J Chin Med Assoc
2004;67:465-471

Catherine Jui-ling Liu"?
Ching-Yu Cheng'*?
Yu-Chieh Ko'”
Wen-Ming Hsu'*

! Department of Ophthalmology, Taipei
Veterans General Hospital, and

2 School of Medicine,

3 Institute of Clinical Medicine, National
Yang-Ming University, Taipei, Taiwan,
R.O.C.

Key Words
alpha-adrenergic agonist;
blood pressure;

Original Article

Diurnal Intraocular Pressure and Blood
Pressure with Two Dosing Regimens of
Brimonidine in Normal Tension Glaucoma

Background. To compare the effects of 2 dosing regimens of brimonidine tartrate
0.2% on diurnal intraocular pressure (IOP) and systemic hemodynamics in patients
with normal-tension glaucoma (NTG).

Methods. Twenty NTG patients were enrolled and randomized to receive either
brimonidine twice daily (BID) for 4 weeks followed by brimonidine 3 times daily
(TID) for another 4 weeks, or in reverse order. Diurnal variations of IOP and ocular
perfusion pressure (OPP), as well as the 24-hour ambulatory blood pressure (BP) and
pulse rate, were evaluated at baseline and after treatment. Baseline and post-treat-
ment data were compared using a paired Student’s ¢ test, and treatment effects were
compared between regimens using a crossover-designed analysis of variance.
Results. Both regimens decreased the mean (p <0.001) and minimum (p < 0.001) diur-
nal IOP, and only the TID regimen decreased the maximum IOP with a marginal signif-
icance (p = 0.049). The TID regimen decreased the maximum OPP (p = 0.009) while
the BID regimen caused no changes in OPP. No significant difference in IOP or OPP
was noted between regimens at each time point. Neither regimen caused changes in BP

glaucoma;
intraocular pressure;
perfusion

or pulse rate as assessed using the 24-hour ambulatory monitoring device.
Conclusions. The TID regimen of brimonidine produces similar reductions in diur-

nal IOP for NTG patients as the BID regimen, and it alone decreases the maximum
OPP. Neither of the 2 regimens causes exaggerated nocturnal reduction of BP.

ntraocular pressure (IOP) is an important risk factor
Iof glaucoma and IOP-lowering therapy is beneficial
in halting glaucomatous visual field deterioration, in-
cluding that of normal-tension glaucoma (NTG).'?
Some patients, however, experience progressive optic
nerve damage with apparently well-controlled IOP due
to undetected high IOP; circulation impairment of the
optic disc; and/or irreversible events of nerve degenera-
tion.*'” Some ocular hypotensive medications currently
on market have shown to reduce ocular blood perfusion
and exaggerate the nocturnal systemic hypotension,
thereby unfavorably influence the disease outcome.'!
This underlines the importance of taking all advantages
and disadvantages of each glaucoma medication into ac-
count while treating glaucoma patients.
Brimonidine tartrate (Alphagan®; Allergan Inc,
Irvine, CA, USA) is a selective a,-adrenoreceptor agonist
with a peak ocular hypotensive effect comparable to that

of timolol.'>" It is appealing due to its neuroprotective ef-
fect on retinal ganglion cells, which has been demon-
strated in some experimental models.'*'® Several studies
show that brimonidine 0.2% causes a statistically signifi-
cant decrease in blood pressure (BP) and heart rate not as-
sociated with clinical symptoms.'*'*'*!” However, ambu-
latory blood pressure monitoring (ABPM) that demon-
strates a full 24-hour BP profile after brimonidine therapy
has never been reported, although it is important for a
glaucoma medication with vasoactive potential since noc-
turnal hypotension has been implicated as a contributing
factor to glaucoma progression.''*

Compared with latanoprost, brimonidine twice daily
(BID) produces a comparable peak hypotensive effect on
NTG, but the mean diurnal IOP is higher due to larger di-
urnal fluctuations.'® Since controversy exists regarding
the optimal dosing frequency of brimonidine in primary
open angle glaucoma (POAG) and ocular hyperten-
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it is intriguing to ascertain whether brimonidine

sion,
given 3 times daily (TID) can achieve a lower mean diur-
nal IOP with less diurnal fluctuations than the BID regi-
men. In this study, we compared the diurnal changes of
IOP and ocular perfusion pressure (OPP), as well as the
24-hour profile of BP and pulse rate between the 2

regimens of brimonidine on NTG patients.

METHODS

NTG patients who had not received prior glaucoma
therapy were recruited consecutively from the Glaucoma
Service. Diagnosis of NTG was based on reproducible
visual field defects of a retinal nerve fiber layer type, cor-
responding optic disc excavation, normal open angles,
and multiple readings of untreated IOP on different occa-
sions indicating values <22 mm Hg. Perimetry was per-
formed using program 24-2 of the Humphrey Field Ana-
lyzer 750 (Humphrey Instruments, San Leandro, CA,
USA). A minimal field defect consists of a cluster of 3
adjacent points within 1 hemifield depressed by 5 dB or
more from normal age values, with 1 of them depressed
by at least 10 dB. Exclusion criteria were corneal abnor-
malities or any condition that prevented reliable ap-
planation tonometry, other disorders that might cause vi-
sual field defects, history of ocular trauma/use of steroid,
ocular surgery within 12 months of enrollment, ocular
infection or inflammation within 3 months, concurrent
use of monoamine oxidase inhibitors, or severe systemic
diseases. If both eyes were eligible, the eye with more
advanced field defects was selected. Institutional review
board approval was obtained, and verbal and written
consent was obtained from all subjects.

After baseline examination, patients were randomly
allocated to receive either brimonidine BID for 4 weeks
followed by brimonidine TID for another 4 weeks, or in
reverse order. For diurnal measurement of IOP and OPP,
the patients were hospitalized at baseline and at the end
of each treatment period. At admission, corrected visual
acuity, slit-lamp biomicroscopy and fundoscopy were
performed. Ocular and systemic side effects that oc-
curred during the period were recorded. One ophthal-
mologist who was unaware of IOP history, study eye or
treatment assignment performed the IOP measurement
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with the same Goldmann applanation tonometer at
2-hour intervals from 2 PM to 10 PM on the first day and
from 6 AM to noon on the secondary day. Resting BP
was measured with 1 sphygmomanometer just before the
IOP was measured. OPP was calculated as (1/3 systolic
BP + 2/3 diastolic BP) x 2/3 —IOP. Medical staff instilled
eye drops at 6 AM and 6 PM for BID regimen and at 6
AM, 2 PM and 10 PM for TID regimen. Patients were in-
structed to close eyelids for 5 minutes after drop instilla-
tion and encouraged to continue their normal routines as
much as possible within the hospital boundaries.

Besides, the 24-hour ABPM was performed at
30-minute intervals with the same ambulatory blood pres-
sure monitor (Spacelabs Medical, Inc. Redmond, WA,
USA) on all patients before treatment and after they had
been treated with each regimen for 3 weeks or longer,
when the patients were living at home with routine life
schedule. Data with pulse pressures < 10 mmHg when the
systolic BP was below 100 mmHg and pulse pressures <
10% of the systolic reading when the systolic BP was
greater than 100 mmHg were rejected as unphysiologic
outliers.”” Diastolic BP values greater than 160 mmHg
were also excluded.”” We defined daytime as 6 AM to
9:59 PM and nighttime as 10 PM to 5:59 AM. Patients
were divided into “dippers” or “non-dippers” based on the
criteria that both the mean systolic and diastolic daytime
BP fell by more than 10% at night.”

Data were analyzed using the statistical software
Stata (Stata Corporation, College Station, TX). Baseline
and post-treatment values were compared using a paired
Student’s ¢ test for each regimen. Treatment effects were
compared between regimens using a crossover-designed
analysis of variance with dosing regimen, period, and
their interaction as factors, and changes in IOP, OPP, BP
or pulse rate as the response. The proportion of dippers at
baseline and with each regimen was compared with the
McNemar’s test. A p value less than 0.05 was considered
statistically significant.

RESULTS

Data of IOP and OPP were obtained from 20 patients
(6 females) who had completed both dosing regimen
courses with a mean age of 59.3 + 15.2 years. Analyses
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of the ABPM data were performed on 17 of them. Three
patients (15%) were excluded from that analysis because
> 25% of the readings were either unsuccessful or de-
leted as outliers, which is consistent with prior use of the
ABPM device.** There was no significant carry-over ef-
fect or period effect on IOP, OPP, BP, and pulse rate.

Both dosing regimens of brimonidine decreased the
mean and minimum diurnal IOP from the baseline levels
(all p <0.001), and only the TID regimen decreased the
maximum [OP with a marginal significance (p = 0.049)
(Table 1). The TID regimen decreased the maximum
OPP (p = 0.009) while the BID regimen caused no

Table 1. Intraocular pressure and ocular perfusion pressure at baseline and after brimonidine monotherapy

Baseline BID TID BID vs TID vs BID vs
Baseline Baseline TID

Intraocular pressure (mmHg)

maximum 16.6 £3.7 16.0+£3.4 15.7+£3.0 p=0.134 p=0.049 p=0472

minimum 120+3.1 10.1£2.6 104+£2.8 »<0.001 p<0.001 p=0.447

mean 143+£32 13.0£3.0 13.0+£29 p<0.001 p <0.001 p=0.868
Ocular perfusion pressure (mmHg)

maximum 54.7+84 53.6£8.6 51.1£7.9 p=0.450 p=0.009 p=0.183

minimum 41.6£8.1 40.6 £7.7 40.2£7.6 p=0.341 p=0.164 p=0.779

mean 47.1£7.6 47.6£7.6 46.1£7.3 p=0.650 p=0.231 p=0.249

BID = twice daily dosing of brimonidine; TID = three times daily dosing of brimonidine.

Table 2. Blood pressure at baseline and after brimonidine monotherapy

Baseline BID TID
Daytime
Systolic blood pressure (mmHg)
Maximum 143.7£15.2 146.9 £19.3 141.2£15.1
Minimum 949+ 14.1 96.9 + 14.1 948 +13.7
Mean 1203 £12.2 121.6 £13.8 119.0£11.0
Diastolic blood pressure (mmHg)
Maximum 914113 96.5+10.6 90.3+£123
Minimum 56.5+10.6 57.5+11.0 54.7+9.7
Mean 744+£9.5 76.0 £ 10.3 743 £10.2
Pulse rate (beat/min)
Maximum 922+13.1 95.1+£17.8 96.2 £ 18.1
Minimum 56.9+9.7 58.9£8.0 58.1£8.1
Mean 723115 746+ 11.9 74.5+£9.7
Nighttime
Systolic blood pressure (mmHg)
Maximum 129.6 £16.9 1289+ 184 129.6 £17.3
Minimum 952+13.5 88.5+17.4 944+ 14.3
Mean 111.3+14.1 110.8+£14.3 111.7£13.5
Diastolic blood pressure (mmHg)
Maximum 81.5+11.5 845+ 11.8 828+ 11.6
Minimum 56.7+10.4 54.8+10.2 58.1+£10.0
Mean 69.3+£9.5 69.0£9.6 69.8 £10.1
Pulse rate (beat/min)
Maximum 76.6 +12.8 75.1+£143 77.5+13.8
Minimum 56.1 £8.7 54.6x7.0 55.6 £10.0
Mean 63.7+10.4 62.5+£8.5 63.3+£10.8

BID = twice daily dosing of brimonidine; TID = three times daily dosing of brimonidine.
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changes in the mean, maximum, and minimum OPP (Ta-
ble 1). No significant between-regimen differences were
noted in the mean, maximum and minimum values of
diurnal IOP or OPP (Table 1).

Fig. 1 shows that the BID regimen decreased the IOP
significantly at 8 AM (p <0.001), 10 AM (p =0.001), 6
PM (p=0.033), 8 PM (p <0.001), and 10 PM (p <0.001)
while the TID regimen decreased the IOP significantly at
8 AM (p<0.001), 10 AM (p=0.010), 2 PM (p = 0.038),
4 PM (p =0.002), 6 PM (p = 0.005), 8 PM (p = 0.014),
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Fig. 1. Diurnal intraocular pressure at baseline and after
treatment with twice daily (BID) or 3 times daily (TID) dos-
ing frequency of brimonidine.
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and 10 PM (p =0.006). Fig. 2 shows that the OPP at each
time point did not change significantly after brimonidine
therapy other than a decrease at 10 PM (p = 0.005) with
the TID regimen. There was no significant between-regi-
men difference in IOP or OPP at each time point.

With the 24-hour ABPM, no significant changes in
BP or pulse rate were noted with either regimen except
that the maximum daytime diastolic BP was higher with
the BID regimen than that at baseline (p = 0.026) and
with the TID regimen (p = 0.016) (Table 2). There was
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Fig. 2. Diurnal ocular perfusion pressure at baseline and
after treatment with twice daily (BID) or 3 times daily (TID)
dosing frequency of brimonidine.
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Fig. 3. The 24-hour systolic and diastolic blood pressure at baseline and after treatment with twice daily (BID) or 3 times daily

(TID) dosing frequency of brimonidine.
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no significant difference in the hourly average BP be-
tween regimens (Fig. 3). The proportion of dippers re-
mains similar after treatment with either regimen (both p
=0.317).

No significant ocular or systemic side effects were
encountered. Seven patients were under concurrent sys-
temic cardiovascular medication (B-blockers in 3 pa-
tients, calcium channel blockers in 4 patients, and angio-
tensin-converting enzyme inhibitors in 1 patient), and all
kept using the same medication during the study.

DISCUSSION

We demonstrate that both regimens of brimonidine
decrease the mean and minimum diurnal IOP and they
produce a similar reduction in IOP at each measured time
point. The TID regimen reduces the maximum diurnal
OPP, while the BID regimen does not affect OPP signifi-
cantly. The physiological nocturnal decrease in BP is not
exaggerated after brimonidine therapy.

Accumulating evidence suggests that optimal con-
trol of IOP over the 24-hour period is important in mini-
mizing the risk of progressive optic nerve damage in
glaucoma.>® Zeimer et al have shown that patients with
progressive field loss have more frequent IOP peaks than
patients with stable fields.” In a succeeding study, they
found that large fluctuations in IOP were not only associ-
ated with an enhanced risk for progression but had an ef-
fect over other strong risk factors.® We found that al-
though both regimens of brimonidine reduced the mean
and minimum diurnal IOP, only the TID regimen re-
duced the maximum IOP to a degree of marginal signifi-
cance. Thus, brimonidine reduced the mean IOP with in-
creased diurnal fluctuations. The clinical significance of
this apparently paradoxical finding remains to be
determined.

The IOP measured at 6 AM and noon was almost un-
altered with brimonidine therapy (Fig. 1). It seems that
the hypotensive effect of brimonidine is not potent
enough 6 hours following application to reduce the IOP
on the plateau of the diurnal curve. The between-regi-
men difference in IOP was biggest 2 hours following the
afternoon dose of TID regimen (4 PM), with a difference
short of statistical significance (p = 0.051). Therefore,

increasing the dosing frequency of brimonidine is not
helpful in reducing the mean IOP and dampening the di-
urnal fluctuations. One dosing frequency study of brim-
onidine on patients with POAG or ocular hypertension
has similar ﬁndings.20

There is a growing consensus, albeit not proved, that
the difference between BP and IOP may be more impor-
tant than the IOP itself in the pathophysiology of glauco-
matous optic neuropathy. In susceptible patients, a lower
OPP is associated with reduced end diastolic blood ve-
locity and increased vascular resistance in both the oph-
thalmic artery and central retinal artery.** Previous stud-
ies did not find adverse effects on ocular hemodynamics
with brimonidine therapy.>>*’ In this study, the TID regi-
men decreased the maximum diurnal OPP (-3.6 mmHg, p
= (0.009) while the BID regimen caused no changes in
OPP. It is hard to right away ascertain the impact of such
a decrease in maximum OPP. Since the TID regimen de-
creased the maximum IOP only with borderline signifi-
cance, and no significant difference in IOP or OPP could
be found at each time point between the 2 dosing regi-
mens, we conclude that TID dosing of brimonidine is not
more beneficial than the BID dosing to NTG patients.

The nocturnal decrease of BP is physiologically re-
lated to the reduced sympathetic tone and increased
vagal tone during sleep.”®*’ The absence of it is associ-
ated with complications of hypertension.***° Conversely,
exaggerated nocturnal hypotension may yield inade-
quate tissue perfusion in susceptible patients.’® Graham
and Drance have shown that glaucoma patients with
field progression have lower nocturnal BP variables than
patients with stable fields.'®** Hayreh and associates re-
ported that patients using beta-blocker eye drops experi-
ence a greater drop in nocturnal diastolic BP." Further-
more, NTG eyes receiving beta-blockers show visual
field progression more often than those not receiving
beta-blockers.!' With ABPM, we found no changes in
BP or pulse rate during daytime and nighttime hours with
either regimen of brimonidine. Pressure readings taken
by the ABPM device correlate well with intraarterial
measurements.”' It is a well-established procedure that
demonstrates BP in the patient’s natural environment
during different levels of physical activity and mental
stress. Sleep disturbance with ABPM is minimal if the
frequency of cuff inflation is between 15 and 30 min
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The present study is limited by the issue of compli-
ance and by its small sample size. Having the medical
staff instill eye drops during the period of hospitalization
lessens the bias resulting from patient incompliance of
diurnal IOP and OPP data. The results of similar diurnal
IOP variations between regimens are in accordance with
1 study on 101 patients with POAG or ocular hyperten-
sion.”” This suggests that the conclusion of our study
might not be affected significantly by its small sample
size. Seven patients were under concurrent systemic car-
diovascular medication that may influence the evalua-
tion of OPP. However, while comparing the data of the
patients with and without such medication, no signifi-
cant difference was identified, either at baseline or after
brimonidine therapy, in IOP and OPP regarding the max-
imum, minimum, and mean values. Besides, including
patients with cardiovascular disease using concurrent
medication reflects the practice pattern in real life, since
many glaucoma patients are elderly people suffering
from such disease.’” This study is also limited by the lack
of IOP and OPP data between midnight and 6 AM.

In conclusion, brimonidine lowers IOP without al-
tering the nocturnal decrease in BP or pulse rate. In treat-
ing NTG patients, the TID regimen of brimonidine is not
able to achieve a lower IOP with less diurnal fluctuations
than the BID regimen.
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