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SIGNIFICANCE: The a2-adrenergic receptor agonist brimonidine has been reported to induce conjunctiva! blanching 
in cataract, strabismus, laser refractive, and fi ltration procedures. Cl inicians are often faced with red eyes with no 
apparent underlying pathology. Low-dose brirnonidine reduced ocular redness in such subjects with efficacy main­
tained over l month and negligible rebound redness. 

PURPOSE, The aim of this study was to evaluate the safety and efficacy of brimonidine tartrate ophthalmic solution 
0.025% for the treatment of ocular redness. 

METHODS: In this single-center, double-masked, phase 3 clinical trial, adult subjects with baseline redness of 
more than 1 unit in both eyes (0· to 4-unit scale) were randomized 2: 1 to brimonidine 0.025% or vehicle. A single 
dose was administered in-office (day l); thereafter subjects instilled treatment four times a day for 4 weeks, with 
clinic visits on days 15, 29, and 36 (7 days post-treatment). Efficacy end points included investigator-evaluated 
redness 5 to 240 minutes post-instillation on day I (primary); investigator-evaluated change from baseline 1, 
360, and 480 minutes post-instillation on day l , and l and 5 minutes post-instil lation on days 15 and 29; total 
clearance of redness, and subject-assessed redness. Safety/tolerability measures included adverse events, re­
bound redness, and drop comfort 

RESULTS: Sixty subjects were randomized (n = 40 brimonidine. n = 20 vehicle). Investigator-assessed redness 
was lower with brimonidine versus vehicle over the 5- to 240-minute post-instillation period (mean [SE], 0.62 
(0.0761 vs. 1.49 (0.108]; P < .0001) and at each time point within that period {P < .0001). At l, 360, and 
480 minutes post-instillation, respectively, the mean differences (95% confidence interval) between treatments 
were -0.73 (- 1.05 to - 0.41), - 0.57 (-0.84 to -0.29), and - 0.39 (- 0.67 to -0.10), respectively. No 
tachyphylaxis was evident with brimonidine on days 15 and 29, and minimal rebound redness was observed follow­
ing discontinuation. Adverse events were infrequent, and l:ximonidine was rated as very comfortable. 

CONCLUSIONS: Brimonidine 0.025% appeared safe and effective for reduction of ocular redness, with an 8-hour 
duration of action, no evidence of tachyphylaxis, and negligible rebound redness. 
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Ocular redness is commonly due to inflammation of t11e con­
junctiva resulting in vasodi lation of the conjunctiva! blood vessels, 
with multiple possible causes including allergy, infection, dryness 
or fatigue, prolonged visual tasking, trauma, foreign body, and con­
tact lens wear.1•2 Once all pathological causes of redness have 
been ruled out, conjunctiva! vasoconstriction is of therapeutic 
value, providing temporary relief of congestion. Current ophthalmic 
decongestants are adrenergic receptor agcnists and include the 
syrnpathomimetic amine pi1enylephrine and the imidazolines 
naphazoline, tetral1ydrozoline. and oxymetazoline. These agents 
are or or mixed a/a2-adrenergic receptor agon ists and reduce oc­
ular redness through vasoconstrict ion?·4 However, their use is as­
sociated with tachyphylaxis (tolerance or loss of effectiveness) with 
continued use and/or rebound redness upon treatment discontinu­
ation, which restrids their long-term use. 4-s These adverse effects 
are likely related to the actions of these agents at the ai-adrenergic 
receptor. Tachyphylaxis is thought to be due to a tolerance-related 
dampening of the a1-adrenergic receptor response, possibly ti:rough 

internalization of aradrenergic receptors and subsequent down­
regulation of surface a1-adrenergic receptors.9 •10 Because of the 
predominant vasoconstrictive effects of a1-adrenergic receptors 
on arterial beds, 11 rebound redness is thought to result from a gen­
eralized iscl1emia brought about by vasoconstriction with secondary 
activation of an inflammatory cascade and/or loss of basal vascular 
tone due to receptor down-regulation, 5•8 
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Brirnonidine tartrate is a selective irnidazcline aradrenergic re-­
ceptor agonist currently marketed as a 0.1 to 0.2% ophthalmic so­
lution for the treatment of ocular hypertension.l 2- 1', Brimonidine 
acts on the iris--<:i liary body a2-adrenergic receptors to mediate in­
traocular pressure lowering through reduction of aqueous humor 
product ion and also increases uveoscleral outflow over the longer 
term .15• 16 Brimonidine tartrate 0.5% gel is approved as a vasocon­
strictorfor the treatment of nontransient facial erythema secondary 
to rosacea, 17 As brimonidine affects vasoconstriction primarily via 
the a2-adrenergic receptor, it may have decreased potential for re­
bound redness or tachphylaxis.8·18•1!J Brimonidine's effect on 
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conjunctiva! blood vessels is dose dependent; at the high doses 
used tor intraocular pressure lowering, it has been associated with 
hyperemia.20

•
21 In contrast, at low doses, it has been shown to be 

associated with conjunctival whitening or "blanching" 22
•
23 and to 

control bleeding during ophthalmic surgery or associated with in­
travitreal injections_:::2.:::429 These and other studies have driven 
the development of a low-dose brimonidine formulation tor the re­
duction of ocular redness, which was recently approved by the Food 
and Drug Administration. 

The objective of this phase 3 clinical trial was to evaluate the effi­
cacy and safety ot brimonidine tartrate ophthalmic solution 0.025% 
for treating ocular redness in a population of subjects with redness 
of an undetermined nature representative of a real-world population. 
Redness reduction was evaluated in-office through 8 hours following 
a single dose. Thereafter, treatment was instilled four times daily for 
1 month in order to assess the potential tor tachyphylaxis witll con­
tinued use. Post-treatment assessments were also carried out to iden­
tify if rebound redness occurred following treatment discontinuation. 

• 
METHODS 

Study Design 
This was a single-center (Total Eye Care, PA, Memphis, TN), 

double-masked, randomized, vehicle-controlled, parallel-group, 
efficacy and safety study (Clinicaltrials.gov NCT01959230). Tr1e 
study was performed in compliance with the Declaration of Helsinki, 
International Conference of Harmonization, Good Clinical Practice 
Guidance, and all applicable local, state, and federal requirements. 
Each subject or his/her legal representative provided written in­
formed consent prior to any study-related procedures. The study 
protocol, informed consent, and related documents were approved 
by the investigational review board, Alpha I RB (San Clemente, CA). 

Subjects 
Subjects were 18 years or older with stable ocular health (de­

fined as no ocular conditions requiring therapy or surgical interven­
tion) and either a historJ of ocular vasoconstrictor use or a desire to 
use over-tr1e-counter vasoconstrictors for redness relief within tr1e 
previous 6 montr1s. Participants were required to be able to self­
administer or have a care provider available to administer study 
treatments. Female subjects of childbearing potential underwent 
urine pregnancy testing at day 1 (visit 1), and at exit, and all sub­
jects agreed to use at least one medically acceptable form of birtr1 
control. All subjects had ocular health otherwise within normal 
limits, including a best corrected visual acuity of 0.3 logarithm of 
the minimum angle of resolution or better in each eye, as measured 
using an Early Treatment Diabetic Retinopathy Study cl1art, at visit 1. 
Subjects had a baseline redness score of greater than 1 in both eyes as 
assessed by investigators using the Ora Calibra Ocular Hyperemia 
Scale (0- to 4-unit scale of none, mild, moderate, severe, and ex­
tremely severe, allowing llalf-unit increments). This scale, which has 
been used in a previous study, 30 is based on photographic standards 
and is a global assessment of ocular redness taking into account tr1e 
redness manifested in the bulbar and palpebral conjunctiva. 

Subjects were excluded if tlley had known contraindications or 
sensitivity to brimonidine or any ingredients in the formulation, or 
if they had an ocular surgical intervention during the study or within 
3 months of visit 1, and/or a history of refractive surgery with in the 
past 6 months. Subjects with a history or presence of any ophthal­
mic or systemic disorder or disease that, in the opinion of the 
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investigator, could have confounded study data, interfered with 
the subject's study participation, or affected tile subject's safety 
or trial parameters were excluded. Subjects were also excluded if 
they had prior (with in 5 days of beginning study treatment) or antic­
ipated concurrent use of artificial tear products, other ocular vaso-­
constrictors, ocular decongestants, ocular antihistamines, ocular 
corticosteroids, phenylephrine dilating drops, any other topical 
ophthalmic agents, or contact lenses; had prior (witr1in 7 days of 
beginning study treatment) or anticipated concurrent use of sys­
temic antihistamines or decongestants; had prior (within 14 days 
of beginning study treatment) or anticipated concurrent use of sys­
temic corticosteroids, cancer chemotherapy, or any other systemic 
medications that the investigator felt may riave confounded study 
data or interfered with subject's study participation; or had prior 
(within 30 days of beginning study treatment) or anticipated con­
current use of an investigational drug or device. Subjects who 
had an abnonnal blood pressure (defined as ,S:90 or ::,:160 mmHg 
systolic or ,S:60 or::,: 100 mm Hg diastolic), had intraocular pressure 
that was less than 5 mm Hg or greater than 22 mm Hg, or had a di­
agnosis of glaucoma were also excluded. 

Study Treatments and Assessments 
Brimonidine tartrate ophthalmic solution 0.025% and its vehi­

cle (formulation without brimonidine tartrate) were manufactured 
by Bauscri & Lomb, Inc. (Tampa, FU, and supplied in identical 
10-ml sterile bottles. For masking purposes, bottles of active treat­
ment and vehicle were identical in appearance. 

Eligible subjects completed a screening visit and four study 
visits (including three on-treatment visits and one follow-up safety 
visit) over approximately 36 days. Informed consent was obtained, 
and demographics and medical and ophthalmic history were col­
lected at the screening visit. 

On day 1 (visit l), subjects who met the inclusion criteria were 
randomized 2: 1 according to a computer-generated randomization 
code to bilateral treatment with one drop of brimonidine tartrate 
ophthalmic solution 0.025% or vehicle. A single dose was instilled 
on day l in-office by the subjects under the supervision of a trained 
technician. The investigator graded ocular redness prior to treatment 
instillation and at 1, 5, 15, 30, 60, 90, 120, 180, 240, 360, and 
480 minutes post-treatment instillation using the Ora Cali bra Ocular 
Hyperemia Scale, and subjects assessed drop comfort on a 0- to 10-
unit scale (from very comfortable to very uncomfortable) upon instil­
lation and at 30 seconds and 1 minute after treatment instillation. In 
addition, subjects completed the Ora Calibra Drop Descriptor Query 
at 3 minutes post-instillation. Subjects were asked to choose three 
words that best described how the drop felt using prompted (e.g., 
burning, filmy, comfortable, cool, refresriing, smootri) or spontaneous 
word descriptors. 

Subjects instilled study treatment four times daily (approxi­
mately 4 hours apart) at home beginning the day following visit l 
and continued dosing four times daily for up to 4 weeks except 
on days 15 ± 2 (visit 2) and 29 ± 2 (visit 3) wrien one of trie doses 
was instilled in-office by a trained technician. At these visits, as 
well as the day 36 ± 1 visit (visit 4; approximately 7 days after treat­
ment discontinuation), ocular redness was assessed in-office by 
the investigator. During tile on-treatment visits (i.e., days 15 and 
29), redness assessments were conducted prior to and at 1 and 
5 minutes after in-office drug instillation (approximately 4 riours 
from the previous at-home dose). 

Subjects were provided with a diary at visits l to 3 to document 
dosing between study visits and to record their ocular redness 
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during these study periods. Subject dosing compliance was deter­
mined by an in-office review ot the dosing diary at the next visit 
and calculated as the number of doses taken divided by the num­
ber of doses expected multiplied by 100. Any subject who riad 
missed more than 20% or riad dosed at greater than 120% in ei­
ther of their two on-treatment diaries was considered noncompli­
ant. Subjects scored their ocular redness using a photographic (0 
to 4 units, no half-unit increments) scale (Ora Calibra Ocular Hy­
peremia Scale) four times daily for trie duration of the study. 

At each study visit, medication, medical histories, and treatment­
emergent adverse events were collected; best corrected visual acuity 
was assessed; and slit-lamp examinations of the lid and lid margin, 
bulbar and palpebral conjunctiva, cornea, and anterior chamber 
were conducted (before and after drop instillation tor visits 1 to 3). 
In addition, vital signs (resting blood pressure and pulse) were 
monitored, and the subjects' alertness was evaluated on a 6-point 
scale (fully alert, alert, lethargy, obtunded, stupor, coma) at each 
on-treatment study visit (visits 1 to 3). A full physical examination, 
dilated ophthalmoscopy and intraocular pressure measurement 
were also performed at visits 1 and 3. 

Outcome Measures 
The primary efficacy end point was the investigator-assessed 

ocular redness evaluated at 5, 15, 30, 60, 90, 120, 180, and 
240 minutes post-instillation at visit 1. Secondary end points in­
cluded the change from pre-instillation ocular redness at 1,360, 
and 480 minutes at visit 1 and at 1 and 5 minutes at visits 2 and 
3; ocular redness scores recorded in the subject diaries throughout 
the treatment period; and investigator-assessed total clearance of 
ocular redness at visits 1, 2, and 3. Visits 2 and 3 investigator 
and subject redness scores were used to evaluate the potential 
for tachyphylaxis of effect after dosing for approximately 15 and 
29 days, respectively. 

Tolerability measurements included drop comfort. Safety as­
sessments included physical examination, vital signs, adverse 
events, best corrected visual acuity, slit-lamp examination, intraoc­
ular pressure, dilated ophthalmoscopy, alertness evaluation, and 
rebound redness based on investigator- and subject-assessed ocu­
lar redness scores following treatment discontinuation. Rebound 
redness was defined as an increase of 1 unit or greater in investigator­
assessed ocular redness scores at visit 4 compared with the 
pre-instillation score at visit l or an increase of 1 unit or greater 
in subject-assessed mean ocular redness score over the follow-up 
period after dosing riad ceased (determined by first calculating 
the average daily score from both eyes and then averaging all daily 
scores between visits 3 and 4) compared with the pre--instillation 
score at visit 1 as recorded in patient diaries. 

Statistical Methods 
The primary efficacy analysis was performed in the intent-to-­

treat population, which included all randomized subjects who re­
ceived at least one dose ot study medication and completed at least 
one post-instillation ocular redness evaluation at visit 1. The safety 
population included all randomized subjects wrio received at least 
l dose of study treatment. Investigator-assessed ocular redness 
scores were the average ot both eyes. Actual scores and change 
from baseline scores tor brimonidine-treated eyes versus vehicle­
treated eyes were compared using a mixed-effect repeated­
measure model over the first 4 hours post-treatment instillation at 
visit l (from 5 to 240 minutes), accounting for repeated measures 
and adjusting for baseline score and with last observation carried 

forward tor missing data. The model contained treatment, time 
point, treatment by time point interaction, and baseline score as 
covariates using the unstructured variance-covariance matrix. The 
least squares mean, standard errors (SEs), least squares mean differ­
ences with 95% confidence interval (Cl), and P values were calcu-­
lated. Analysis was repeated with observed data only. The mixed­
effect repeated-measure model was also used to analyze the entire 
time course (1 to 480 minutes; observed data only). The differences 
between brimonidine and vehicle investigator-assessed ocular red­
ness scores were also analyzed using two--sample t tests for each 
time point at each visit (last observation carried forward). A sample 
size of 40 subjects in the active group and 20 subjects in the vehicle 
group was determined to have approximately 95% power to detect a 
difference of LO unit in mean ocular redness using a two-sample t 
test, assuming an SD of LO unit. 

Two-sample ttests were used to analyze the change from base-
1 ine in ocular redness at the corresponding visit for the 1-, 360-, 
and 480-minute time points at visit 1 and the 1- and 5-minute time 
points at days 15 and 28 (observed data only) and drop comfort at 
visit 1. Subject-assessed ocular redness for brimonidine and 
vehicle-treated eyes was compared by tirst cal cu la ting the average 
of the mean of the four daily scores in both eyes over the periods be­
tween visits l to 2 (days 1 to 15), visits 2 to 3 (days 15 to 29), and 
visits 3 to 4 (days 29 to 36) and then comparing these values using 
a mixed-eftect repeated-measure model, accounting for repeated 
measures with last observation carried forward for missing data. 
The percentage of subjects with total clearing for each post-instillation 
time point at each visit was analyzed using Fisher exact tests (ob­
served data only). 

Adverse events were summarized using discrete summaries at 
the subject and event level by using the Medical Dictionary for Reg­
ulatory Activities (version 16.1) coding for the system organ class 
and preferred term for each treatment group, as well as by severity 
(mild, moderate, severe) and relationship to drug. The investigator 
deemed an adverse event treatment related if a reasonable possibil­
ity existed that the study treatment caused the adverse event and not 
related if, in their opinion, a reasonable possibility did not exist. 

• 
RESULTS 

Subject Disposition and Demographics 
Sixty subjects were randomized (n = 40 brimonidine; n = 20 vehi­

cle), received at least one dose, and had at least one post-instillation 
redness assessment. All subjects received their assigned treatment; 
hence, the Safety population and intent-to--treat population were the 
same. Table 1 provides a summarJ of demographic information. ot 
the 60 subjects randomized, 55 subjects (91.7%) completed the 
study. Reasons for discontinuation included withdrawal of consent 
(n = 2, brimonidine), administrative reasons (no show; n = 2, 
brimonidine), and failure to follow required study procedures 
(n = 1, vehicle). There were no major protocol violations. 

Comp I iance with dosing instructions was assessed at 95.2% 
across all subjects. The majority (90%) of subjects in the brimonidine 
group and all of the subjects in the vehicle group were compliant 
within 80 to 120% of the required dosing regimen. Four subjects 
(10%) in the brimonidine group were undercompliant (<80%). 

Efficacy Results 
rv1ean (SD) ocular redness scores at baseline were comparable 

between treatment groups (brimonidine: 1.82 [0.41]; vehicle: 
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TABLE 1. Subject demographics of the intent-lo-treat population 
l. 71 [0.37]). The mixed-effect repeated-measure model least 
squares mean (SE) ocular redness was significantly lower in 
brimonidine-treated eyes versus vehicle-treated eyes ever the 5-
to 240-rninute post-instil lation period (0.62 [0.08] vs. 1.49 
[0.11]; P < .0001 ). There was also a significantly greater change 
from baseline in redness of -1.16 (0.08) for brimonidine versus 
- 0 .29 (0.1 1) tor vehicle (P < .0001) over this time trame. The ieast 
squares mean differences (95% Cl) between brimonidine and vehi­
cle were - 0.87 (- 1.13 to - 0.60) both for the actual redness score 
and fortl1e change from baseline in redness. In addition, mean oc-­
ular redness scores were significantly lower in brimonidine-treated 
eyes compared with vehicle-treated eyes at each of the individual 
primary ef·ficacy time points from 5 to 240 minutes post-instillation 
(P < .0001 for each, ttest; Fig. l). The mean difference in change 
from baseline in ocular redness was also significantly greater for 
brimonidine as compared with vehicle at each individual time point 
(P < .0001 for each, ttest). All changes from baseline to individual 
primary t ime points over the 5- to 240-minute period were at least 1 
unit in brimonidine-treated eyes. Results for primary end point anal­
ysis using data as observed were consistent with findings using last 
observation carried forward. 

A;;e. (y) 

Mean (SD) 

M«J'l,m (rnf11>•rq;,tX) 

Sex, n (%) 

Mare 

Fem ale 

Race, n (%) 

Asian 

Brack or Arricarrl\meriGan 

White 

E:ttmfc!t;v_.A t'%J: 
Hispanic or Latino 

Not His panic or L.atirro: 

Iris color, n (%) 

Bfack 

Blue 

8JOWfl 

Hazel 

G-re~n. 

t/1 
t/1 
cu 
C: 
,:;I 
QI 
a:: ... 
m = y 
0 

Brimonidine 0.025% Vehicle 
{n = 40) (n = 20) 

47.6 (15.37i 47.4 (15.36) 

413,0 {19-'iJOi 49,5(2l98i 

.J8 {45'.0} 4\20.0). 

22 {55.0) 16 (80.0) 

1 (2.5) 0 (0.0) 

'.13{S2.5l 10 (50,0) 

26(65.0) 10 (50.0) 

2 (5.0) 0(0.0) 

38{95.0) '20DOO.O) 

0 {0.Q} 2 '\_5.0} 

20(25.0) 6 (15.0J 

50(62.5) '2'2.(:55.~ 

2 (2 .5) 4 (10.0) 

8 (10.0) g (1$.Q) 

2.0· 
,,. 
I? 
i~ 
I 

I 1.5 · f.l T I 
l 1('""',i ¾--~•#""]' 

l I -
1-0 · 

# 

r 
((- * * * 
-'-\( T 1· 

().5,. :r'- .t··-·· 

o aimonidine o, 025% 
o Vehicle 

0 

Similar results were observed for the secondary measurements 
of ocular redness at 1 minute, 6 hours (360 minutes), and 8 hours 
(480 minutes) at visit l (observed data only), also shown in Fig. l. 
At 1 minute post-instillation, there was a significantly greater reduc­
tion in mean ocular redness with brimonidine compared with vehicle 
(mean difference [95% Cl], - 0. 73 [- 1.05 to - 0 .41]; P= .0001), as 
well as a significantly greater change from baseline in mean redness 
with brimonidine compared with vehicle (mean difference [95% 
Cl], - 0.84 {1.16 to - 0 .52], P < .0001). Ocular redness was also 

i"'--r""'"'""',--

2 3 4 

Hours 

Post-Instillation Time 

6 8 

FIGURE 1, Investigator-evaluated ocular redness (0- to 4-unit scale} at day l by treatment in the intent-to-treat (ITT) population. D,Jta are means {SF.); 
• P < .0001 vs. vehicle at the indicated time point (last ob<-oervation carried forw8rd); # P :f 0.0 1 vs. vehicle at the indicated time point (observed data only). 
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significantly lower in brimonidine-treated eyes versus vehic le-treated 
eyes at 6 hours (360 minutes) and 8 l1ours (480 minutes) 
post-instillation (mean difference [95% Cl], - 0.57 [- 0 .84 to 
- 0.29] and - 0.39 (- 0.67 to - 0.10]; PS 0 .0098 for both). In ad­
dition, the change from baseline in mean redness was significantly 
greater with brimonidine than vehicle at these two time points 
(mean difference (95% Cl], - 0.68 [- 0.95 to - 0.41] and -0.50 
[-0.80 to - 0.20] at 6 and 8 hours post-instillation, respectively; 
P ~ 0.0008 for both). Analysis of the entire post-instillation tilne 
course at day l (from 1 minute to 8 hours) demonstrated a statistically 
significant difference between treatment groups (0 .72 (0.073] vs. 
1.52 [0.104] for brimonidine and vehicle, respectively; P< .0001). 

In order to determine whether continued dosing of brimonidine 
was associated with tachyphylaxis of effect, ocular redness was 
evaluated by investigators after 15 days (visit 2) and 29 days ivisit 
3) of dosing. Mean (SD) ocular redness scores on these respective 
days in brimonidir.e-lreated eyes were 1.57 (0.65i and 1.64 
(0.46) pre-instillation decreasing to 0.80 (0.52) and 0.76 (0.51) 
at l minute post -instillation and 0.54 (0.43) and 0 .43 (0.41) at 
5 minutes post-instillation. These scores were comparable to day 
1 scores of 1.82 (0.41), 0.76 (0.56), and 0.58 (0.50) at the pre­
instillation and 1- and 5-rninute time points, respectively. In addi­
tion, at days 15 and 29, brimonidine .. treated eyes had significantly 
lower redness scores than vehicle-treated eyes at both the 1- and 
5-minute post-instillation time points. Day 15 mean differences 
(95% Cl) in redness scores and change from baseline in redness 
scores, respectively, were - 0.29 (- 0.56 to - 0.03) and - 0 .62 
(- 0.87 to - 0.37) at l minute post-instillation and - 0 .46 (- 0.70 
to - 0 .22) and -0. 78 (- 1.07 to - 0.50) at 5 minutes post-instillation 
(P :s; 0 .0174). Day 29 mean dlfferences (95% Cl) in redness scores 

~ 
(!) 
C: 
-0 
<ll a:: ... 
(II 

:i 
u 
0 

2 .. S · 

2.0 

o-

o Brimondine 0.025% 
D Vehicle 

7 14 

On 

and change from baseline in redness scores, respectiveiy, were ... Q.35 
(- 0.62 to - 0 .09) and - 0.64 (- 0.88 to - 0.40) at 1 minute post­
i nstillation and - 0 .56 (- 0.78 to - 0.33) and - 0.84 (- 1.06 to 
- 0.62) at 5 minutes post-instillation (P ~ 0 .0038) . 

Fig. 2 presents mean (SE) subject-assessed ocular redness 
scores by day throughout the dosing period and the period following 
treatment discontinuation. The brimonidine groL1p reported a sig­
nifican tly lower mean of the mean daily ocular redness score versus 
the vehicle group post-instillation over the periods between visit 1 
and visit 2 (mean difference [95% Cl], ... 1,00 f- 1.46 to ... Q.54]; 
P < .0001) and between visits 2 and 3 (mean difference [95% 
Cl], - 0 .83 [- 1.28 to - 0.38]; P= .0005), demonstrat ing that red­
ness reduction with brimonidine was maintained over the entire 
treatment period. Following discontinuation of treatment, between 
visits 3 and 4 (days 29 to 36), there was no difference in mean (SE) 
daily ocular redness scores between the brimonidine and vel1icle 
groups ( 1.69 [0.89] vs. 1.69 [0.90]). 

A signif icantly greater number of subjects had total clearance of 
redness based on investigator evaluation (observed data only) in 
the brimonidine group as compared with the vel,ic le group at visit 
1, at 5 (30% vs. 5%, P < .043), 15 (30% vs. 5%, P < .043), 30 
(27.5% vs. 5%, P < .047), and 120 minutes {23.l % vs. 0%, 
P < .022), and at visits 2 and 3, at 5 minutes post-instillation 
(24.3% vs. 0%, P < .021; 30.6% vs. 5.3%, P < .041). 

Safety Results 
There were no serious adverse events during the course of the 

study and no withdrawals due to an adverse event. A total of 12 
(20%) of the 60 randomized subjects experienced 13 adverse 
events, of which 11 were treatment-emergent adverse events (n == 4 

I ' ' ' ' 
21 28 1 23 45 6 7 

Post 
Treatment Treatment 

Days Days 

FIGURE 2. Subject-graded ocular redness (0- to 4-unit scale) over the whole treatment period by treatment in the intent-to-treat population with 
observed data only. Data are means (SE). 
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ocular, n = 7 nonocular}. Four subjects (10%) in the brimonidine 
group had one ocular treatment-emergent adverse event each (pru­
ritus, foreign body sensation, increased lacrimation, and pain), all 
mild to moderate in severity (Table 2). The adverse event of pain 
was considered to be related to the study medication and further 
characterized as mild stinging. With the exception of pruritus, all 
ocular adverse events resolved spontaneously. Six subjects {15.0%) 
each in the brimonidine group and one subject (5.0%) in the 
vehicle group had a nonocular treatment-emergent adverse event. 
These included nasopharyngitis, ligament sprain, muscle strain, 
abdominal discomfort, temporomandibular joint pain, and bronchitis 
in the brimonidine group and nasal congestion in the vehicle 
group. None were considered r-elated to study treatment, and all 
were mild to moderate in severity. 

There were no instances of losses of greater than 0.05 in best 
corrected visual acuity logarithm of the minimum angle of resolu­
tion. No safety concerns were raised as a result of any of the clinical 
examinations (slit-lamp biornicroscopy, intraocu lar pressure mea­
sures, and dilated ophthalmoscopy). While no reductions in mean 
intraocu lar pressure were observed, an increase was noted in both 
treatment groups at day 29 compared with base I ine (mean [SD] 
change from baseline [in mmHg] brimonidine: OD "' 1.6 [2.27], 
OS= 1.6 [2.29]; vehicle: OD= 1.8 [2.76], OS== 1.5 [2.74]) and 
was presumed related to normal intraocular pressure fluctuation. 
Further, all subjects were determined to be "fully alert" by investiga­
tors at every visit. There were no meaningful ct1anges in vital signs 
(pulse rate, blood pressure) or pl1ysical examinations observed at 
any time point. 

Rebound redness after treatment discontinuation was minimal 
based on both investigator and subject assessments. At visit 4, 
approximately 7 days after treatment discontinuation, investigator­
assessed mean (SD) ocular redness was 1.55 (0.51) in brimonidine-­
treated eyes and 1.17 (0.48) in vehicle-treated eyes. Visit 4 mean 
(SD) ocular redness in eyes previously treated with brimonidine was 
comparable to day 1 (visit 1) baseline redness prior to brimonidine 
treatment, or 1.82 (0.41). One subject in the brimonidine group 
(2.88%) and no subject in the vehicle group experienced redness 
rebound at day 36 based on investigator assessment. Evaluation 
of subject-reported ocular redness during the 7-day post-treatment 
period yielded similar resu Its, witl1 four subjects in t11e brimonidine 
group (l 1.1 %) and three in the vehicle group (15.8%) experienc­
ing rebound redness. The mean of the mean daily ocular redness 
score over the post-treatment period tor brimon idine was similar 

TABLE 2. Ocular trE>.atment-emergent adverse events 

r reatmer;t relctkd 

Eye disorders 

Eye pruritus* 

F<xeign body sensahnnt 

Lac rirnat1m, 

Generdi disorders 

Brimonidine 0.025% Vehicle 
(n == 40), n (%) (n == 20), n (%} 

1 l2 5) 

l f2.5) 

0 

0 (D.:J) 

0 {C)Jj) 

lJ 

0 (D.D_) 

"Classified as moderate in severity; tclassified as mild in severity; 
:::cnnsidt~n~d n..~lated tc :study drug. AE = adverstJ t.;w.;nt. 

Brimonidine for Ocular Redness - Mclaurin et al. 

to the mean daily pre-instillation score between days 1 and 15 
( 1.69 [0.885] and 1.52 [0.857]). 

Drop Tolerability 
Mean (SD) drop comfort scores in the brimonidine group and ve­

hicle group, respectively, were 1.1 (2.11) and l.3 (1.71} upon instil-· 
lation, 1.1 (1.89) and 1.0 (1.26) at 30 seconds post-instillation, 
and 0.9 (1.67) and 1.0 (1.13) at 1 minute post-instillation. There 
were no differences between treatments in drop comfort at any of 
these assessment time points {P? 0.75). 

The three most common positive word descriptors used in the 
brimonidine group were comfortable, cool, and gentle (used by 
67.5%, 55.0%, and 32.5% of subjects, respectively). The thr-ee most 
common negative word descriptors were burning, irritating, and sting­
ing (used by 5.0%, 12.5%, and 12.5% of subjects, respectively). 

ITTM% ~Mmii!!!!!!!ll!!!!!!!®~lmiiil!!!!!!ii!!!!!!!!Wli~ 

DISCUSSION 

This randomized, parallel-group, vel1icle-controlled, double-masked 
study evaluated the safety and efficacy of brimonidine tart rate oph­
thalmic solution 0.025% for reduction of ocular redness. Partici­
pating subjects had ocular redness of an undetermined nature for 
which there was no apparent underlying pathology but with other­
wise stable ocular health. Based on investigator evaluations, treatment 
with brimonidine 0.025% resulted in statistically significantly lower 
ocular redness and a greater change from baseline in ocular r-edness 
compared with vehicle over the 5- to 240-minute post-instillation 
time period, as well as at each time point within that period. Fur­
thermore, brimonidine resulted in a clinically significant (>1-unit 
cr1ange) change from baseline in ocular redness at each time point 
over this time period. Ocular redness scores were also significantly 
lower compared witl1 vehicle at 1 minute post-instillation and at 6 
and 8 hours post-instillation, supporting an onset of action of 
brimonidine as early as l minute post-instillation and lasting as 
long as 8 hours. In addition, complete clearing of ocular redness 
was experienced by approximately one fourth of brimonidine­
treated subjects as early as 5 minutes following drop instillation 
(see Fig. 3 for photographs from a representative eye before and 
5 minutes after instillation of brimonidine 0.025%). While there 
are no published data to inform on the expected time to tachyphylaxis 
with ophthalmic decongestants, redness reduction was maintained 
with continued use over 4 weeks, suggesting that no tachyphylaxis 
occurred with th is selective a2-adrenergic receptor agon ist. I mpor­
tantly, minimum r·edness rebound was observed after cessation of 
therapy, with only one brimonidine subject experiencing an increase 
in ocular redness of more than 1 unit. Subject self-assessed ocular 
redness scores were consistent with investigator-evaluated find­
ings; brimonidine 0.025% maintained redness reduction over the 
enli1e /i- week treatment with rninirn,11 ui redness 1e 
bound att?r treatment d1sccJ11t;nuation, sirnila1 in ,ne:dence as tl,at 
in the vehicle group. 

In terms of tolerability. biimonidine was rated as very comfort­
able and comparable to ver1icle as evaluated by two independent 
asses,-rnents, co1r1fm·t sco,,0 • Witr1 to 
adve,,0.c: e-. .-ents, brimonid1ne CJ.rJ?':">'-X, appeared ~crle when admin-
1stereci iimes daily to, a n1onlh in this ot the four 
treatment-emergent ocular adverse events witr, biirnonidine, only 
one was considered to be related to treatment (rnild pain) and re-­
solved spontaneously despite continued treatment. There have 
been ot ocular surface allergic disease in association with 

269 

BAU-LUM00071124 

DRL Exhibit 1140, Page 6 of 8 
DRL v. Eye Therapies - IPR2024-00563



Brimonidine for Ocular Redness - Mclaurin et al. 

FIGURE 3. Photographs trom a representative eye with baseline ocular redness graded as moderate (score ot 2) before (A) and 5 rnimrtes after (8) instil• 
lat.ion of one drop of brirnonidine tartrate ophthalmic solution 0.025% (score of O or none). 

the use of high doses of brimonidine,3 1•32 yet only two subjects 
treated wit1·1 brimonidine 0.025% in the current study reported 
an ocular adverse event potentially associated with allergic disease 
(increased lacrirnation and pruritus), neither of which was judged 
by the investigator to be related to study drug. There were no re­
ports of allergic conjunctivitis or of papillary or follicular conjuncti· 
val response. Considering lllat brimonidine 0.15% has a lower rate 
of associated allergic disease lhan brimonidine 0.2%,33•34 the po­
tential for allergic disease with brimon idine 0.025% (6-· to 8-fold 
lower tl1an in current marketed formulations) may be minimal. 
However, further studies, including longer duration studies, may 
be warranted to fully evaluate the risk of allergic reactions with 
low-dose brimonidine. While mydriasis is a known adverse effect 
of a1-adrenergic receptor agonists,35 tl,is was not reported with 
brimonidine, in keeping with its known selectivity for the arad­
renergic receptor.36 Miosis, which is repoded for higher doses of 
brimonidine, particularly under scotopic conditions,37- 39 was 
also not reported in this study. Finally, although fatigue and 
drowsiness have been reported with topical use of high-dose 
brimonidine, 23·~·0 •41 especially in pediatric and geriatric pa­
tients,42.43 all subjects in the current study were deemed "fully 
alert" at all visits, and there were no reports of somnolence. Over­
all , no clinically meaningful safety signals were observed, suggest­
ing that brimonidine could be safely used at this concentration and 
dosing regimen for reduction of ocular redness. 

Clinical trials defining the duration of action and adverse effects 
for currently marl<eted ophthalmic a1--adrenergic receptor agonists 
or nonselective orlaz-adrenergic receptor agon ists on ocular red­
ness are scarce. Oxymetazoline was evaluated in randomized con­
trolled clinical trials in the early 1980s and was found to reduce 

ocular redness tor up to 6 hours. However, with only l week of treat­
ment, a complete evaluation of tachyphylaxis and rebound redness 
was not performed.4 4-47 In the present study, brimonidine, a selec­
tive Oz--adrenergic receptor agonist, was shown to have an 8-hour 
duration of action and continued to demonstrate effective redness 
reduction through 1 month of therapy. The data that led to the hy­
pothesis that a2-adrenergic receptor agonists might be associated 
with less tachyphylaxis and redness rebound8· i 8•19 appear to be 
substantiated clinically in the present study. While tl,e precise 
mechanism for tile lack of tachyphylaxis and minimal redness re­
bound with brimonidine is currently unclear, studies in nonocular tis­
sues suggest that a2-adrenergic receptor agonistssuch as brimonidine 
mediate vasoconstriction primarily on the venular side, 10•11 •18•19 

and therefore generalized ischemia is not expected to occur. The 
sustained efficacy of higher concentrations of brirnonidine than 
used in this study on intraocular pressure lowering and in the treat­
ment of rosacea further supports that this az-adrenergic receptor 
agonist does not impact receptor down-regulation to the same ex­
tent as observed for a1-receptor agonists . .1 2- 14•21•4 8•49 

To our knowledge, th is is the longest-duration, controlled cl ini­
cal trial conducted with a topical vasoconstrictor to date. There is 
an unmet need for a topi1cal vasoconstrictor that can be safely used 
for long periods for reduction of conjunctiva! hyperemia. In t11is study, 
brirnonidine 0.025% reduced ocular redness both clinically and 
statistically with a rapid onset of action ( l minute) and long dura­
tion of action (up to 8 hours}. In conclusion, brirnonidine tartrate 
ophthalmic solution 0.025% dosed four t imes daily appears safe 
and effective with continued month-long use for the relief of ocular 
redness, with no evidence of tacllyphylaxis of effect with continued 
use and minimal rebound redness after treatment discontinuation. 
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