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Background: The aim of this study was to provide an integrated analysis of safety and effi­
cacy data for brimonidine tartrate ophthalmic solution 0.025 per cent (low-dose; Bausch & 
Lomb Incorporated), a topical vasoconstrictor for relief of ocular redness. 
Methods: Integrated efficacy data from two randomised, double-masked, vehicle-controlled 
studies in subjects with ocular redness as well as safety data from the two efficacy studies, 
a vehicle-controlled safety study, and a pharmacokinetic study were analysed. Efficacy out­
comes analysed included investigator-assessed ocular redness (scale, 0-4) before treatment 
instillation and at five to 240 minutes post-instillation on Day 1, at five minutes post­
instillation on Days 15 and 29, and one week after treatment discontinuation (Day 36), and 
redness self-assessed by subjects recorded daily in diaries. Safety assessments included 
adverse events, ophthalmic examinations, and rebound redness upon treatment discontinu­
ation. Drop comfort (scale, 0-10) was a tolerability measure. 
Results: The efficacy population included 117 subjects (brimonidine, n = 78; vehicle, 
n = 39). The safety population included 635 subjects (brimonidine, n = 426; vehicle, 
n = 209). Investigator-assessed ocular redness was significantly lower with brimonidine ver­
sus vehicle at all post-instillation time points on Day 1 (mean change from pre-instillation of 
-1.4 units for brimonidine and -0.2 units for vehicle; p < 0.0001). Subject-assessed ocular 
redness was also significantly lower with brimonidine versus vehicle (mean treatment differ­
ence in average daily ratings of -0.9; p < 0.0001 ). There was no evidence of tachyphylaxis 
through Day 29 and rebound redness was rare. Incidence of ocular adverse events was low, 
the most common being reduced visual acuity (brimonidine, 4.0 per cent; vehicle, 4.3 per 
cent) and conjunctiva! hyperaemia (2.6 and 2.9 per cent, respectively). Both brimonidine 
and vehicle were rated as very comfortable (mean post-instillation scores, 0.4-0.5). 
Conclusion: In this integrated analysis, low-dose brimonidine significantly reduced ocular 
redness with no tachyphylaxis, and minimal rebound redness, and was generally safe and 
well tolerated. 
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Ocular redness, which commonly results 
from inflammation of the conjunctiva and 
associated dilation of the conjunctiva! ves­
sels, has a number of potential aetiologic 
factors inciuding ailergy, infection, dry eye, 
exposure to enviromnernal i1-ritants, and 
contact lens wear.1- 3 Treatment should, 
whenever possible. be specific to the under­
lying cause (for example, antihistarnines and 
mast ceil stabilisers for allergic conJunctivitis 
and topical antibiotics for bacteriai conjunc­
tivitis).1 2 For ocular redness with no appar­
ent underlying pathology, over-the-counter 
ocular vasoconstnctors (decongestants) may 
provide reiief 1.4 These agents produce 

vasoconstriction via agonist activity at 
a-adrenergic receptors, but vary in their 
receptor binding profiles.5•6 Phenylephrine 
and tetrahydrozoline exhibit relatively selec­
tive affinity !'or aradrenergic receptors 
(selective "i receptor agonists) whereas 
naphazoline and oxymetazoiine bind to 
both a1- and a2-adrenergic receptors (mixed 
a11cxrreceptor agonists). 

Aithough ocular dernngesta11ts are effec­
tive for reducing ocular redness, continued 
use has been associated with tolerance or 
loss of effectiveness {that is, tachyphylaxis) 
and rebound redness upo11 treatment 
discontinuation 7- 10 Tachyphylaxis appears 
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related to a reduction of the a1-receptor 
response, perhaps due to the sequestration 
of a1 receptors (an acute desensitisation 
mechanism) and subsequent downregula­
tion of surface a1 receptors witr1 chronic 
exposure to agonists.11 Due to the preferen 
tial expression of a 1 receptors in arteri;,I 
vessels, rebound redness after chronic use 
is thought to result from tissue ischaemia 
and the subsequent reiease of vasodiiators, 
as well as loss of vascular tone due to a I-

receptor downregulation.8•9 12 

Brimonidine is a highly selective ar 
receptor agonist with relatively low bi11ding 
affinity for a 1 receptors (ratio of c,2: "i binding 

131 

BAU-LUM00071127 

DRL Exhibit 1139, Page 1 of 9 
DRL v. Eye Therapies - IPR2024-00563



Low-dose brimonidine for relief of ocular redness Ackerman, Torkildsen, Mclaurin et al. 

affinity of -1,000:1).13- 15 Because a2 recep­
tors are expressed predominantly in veins, 
it is possible that aTreceptor agonists for 
ocular use may have a lower potential for 
tachyphylaxis and rebound redness.16•17 Bri­
monidine is approved by the US Food and 
Drug Administration in an ophthalmic solu­
tion (0.15 and 0.2 per cent) for lowering 
intraocular pressure in patients with open­
angle glaucoma or ocular hypertension,13•14 

and in a topical gel (0.33 per cent) for the 
treatment of non-transient facial erythema 
of rosacea in adults. 18•19 Additionally, brimo­
nidine instilled in the eyes at low doses 
(0.025-0.2 per cent) has been shown to con­
trol bleeding during ocular surgery,20- 24 pre­
vent bleeding from intravitreal injections,25 

and induce conjunctiva! blanching before 
surgerJ,26•27 demonstrating the ocular vaso­
constrictive effects of brimonidine. In 
December 2017, low-dose brimonidine tar­
trate (0.025 per cent; Lumify eye drops, 
Bausch & Lomb Incorporated, Rochester, 
New York, USA) received approval in the USA 
to relieve redness of the eye due to minor 
irritations.28 

The purpose of the analysis reported here 
is to provide a comprehensive summary of 
the available data on the efficacy and safety/ 
tolerability profile of low-dose brimonidine 
tartrate ophthalmic solution for the reduction 
of ocular redness. Efficacy studies of this low­
dose brimonidine formulation included 
adults with ocular redness of an undeter­
mined nature, to represent the real-world 
population of ocular decongestant users. 
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Healthy paediatric subjects were included in 
a large safety study. 

Methods 

Study design 
This is an integrated analysis of data from 
four clinical studies on the efficacy and/or 
safety of brimonidine tartrate ophthalmic 
solution 0.025 per cent (Table 1). Both the 
efficacy and safety analyses included two 
single-centre randomised, double-masked, 
vehicle-controlled safety and efficacy studies 
of brimonidine tartrate ophthalmic solution 
(0.025 per cent) in subjects with ocular red­
ness {Studies 1 and 2).5•29 Details of the 
study methods have been previously 
reported.5•29 In addition to these two studies, 
the safety analysis included a multi-centre, 
double-masked, randomised, vehicle­
controlled safety study (Study 3) and a single­
centre, open-label, pharmacokinetic study 
(Study 4). Where used, the vehicle formula­
tion was identical to the brimonidine formu­
lation but without brimonidine tartrate. 

All studies were approved by an institu­
tional review board (Alpha IRB, San Clemente, 
California, USA) and conducted in compliance 
with the ethics principles of the Declaration 
of Helsinki and the International Conference 
on Harmonisation Good Clinical Practice 
guidelines. All subjects (or a parent/guardian 
for subjects under the age of 18) provided 
written informed consent before study proce­
dures were initiated. 
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Subjects 
Both efficacy studies enrolled subjects (aged 
2 40 years in Study 1; aged 2 18 years in 
Study 2) with ocular redness but otherwise 
stable ocular health.5•29 Eligible subjects in 
these two efficacy studies had a baseline 
redness score of > 1 in both eyes as 
assessed by investigators using the Ora Cali­
bra Ocular Hyperemia Scale (Ora, Inc., Ando­
ver, Massachusetts, USA), which utilises a 
five-point scale (0 = none, 1 = mild, 
2 = moderate, 3 = severe, 4 = extremely 
severe); this scale is based on photographic 
standards and has been used in previous 
studies.30•31 Additional inclusion/exclusion 
details were previously described.5•29 

Study 3 included subjects aged .: 5 years 
with ocular health within normal limits 
(including a best-corrected visual acuity 
[BCVA] of 0.3 logarithm of the minimum 
angle of resolution or better in each eye); 
ocular redness was not a requirement. In 
addition to the exclusion criteria utilised in 
Study 2,5•29 subjects were also excluded if 
they had prior/anticipated concurrent use of 
monoamine oxidase inhibitors and/or anti­
depressants that affect noradrenergic 
transmission. 

Study 4 included adults (.: 18 and 
,s; 55 years old) with normal ocular health 
(BCVA of 0.6 logarithm of minimum angle 
of resolution or better in each eye) and 
blood/urine analyses within normal limits. 
Exclusion criteria included known contrain­
dications/sensitivity to study medications; 
any active systemic/ocular disorder other 
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NCT020397GS 

Pharmacoki11etic 

Single-centre, open-label Healthy adult subjects Brimonidine: 13 

Vehicle: O 

Single dose, then QID Safety 
for five days 

QID: four times daily. 

tPaediatric: aged at least five years and no older than 17 years; adult aged between 18 and 64 years; geriatric: aged more than or 
equal to GS years. 

*Number of ra,,domised subjects who received at least one dose of study medic,1tion, 

Table 1. Summary of studies of brimonidine tartrate ophthalmic solution 0.025 per cent included in this integrated analysis 
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than refractive disorder; prior/anticipated 
concurrent use of alcohol/caffeine/xan­
thine consumption (<;; 48 hours of begin­
ning study treatment), contact lenses 
(:,; 5 days of beginning study treatment), 
prescription or non-prescription drugs 
(<;; 14 days of beginning study treatment), 
investigational drugs/devices (<;; 30 days of 
beginning study treatment), or long-acting 
depot injectable/implant drugs; any abnor­
mality of the lids, ocular surface, or lacri­
mal duct system that in the investigator's 
opinion could affect ophthalmic drop 
absorption; history (::; 12 months of begin­
ning study treatment) of chronic alcohol/ 
illicit drug consumption or tobacco/nico­
tine-containing product use; abnormal 
blood pressure; intraocular pressure 
< 5 mmHg or> 22 mmHg or a diagnosis of 
glaucoma. 

Treatments and assessments 
In the efficacy studies {Studies 1 and 2), treat­
ment was instilled bilaterally four times daily 
for four weeks (Days 1 to 29), with assess­
ments of ocular redness (using the Ora Cali­
bra Ocular Hyperemia Scale) beginning on 
Day 1 and concluding one week after treat­
ment discontinuation. Investigator assess­
ments (allowing half-unit increments) were 
conducted during treatment visits on Day 
1, Day 15 ± 2, Day 29 ± 2, and one week 
after treatment discontinuation on Day 
36 ± 1, while subject redness assessments 
(whole-unit increments) were completed dur­
ing treatment (Days 1 to 29 ± 2) and for one 
week after treatment discontinuation. 

The primary efficacy outcome in this inte­
grated analysis was ocular redness evalu­
ated by the investigator before medication 
instillation and at five, 15, 30, 60, 90, 
120, 180, and 240 minutes post-instillation 
on Day 1. Secondary efficacy outcomes 
included investigator assessment of ocular 
redness at five minutes post-instillation at 
Day 15 and Day 29, investigator assessment 
of total clearance of ocular redness at each 
post-instillation time point at each visit, and 
ocular redness as evaluated by ti,e subject 
(captured ir1 subject diaries) throughout the 
treatment period (Days 1 to 29). The poten­
tial fo,· tachyphylaxis was evaluated using 
the cl1ange from pre-instillation to five 
mir1utes post-instillation in investigator­
assessed ocular redness score on Day 
15 and Day 29. 

in the safety study (Study 3), treatment was 
instilled bilaterally four times daily fm four 
weeks. In the pharrnacokinetic study (Study 4), 

treatment was instilled bilaterally once on the 
first day and then four times daily for the sub­
sequent five days, with plasma collections 
post-instillation at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 
8, 12, 18, and 24 hours; brimonidine plasma 
concentrations were determined by liquid 
chromatography-tandem mass spectrometry. 
Safety assessments (Studies 1 through 4) 

included treatment-emergent adverse events, 
BCVA, slitlamp biomicroscopy, dilated fundo­
scopy, intraocular pressure, physical examina­
tions, and vital signs. 

Rebound redness upon treatment discon­
tinuation was assessed as a safety parame­
ter in Studies 1 and 2 only, and was defined 
as any increase (Study 1) or an increase of 
;;;: 1 unit (Study 2) from the baseline redness 
score (Day 1 pre-instillation), as evaluated 
by the investigator (Day 36) or as reported 
by the subject (overall daily average for 
Days 30 to 36). In Studies 1, 2, and 3, drop 
comfort was assessed using a 0-1 O unit 
scale (0 = very comfortable; 1 O = very 
uncomfortable) upon instillation and at 
30 seconds and one minute post-instillation, 
and alertness (six-point scale; O = fully alert, 
5 = coma) was evaluated by investigators at 
on-treatment visits; alertness was also 
assessed daily by subjects in diaries (Study 
3 only). 

Statistical analysis 
The efficacy population (Studies 1 and 2) 
included all randomised subjects who 
received at least one dose of study medica­
tion and completed one post-instillation 
ocular redness evaluation on Day 1. The 
safety population (Studies 1 through 4) 
included all subjects who received at least 
one dose of study medication. For the pri­
mary efficacy assessment (investigator­
assessed ocular redness on Day 1), brimoni­
dine was compared with vehicle using a 
mixed-effect repeated measure model that 
contained treatment, time point, treatment 
by time point interaction, and baseline (Day 
1 pre-instillation) score. Least-squares 
means, standard errors, mean differences 
with 95 pe,· cent confidence intervals, and p­
values were calculated. Investigator assess­
ments on Day 15 and Day 29 were analysed 
using similar mixed-effect repeated mea­
sure modelling. In addition, change in 
investigato1-assessed ocul,Jr redness \from 
pre to post instillation tirne points) at each 
visit was analysed using two-sample t-tests. 
A responder analysis compared the percent­
age of subjects with total clearing (redness 
scores of O based on investigator 
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assessment) in the two treatment groups 
using Fisher's exact test. For subject rat­
ings of ocular redness (as recorded in dia­
ries), mean scores from both eyes at each 
time point were used to calculate daily 
averages for each subject. The last obser­
vation carried forward method was used 
to impute missing data if no score was 
provided for an entire day. Diary data for 
post-instillation time points were analysed 
using a mixed-effect repeated measure 
model that contained treatment, time 
point, and the treatment by time point 
interaction. 

Safety data were pooled across the four 
studies (Table 1) and summarised using 
descriptive statistics. The Medical Dictionary 
for Regulatory Activities (version 16.1) was 
used to classify adverse events. Drop com­
fort was compared for low-dose brimoni­
dine versus vehicle using a two-sample t­

test. Efficacy data were pooled across the 
two efficacy studies, with the exception of 
rebound redness, for which the definition 
varied between studies. Pooling is an appro­
priate analytic approach when access to 
patient-level data is available and sources of 
potential heterogeneity are controlled. As 
the two efficacy studies included in this analy­
sis were of similar design (randomised, 
double-masked, vehicle-controlled), with a 
similar subject population (adults with ocular 
redness of> 1 on a 0- to 4-point scale) treated 
with the same product (brimonidine tartrate 
ophthalmic solution 0.025 per cent) for a simi­
lar length of time (four weeks) and assessed 
using the same outcome measure (the Ora 
Calibra Ocular Hyperemia Scale), the potential 
for heterogeneity was limited, and pooling 
was selected as the preferred approach. 

Results 

Subject demographics and 
disposition 
The efficacy population included 117 subjects 
(brimonidine, n = 78; vehicle, n = 39). The 
safety population included 635 subjects (b,·i­
rn011idi1,e, n = 426; vehicle, 11 = 209). Baseline 
demographic characteristics were similar 
betvveen treatment groups (Table 2). Average 
age was 51.6 years 1n the efficacy population 
and 42.4 years in the safety population. Ger·i­
atric subjects {:o- 65 years) comp1-ised 18.8 per­
cent of the efficacy population and 10.9 per 
cent of the safety population; the safety pop­
ulation also iricluded paediatric subjects 
(7.9 per cent) aged :o- 5 to 17 years" 
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Characteristic Efficacy population 
Brimonidine 0.025% Vehicle 

(n = 78} {n = 39) 

Age, years, mean (SD) 52.1 (13.6) 50.7 (12.9) 

Age group, n {%) 

5 to 17 years 0 (0.0) 0 (0.0) 

18 to 64 years 63 (80.8) 32 (82.1) 

At least 65 years 15 (19.2) 7 (17.9) 

Female sex, n (%) 52 (66.7) 30 (76.9) 

Race, n (%) 

White 62 (79.5) 26 (66.7) 

Black 14(17.9) 0 (0.0) 

Asian 1 (1.3) 13 (33.3) 

Other 1 (1.3) 0 (0.0) 

Hispanic ethnicity, n (%) 5 (6.4) 0 (0.0) 

Iris colour 

Brown 36 (46.2) 20(51.3) 

Blue 29 (37.2) 9 (23.1) 

Green 8 (10.3) 4 (10.3) 

Hazel 5 (6.4) 5 (12.8) 

Black 0 (0.0) 1 (2.6) 

Heterochromia 0 (0.0) 0 (0.0) 

SD: standard deviation. 

Table 2. Subject demographic characteristics 

The study completion rate was > 80 per cent 
in the efficacy analysis and > 90 per cent in 
the safety analysis (Figure 1 ). The most com­
mon reason for discontinuation was loss to 
follow-up or administrative reasons. 

Efficacy outcomes 
On Day 1, mean investigator-assessed ocu­
lar redness scores were comparable 
between the treatment groups at baseline 
(1.8 in both groups) and significantly lower 
for low-dose brimonidine compared with 
vehicle at all post-instillation time points (all 
p < 0.0001) through four hours (Figure 2). 
Similarly, the mean change in redness score 
from pre-instillation to each post-instillation 
time point was significantly greater for bri­
monidine relative to vehicle (p < 0.0001 for 
all). For the entire post-instillation time 
period (five to 240 minutes), mean (stan­
dard error) redness score was 0.5 (0.05) in 
the low-dose brimonidine group and 1.6 
(0.07) in the vehicle group (p < 0.0001 ); 
mean change (standard error) from pre­
instillation redness score was -1.4 (0.05) for 
low-dose brimonidine and -0.2 (0.07) for 
vehicle (p < 0.0001). Based on investigator 
evaluation (observed data only), total clear­
ance of redness on Day 1 (Figure 3) was 
observed in a significantly greater number 

of subjects in the low-dose brimonidine 
group as compared to the vehicle group at 
all time points post-instillation (p ,;; 0.0077). 

At-home assessment of ocular redness, as 
recorded in subject diaries, showed signifi­
cantly lower post-instillation redness scores 
for subjects treated with low-dose brimonidine 
compared with subjects in the vehicle group 
(Table 3). Least-squares mean post-instillation 
redness scores were significantly lower for 
low-dose brimonidine compared with vehicle 
between Days 1 and 15 and between Days 
15 and 29 (both time points mean treatment 
difference of -0.9; p < 0.0001). 

For both investigator and at-home ocular 
redness scores, subgroup analyses by age 
(adult, 18-64 years; geriatric ? 65 years), sex 
(male, female), race (White, Black), and iris 
colour (blue, brown, other) were generally 
consistent with results for the overall effi­
cacy population. 

Evaluation of tachyphylaxis was based on 
investigator ratings of ocular redness after 
15 and 29 days of treatment. In both treatment 
groups, mean pre-dose redness scores 
appeared lower on Day 15 (brimonidine, 1.5; 
vehicle, 1.4) and Day 29 (1.5 in both groups) rel­
ative to Day 1 (1.8 in both groups). The mean 
decrease in redness scores from pre-dose to 
five minutes post-dose was significantly greater 

Safety population 
Brimonidine 0.025% Vehicle 

(n = 426} (n = 209) 

42.2 (17.0) 42.8 (17.3) 

33 (7.7) 17 (8.1) 

350 (82.2) 166 (79.4) 

43 (10.1) 26 (12.4) 

259 (60.8) 130 (62.2) 

373 (87.6) 181 (86.6) 

37 (8.7) 20 (9.6) 

7 (1.6) 3 (1.4) 

9 (2.1) 5 (2.4) 

42 (9.9) 19 (9.1) 

204 (47.9) 96 (45.9) 

113 (26.5) 57 (27.3) 

39 (9.2) 16 (7.7) 

69 (16.2) 36 (17.2) 

1 (0.2) 3 (1.4) 

0 (0.0) 1 (0.5) 

for subjects treated with low-dose brimonidine 
compared with vehicle on Day 15 and Day 
29, as it was on Day 1 (all p < 0.0001 ), with ocu­
lar redness scores post-instillation remaining 
consistent at all visits (Figure 4). 

Safety outcomes 
In the safety population, the mean duration 
of exposure to the study medication was 
similar for low-dose brimonidine (27.2 
subject-days) and vehicle (28.6 subject-days). 
Total low-dose brimonidine exposure 
equalled 11,597 subject-days. 

The incidence of ocular adverse events 
was similar in low-dose brimonidine-treated 
and vehicle-treated subjects (Table 4). The 
most common ocular adverse events were 
reduced visual acuity and conjunctiva! 
hyperaemia, all mild and deemed unrelated 
to treatment. Non-ocular adverse events 
occurred in a similar percentage of subjects 
receiving low-dose brimonidine (9.9 per cent) 
and vehicle (10.0 per cent). Non-ocular 
adverse events occurring in ? 1 per cent of 
brimonidine- or vehicle-treated subjects 
included headache (1.2 and 1.9 per cent, 
respectively), nasopharyngitis (0.7 and 
1.9 per cent, respectively), and sinusitis (0.5 
and 1.0 per cent, respectively); of these, only 
headache was considered to be treatment-

Clinical and Experimental Optometry 102.2 March 2019 © 2018 The Authors. Clinical and Experimental Optometry published by John Wiley & Sons Australia, ltd 
on behalf of Optometry Australia 
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Study 1 Study 2 Study 3 Study 4 
n =57 n =60 n=505 n = 13 

(brirnonidine 0.025% (btlmonldine 0.025% (brirnonidlne 0.025% (brimonidine 0.025% 
n = 38; vehicle, n = 19) n = 40; vehicle, n = 20) n = 335; vehicle, n = 170) n = 13; vehicle, n = 0) 

I I 
I 

I 
Pooled efficacy data Pooled safety data 

n = 117 n=635 

I I 
I I I I 

I
Brimonidine 0.025%1 

I 
Vehicle 

I 
Brimonidine 0.025% 

I 
Vehicle 

I n= 78 n=39 n=426 n = 209 

I I I I 
I I I 

Withdrawn 15 (19.2%) Withdrawn 4 (10.3%) Withdrawn 30 (7.0%) Withdrawn 8 (3.8%) 
Ad,.,rse events 3i3,8) Adverso events 1 (2.6) Adverse events 9 (2.1) Ad\forso evtints 3 (1.4) 
Lost t¢ foilow-up or Loot to follow-up o, lnveetigi>tor <ieeioloo ~(0.7) Investigator cteoision 0(0.0) 
admin&Str.:1.tive- roaHons 8 (10.3 admini~1tative masons 2 (5.1) lost to follow-up or Lost to follow-up or 
Noncompliance 2(2.6) Noncompliance I (2.6) administrative reasons 14 (3.3) administrative reasons 4 ( 1.9) 
Wifi'KJrew consent 2(2.6) Withdr,3w ,:onsent 0(0.0) Non<.-omplianc::e 2 (0.5) Nonc,omptance 1 (0.5) 

Withdrew consent 2 (0.5) Withdrew consent 0 (0.0) 

I Completed 

I 
Completed I I 

Completed 

11 

Completed 

I 63 (80.8%) 35 (89.7%) 396 (93.0%) 201 (96.2%) 

Figure 1. Subject disposition 
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Figure 2. Mean investigator-evaluated ocular redness scores (scale range. 0 to 4; half• 
increments allowed) before and after instillation of brimonidine tartrate ophthalmic 
solution 0.025 per cent or its vehicle on Day 1. Error bars represent ± 1 standard devi­
ation. *p < 0.0001 versus vehicle at the indicated time point. 

related by the investigator (0.7 and 0.5 per 
cent, respectively). There were no ocular 
adverse events and only one non-ocular 
adverse event in the paediatric population 
(sinusitis in a vehicle-treated subject). 

Most adverse events (ocular and non-ocu­
lar) were mild or moderate, and the majority 
were deemed not related to study treatment 
Severe ocular adverse events were experi­
enced by one vehicle-treated subject (corneal 

© 2018 The Authors. Clinical and Experimental Optometry published by John Wiley & Sons Australia, Ltd 
on behalf of Optometry Australia 

abrasion and reduced visual acuity), and 
severe non-ocular adverse events by two 
brimonidine-treated subjects (one had gastro­
enteritis; one had sinusitis and methicillin­
resistant Staphylococcus aureus) and one 
vehicle-treated subject (arrhythmia); the three 
severe/serious adverse events with brimoni­
dine were not considered treatment-related. 
The incidence of treatment-related ocular 
adverse events was 5.2 per cent of subjects in 
the low-dose brimonidine group and 4.8 per 
cent of subjects in the vehicle group, while 
the incidence of treatment-related non-ocular 
events was 2.1 and 1.4 per cent respectively. 

Study discontinuation due to adverse events 
occurred in 2.1 per cent of low-dose 
brimonidine-treated subjects (for contusion, 
corneal erosion, eye irritation, gastroenteritis, 
hypotension. instillation site burn, instillation 
site pain, nasal discomfort, sinusit is, and 
staphylococcal infection) and in 1.4 per cent of 
vehicle-treated subjects (for bacterial pneumo­
nia, headache, pyrexia, seasonal allergy, and 
sinusitis). Of the adverse events leading to 
study discontinuation, only hypotension and 
instillation site burn were considered to be 
treatment-related. 
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Table 3. Average daily ocular redness scores based on subject diary data (efficacy 
population) 

Rebound redness after treatment discon­
tinuation was minimal.5•29 The mean 
investigator-evaluated ocular redness score 
on Day 36, one week after brimonidine 
discontinuation, was 1.6 and similar to pre­
instillation scores on Days 1, 15, and 29. Like­
wise, the mean (standard deviation) ocular 
redness score recorded by brimonidine­
treated subjects in the week (Days 30-36} 
following treatment discontinuation (1.4 (0.9]) 
was similar to on-treatment pre-instillation 
scores (1.3 (0.9) for Days 1-15 and 1.3 (0.8] 

for Days 15-29). In Study 1, no rebound red­
ness was identified based on either investiga­
tor assessment or subject diaries.5 In Study 
2, rebound redness was identified in one sub­
ject (brimonidine) by investigator assessment 
and in seven subjects (four brimonidine­
treated and three vehicle-treated) based on 
subject evaluation.29 

Throughout the study, BCVA was generally 
similar among treatment groups, with mean 
changes (logarithm of the minimum angle 
of resolution) from baseline varying by less 

than ±0.04 at all visits. There were no 
meaningful changes from baseline based on 
slitlamp biomicroscopy or dilated fundo­
scopy results for either treatment group. 

Mean intraocular pressure was 15 mmHg 
for each treatment group at baseline and 
remained similar (within 1 mmHg) across 
treatment groups through Day 29. Vital 
signs (heart rate, blood pressure, body 
weight) were similar among treatment 
groups, with no meaningful changes noted 
from baseline through Day 29. Physical 
examinations were considered normal at all 
vi sits, excepting a few subjects (five brimoni­
dine, two vehicle) with non-ocular findings 
deemed unrelated to treatment at Day 29. 
No safety concerns were noted in either the 
paediatric or geriatric populations . 

Analysis of plasma samples in the phar­
macokinetic study showed concentrations of 
brimonidine were below the lower limit of 
quantitation (0.025 ngtml) at all time points 
with one exception; one subject had a 
detectable level (0.0253 ng/ml) at a single 
time point (one hour fo llowing instillation of 
a single dose), No significant differences 
were observed between treatment groups 
for drop comfort. Mean (standard deviation) 
ratings of drop comfort in the low-dose bri­
monidine and vehicle groups, respectively, 
were 0.5 (1.2) and 0.5 (1.0) upon instillation, 
0.5 (1.1) and 0.4 (1.0) at 30 seconds post• 
instillation, and 0.4 (1 .0) and 0.4 (0.9) at one 
minute post-instil lation. 

Discussion 

The results of this integrated analysis dem­
onstrate the efficacy and safety of low-dose 
brimonidine tartrate ophthalmic solution 
(0.025 per cent) in the treatment of ocular 
redness. At all post-instillation evaluations, 
investigator-assessed ocular redness was sig­
nificantly lower in the low-dose brimonidine 
group compared with the vehicle group. Simi­
larly, subjett-assessed redness was signifi­
cantly lower for low-dose brimonidine 
compared with vehicle throughout the treat­
ment period. The duration of action of red­
ness reduction with low-dose brimonidine 
was only evaluated in one of the two efficacy 
studies integrated herein28 and demonstrated 
to be significant for up to eight hours. 

In the current integrated analysis, limited 
to the post-instillation time points common 
to both studies, a robust reduction in ocular 
redness was confirmed over the four hour 
post-instillation period. Further, there was 
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Table 4. Incidence of ocular adverse events occurring in more than one subject in 
any t reatment group {safety population) 

no evidence of tachyphylaxis over the one 
month of treatment The incidence of ocular 
and non-ocular adverse events was low and 
similar between treatment groups, and 
there was minimal evidence of rebound 

redness upon treatment discontinuation. No 
safety concerns were identified on ophthal­
mic examination, and there were no sub­
stantial effects on intraocular pressure. 
Systemic exposure was negligible following 

© 2018 The Authors. Clinical and Experimental Optometry published by John Wiley & Sons Austral ia, Ltd 
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topical administration, minimising concerns 
for systemic adverse effects, and both low­
dose brimonidine and its vehicle were con­
sidered very comfortable. 

In cases where the cause of ocular red­
ness is known, it would be appropriate to 
select treatments that specifically target the 
underlying aetiology (for example. allergic 
or infectious conjunctivitis).1•

2 Topical vaso­
constrictors may be considered for the man­
agement of ocular redness that has no 
obvious underlying pathology. However. the 
effectiveness of topical vasoconstrictors is 
often limited by the occurrence of tachyphy­
laxis and rebound redness.7

•
8

•
10 The mecha­

nism of action of brimonidine (cx2-receptor 
agonist) differs from that of the available 
ocular vasoconstrictors, which are either 
selective cx1•receptor agonists or mixed a1/ 
cx2-receptor agonists. This difference in 
adrenergic receptor binding may account 
for the absence of tachyphylaxis and mini­
mal rebound redness observed in this analy­
sis. In addition, there were no adverse event 
reports of mydriasis in the safety population 
of this analysis, in contrast to pupil dilation 
caused by a1-receptor agonists. 

Systemic and topical a2-receptor agonists 
are known to have sedative properties and 
cardiovascular effects.32• 34 Fatigue and 
drowsiness have been reported in studies of 
brimonidine tartrate ophthalmic solution 
0.2 per cent,27

•
35

•
36 and somnolence is of 

particular concern in children.37
•
38 In this 
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analysis of low-dose brimonidine, fatigue 
was reported as an adverse event only once 
(adult subject) and there were no reports of 
somnolence; all paediatric subjects were 
deemed fully alert. Consistent with previous 
studies that showed minimal to no 
cardiovascular effects for higher-dose 
brimonidine,36 no meaningful changes in 
mean heart rate or blood pressure were 
observed in this analysis. Miosis, previously 
reported with higher-dose formulations of 
brimonidine,39

A
0 was also not reported in 

this analysis. Further, this analysis appears 
to confirm a likely dose-dependent associa­
tion for ocular allergic reactions, which have 
been reported in studies of 12 months in 
duration with brimonidine 0.2 per cent,41

,4
2 

and at a lower incidence with 0.15 per 
cent,43 but were not observed in this analysis 
of four safety studies of brimonidine tartrate 
ophthalmic solution 0.025 per cent over four 
weeks of treatment. Long-term studies with 
low-dose brimonidine are warranted to con­
firm whether the low propensity of ocular 
allergy is demonstrated with continued use. 

Limitations of these analyses include the 
relatively small sample sizes of paediatric 
and geriatric subjects. The efficacy of low­
dose brimonidine tartrate ophthalmic solu­
tion as an ocular redness reducer was dem­
onstrated in this analysis; however, a larger 
database of treated subjects would provide 
a more complete safety profile, particularly 
for adverse events that infrequently occur. 

In conclusion, this integrated analysis of 
safety and efficacy data found that low-dose 
brimonidine tartrate ophthalmic solution 
(0.025 per cent) was effective in reducing ocu­
lar redness, generally safe, and well tolerated. 
The lack of tachyphylaxis and rare rebound 
redness observed after month-long use sug­
gests that use of low-dose brimonidine does 
not appear to be limited by the side effects of 
other marketed vasoconstrictors. A longer 
period of clinical use in larger populations is 
needed to provide additional information 
regarding long-term effectiveness. 
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