at the conventional outflow pathway distal to Schlemm’s canal [8,9]. Research utilizing multimodal two-photon-deep tissue imaging and three-dimensional analysis demonstrated that the distal aqueous drainage tract wall can contract and aid the dynamic alteration of the drainage tract, similarly to the function of blood vessel tone in blood flow regulation [25]. Another study showed that the regulation of distal vessels via the physiological vasoregulators endothelin-1 and nitric oxide dramatically affected outflow resistance in both humans and pigs [26]. Thus, distal vessels probably play an important role in regulating outflow resistance, especially after MIGS and perhaps in the pathophysiology of glaucomatous eyes.



Several reports showed the effects of netarsudil on the structure and function of the distal outflow tract; the dilation of outflow tract vessels together with a corresponding pressure reduction was observed in mouse [17], rabbit [16], porcine [19] and ennucleated human eye models [18], and living human eye [20]. However, the effects of ROCK inhibitors on the distal outflow tract in living human subjects has not been fully studied. We demonstrated here that glaucomatous eyes that had a circumferential incision of the trabecular meshwork via 360° suture trabeculotomy demonstrated a significant IOP reduction after ripasudil treatment. We started ripasudil administration 1 month post-operation, because we had found that the IOP fluctuated for 1 month after suture trabeculotomy and then, from 1 month postoperatively, the IOP stabilized in most cases [21,22]. In this study, we included a control group and used propensity score analysis to evaluate whether the IOP actually stabilized from 1 month postoperatively. Our result clearly showed that the IOP stabilized from 1 month postoperatively in the control group; therefore, a significant IOP reduction after the administration of ripasudil may be caused by the effect of ripasudil, and may not be the natural postoperative course. In addition, we excluded a patient who also required anti-glaucoma medication other than ripasudil, because such a patient may already have a non-functional distal outflow tract. Thus, our study protocol made the evaluation of the function of an almost intact distal outflow tract possible. Multiple regression analysis showed that the IOP reduction was significantly associated with only the IOP value before ripasudil treatment. As Figure 1b shows, no IOP reduction at 3 months after the start of ripasudil treatment was observed in about one-third of the eyes. The absence of IOP reduction in these eyes may be explained by a lack of efficacy of ripasudil at lower IOP values, but the reason for this finding is unknown.



Trabecular meshwork-targeted MIGS have gained popularity for lowering the IOP, so the imaging and understanding of the distal outflow tract have increased in importance. Recent publications reported intraoperative observations of fluid waves in episcleral veins, which were correlated with good postoperative IOP reduction and/or the number of medications [27,28]. Goda et al. reported that success probabilities for trabeculotomy ab externo were 100% for patients with POAG who achieved an IOP value < 21 mmHg via preoperative ripasudil administration [29]. This result suggested that whether ripasudil is effective or not before trabeculotomy may help predict to what degree the trabecular meshwork, as well as possibly the distal outflow tract, is functional, and may be used as a trabeculotomy outcome marker in patients with POAG. In this study, this hypothesis could not be evaluated because of the small number of patients who received ripasudil before surgery.



Recent MIGS procedures have been routinely performed in medically well-controlled eyes to reduce the medication burden, and as an early intervention in eyes requiring IOP reduction without medications or laser treatments at the time of cataract surgery [30,31]. Thus, such cases were included in the present study and had relatively low baseline IOP and 1-month postoperative IOP. Our data showed that the mean 1-month postoperative IOP was about 12 mmHg; no medication is usually used for eyes having such a low IOP in clinical settings. We had thought to investigate whether ripasudil could affect the distal outflow tract in living humans; on the basis of this study, however, we cannot determine whether ripasudil is clinically useful from the point of view of glaucoma management. Additional investigations of eyes with higher IOP values and/or more severe stages of glaucoma are needed to ascertain whether ripasudil should be used after circumferential incision of the Schlemm’s canal, given the expected effect of ripasudil on the distal outflow tract.



The present study has certain limitations. This study is retrospective. Additionally, although we used propensity score matching to overcome the study limitations, propensity score analysis, unlike prospective randomized clinical trials, cannot randomize unknown confounding factors and loses certain samples through 1:1 matching analysis. This study also includes the possibility of selection bias because of its single institution-based nature with a small sample size. In addition, all eyes underwent suture trabeculotomy ab interno plus phacoemulsification. The eyes that underwent only suture trabeculotomy ab interno (i.e., without phacoemulsification) may have demonstrated a more dramatic result, but the number of eyes was small. Phacoemulsification may have further limited the effect of ripasudil and may have affected the IOP changes after surgery or after ripasudil administration. Therefore, eyes that underwent suture trabeculotomy ab interno with phacoemulsification, but without ripasudil treatments, were included as a control group.



In conclusion, the ripasudil treatment of patients with OAG after 360° suture trabeculotomy ab interno led to a significant reduction in IOP. Ripasudil may affect the distal outflow tract and result in an IOP reduction in living human subjects.







Author Contributions


Conceptualization, T.S. and T.K.; methodology, T.K.; software, T.S.; validation, T.S. and T.K.; formal analysis, T.S. and T.K.; investigation, T.S.; resources, T.S.; data curation, T.S. and T.K.; writing—original draft preparation, T.S.; writing—review and editing, T.K.; visualization, T.K.; supervision, T.K.; project administration, T.S.; funding acquisition, None. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study adhered to the tenets of the Declaration of Helsinki and was approved by the institutional Ethics Committee (CN 202001).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data analyzed in this study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Quigley, H.A. Glaucoma. Lancet 2011, 377, 1367–1377. [Google Scholar] [CrossRef]

	



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

	



Cohen, L.P.; Pasquale, L.R. Clinical characteristics and current treatment of glaucoma. Cold Spring Harb. Perspect. Med. 2014, 4, a017236. [Google Scholar] [CrossRef] [PubMed]

	



Mantravadi, A.V.; Vadhar, N. Glaucoma. Care 2015, 42, 437–449. [Google Scholar] [CrossRef]

	



Bill, A.; Phillips, C.I. Uveoscleral drainage of aqueous humour in human eyes. Exp. Eye Res. 1971, 3, 275–281. [Google Scholar] [CrossRef]

	



Tamm, E.R. The trabecular meshwork outflow pathways: Structural and functional aspects. Exp. Eye Res. 2009, 88, 648–655. [Google Scholar] [CrossRef]

	



Tektas, O.Y.; Lütjen-Drecoll, E. Structural changes of the trabecular meshwork in different kinds of glaucoma. Exp. Eye Res. 2009, 88, 769–775. [Google Scholar] [CrossRef]

	



Rosenquist, R.; Epstein, D.; Melamed, S.; Johnson, M.; Grant, W.M. Outflow resistance of enucleated human eyes at two different perfusion pressures and different extents of trabeculotomy. Curr. Eye Res. 1989, 8, 1233–1240. [Google Scholar] [CrossRef]

	



Schuman, J.S.; Chang, W.; Wang, N.; De Kater, A.W.; Allingham, R.R. Excimer laser effects on outflow facility and outflow pathway morphology. Investig. Ophthalmol. Vis. Sci. 1999, 40, 1676–1680. [Google Scholar]

	



Konopińska, J.; Kozera, M.; Kraśnicki, P.; Mariak, Z.; Rękas, M. The Effectiveness of First-Generation iStent Microbypass Implantation Depends on Initial Intraocular Pressure: 24-Month Follow-Up-Prospective Clinical Trial. J. Ophthalmol. 2020, 2020, 8164703. [Google Scholar] [CrossRef]

	



Honjo, M.; Tanihara, H.; Inatani, M.; Kido, N.; Sawamura, T.; Yue, B.Y.; Narumiya, S.; Honda, Y. Effects of rho-associated protein kinase inhibitor Y-27632 on intraocular pressure and outflow facility. Investig. Ophthalmol. Vis. Sci. 2001, 42, 137–144. [Google Scholar]

	



Inoue, T.; Tanihara, H. Rho-associated kinase inhibitors: A novel glaucoma therapy. Prog. Retin. Eye Res. 2013, 37, 1–12. [Google Scholar] [CrossRef]

	



Tanihara, H.; Inoue, T.; Yamamoto, T.; Kuwayama, Y.; Abe, H.; Fukushima, A.; Suganami, H.; Araie, M. K-115 Clinical Study Group. One-year clinical evaluation of 0.4% ripasudil (K-115) in patients with open-angle glaucoma and ocular hypertension. Acta Ophthalmol. 2016, 94, e26–e34. [Google Scholar] [CrossRef]

	



Wang, R.F.; Williamson, J.E.; Kopczynski, C.; Serle, J.B. Effect of 0.04% AR-13324, a ROCK, and norepinephrine transporter inhibitor, on aqueous humor dynamics in normotensive monkey eyes. J. Glaucoma 2015, 24, 51–54. [Google Scholar] [CrossRef]

	



Sturdivant, J.M.; Royalty, S.M.; Lin, C.W.; Moore, L.A.; Yingling, J.D.; Laethem, C.L.; Sherman, B.; Heintzelman, G.R.; Kopczynski, C.C.; DeLong, M.A. Discovery of the ROCK inhibitor netarsudil for the treatment of open-angle glaucoma. Bioorg. Med. Chem. Lett. 2016, 26, 2475–2480. [Google Scholar] [CrossRef] [PubMed]

	



Kiel, J.W.; Kopczynski, C.C. Effect of AR-13324 on episcleral venous pressure in Dutch belted rabbits. J. Ocul. Pharmacol. Ther. 2015, 31, 146–151. [Google Scholar] [CrossRef] [PubMed]

	



Li, G.; Mukherjee, D.; Navarro, I.; Ashpole, N.E.; Sherwood, J.M.; Chang, J.; Overby, D.R.; Yuan, F.; Gonzalez, P.; Kopczynski, C.C.; et al. Visualization of conventional outflow tissue responses to netarsudil in living mouse eyes. Eur. J. Pharmacol. 2016, 787, 20–31. [Google Scholar] [CrossRef] [PubMed]

	



Ren, R.; Li, G.; Le, T.D.; Kopczynski, C.; Stamer, W.D.; Gong, H. Netarsudil Increases Outflow Facility in Human Eyes Through Multiple Mechanisms. Investig. Ophthalmol. Vis. Sci. 2016, 57, 6197–6209. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.; Waxman, S.; Wang, C.; Atta, S.; Loewen, R.; Loewen, N.A. Dose-dependent effects of netarsudil, a Rho-kinase inhibitor, on the distal outflow tract. Graefes Arch. Clin. Exp. Ophthalmol. 2020, 258, 1211–1216. [Google Scholar] [CrossRef]

	



Kazemi, A.; McLaren, J.W.; Kopczynski, C.C.; Heah, T.G.; Novack, G.D.; Sit, A.J. The Effects of Netarsudil Ophthalmic Solution on Aqueous Humor Dynamics in a Randomized Study in Humans. J. Ocul. Pharmacol. Ther. 2018, 34, 380–386. [Google Scholar] [CrossRef]

	



Sato, T.; Kawaji, T.; Hirata, A.; Mizoguchi, T. 360-degree suture trabeculotomy ab interno to treat open-angle glaucoma: 2-year outcomes. Clin. Ophthalmol. 2018, 12, 915–923. [Google Scholar] [CrossRef]

	



Sato, T.; Kawaji, T.; Hirata, A.; Mizoguchi, T. 360-degree suture trabeculotomy ab interno with phacoemulsification in open-angle glaucoma and coexisting cataract: A pilot study. BMJ Open Ophthalmol. 2018, 3, e000159. [Google Scholar] [CrossRef] [PubMed]

	



Parikh, H.A.; Loewen, R.T.; Roy, P.; Schuman, J.S.; Lathrop, K.L.; Loewen, N.A. Differential Canalograms Detect Outflow Changes from Trabecular Micro-Bypass Stents and Ab Interno Trabeculectomy. Sci. Rep. 2016, 6, 34705. [Google Scholar] [CrossRef] [PubMed]

	



Dang, Y.; Wang, C.; Shah, P.; Waxman, S.; Loewen, R.T.; Hong, Y.; Esfandiari, H.; Loewen, N.A. Outflow enhancement by three different ab interno trabeculectomy procedures in a porcine anterior segment model. Graefes Arch. Clin. Exp. Ophthalmol. 2018, 256, 1305–1312. [Google Scholar] [CrossRef] [PubMed]

	



Fallano, K.; Bussel, I.; Kagemann, L.; Lathrop, K.L.; Loewen, N. Training strategies and outcomes of ab interno trabeculectomy with the trabectome. F1000Research 2017, 6, 67. [Google Scholar] [CrossRef]

	



McDonnell, F.; Dismuke, W.M.; Overby, D.R.; Stamer, W.D. Pharmacological regulation of outflow resistance distal to Schlemm’s canal. Am. J. Physiol. Cell Physiol. 2018, 315, C44–C51. [Google Scholar] [CrossRef]

	



Fellman, R.L.; Feuer, W.J.; Grover, D.S. Episcleral Venous Fluid Wave Correlates with Trabectome Outcomes: Intraoperative Evaluation of the Trabecular Outflow Pathway. Ophthalmology 2015, 122, 2385–2391.e1. [Google Scholar] [CrossRef]

	



Fellman, R.L.; Grover, D.S. Episcleral Venous Fluid Wave in the Living Human Eye Adjacent to Microinvasive Glaucoma Surgery (MIGS) Supports Laboratory Research: Outflow is Limited Circumferentially, Conserved Distally, and Favored Inferonasally. J. Glaucoma 2019, 28, 139–145. [Google Scholar] [CrossRef]

	



Goda, E.; Hirooka, K.; Mori, K.; Kiuchi, Y. Intraocular pressure-lowering effects of Ripasudil: A potential outcome marker for Trabeculotomy. BMC Ophthalmol. 2019, 19, 243. [Google Scholar] [CrossRef]

	



Bovee, C.E.; Pasquale, L.R. Evolving Surgical Interventions in the Treatment of Glaucoma. Semin. Ophthalmol. 2017, 32, 91–95. [Google Scholar] [CrossRef]

	



Agrawal, P.; Bradshaw, S.E. Systematic Literature Review of Clinical and Economic Outcomes of Micro-Invasive Glaucoma Surgery (MIGS) in Primary Open-Angle Glaucoma. Ophthalmol. Ther. 2018, 7, 49–73. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 10 00401 g001 550] 





Figure 1. IOP–lowering effects of ripasudil. (a) Time–dependent changes in IOP at different time points: pre–SLOT surgery, pre–ripasudil treatment (i.e., 1 month post-operation), and 1 month and 3 months after the start of ripasudil treatment. (b) Stacked bar chart of IOP changes at 3 months after the start of ripasudil treatment. SLOT suture trabeculotomy ab interno. 
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Table 1. Baseline characteristics of patients.
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	Characteristic
	Ripasudil
	Control
	p-Value





	No. of patients
	27
	27
	



	Age, years, mean ± SD (range)
	79.7 ± 6.8 (63–88)
	78.5 ± 7.6 (64–89)
	0.548



	Male/female, n
	15/12
	11/16
	0.414



	Right/left, n
	11/16
	13/14
	0.352



	IOP, mmHg, mean ± SD (range)
	
	
	



	Pre-SLOT surgery
	16.4 ± 3.6 (11–26)
	16.4 ± 3.4 (11–25)
	0.785



	Pre-ripasudil treatment
	12.5 ± 3.0 (6–21)
	12.1 ± 2.2 (7–16)
	0.775



	No. of preoperative medications, mean ± SD (range)
	1.9 ± 1.3 (0–4)
	1.4 ± 1.5 (0–4)
	0.525



	BCVA, logMAR, mean ± SD (range)
	0.26 ± 0.21 (0–0.82)
	0.35 ± 0.22 (0–1.10)
	0.295



	Visual field, MD (dB), mean ± SD (range)
	−8.6 ± 5.4 (−18.4–−0.2)
	−9.7 ± 8.1 (−27.9–−1.6)
	0.106



	Axial length, mm, mean ± SD (range)
	23.7 ± 0.8 (22.5–25.8)
	24.2 ± 1.5 (21.3–27.4)
	0.569



	Type of glaucoma, n (%)
	
	
	0.211



	POAG
	10
	13
	



	NTG
	10
	11
	



	XFG
	7
	3
	







IOP, intraocular pressure; SLOT, suture trabeculotomy ab interno; BCVA, best-corrected visual acuity; logMAR, logarithm of minimum angle of resolution; MD, mean deviation; POAG, primary open-angle glaucoma; NTG, normal-tension glaucoma; SD, standard deviation; XFG, exfoliation glaucoma.
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Table 2. Relationship between IOP changes at 3 months after the start of ripasudil treatment and background factors, as determined by multiple regression analysis.
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	Background Factor
	T-Value
	p-Value





	IOP (mmHg) before surgery
	1.67
	0.097



	IOP (mmHg) before ripasudil treatment
	−7.28
	<0.001



	Medication before surgery
	1.99
	0.050



	Age (years)
	0.38
	0.702



	Visual field (mean deviation, dB)
	−0.39
	0.699







IOP intraocular pressure.
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