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A Randomized Trial of Brimonidine Versus Timolol
in Preserving Visual Function: Results From the

Low-pressure Glaucoma Treatment Study
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● PURPOSE: To compare the alpha2-adrenergic agonist
brimonidine tartrate 0.2% to the beta-adrenergic antag-
onist timolol maleate 0.5% in preserving visual function
in low-pressure glaucoma.
● DESIGN: Randomized, double-masked, multicenter
clinical trial.
● METHODS: Exclusion criteria included untreated intra-
cular pressure (IOP) >21 mm Hg, visual field mean
eviation worse than �16 decibels, or contraindications
o study medications. Both eyes received twice-daily
onotherapy randomized in blocks of 7 (4 brimonidine

o 3 timolol). Standard automated perimetry and tonom-
try were performed at 4-month intervals. Main outcome
easure was field progression in either eye, defined as the

ame 3 or more points with a negative slope >�1 dB/year
t P < 5%, on 3 consecutive tests, assessed by pointwise
inear regression. Secondary outcome measures were
rogression based on glaucoma change probability maps
GCPM) of pattern deviation and the 3-omitting method
or pointwise linear regression.

● RESULTS: Ninety-nine patients were randomized to
rimonidine and 79 to timolol. Mean (� SE) months of
ollow-up for all patients was 30.0 � 2. Statistically
ewer brimonidine-treated patients (9, 9.1%) had visual
eld progression by pointwise linear regression than
imolol-treated patients (31, 39.2%, log-rank 12.4, P �
001). Mean treated IOP was similar for brimonidine-
nd timolol-treated patients at all time points. More
rimonidine-treated (28, 28.3%) than timolol-treated (9,
1.4%) patients discontinued study participation be-
ause of drug-related adverse events (P � .008). Similar
ifferences in progression were observed when analyzed
y GCPM and the 3-omitting method.
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● CONCLUSION: Low-pressure glaucoma patients treated
with brimonidine 0.2% who do not develop ocular allergy
are less likely to have field progression than patients treated
with timolol 0.5%. (Am J Ophthalmol 2011;151:
671–681. © 2011 by Elsevier Inc. All rights reserved.)

O PEN-ANGLE GLAUCOMA IS A SLOWLY PROGRES-

sive neurodegeneration of retinal ganglion cells
(RGCs) and their axons1 characterized by a

pecific pattern of optic nerve head and visual field
amage.2 Low-pressure (normal-tension) glaucoma is a

clinical term often used to describe patients with open-
angle glaucoma in whom the measured untreated intraoc-
ular pressure (IOP) is always within a statistically normal
range.3 While any separation between normal and abnor-
mally elevated IOP is intrinsically arbitrary, population-
based studies demonstrate that low-pressure glaucoma
represents 20% to 39% of patients with open-angle glau-
coma in the United States and Europe.4–6

The pathophysiologic mechanisms of glaucomatous
neurodegeneration are incompletely understood. Ele-
vated IOP is the most important known risk factor for
disease onset and progression that is amenable to mod-
ification. Multicenter clinical trials confirm the value of
reducing IOP in patients with ocular hypertension,7

open-angle glaucoma with elevated IOP,8,9 and low-
pressure glaucoma.6,10 However, many patients continue
o experience disease progression despite IOP reduc-
ion.6,7,9,11

Laboratory studies have demonstrated that alpha2-ad-
renergic agonists are neuroprotective in experimental optic
nerve injury, models of glaucoma, ischemia-induced injury,
and photoreceptor degeneration.12 Yet clinical trials in

onglaucomatous diseases such as nonarteritic anterior
schemic optic neuropathy, Leber hereditary optic neurop-
thy, and retinal dystrophies have failed to show treatment
enefit with alpha2-adrenergic agonist use.12 We per-
ormed a 4-year double-masked, randomized, multicenter
linical trial of the efficacy of monotherapy with brimoni-
ine tartrate 0.2% vs timolol maleate 0.5% eye drops,
edications with equal IOP-lowering efficacy,13,14 in pre-

venting or delaying visual field progression in patients with

low-pressure glaucoma.
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METHODS

METHODS ARE FULLY DESCRIBED ELSEWHERE.15

● INCLUSION AND EXCLUSION CRITERIA: Study pa-
ients had previously diagnosed low-pressure glaucoma that
ulfilled the following eligibility criteria: all known un-
reated IOP �21 mm Hg, open iridocorneal angles by
onioscopy, at least 2 reproducible visual fields with
laucomatous defects in 1 or both eyes on automated
erimetry (Humphrey Field Analyzer; Carl Zeiss Meditec,
nc, Dublin, California, USA) with the location of the
eld defect consistent with the photographic appearance of
he optic nerve head, and age �30 years. To determine
ligibility based on IOP, all patients receiving IOP-lower-
ng treatment underwent a 4-week washout without ther-
py. Baseline IOP (measured with a calibrated Goldmann
pplanation tonometer) had to be �21 mm Hg in both

FIGURE 1. Flowchart of participant progress in the Low-tensi
discontinued intervention are separated according to completio
were screening failures and 190 patients were randomized. 12 r
of a study site, 1 withdrew consent, and 1 did not meet entry
yes with �5 mm Hg difference between the eyes on a l
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iurnal curve (8:00 AM, 10:00 AM, noon, 4:00 PM)
ssessed prior to randomization.

Ocular exclusion criteria included the following: a
istory of IOP �21 mm Hg in the patient record, best-
orrected visual acuity worse than 20/40 in either eye, a
istory of angle closure or an occludable angle by gonios-
opy, prior glaucoma incisional surgery, inflammatory eye
isease, prior ocular trauma, diabetic retinopathy or other
iseases capable of causing visual field loss or optic nerve
eterioration, extensive glaucomatous visual field damage
ith a mean deviation worse than �16 decibels (dB), or a
linically determined threat to central fixation in either
ye. Systemic exclusion criteria included a resting pulse
50 beats/minute; severe or uncontrolled cardiovascular,

enal, or pulmonary disease that would preclude safe
dministration of a topical beta-adrenergic antagonist; and
prior myocardial infarction or stroke. Continuation of

ystemic medications that could affect IOP was allowed as

laucoma Treatment Study. Patients lost to follow-up and who
the year-1 visual field. 193 patients were screened. 3 patients
mized patients were subsequently excluded (10 from withdraw
ria).
on G
n of
ando
crite
ong as the doses remained constant throughout the trial.
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based on the mean of patient eyes.
● RANDOMIZATION, TREATMENT, AND MASKING: Pa-
tients were randomly assigned to receive monotherapy
with either brimonidine tartrate 0.2% containing 0.005%
(50 ppm) benzalkonium chloride (Alphagan; Allergan,
Inc, Irvine, California, USA) or timolol maleate 0.5%
containing 0.01% (100 ppm) benzalkonium chloride
(Timoptic; Merck & Co, West Point, Pennsylvania, USA)
twice daily in both eyes, including the morning before
each visit. To allow for higher patient attrition in the
brimonidine group attributable to an expected rate of
adverse events of approximately 20%,13,16 randomization
and delivery of medications (provided by Allergan, Inc) to
the sites were stratified in blocks of 7 (4 brimonidine to 3
timolol). The randomization list was maintained and
masked study medications were provided in new 10-mL
white bottles labeled with the assigned randomization
number directly to the clinical centers by an independent
pharmacy (Fountain Valley Cancer Center Pharmacy,
Fountain Valley, California, USA). Ocular treatment
other than the study medication was not permitted. Inves-
tigators, patients, and the visual field reading and coordi-
nating centers were all masked to patient assignment.

Endpoints requiring discontinuation from the study
included: treated IOP �21 mm Hg that was repeated
within 1 month, safety concern as judged by the treating
physician, symptomatic ocular allergic adverse events (hy-
peremia, pruritus, stinging, and/or conjunctival folliculo-
sis) requiring medication cessation, retinal events that
could alter visual acuity or visual field (eg, age-related
macular degeneration), the occurrence of systemic (eg,
respiratory or cardiovascular) adverse events that pre-
vented the administration of topical timolol, nonocular
intolerable events associated with topical brimonidine (eg,
xerostomia, fatigue, drowsiness), or if the patient moved or
declined continued participation. Collection of data from
discontinued patients ceased at their final study visit. Data
up to this point were included in the analysis, but discon-
tinued patients were no longer followed as part of the
study.

● STUDY VISITS: Patients were examined at 1 and 4
onths after initiation of treatment. Subsequent visits
ere at 4-month (� 2 weeks) intervals. Pre- and post-

andomization morning visits recorded the following: oc-
lar and systemic history, blood pressure, pulse, corrected
isual acuity, IOP, slit-lamp examination, and optic disc
valuation for cup-to-disc ratio and the presence or ab-
ence of disc hemorrhage. Gonioscopy and stereoscopic
ptic disc photographs were performed annually. Full-
hreshold standard achromatic perimetry (Humphrey
4-2) visual field was performed at 4-month intervals
hroughout the study according to protocol guidelines.

● OUTCOME MEASURES: The primary outcome measure
as visual field progression in either eye as determined by

ointwise linear regression analysis of all study visual fields

BRIMONIDINE VS TIMOLOL FOR PRVOL. 151, NO. 4
TABLE 1. Patient Baseline Characteristics in the Low-
pressure Glaucoma Treatment Study

Brimonidine

(n � 99)

Timolol

(n � 79)

P

Valuea

Sex, male/female 44/55 31/48 .48

Age, mean (SD) years 64.3 (10.9) 65.7 (10.4) .28

Diurnal IOP, mean (SD)

mm Hg 15.8 (2.1) 15.2 (2.4) .13

Visual field, mean (SD) dB

Mean deviation �5.3 (3.5) �4.8 (3.0) .32

Pattern standard

deviation 5.9 (3.0) 5.8 (2.4) .86

Unilateral field loss,

patients (%) 27 (27.3) 21 (26.6) �.99

Visual acuity (Snellen

decimal fraction) 0.89 (0.2) 0.90 (0.2) .74

Refraction spherical

equivalent �0.70 (2.2) �0.54 (2.5) .61

Corneal thickness, mean

(SD) �m 540 (30) 547 (36) .18

New glaucoma diagnosis,

patients (%) 24 (24.2) 20 (25.3) 1.00

Blood pressure, mean

(SD) mm Hg

Systolic 130 (17) 123 (17) .41

Diastolic 76 (10) 76 (10) .81

Diastolic �60 mm Hg,

number (%) 8 (8.1) 6 (7.6) 1.00

First-degree history

glaucoma (%) 30 (30.3) 28 (35.4) .52

Ocular hypotensive

therapy, patients (%)

None 41 (41.4) 27 (34.2) .35

Timolol 45 (45.5) 38 (48.1) .76

Brimonidine 10 (10.1) 13 (16.4) .26

Systemic disorders,

patients (%)

Migraine 6 (6.1) 3 (3.8) .73

Diabetes mellitus 10 (10.1) 5 (6.3) .43

Hypertension 41 (41.4) 36 (45.6) .65

Systemic medications,

patients (%)

Beta-adrenergic

antagonist 15 (15.2) 10 (12.6) .67

Calcium channel

blocker 14 (14.1) 16 (20.2) .32

Alpha-adrenergic

agonist 2 (2.0) 3 (3.8) .66

Angiotensin converting

enzyme inhibitor 23 (23.2) 16 (20.2) .72

Statins 15 (15.2) 14 (17.7) .69

aP values for comparison of baseline parameters for the

brimonidine and the timolol groups: Mann-Whitney U test and

Fisher exact test for categorical variables. Ocular measurements
ESERVING VISUAL FUNCTION 673
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with Progressor software (Medisoft Inc., Leeds, UK).17,18

Visual field analysis was performed by an independent
reading center (Devers Eye Institute, Legacy Health Sys-
tem, Portland, Oregon, USA) masked to the treatment
assignment. Linear regression of the sensitivity (in dB) was
performed at each test location to obtain the rate of
change at that location, based on all fields up to and
including the current examination. Default Progressor
criteria were used to define a significant negative slope
(worse than �1 dB/year for inner points and �2 dB/year
or edge points) at the P � 5% level. Edge points for the

Humphrey 24-2 field included the 2 outer nasal locations,
1 above and 1 below the horizontal. Criteria for visual field
progression required confirmation at the next 2 examina-
tions (ie, 4 and 8 months later) of a significant negative
slope at the same 3 or more test locations. Therefore, the
earliest that field progression could be detected was the
month-16 examination (8 months to calculate the point-
wise linear regression for the negative slopes and months
12 and 16 for confirmation). Progression criteria did not
require the progressing locations to be contiguous.

A secondary outcome was visual field progression in

FIGURE 2. Kaplan-Meier plot of the cumulative probability o
randomization groups in the Low-pressure Glaucoma Treatmen
patients developing visual field progression are presented at
reaching study end without field progression are withdrawn fro
either eye evaluated by Humphrey glaucoma change prob-

AMERICAN JOURNAL OF674
ability maps (GCPM). The GCPM19 was based on pattern
deviation maps rather than the total deviation plot used in
the glaucoma change probability software to eliminate
change caused by generalized depression of the visual field
(eg, cataract). Progression by GCPM was defined as a
significant worsening at P � 5% for the same 3 or more
test locations that were confirmed at the next 2 exam-
inations.20 Progressing locations did not have to be
ontiguous.

To verify the results of the primary Progressor outcome
easure, a post hoc analysis was performed using a 3-omit-

ing method for pointwise linear regression21,22 that used
he default Progressor software criteria. This method was
eported during the study and increases specificity by
equiring that progression must be confirmed at 2 further
isits when omitting from the series the visual field that
aused progression to be suspected.

● STATISTICAL ANALYSIS: Pre-study sample size calcula-
tions indicated that 64 subjects would be required in each
treatment arm to have an 80% power to detect a difference
in visual field progression (at � � .05 by 2-tailed test)

eloping visual field progression by Progressor analysis for the
dy. The numbers of active patients at risk and the number of
4-month period. Inactive (discontinued) patients and those
e interval after their last completed visit.
f dev
t Stu
each
m th
based on the following assumptions: 1) a 4-year progression
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rate of 30% in the brimonidine group and 55% in the
timolol group17; 2) an attrition rate of 25%; and 3) 20% of
ubjects having only 1 eye eligible. Patients were analyzed
n the group to which they were randomized. Analysis was
atient-based and the event time to field progression was
efined based on progression in either eye. The log-rank
est was used to compare the time to field progression
etween treatment groups. Point estimates of proportion of
ubjects progressing were derived from Kaplan-Meier anal-
sis, with standard errors from Greenwood’s formula. Uni-
ariate comparisons between treatment groups were
onparametric (Mann-Whitney U test, Wilcoxon signed
ank test) and the Fisher exact test for categorical vari-
bles. Reported values are mean � SD and P values
eparately in the 2 arms are 2-sided. Statistical significance
as defined as P � .05.

RESULTS

RECRUITMENT15 WAS BETWEEN APRIL 28, 1998 AND JUNE 19,

2000, with 193 individuals assessed for enrollment (Figure 1).
A total of 178 randomized participants were followed: 99

TABLE 2. Visual Field Progression and Outcome of
Participants in the Low-pressure Glaucoma

Treatment Study

Brimonidine

No. (%)

Timolol

No. (%) P

Randomized 99 (100) 79 (100)

Discontinued prior to

year 1 36 (36.4) 8 (10.1) �.001d

Discontinued �year 1 18 (18.2) 15 (19.0)

Progressor analysisa Log-ranke

Visual field progression 9 (9.1) 31 (39.2) 12.4, �.001

Trial end without

progression 36 (36.4) 25 (31.6)

Glaucoma change

probability mapsb 22.0, �.001

Visual field progression 8 (8.1) 35 (44.3)

Trial end without

progression 37 (37.4) 24 (30.4)

3-omitting methodc 9.5, �.002

Visual field progression 5 (5.0) 21 (26.6)

Trial end without

progression 40 (40.4) 36 (45.6)

aProgressor pointwise linear regression analysis.
bHumphrey glaucoma change probability maps (GCPM) using

pattern deviation.
cThe 3-omitting method for pointwise linear regression anal-

ysis using the default Progressor software criteria.
dFisher 2-tailed test.
eLog-rank, visual field progression seen in significantly fewer

patients assigned to brimonidine than to timolol.
(55.6%) were allocated to brimonidine and 79 (44.4%) to a

BRIMONIDINE VS TIMOLOL FOR PRVOL. 151, NO. 4
timolol. There were no significant differences at baseline in
demographics, ocular parameters, or systemic factors between
the 2 treatment groups (Table 1).

Statistically more subjects assigned to brimonidine (36/
99, 36.4%) dropped out prior to the year-1 examination
than assigned to timolol (8/79, 10.1%) (P � .001, see
Figure 1). The most common reason for discontinuation
before the year-1 examination was localized ocular allergy
that necessitated discontinuing the study medication in 20
of the 99 (20.2%) brimonidine and 3 of the 79 (3.8%)
timolol subjects (P � .001). There were no statistically
significant baseline differences between patients discontin-
ued prior to the year-1 and patients completing the year-1
and later study visits within either treatment randomiza-
tion group. Eleven brimonidine patients (11.1%) and 1
timolol patient (1.3%) dropped out prior to the first
treatment visual field at month 4 (P � .013).

Mean (� SE) months of follow-up for all patients was
30.0 � 1.2 (range, 3.2–50.2; 95% confidence interval [CI],
27.5–32.4) and in patients completing the year-1 study
visit (n � 134) was 35.6 � 1.0 (range, 11.5–50.2; 95% CI,
3.5–37.7). Baseline characteristics for the 63 of 99
63.6%) brimonidine and the 71 of 79 (89.9%) timolol
atients completing the year-1 visit were not significantly
ifferent between the 2 groups except for IOP, which was
tatistically higher (P � .031) in the brimonidine (16.2 �
.9) compared to the timolol patients (15.3 � 2.4). An
dditional 18 brimonidine (8 of 99 with ocular allergy, 8.1%)
nd 15 timolol (6 of 79 with ocular allergy, 7.6%) patients
ere discontinued at or after the year-1 study visit (see Figure
). For active patients, there were no missed visits (ie, visual
eld examinations) with subsequent 4-month follow-up
xaminations.

Six patients died during the study, 5 (5.0%) assigned to
rimonidine and 1 (1.3%) to timolol, from causes unre-
ated to the study medications (see Figure 1). Causes for
he 5 brimonidine patients were trauma, myocardial in-
arction (n � 2), pulmonary embolism, and complications
ollowing bowel surgery. The cause of death in the timolol
atient was complications following bowel surgery.
A visual field endpoint for the pointwise linear regres-

ion primary outcome measure (Figure 2) was reached in
ignificantly (log-rank 12.4, P � .001) fewer patients
ssigned to brimonidine (n � 9, estimate � standard
rror � 10 � 4%) than to timolol (n � 31, 33 � 6%)
Table 2). Positive slopes (sensitivity increasing �1 dB/yr)
n the same 3 or more test locations, not necessarily
ontiguous, on 3 consecutive fields were used to calculate
he false-positive rate. There was no statistical difference
n the frequency of significantly positive slopes in the 2
reatment groups: 9 patients assigned to brimonidine (8
eaching study end and 1 discontinued after year 1) and 8
atients to timolol (7 reaching study end and 1 discontin-
ed after year 1). Two patients assigned to brimonidine

nd 1 to timolol who had field progression (significant

ESERVING VISUAL FUNCTION 675



negative slopes) also had significant positive slopes at other
field locations.

Baseline characteristics of the 9 brimonidine and the 31
timolol patients manifesting visual field progression by point-

FIGURE 3. Distribution of intraocular pressure at baseline and
Low-pressure Glaucoma Treatment Study. Intraocular pressur
> year 1 (top right), trial end without visual field progression
bars (standard deviation) for brimonidine treatment, down erro
number of study patients at the follow-up months.
wise linear regression were not significantly different with

AMERICAN JOURNAL OF676
respect to age (66.0 � 9.1 vs 65.7 � 10.1 years), visual field
mean deviation (�5.19 � 3.90 vs �4.69 � 5.02 dB), visual
field pattern standard deviation (5.33 � 2.23 vs 6.05 � 2.52
dB), and diurnal IOP mean (16.9 � 2.4 vs 15.4 � 2.5) and

w-up visits for timolol and brimonidine treatment groups of the
a is illustrated for all subjects (top left), discontinued subjects
tom left) and visual field progression (bottom right). Up error
rs for timolol treatment. Data below each figure represent the
follo
e dat
(bot
r ba
standard deviation (1.5 � 0.6 vs 1.5 � 0.6). Baseline Snellen
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decimal fraction acuity in the 9 brimonidine progressing
patients (0.92 � 0.21) was statistically unchanged at the
time of progression (0.89 � 0.21), while the 31 timolol
rogressing patients had decreased Snellen decimal acuity
baseline 0.92 � 0.21 vs 0.82 � 0.19, P � .008) and

decreased heart rate (baseline 70.1 � 10.0 vs 66.0 � 11.1,
P � .016). Baseline refraction spherical equivalent was not
significantly changed at the time of progression in either
treatment group. Comparison of the linear regression
slopes of the Snellen decimal fraction over time between
brimonidine and timolol groups did not show a statistical
difference for progressing patients (�0.001 � 0.004 vs
�0.002 � 0.005), patients reaching study end (�0.001 �
0.003 vs �0.002 � 0.003), and patients not reaching the
year-1 visit (0.009 � 0.021 vs 0.018 � 0.026). The linear
regression slope for the brimonidine discontinued patients
(�0.001 � 0.004) was statistically negative (P � .051)
compared to the timolol discontinued patients (0.003 �
0.005).

The decrease in IOP was not significantly different in
patients assigned to brimonidine or timolol (Figure 3). The
distribution of IOP between the 2 groups during the study
was similar at all time points for the total groups, discon-
tinued patients, patients reaching study end without visual
field progression, and the eyes manifesting visual field
progression. The percent reduction of IOP and the number
of patients with �20% IOP reduction during the study was
not significantly different in the 2 treatment groups. IOP
reduction �20% at the time of visual field progression by
Progressor analysis was not significantly different (P �
1.000, Fisher 2-tailed test) between the timolol-treated
(12/31, 39%) and the brimonidine-treated patients (4/9,
44%). Patients reaching study end without visual field
progression (months 36–48) were also not significantly
different (P � .403) regarding IOP reductions �20%
timolol 9/23, 39% and brimonidine 10/36, 28%).

Analyses were performed to determine whether there
as a differential IOP between or within study groups

TABLE 3. Intraocular Pressure Differences Between and With

Timolol

Num Mean (SD) 95% CI

Dropout mo 16c 46 13.6 (2.6) 12.9–14.3

vs �mo 16d 53 14.4 (1.9) 13.6–14.7

vs study ende 43 14.2 (1.9) 13.6–14.8

CI � confidence interval; mo � month; SD � standard deviation
aMann-Whitney U Test: P within groups.
bMann-Whitney U Test: P between groups.
cSubjects dropping out before or at study month 16.
dSubjects dropping out before or at month 16; comparison to su
eSubjects dropping out before or at month 16; comparison to

progression.
Table 3). There were no statistically significant differ- g

BRIMONIDINE VS TIMOLOL FOR PRVOL. 151, NO. 4
nces in IOP between the treatment groups for subjects
ropping out before month 16. Within treatment groups,
here were no statistically significant IOP differences for
ubjects dropping out before month 16 compared to
ubjects in the study after month 16 or to subjects reaching
tudy end (month 36 or after) without visual field
rogression.
Secondary visual field outcome measures were consistent

ith the primary outcome measure (see Table 2). Visual
eld progression by GCPM analysis was statistically less
log-rank 22.0, P � .001) in patients assigned to brimoni-
ine (n � 8, 9 � 4%) than those assigned to timolol (n �
5, 42 � 7%). Evaluation by the 3-omitting method for
ointwise linear regression showed the highest specificity of
eld progression that was also significantly less (log-rank 9.5,
� .002) in patients assigned to brimonidine (n � 5, 9 �

%) than to timolol (n � 21, 27 � 6%).
Five patients assigned to brimonidine and 18 to timolol

ere detected as progressing by all 3 methods (Figure 4).
appa (�) � SE analyses23 were performed to measure

patient agreement between the different methods to detect
visual field progression and nonprogression. Agreement
was substantial (defined as 0.61 � � � 0.80) between
Progressor pointwise linear regression and GCPM
(0.625 � 0.074) or Progressor pointwise linear regression
and 3-omitting (0.719 � 0.068), and moderate (defined as

.41 � � � 0.60) between GCPM and 3-omitting
0.554 � 0.079). The overall agreement among the 3
ethods was 0.628 � 0.051.

DISCUSSION

LOW-PRESSURE GLAUCOMA PATIENTS RANDOMIZED TO

monotherapy with brimonidine were statistically less likely
to have progressive visual field loss than those patients
randomized to monotherapy with timolol, despite known
similar IOP lowering.13,14,16,24 Determination of field pro-

udy Groups in the Low-pressure Glaucoma Treatment Study

Brimonidine

Num Mean (SD) 95% CI Pa Pb

14 13.6 (2.2) 12.2–15.1 .86

65 14.2 (2.5) 13.6–14.9 .17

48 14.0 (2.6) 13.2–14.7 .21

s in the study after month 16.

ects reaching study end (month 36 or after) without visual field
in St

Pa

.23

.22

.

bject

subj
ression by pointwise linear regression required the same 3
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or more individual test locations to be progressing on 3
consecutive examinations over an 8-month interval.25

Therefore, the first detection of field progression could
only occur at the month-16 study visit. These stringent
criteria6,18 and linear regression analysis17,26 were used to
educe the occurrence of false-positive determinations.
here was good agreement between results of the primary
ointwise linear regression and secondary (GCPM and
-omitting for pointwise linear regression) visual field
utcome measures.
The 4-year rate of visual field progression for the

imolol-treated patients in our study (see Table 2) was

FIGURE 4. Venn diagrams illustrating agreement among
visual field analysis methods for the Low-pressure Glaucoma
Treatment Study. (Top) Patients judged to have visual field
progression. (Bottom) Patients judged not to have visual field
progression. GCPM � Humphrey glaucoma change proba-
ility maps using pattern deviation. 3-omitting � method for
ointwise linear regression. Progressor � pointwise linear
egression.
3.7% (31/71) for the Progressor analysis. This rate is l
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imilar to the reported 36% to 50% 3- to 5-year rates for
isual field progression in low-pressure glaucoma.3,17,27,28

The intent-to-treat analysis of the Collaborative Normal-
Tension Glaucoma Study (CNTGS), which used a differ-
ent method to define progression than the current study,
reported similar 3-year rates of visual field progression in
the IOP-lowered (22/66, 33%) and the untreated (31/79,
39%) arms.11 Significant differences favoring treatment

ere detected in CNTGS only after additional analyses
ensored for cataract and the baseline visual field was
efined as after the IOP reduction goal was achieved.10

Both of the medications used in the current study were
either excluded by intent (timolol) or not available (bri-
monidine) in CNTGS. The timolol 3-year progression rate
in the current study by Progressor analysis was 31.0%
(22/71).

Given that the IOP reduction was similar between
groups (see Figure 3), the lower rate of visual field
progression in brimonidine-treated patients could result
from either an unknown IOP effect or an IOP-independent
process. While brimonidine and timolol produced similar
reduction of measured IOP in this study, it is possible that
brimonidine was more effective than timolol in lowering
diurnal, peak, mean, or nocturnal IOP. These IOP param-
eters were not measured in the current study. A related
explanation could be different mechanisms of action. The
reduction of aqueous humor production by timolol is
minimal at night,29 while brimonidine has been reported
o both reduce aqueous humor production and increase
veoscleral outflow.30

If the lower progression rate in patients randomized to
brimonidine is attributable to IOP-independent effects,
then either brimonidine was relatively protective, timolol
was relatively harmful, or both. Lower diastolic31–34 and
systolic35 ocular perfusion pressures have been identified as
risk factors for glaucoma progression. The difference in
visual field progression in the current study could result
from timolol producing greater systemic hypotension and
bradycardia than brimonidine36 with induced nocturnal
rterial hypotension37 and alteration of ocular perfusion
ressures. Countering this explanation are the findings of
uaranta and associates,38 demonstrating a greater reduc-

ion of mean 24-hour systolic blood pressure, diastolic
lood pressure, and calculated diastolic ocular perfusion
ressure with brimonidine than timolol, suggesting that
ny alteration in perfusion pressure caused by these 2
gents would, if anything, be worse in the brimonidine
roup. While this supports a protective rather than a
asoactive mechanism of action for the reduced visual field
rogression in the brimonidine-treated patients, it remains
ossible that another, not yet described timolol- or bri-
onidine-related vascular (or other) phenomenon could

ccount for the results of the present study.
Neuroprotection, the therapeutic paradigm designed to

low or prevent the death of neurons to maintain physio-

ogical function, has been a goal of neuroscientists to treat
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central nervous system disease. With the exception of
memantine for Alzheimer disease39 and riluzole for amyo-
rophic lateral sclerosis,40 clinical trials in neuroprotection
ave failed to demonstrate improved outcomes. The mul-
iple stroke clinical trial failures highlight potential pitfalls
hat can occur when translating results from animal models
nto heterogeneous patient populations, as well as the brief
indow of time when treatment can be effective.41,42

Open-angle glaucoma, a slowly progressive degeneration
of RGCs, has a number of characteristics that lend them-
selves to the investigation of neuroprotection therapies.43

While the current management of glaucoma continues to
be focused on lowering IOP, this treatment is not always
successful in halting disease progression, suggesting that
factors other than IOP contribute to the disease. In vitro
studies of RGCs and animal models of optic nerve injury
and elevated IOP have elucidated mechanisms for RGC
death44 by apoptosis.45 Finally, established clinical meth-
ds are available for detection of glaucomatous optic nerve
nd visual field progression to assess the effect of neuro-
rotective intervention. However, 2 large multicenter
linical trials studying the neuroprotective effect of the
-methyl-D-aspartate (NMDA) receptor antagonist me-
antine in glaucoma failed to show efficacy at their

rimary endpoints.46

The alpha2-adrenergic agonist dexmedetomidine was
shown in 1993 to be neuroprotective in animal models
of focal cerebral ischemia.47 Subsequent animal48,49 and

uman49,50 studies demonstrated the presence of al-
ha2-adrenergic receptors in the retina. Systemic ad-
inistration of brimonidine protected RGCs following

artial crush injury to the rat optic nerve51 and in ocular
ypertensive rat models.52,53 Potential mechanisms for
hese neuroprotective effects include upregulation of
rain-derived neurotrophic factor in RGCs54 and the

retina,55 activation of cell-survival signaling pathways
nd anti-apoptotic genes,48 and modulation of N-meth-
l-D-aspartate receptor function.56

Brimonidine activates the alpha2-adrenergic agonist
receptor in cell culture at a minimum concentration of
2 nM (0.88 ng/mL).57,58 Topical administration of
brimonidine produces drug concentrations in the vitre-
ous (1.4-1836 nM) in humans.59 While receptor expres-
sion in cell culture can differ from that in vivo, vitreal

brimonidine levels provide a drug delivery route to the

NCT00317577). Study statisticians were Neal Oden and Paul VanVeldhuisen
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RGC sufficient to bind and activate the alpha2-adren-
ergic receptor. In this way, brimonidine theoretically
could function to maintain the health of the optic nerve
independent of its ability to reduce IOP, a use that is
currently not a component of the FDA-approved label-
ing for any alpha2-adrenergic agonist.

Our study protocol planned for more discontinuations
in the brimonidine-treated compared to timolol-treated
patients and randomized treatment in blocks of 7, 4 to
brimonidine and 3 to timolol. Ocular adverse events in
our patients receiving brimonidine 0.2% twice daily
were similar to other reports.13,14,16,24 While ocular
allergy may have revealed the brimonidine treatment
assignment, our study design relied upon masking of
study medication and the analysis of the visual fields.
Data from dropouts were examined and statistically
evaluated at the last study visit. However, these patients
were not followed in the study protocol since subsequent
therapy often did not meet the protocol’s monotherapy
design, resulted in treatment with an alternate study
medication, or included treatment with initial exclusion
criteria, such as surgical intervention. While baseline
characteristics were similar between dropouts and pa-
tients completing the year-1 and later visits within the
brimonidine- and the timolol-assigned patient groups,
the failure to obtain information from the dropouts
limits interpretation of the results, and the unequal
dropout between the groups could introduce bias if
patients who dropped out were also more likely to have
shown progression.

In summary, in this randomized clinical trial, twice-daily
treatment with topical brimonidine tartrate 0.2% preserves
visual field better than treatment with topical timolol
maleate 0.5% in a subset of open-angle glaucoma patients
with statistically normal IOP. Given the similar IOP-
lowering efficacy of the 2 compounds, this finding is
consistent with a non-IOP-related mechanism of action
favoring brimonidine-treated patients. The effectiveness of
brimonidine in delaying or preventing visual field progres-
sion has to be judged in context of brimonidine’s adverse
event profile, primarily localized external ocular allergy.
Validation of a neuroprotective mechanism of action
requires additional basic science and clinical research to
confirm the present results prior to altering current clinical

patient care paradigms.
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