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Background: Rho kinase inhibitors, such as netarsudil, are a relatively new class of medications recently 

introduced into the market for the treatment of glaucoma, the leading cause of irreversible blindness in 

the world. Previous clinical trials have studied netarsudil’s efficacy when used as a first- or second-line 

agent but limited studies have investigated its effectiveness in the real world where it is more commonly 

used as a third, fourth, or fifth agent in combination with other topical medications. Equally important, 

prior studies have not compared its effectiveness to its peer medications in these settings. 

Objective: To compare intraocular pressure (IOP) lowering after initiation of netarsudil or brimonidine 

therapy in patients with glaucoma using > 2 medications for IOP management. 

Methods: A chart review of 369 eyes from 279 patients followed at a single academic tertiary prac- 

tice was performed with an institutional review board waiver of consent to compare IOP lowering after 

prescription of netarsudil (n = 176) versus brimonidine (n = 193) as a third, fourth, or fifth IOP-lowering 

agent. Patients were identified by querying the electronic medical record for those with a glaucoma- 

related diagnosis who were prescribed either medication. Five sequential IOP measurements were ob- 

tained to determine the mean change in IOP before and after treatment ( �IOP = mean IOP 4,5 – mean 

IOP 1,2,3 ). A multilevel linear mixed-effects model assessed the influence of medication (independent vari- 

able) on �IOP (dependent variable). Additional independent variables of interest included the number 

of glaucoma medications at baseline, age, sex, glaucoma type and severity, race, and pretreatment IOP. 

Bootstrap analysis was performed to remove sampling bias and confirm mixed-effects model findings. 

Kaplan-Meier survival analysis evaluated the probability of requiring additional intervention within 3 

years following the date of medication prescription. 

Results: The unadjusted mean (SD) �IOP for netarsudil and brimonidine was −2.20 (4.11) mm Hg and 

−2.21 (3.25) mm Hg, respectively ( P = 0.484). The adjusted linear mixed-effects models and bootstrap 

analysis demonstrated that there was no statistical difference in IOP-lowering effectiveness between the 

medications. Netarsudil and brimonidine failed to adequately control IOP at similar rates with 42% and 

47% probabilities of survival respectively by the 3-year follow-up ( P = 0.520). 

Conclusions: When escalating pharmacologic therapy, the IOP-lowering effect of netarsudil appeared to 

be similar to that produced by brimonidine. ( Curr Ther Res Clin Exp . 2023; 84:XXX–XXX) 

© 2022 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

p

2

J

h

0

(

✩ This study was presented at the Johns Hopkins Medical Student Research Sym- 

osium 2022, Association for Research in Vision and Ophthalmology 2022, May 4, 

022, Denver, Colorado. 
∗ Address correspondence to: Jithin Yohannan, MD, MPH, Wilmer Eye Institute, 

ohns Hopkins Hospital, 600 N Wolfe St, Baltimore, MD 21287. 

E-mail address: jithin@jhmi.edu (J. Yohannan) . 

I

w

u

h

c

ttps://doi.org/10.1016/j.curtheres.2022.100689 

011-393X/© 2022 The Author(s). Published by Elsevier Inc. This is an open access article

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
ntroduction 

Glaucoma is the leading cause of irreversible blindness in the 

orld, affecting approximately 80 million people globally. 1 Intraoc- 

lar pressure (IOP) is the only known modifiable risk factor that 

as been shown to preserve visual function in patients with glau- 

oma. 2–4 Currently available treatments for glaucoma are solely 
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imed at lowering IOP through the use of topical pharmacologic 

gents, laser therapy, or surgical procedures. Topical pharmacologic 

herapy has been and continues to be the mainstay of glaucoma 

anagement. 

For the past two decades, glaucoma medications could fall into 

ve general classes: prostaglandin analogs, β-blockers, α-agonists, 

arbonic anhydrase inhibitors, and muscarinic agonists. Generally, 

rostaglandins are considered first-line agents in pharmacother- 

py due to their superior efficacy and tolerance among glau- 

oma patients. 5 , 6 Following prostaglandins, β-blockers are typi- 

ally used as second-line agents. Meanwhile, α-agonists, carbonic 

nhydrase inhibitors, and muscarinic agonists are kept in reserve 

fter prostaglandins and β-blockers do not produce adequate IOP 

owering. 

A new class of topical medications, rho kinase inhibitors (netar- 

udil), was approved by the Food and Drug Administration in 2017 

or the treatment of glaucoma and ocular hypertension and re- 

uces IOP through three mechanisms: improving trabecular aque- 

us outflow, reducing aqueous humor secretion, and decreasing 

piscleral venous pressure. 7–10 Prior clinical trials have demon- 

trated that netarsudil effectively reduces IOP when used as a first- 

ine or second-line agent. 11–13 However, in real-world clinical prac- 

ice such as at the Wilmer Eye Institute Glaucoma Center of Ex- 

ellence, netarsudil is more commonly used as a third-, fourth-, 

r fifth-line agent after other therapeutic options have been ex- 

austed. The reluctance of providers to introduce netarsudil can 

e attributed to its cost and adverse ocular surface effects making 

atient adherence challenging. Because target IOPs are usually not 

chieved with a single ocular hypotensive medication and the ef- 

ectiveness of drops decreases with an increasing number of medi- 

ations, it is imperative to determine the effectiveness of netarsudil 

hen coadministered with other glaucoma medications. 14–16 

A literature search conducted in PubMed revealed four studies 

nvestigating the effectiveness of netarsudil in patients already tak- 

ng multiple IOP-lowering agents in real-world settings. 17–20 How- 

ver, previous studies lack a control cohort that would be bene- 

cial in comparing changes across time, avoiding potential biases, 

nd clarifying the role of netarsudil in comparison to its peer med- 

cations. Among the different classes of medications that may be 

onsidered after prostaglandins, α-agonists are also poorly toler- 

ted agents that are commonly prescribed. 21 In clinical practice, α- 

gonists such as brimonidine are likely to be used most similar to 

etarsudil because they are often prescribed as a third- or fourth- 

ine agent. Thus, the purpose of this investigation is to determine 

he effect on IOP of netarsudil, compared with brimonidine, in eyes 

ith glaucoma requiring more than two classes of medications to 

ontrol IOP and whether the IOP lowering effect changes with the 

umber of different classes of medications the eye is using at base- 

ine. 

aterial and Methods 

The study protocol adhered to the tenets of the Declaration of 

elsinki. Approval was obtained from the Johns Hopkins University 

chool of Medicine Institutional Review Board (IRB00222739) with 

 waiver of consent on June 24, 2021. 

tudy population and data collection 

The electronic medical record was queried for all patients with 

 glaucoma-related diagnosis seen at the Wilmer Eye Institute who 

ere prescribed netarsudil and had at least five sequential IOP 

easurements (two encounters before the prescribing visit, one 

t the prescribing encounter, two encounters after the prescrib- 

ng visit) within two years. Patients and their insurance carriers 

ere billed for treatment as part of their standard glaucoma care. 

rom the patient list generated by the electronic medical record, 
2 
ach patient was manually screened to confirm eligibility. The IOP 

easurement after the prescribing encounter (fourth IOP measure- 

ent) had to be at least one week after starting the medication. 

easurements had to be performed in the clinic mostly with Gold- 

ann applanation tonometry but iCare tonometry, or Tono-Pen 

onometry could be used as well. Patients who had any eye-related 

urgical or laser procedure within a month of the first IOP mea- 

urement or within the time frame of the five total IOP measure- 

ents were excluded from the study. In addition, patients were 

lso excluded if netarsudil was stopped at any point before two 

ost-treatment IOP measurements were obtained, if netarsudil was 

rescribed as a first- or second-line agent, or if the patient’s glau- 

oma medication regimen changed (ie, removal or addition of an- 

ther class of glaucoma medication) within the time frame of the 

tudy. 

A chart review of each included patient was performed by one 

f two authors responsible for data collection to collect the fol- 

owing variables: age, gender, race, past ocular surgical history, 

laucoma type, glaucoma severity, and classes of glaucoma med- 

cation. Glaucoma type was determined based on the most re- 

ent clinical documentation available for the patient and was cat- 

gorized as either primary open-angle glaucoma or suspect, pri- 

ary angle-closure glaucoma or suspect, or secondary glaucoma. 

atients with ocular hypertension but no evidence of glaucoma 

isual field defects were included as suspects. Glaucoma severity 

as determined based on the mean deviation (MD), a statistical 

ndex of the average difference in the visual function of an indi- 

idual compared to an age-correct norm. Because glaucoma wors- 

ning is often tracked with MD followed longitudinally through vi- 

ual field testing, the baseline disease severity was established by 

he MD obtained from the visual field test completed closest to the 

ate of prescription. Mild, moderate, and severe disease were de- 

ned as an MD greater than –6 dB, −6 to −12 dB, and less than 

12 dB, respectively. The classes of glaucoma medication in this 

tudy include prostaglandins (including latanoprostene bunod oph- 

halmic solution), α-agonists, β-blockers, carbonic anhydrase in- 

ibitors (excluding oral acetazolamide/methazolamide), muscarinic 

gonists, and rho kinase inhibitors. 

Glaucomatous eyes that were prescribed brimonidine were also 

ligible for this study as a comparison group based on similar cri- 

eria described above for netarsudil. Brimonidine eyes were se- 

ected for this study by filtering for baseline glaucoma character- 

stics (type, severity, and IOP at the time of prescription) and the 

umber of baseline medications to the included netarsudil eyes. 

or example, an eye prescribed brimonidine as a third-line agent 

as included if there was an analogous eye with the same base- 

ine glaucoma characteristics and was prescribed netarsudil as a 

hird-line agent. As brimonidine was never used as a fifth-line 

gent, data collection for eyes prescribed brimonidine was only 

erformed until each netarsudil eye used as a third- or fourth- 

ine agent had at least one corresponding brimonidine eye. Af- 

er data collection, multiple potential brimonidine eyes could be 

aired with a similar netarsudil eye, and these additional eyes 

ere included in the statistical analysis as well. To make use of 

he entire dataset, analysis of the netarsudil sample still included 

he fifth-line and sixth-line netarsudil eyes that did not have a cor- 

esponding brimonidine eye, and the number of baseline medica- 

ions was included as a potential confounding variable in the ad- 

usted analysis described in the section below. A flow diagram of 

he data collection process can be seen in Figure 1 . 

rimary aim: The effect of netarsudil on IOP compared with 

rimonidine 

The main outcome of this study was the mean change in IOP 

fter the addition of pharmacologic therapy. The baseline IOP for 
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Figure 1. Flow diagram of data collection for eyes prescribed netarsudil and brimonidine. IOP = intraocular pressure. 
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ach eye was defined as the average of the first three IOP mea- 

urements before treatment. The posttreatment IOP was defined 

s the average of the two IOP measurements following the pre- 

cribing visit. The primary outcome was the change in IOP, �IOP, 

efined as the difference in baseline IOP and post-treatment IOP 

 �IOP = IOP 4,5 – IOP 1,2,3 , where IOP 4,5 is the mean of the fourth 

nd fifth IOP measurements, and IOP 1,2,3 is the mean of the first 

hree measurements). 

For statistical analysis, a χ2 test was used to compare eye char- 

cteristics between the two groups such as glaucoma type, sever- 

ty, number of baseline medications, classes of medications before 

rescription, baseline IOP, and surgical history. A two-sample t test 

as used to compare the unadjusted means of the �IOP result- 

ng from netarsudil and brimonidine. A multilevel linear mixed- 

ffects model was employed to assess the overall influence of ne- 

arsudil and brimonidine (independent variables) on �IOP (de- 

endent variable). Other independent variables of interest (con- 

ounders) included in the model were the number of glaucoma 

edications the patient was using before the addition of netar- 

udil or brimonidine, age, sex, glaucoma type, glaucoma severity, 

ace, and baseline IOP. Additionally, the model included a ran- 

om effect term to account for both eyes from the same patient. 

s the mixed-effects model estimated the overall effect of netar- 

udil relative to brimonidine, a multiple linear regression was also 

erformed to estimate the effect of netarsudil compared with bri- 

onidine for a specific given number of baseline medications (in- 

ependent variables) on the �IOP (dependent variable). Addition- 

lly, to remove the effects of sampling bias that are not accounted 

or in the mixed-effects model and the presence of multiple bri- 

onidine eyes for a corresponding netarsudil eye, a bootstrap anal- 

sis was performed that randomly resamples each dataset multiple 

imes to create many simulated samples. To account for the dif- 

erences in the potential confounding variables mentioned above 

etween the brimonidine and netarsudil groups, the distributions 

f these variables were equated during the bootstrap analysis. The 

ean �IOP for the netarsudil sample was compared with the 95% 

I of a bootstrapped distribution of mean �IOP for brimonidine. 

astly, a sensitivity analysis was conducted using only two pre- 

reatment IOP measurements (IOP 2,3 ) because the use of three IOP 

easurements may underestimate the results. 

For statistical analyses involving multiple comparisons such as 

he χ2 test on baseline eye characteristics, a Bonferroni compari- 

on was used with α = 0.05/ N where N is the number of compar- 

sons. Meanwhile, a correction was not applied to the two-sample 
3 
 test, mixed-effects model, multiple linear regression, and boot- 

trap analysis of �IOP between netarsudil and brimonidine. 

econdary aim: Failure of pharmacologic therapy to control IOP 

The secondary aim of this study was to determine rates at 

hich pharmacologic therapy with either netarsudil or brimoni- 

ine failed to control IOP and whether any differences in these fail- 

re rates are dependent on the number of glaucoma medications 

 patient is on at baseline. Failure was defined as the escalation of 

herapy due to inadequately controlled IOP. Escalation could be the 

ddition of another glaucoma medication, glaucoma-specific ocular 

urgery (eg, trabeculectomy, tube shunt, iStent/Hydrus, cyclophoto- 

oagulation, or bleb needling), or a laser procedure (eg, trabeculo- 

lasty or peripheral iridotomy) to further reduce IOP. 

For statistical analysis, a Kaplan-Meier survival analysis was 

sed to evaluate the time from initiation of netarsudil or brimoni- 

ine to the time of additional intervention (event of interest). Eyes 

ere censored from the analysis if they discontinued the medica- 

ion for any reason (eg, tolerance or cost) or did not have follow-up 

hrough three years. To determine statistical significance, survival 

ates were compared using the log-rank (Mantel-Cox) test. Addi- 

ionally, to compare differences in the types of interventions per- 

ormed between the two groups, a χ2 test was used, and a Bon- 

eronni correction was applied because there were multiple com- 

arisons involved. 

esults 

The overall demographic characteristics of the patients included 

n this investigation are shown in Table 1 . The investigation in- 

luded a total of 369 eyes obtained from 279 patients. Of these 

atients, 138 (176 eyes) were treated with netarsudil and 141 (193 

yes) were treated with brimonidine. The average age, biological 

ex, and race were similar between the different treatment groups. 

mong the netarsudil eyes considered for this study, 229 eyes 

56.54%) were excluded from the study based on a variety of rea- 

ons as shown in Figure 1 . The most common reason eyes were 

xcluded was due to a change in the patient’s medication regi- 

en throughout the five sequential clinic visits (81 eyes [20.00%]). 

he second most common reason for exclusion was an inability to 

tart netarsudil due to cost. Among eyes that received netarsudil, 

8 (15.91%) stopped due to poor tolerance. Among the brimoni- 
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Table 1 

Demographic characteristics of patients studied. 

Characteristic Netarsudil Brimonidine Total 

Patients ∗ 138 (176) 141 (193) 279 (369) 

Age † 69 (14.57) 71 (15.14) 70 (14.87) 

Biological sex † 

Female 59 (42.75) 72 (51.06) 131 (47.00) 

Male 79 (57.25) 69 (48.94) 148 (53.00) 

Race † 

Asian 6 (4.35) 8 (5.67) 14 (5.02) 

Black or African American 53 (38.41) 46 (32.62) 99 (35.48) 

White or Caucasian 72 (52.17) 80 (56.74) 152 (54.48) 

Other 6 (4.35) 6 (4.26) 12 (4.30) 

Unknown 1 (0.72) 1 (0.71) 2 (0.72) 

∗ Values are presented as number of patients (number of eyes). 
† Values are presented as number of eyes (%). ‡ Values are presented as mean (SD). 
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Table 3 

Results of linear mixed-effects model assessing the influence of various factors on 

the change in intraocular pressure (IOP) before and after the addition of therapy. 

Fixed effect �IOP (95% CI) 

Intercept −1.50 ( −4.98 to 1.99) 

Netarsudil vs brimonidine −0.27 ( −1.17 to 0.63) 

Each additional class of glaucoma medication 0.53 ( −0.14 to 1.21) 

1-mm Hg increase in baseline IOP ∗ −0.25 ( −0.33 to −0.17) 

1-year Increase in age 0.02 ( −0.01 to 0.05) 

Sex 

Male vs female 0.52 ( −0.28 to 1.33) 

Race 

Black vs white ∗ 0.99 (0.11 to 1.87) 

Asian vs white 0.44 ( −1.34 to 2.22) 

Glaucoma severity 

Moderate vs mild −0.40 ( −1.35 to 0.53) 

Severe vs mild −0.31 ( −1.19 to 0.55) 

Glaucoma type 

Primary angle-closure vs primary open-angle −0.25 ( −1.54 to 1.04) 

Secondary vs primary open-angle −0.20 ( −1.22 to 0.83) 

∗ Indicates statistically significant difference ( P < 0.05). 
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ine eyes, 1202 eyes (86.16%) were excluded with the most com- 

on reason being regimen changes (438 eyes [31.40%]). 

The ocular characteristics of the included eyes are shown in 

able 2 . There were 20 comparisons made between the netarsudil 

nd brimonidine groups and the threshold for statistical signifi- 

ance was α = 0.003 with Bonferonni correction. Glaucoma type 

nd disease severity were similar between the cohorts. In the ne- 

arsudil group, 18 (10.23%), 70 (39.77%), 85 (48.30%), and 3 (1.70%) 

yes had netarsudil added as a third-, fourth-, fifth-, and sixth-line 

gent respectively. In contrast, brimonidine was added only as a 

hird- or fourth-line agent in 62 (32.12%) and 131 (67.88%) eyes, 

espectively. Thus, for eyes with only two or three baseline medi- 

ations, 193 brimonidine eyes could be paired with one of 88 ne- 

arsudil eyes. The distribution of baseline IOP was similar between 

etarsudil and brimonidine. Most eyes in both cohorts had baseline 

OPs between 15 and 20 mm Hg. The average baseline IOP from all 

yes for netarsudil and brimonidine were 20.91 and 20.46 mm Hg, 

espectively. Moreover, the average pretreatment IOP in the first, 

econd, and third clinical visits for netarsudil and brimonidine was 
Table 2 

Ocular characteristics of eyes studied. 

Characteristic 

Netarsu

(n = 176

Glaucoma type ∗

Primary open-angle glaucoma/suspect 122 (69

Primary angle-closure glaucoma/suspect 16 (9.0

Secondary glaucoma 38 (21.

Glaucoma severity ∗

Mild 44 (25.

Moderate 39 (22.

Severe 93 (52.

No. of glaucoma meds before addition ∗

2 18 (10.

3 70 (39.

4 85 (48.

5 3 (1.70

Classes of glaucoma meds before addition ∗

Prostaglandin analogues 167 (94

β-adrenergic blocker 150 (85

α-adrenergic agonist † 124 (70

Carbonic anhydrase inhibitor 155 (88

Cholingergic agonist 5 (2.84

Baseline IOP (Mean IOP 1,2,3 ) 
∗

< 15 33 (18.

15-20 81 (46.

20-25 37 (21.

≥25 25 (14.

Prior surgical or laser history treatment ∗ , † 114 (68

IOP = intraocular pressure. 
∗ Values are presented as number of eyes (%). 
† Indicates χ2 test resulted in a statistically significant difference (

brimonidine. 

4

7.16, 18.76, 20.91 mm Hg, and 17.05, 17.90, and 20.46 mm Hg, 

espectively. Approximately 85% of IOP measurements were per- 

ormed with Goldmann applanation for both netarsudil and bri- 

onidine. Eyes receiving netarsudil had significantly higher pro- 

ortions of past laser or surgery history than eyes receiving bri- 

onidine ( P < 0.001). 

With regard to the primary aim of the study, a Bonferonni cor- 

ection was not applied in the subsequent results and the thresh- 

ld for statistical significance was α = 0.05. The unadjusted �IOPs 

or netarsudil and brimonidine were similar ( P = 0.484) with mean 

SD) �IOPs of −2.20 (4.11) mm Hg and −2.21 (3.25) mm Hg, re- 

pectively. The results of the linear mixed-effects model are shown 

n Table 3 . The intercept represents white female patients with 

ild, primary open-angle glaucoma given brimonidine with no 

ther antihypertension medications at baseline. Baseline IOP and 
dil 

) 

Brimonidine 

(n = 193) 

Total 

(N = 369) 

.32) 131 (67.88) 253 (68.56) 

9) 26 (13.47) 42 (11.38) 

59) 36 (18.65) 74 (20.06) 

00%) 68 (35.23%) 112 (30.35%) 

16) 50 (25.91) 89 (24.12) 

84) 75 (38.86) 168 (45.53) 

23) 62 (32.12) 80 (21.6) 

77) 131 (67.88) 201 (54.47) 

30) 0 85 (23.04) 

) 0 3 (0.81) 

.88) 182 (94.30) 349 (94.58) 

.23) 181 (93.78) 331 (89.70) 

.45) 193 (100.00) 317 (85.9) 

.07) 152 (78.7) 304 (82.38) 

) 2 (1.0) 4 (1.08) 

75) 46 (23.83) 79 (21.41) 

02) 78 (40.41) 159 (43.09) 

02) 49 (25.39) 86 (23.31) 

21) 20 (10.36) 45 (12.19) 

.26) 84 (43.75) 198 (53.66) 

 P < 0.003 with Bonferroni correction) between netarsudil and 
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Table 4 

Description of additional medical, laser, and surgical intervention in netarsudil and brimonidine treatment of eyes. 

Netarsudil 

Third agent 

(n = 5) 

Fourth agent 

(n = 34) 

Fifth agent 

(n = 35) 

Total 

(N = 75) 

Days to 

intervention ∗
328 (244) 425 (287) 383 (244) 396 (262) 

Additional 

medication as next 

step ‡ 

0 (0.00) 0 (0.00) † 0 (0.00) 0 (0.00) † 

Laser as next step ‡ 0 (0.00) 3 (8.82) 0 (0.0) 3 (4.00) 

ALT/SLT 0 (0.00) 3 (8.82) 0 (0.00) 3 (4.00) 

LPI 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

Surgery as next 

step ‡ 
5 (100.00) 31 (91.18) 35 (100.00) 71 (94.67) † 

Trabeculectomy 3 (60.00) 9 (26.47) 11 (31.43) 23 (30.67) 

Tube shunt 0 (0.00) 8 (23.53) 13 (37.14) 21 (28.00) 

iStent/Hydrus 1 20.00) 6 (14.71) † 5 14.29) 11 (14.67) † 

Cyclophotocoag- 

ulation 

0 (0.00) 6 (17.65) 4 (11.43) 10 (13.33) 

GATT 0 (0.00) 3 (8.82) 0 (0.00) 3 (4.00) 

Bleb needling 1 (20.00) 0 (0.00) 2 (5.71) 3 (4.00) 

Brimonidine (n = 30) (n = 60) (n = 90) 

Days to intervention ∗ 455 (303) 403 (247) 420 (267) 

Additional medication as next step ‡ 18 (60.00) 16 (26.67) † 34 (37.78) † 

Laser as next step ‡ 2 (6.67) 2 (3.33) 4 (4.44) 

ALT/SLT 2 (6.67) 2 (3.33) 4 (4.44) 

LPI 0 (0.00) 0.00 (0) 0 (0.00 

Surgery as next step ‡ 10 (33.33) 42 (70.00) 52 (57.78) † 

Trabeculectomy 9 (30) 29 (48.33) 38 (42.22) 

Tube shunt 0 (0.00) 9 (15.00) 9 (10.00) 

iStent/Hydrus 1 (3.33) 0 (0.00) † 1 (1.11) † 

Cyclophotocoagulation 0 (0.00) 4 (6.67) 4 (4.44) 

GATT 0 (0.00) 0 (0.00) 0 (0.00) 

Bleb needling 0 (0.00) 0 (0.00) 0 (0.00) 

ALT = argon laser trabeculoplasty; SLT = selective laser trabeculoplasty; LPI = laser peripheral iridotomy; GATT = gonioscopy-assisted transluminal trabeculotomy. 
∗ Values are presented as mean (SD). 
† Indicates χ2 test resulted in a statistically significant difference ( P < 0.001 with Bonferroni correction) between netarsudil and brimonidine. 
‡ Values are presented as number of eyes (%). 
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Figure 2. Kaplan-Meier survival curve of additional intervention for netarsudil ver- 

sus brimonidine. IOP = intraocular pressure. 
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ace (Black) were the only factors with statistically significant ef- 

ects on �IOP. Specifically, every 1.00 mm Hg increase in baseline 

OP was associated with a −0.25 ( −0.33 to −0.17) mm Hg decrease 

n IOP (better IOP) after starting medical therapy. Compared with 

hite patients, Black patients showed a 0.99 (0.11 to 1.87) increase 

n IOP (worse IOP). Other fixed variables such as the medication 

netarsudil vs brimonidine), the number of baseline medications, 

laucoma type, age, sex, glaucoma severity, and race (Asian) did 

ot have a significant effect on �IOP. 

The multiple linear regression model revealed the estimated 

IOP (95% prediction interval) of netarsudil when added as a 

hird-, fourth-, and fifth-line agent is −3.29 ( −10.57 to 4.00), −2.52 

 −9.75 to 4.72), and −1.75 ( −8.99 to 5.49) mm Hg, respectively. 

he estimated �IOP for brimonidine when added as a third- and 

ourth-line agent was −2.73 ( −9.97 to 4.51) and −1.96 ( −9.19 to 

.27) mm Hg, respectively. The regression model also demonstrates 

tatistically a significant difference in the number of base medica- 

ions ( P = 0.023). 

Bootstrap analysis reveals the mean (95% CI) �IOP for all eyes 

n netarsudil is −2.64 ( −2.91 to −2.28) mm Hg, whereas the ref- 

rence mean �IOP for brimonidine is −2.48 mm Hg. The boot- 

trapped brimonidine distribution consists of 10,0 0 0 samples with 

istributions of confounding variables equated across all brimoni- 

ine samples to those of the netarsudil samples. No statistical dif- 

erence between the medications is present when equating the 

amples. The sensitivity analysis utilizing only two pretreatment 

OP measurements also confirms this finding. 

With regard to the secondary aim of the study, eyes that ulti- 

ately required additional intervention within the first 3 years of 

tarting pharmacologic treatment with netarsudil or brimonidine 

re shown in Figure 2 . Netarsudil had similar probabilities of sur- 
e

5 
ival as brimonidine ( P = 0.520). The types of interventions strat- 

fied by the number of baseline medications for each group are 

hown in Table 4 . There were 36 comparisons made between the 

etarsudil and brimonidine groups and the threshold for statistical 

ignificance was α = 0.001 with Bonferonni correction. Netarsudil 

nd brimonidine had a similar mean time from the initiation of 

herapy to the time of additional intervention ( P = 0.560). Brimoni- 

ine had lower rates of surgical intervention than netarsudil ( P 

 0.001). Most eyes received either trabeculectomy or tube shunt 

hen either medical therapy failed to control the disease. Among 

yes that required surgical intervention, greater rates of trabecular 
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ypass stents ( P < 0.001), tube shunt ( P = 0.003), and cyclophoto- 

oagulation ( P = 0.041) were seen in the netarsudil group. 

iscussion 

Overall, netarsudil still provided modest IOP improvements 

hen added to a combination therapy of two or more medica- 

ions. Although multivariate regression demonstrated a trend sug- 

esting diminishing effects with a greater number of medications 

t baseline, this was not statistically significant when adjusting for 

ther confounding variables in the linear mixed-effects model. Sec- 

ndly, unadjusted �IOP, the linear mixed-effects model, and boot- 

trap analysis showed that the IOP-lowering effects of netarsudil 

re similar to brimonidine. Finally, the probability of additional in- 

ervention after the prescription was similar between brimonidine 

nd netarsudil. 

ffectiveness of netarsudil in combination therapy with two or more 

edications 

To date, there have been four studies examining the effect of 

etarsudil as an adjuvant agent. 17–20 Both the unadjusted mea- 

urements and linear regression models demonstrated that netar- 

udil still improved IOP when added as adjunctive therapy but to a 

esser extent than reports from monotherapy clinical trials. Specif- 

cally, netarsudil reduces IOP by −2.20 mm Hg. On the other hand, 

rior monotherapy studies report IOP reduction between 3.4 and 

.7 mm Hg. 11 , 22 , 23 When compared with previous netarsudil com- 

ination studies, these findings are consistent with Prager et al 18 

ho observed a mean IOP reduction of 2.2 mm Hg when netar- 

udil was used as an adjunctive agent among those with two to 

our baseline medications. In contrast, Villegas et al, 19 Shiuey et 

l, 20 and Zaman et al 17 found the effectiveness of adjunctive ne- 

arsudil therapy was similar to monotherapy with IOP reductions 

etween 3.5 and 4.5 mm Hg under similar circumstances. There 

re multiple possible explanations for the discrepancies with pre- 

ious studies. First, measurements may have been confounded by 

egression to the mean as baseline IOP was determined from only 

 single pretreatment IOP measurement in these studies. Because 

his investigation averages three pretreatment IOP measurements, 

ith two of three being slightly lower, this leads to a smaller ef- 

ect observed for netarsudil. Second, unlike prior studies that found 

hat the effectiveness of netarsudil did not depend on the number 

f baseline medications, 18–20 this study observed that netarsudil 

ad smaller effects on eyes on more medications according to pre- 

ictions from linear regression. Previously, multiple studies have 

emonstrated that the effectiveness of other IOP-lowering medica- 

ions diminishes with a sequential increase in medications and so 

t is reasonable to expect this with netarsudil as well. 15 , 24 , 25 Third, 

everal confounding variables were accounted for statistical anal- 

sis, which was not the case in previous netarsudil combination 

tudies. 

etarsudil compared with brimonidine 

The 4 prior investigations on the IOP-lowering effectiveness of 

etarsudil in real-world settings mentioned above have not yet 

ompared netarsudil with a peer medication in combination ther- 

py consisting of more than two agents. 17–20 This study may pro- 

ide clarification for clinicians to make evidence-based decisions 

n the use of netarsudil as an adjuvant agent in these settings. 

ontrary to expectations based on the mechanism of action, the 

nadjusted results, mixed-effects model, and bootstrap analysis 

emonstrated similar effectiveness of netarsudil to brimonidine at 

owering IOP when used as an adjuvant agent. One would expect 
6 
etarsudil to be more effective as its unique ability to lower epis- 

leral venous pressure as well as its ability to target trabecular out- 

ow would be additive to other mainstream medications targeting 

queous humor production and uveoscleral outflow. Meanwhile, 

rimonidine targets the same pathways as first-line prostaglandins. 

 possible reason for this study’s finding may have been due to 

ifferences in prior ocular history between the netarsudil and bri- 

onidine groups. Eyes that began netarsudil more frequently had 

rior treatment such as trabeculoplasty, trabeculectomy, or tube 

hunts. In these eyes, netarsudil’s advantages from targeting tra- 

ecular outflow may have been diminished. 

Equally important, when clinicians are deciding between netar- 

udil and brimonidine, another factor that must be considered is 

ndividual side-effect tolerance to each medication. In this study, 

n adverse reaction rate of 16% was observed which is consistent 

ith previous reports of 10% to 27% in patients that have received 

etarsudil. 17 , 18 , 20 This is comparable with the adverse reaction rate 

f 10% to 30% in patients that have received brimonidine. 18 The 

nal consideration for clinicians will be individual financial barri- 

rs to the patient. Among the eyes considered for netarsudil, 30 

7.40%) could not start it due to lack of insurance coverage or in- 

bility to afford long-term use of netarsudil. 

harmacologic failure and additional interventions 

Between glaucomatous eyes managed with netarsudil and bri- 

onidine in multidrop therapy, there were similar rates of failure 

efined as needing additional medical, laser, or surgical interven- 

ion. The netarsudil group had a higher rate of surgery than the 

rimonidine group. This may be because, during the period of ne- 

arsudil availability, microinvasive glaucoma surgery had become 

ore widespread, likely leading to the earlier surgical interven- 

ion in netarsudil eyes. This is supported by the statistically higher 

ates of subsequent iStent/Hydrus in the netarsudil group com- 

ared with the brimonidine group. Although surgical history may 

e a confounding variable in the findings, the literature concern- 

ng the influence of surgical history on the IOP-lowering effective- 

ess of glaucoma medications in real-world circumstances, espe- 

ially with netarsudil, remains unclear and warrants further inves- 

igation. 

To date, this is the first postmarket independent study inves- 

igating netarsudil as an adjunctive agent in combination therapy 

ith a comparative control cohort, such as brimonidine, in a real- 

orld clinical setting. Because netarsudil is usually added after 

ther therapies have been exhausted, this study may offer guid- 

nce to clinicians on the role of netarsudil, specifically on whether 

o continue the current practice of considering it last in therapy 

scalation. Also, the present investigation included a broad range 

f glaucoma types as opposed to prior clinical trials. 11 , 23 , 26 

Nonetheless, it is also important to acknowledge the limitations 

f the study. As a retrospective study, the method and timing of 

OP measurement could not be controlled, which could have led 

o systematic bias and diurnal fluctuations affecting the measure- 

ents. Although the influence of systematic bias due to tonom- 

try methodology is suspected to be minimal because Goldmann 

pplanation was consistently used across all five clinic visits for 

he majority of eyes. The effects of regression to the mean were 

lso mitigated by averaging multiple IOP measurements. Further- 

ore, the effect of adding netarsudil as a third-, fourth-, and fifth- 

ine agent was examined, but specific combinations and whether 

here is an optimal regimen for a particular number of medica- 

ions could not be investigated. Adherence was assessed through 

elf-report at each clinical visit. Patients were under the care of 

ultiple providers who may have had different views on when 

o escalate drop therapy or when to stop netarsudil (due to lack 

f effectiveness or patient tolerance), which could have influenced 
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he number of eyes included in this study. Many eyes followed 

hroughout the five sequential clinic visits were excluded in this 

tudy based on medication regimen changes. Proportionally more 

rimonidine eyes were excluded for this reason compared with 

etarsudil throughout the filtering process and this may have bi- 

sed the results more favorably toward brimonidine. While other 

ethods of matching such as propensity score matching were con- 

idered, a simpler matching method was employed due to re- 

ent challenges concerning the statistical validity of propensity 

core matching. 27 Bonferroni correction was also not applied to the 

ixed-effects model, which may affect findings regarding whether 

ace and baseline IOP have a significant influence on each medi- 

ation’s effectiveness; however, this would not affect the estimates 

f the model. Lastly, for investigating rates of pharmacologic fail- 

re, the microinvasive glaucoma surgery procedures captured in 

his study may have been performed as a concurrent procedure 

here the primary motivation was cataract extraction rather than 

ncontrolled IOP. 

onclusions 

Using netarsudil as a supplemental agent in patients with glau- 

oma already on multiple medications resulted in modest improve- 

ents in IOP. Clinicians can expect smaller improvements when 

atients are taking a greater number of medications before initia- 

ion. Netarsudil and brimonidine were not statistically significantly 

ifferent with respect to lowering IOP and had similar rates of ad- 

erse reactions. 
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