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ABSTRACT.

Objective: To investigate the effects of topical latanoprost 0.005% and topical

brimonidine tartrate 0.2% on retrobulbar blood flow in patients with primary

open-angle glaucoma (POAG) and ocular hypertension (OHT).

Methods: Forty-one consecutive patients with POAG and OHT were enrolled in

this prospective, open-label, randomized, parallel study. Patients received either

latanoprost 0.005% or brimonidine 0.2% for 3months. Baseline retrobulbar

blood flow measurements of the ophthalmic artery, central retinal artery and

temporal short posterior ciliary artery were taken using colour Doppler imaging

ultrasound, concurrently with systemic blood pressure, heart rate, ocular perfusion

pressure and intraocular pressure (IOP) measurements. These measurements

were repeated after 3months.

Results: Both latanoprost and brimonidine significantly reduced IOP (p<0.05).

While there was a statistically significant increase in peak systolic velocity of the

ophthalmic artery, no significant change was observed in the other vessels with

latanoprost treatment (p<0.05). Topical brimonidine did not significantly alter

flow velocities or resistive indices in the retrobulbar vessels after 3months.

Conclusion: Topical latanoprost and brimonidine significantly reduced IOP in

patients with POAG and OHT without causing significant haemodynamic

alterations in the retrobulbar vessels.
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Introduction

The exact pathogenesis of glaucomatous
optic nerve damage is still unclear. The
relative roles of mechanical, vascular
and other factors have been proposed.
It has been suggested that blood supply

to the optic nerve head (ONH) may be
affected in glaucoma patients, while
increased intraocular pressure (IOP) is
known to be a causative risk factor.
Impaired blood flow to the ONH may
contribute to the progression of the
disease. Possible effects of glaucoma

medications on ONH blood flow are
of great clinical importance and there-
fore should be investigated when evalu-
ating these drugs. (Camras et al. 1996;
Seong et al. 1999; Tamaki et al. 2001).

Latanoprost, a prostaglandin F2a

analogue (13,14-dihydro-17phenyl-18,
19,20-trinor-prostaglandin F2a-isopropyl
ester), has been shown to reduce IOP
by increasing uveoscleral outflow. Bri-
monidine tartrate is a new a-adrenergic
agonist and decreases IOP by redu-
cing aqueous humour production
and increasing uveoscleral outflow. It
has been reported that brimonidine
0.2% solution is well tolerated, safe
and clinically effective in reducing
IOP in primary open-angle glaucoma
(POAG) or ocular hypertension (OHT)
(Nordlund et al. 1995; Walters 1996;
Wilensky 1996; Grienfield et al. 1997;
Schuman 1996).

While it is important to understand
the ocular hypotensive effects of lata-
noprost and brimonidine, it is also
necessary to determine their effects on
human ocular blood flow. Previous stud-
ies reported no change in ocular blood
flow with brimonidine and an increase
or no change with latanoprost after 1
or 2weeks of treatment (Lachkar et al.
1998; Carlson et al. 2000; Ishii et al.
2001; Jonescu-Cuypers et al. 2001;
Tamaki et al. 2001; Georgopoulos
et al. 2002). In one study, an increase
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in pulsatile ocular blood flow was
observed with topical brimonidine
(Vetrugno et al. 2001).

The aim of this study was to identify
the effects of topical latanoprost
0.005% and brimonidine 0.2% on
retrobulbar blood flow in patients
with POAG and OHT after 3months
of treatment using colour Doppler
imaging (CDI).

Subjects and Methods

A total of 41 patients who met the
inclusion criteria were selected consecu-
tively for enrolment. Informed consent
was obtained from all subjects partici-
pating in the study. The study was per-
formed in accordance with the ethical
standards of the Declaration of
Helsinki. All subjects were randomized
to receive either latanoprost 0.005%
(Xalatan, Pharmacia & Upjohn
Kalamazoo, MI; Stockholm, Sweden) or
brimonidine tartrate 0.2% (Alphagan,
Allergan Inc, Irvine, CA). Eighteen
patients with POAG and five patients
with OHT were given latanoprost
0.005% once daily. Twelve patients
with POAG and six patients with
OHT were given brimonidine 0.2%
twice daily. Five patients in the brimo-
nidine group and five patients in the
latanoprost group had previously been
on b-blocker therapy. They discon-
tinued their medications for 3weeks
prior to entering the study. The other
patients were newly diagnosed.

Primary open-angle glaucoma was
defined by IOP higher than 21 mmHg
without medication, measured on at
least two consecutive occasions separ-
ated by an interval of at least 2 hours,
and glaucomatous visual field or optic
disc changes. Ocular hypertension was
defined by IOP higher than 24 mmHg
with a normally appearing optic disc
and normal visual fields. The following
exclusion criteria were used: history of
ocular trauma and intraocular surgery,
argon laser trabeculoplasty within
6 months of enrolment, optic nerve
drusen, diabetic retinopathy, visual field
loss caused by non-glaucomatous dis-
ease, any concomitant systemic (use of
oral calciumchannel blockers,a-blockers,
a-agonists or angiotensin-converting
enzyme inhibitors) or ophthalmic medi-
cation and chronic systemic disease.
Only patients whose refractive errors
were between þ 3.50 and � 3.50dioptres

were included in the study. Subjects
were asked to avoid caffeine, smoking
and exercise for 3 hours before meas-
urements were taken. All measure-
ments were obtained between 09 : 00
and 11 : 00. At the baseline, 1 day
before treatment, patients underwent
an ophthalmic examination including
visual acuity measurement, slit-lamp
evaluation of the anterior segment,
gonioscopy, fundus examination, IOP
measurement using the Goldmann
applanation tonometer and retrobul-
bar blood flow measurement.

The right eyes were selected for CDI
and IOP measurements in both groups.
The patients received latanoprost
0.005% once daily in the evening, or
brimonidine 0.2% twice daily, in
open-label fashion after a baseline
examination. One experienced radio-
logist, who was masked to the study
design, performed all CDI measure-
ments. The measurement of blood
flow velocities was performed using
colour Doppler ultrasonography
(ATL-Ultramark 9, Advanced Tech-
nology Laboratories, Seattle, WA) and
5 MHz linear transducer. The flow
measurements were performed at the
same location and at the same angle of
scanning. Peak systolic velocity and
end diastolic velocities were measured
in the central retinal artery, temporal
short posterior ciliary artery and
ophthalmic artery. A resistance index
calculated automatically by the
machine was recorded. Intraocular
pressure, systemic blood pressure and
pulse rate were recorded just before
each CDI evaluation. The mean ocular
perfusion pressure (PP) was calculated
according to the formula PP¼ 2/3
(DBPþ 1/3[SBP-DBP])� IOP, where
DBP is diastolic blood pressure and
SBP is systolic blood pressure.

Statistical comparisons between the
baseline and post-treatment values
were carried out using a Wilcoxon
signed rank test. A p-value of less than
0.05 was considered significant.

Results

Three patients receiving latanoprost
were excluded from the study because
of allergic symptoms (conjunctival
hyperaemia, burning and tearing) and
headache. Twelve women and eight men
treated with latanoprost completed the
follow-up. Their mean age�SD was

61.12� 9.14 years (range 48–64 years).
All of 18 patients (10 women and
eight men) completed the follow-up
in the brimonidine group. Their mean
age� SD was 63.16� 11.17 years (range
49–73 years). Baseline IOP ranged
from 21 mmHg to 28mmHg (mean
23.00� 1.82mmHg) in the latanoprost
group and from 21 mmHg to 31 mmHg
(mean 23.27� 3.17mmHg) in the
brimonidine group.

Both drugs significantly reduced IOP
after 3months follow-up (Table 1). No
statistically significant difference in
IOP was observed between two groups,
although latanoprost reduced IOP
more than brimonidine, with reduc-
tions of 26.9% and 23.6%, respectively
(Fig. 1). No changes in blood pressure
and pulse rate were noted in either
group after 3months. A similar amount
of increase was observed in ocular PP
with both drugs (Table 1).

Blood flow velocities and resistance
indices of the central retinal artery,
temporal short posterior ciliary artery
and ophthalmic artery are displayed
in Table 2. A statistically significant
increase in peak systolic velocity of the
ophthalmic artery was noted 3months
after treatment with latanoprost
(p< 0.05). No significant change was
observed in blood velocity or resistance
index measurements in the other vessels
in latanoprost treatment (Fig. 2). Top-
ical brimonidine did not significantly
alter the blood velocity or resistance
index measurements in any retrobulbar
vessel after 3months (Fig. 3).

Discussion

The exact pathogenesis of glaucoma is
poorly understood. Although it is gen-
erally accepted that IOP is the main
risk factor, many studies focusing on
the progression of glaucomatous optic
neuropathy have investigated the role
of vascular characteristics near the
ONH (Graham et al. 1995; Camras
et al. 1996; Chung et al. 1999; Seong
et al. 1999; Tamaki et al. 2001). In
glaucoma patients, lower blood flow
at the ONH has been shown with
scanning laser Doppler flowmetry
(Marcello et al. 1996). Blood flow vel-
ocities have been found to be decreased
in the central retinal artery and posterior
ciliary artery in glaucoma patients.
Increased resistance in the retrobulbar
vessels of POAG patients has also been
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demonstrated. These factors may indi-
cate that even if IOP is decreased, optic
nerve damage and visual field defects
can persist (Robert et al. 1998). The
mechanico-vascular hypothesis sug-
gests that OHT causes compression of
the small vessels at the laminar and
prelaminar portions of the ONH and

if the self-regulatory mechanism is
insufficient, blood flow diminishes,
resulting in ischaemia and the final
destruction of the nervous tissue. The
pure vascular hypothesis proposes that
chronic POAG is determined by a pri-
mary ischaemic involvement of the
optic nerve. Early glaucomatous

damage starts in the laminar and pre-
laminar regions of the papilla supplied
by the small vessels coming from the
short posterior ciliary arteries and by
recurrent branches from the choroidal
network (Carenini et al 1993).

Therefore, it is important that any
drug used to treat glaucoma should
not have a detrimental effect on retro-
bulbar blood flow. Conversely, it
would be beneficial if any antiglauco-
matous drug could also increase blood
flow in the ONH (Camras 1995;
Graham et al 1995; Marcello et al 1996;
Kaiser et al 1997; Harris et al 2000).
Therefore, antiglaucoma drugs that
have specific effects on the ONH
blood flow, in addition to their IOP-
reducing effects, might have important
clinical implications (Kaiser et al 1997;
Harris et al 2000). Various methods
have been used to establish the effects
of antiglaucomatous drugs on retrobul-
bar blood flow. Doppler ultrasono-
graphy is one of the proposed methods
for measuring blood flow velocity in the
retrobulbar vessels and its results are
accepted as being reproducible (Harris
et al 1995, 1996, 2000; Kaiser et al
1997; Joos et al 1999; Bergstrand et al
2001, 2002). Whether any alteration in
flow velocities in the retrobulbar vessels
is due to the effects of the drug itself or
to decreased IOP is questionable. The
relationship between flow velocities in
the retrobulbar vessels and IOP has
been investigated. In the central retinal
artery and temporal short posterior
ciliary artery, blood velocity characteris-
tics were found to be clearly dependent
upon IOP and ocular PP; in contrast,
ophthalmic artery flow velocities were
found to be independent of IOP (Harris
et al 1996; Joos et al 1999). Colour Dop-
pler imaging was used in our study to
evaluate the effects of latanoprost and
brimonidine on retrobulbar blood flow.

A prostaglandin F2a analogue,
latanoprost is widely used to lower IOP
in glaucoma (Kjellgren et al 1995;
Nicolea et al 1996a, 1996b; Greve et al
1997; Vetrugno et al 1998; McKibbin &
Menage 1999; Seong et al 1999;
Stjernschantz et al 1999; Geyer et al
2001). Prostaglandins are important in
the local regulation of blood flow. Cer-
tain prostaglandins, such as PGI2 and
PGE2, act as potent vasodilators in
most species studied. The PGF2a may
have different actions on blood vessels
according to species and vascular beds
(Nicolea et al 1996a, 1996b; Vetrugno

Table 1. Blood pressure, pulse rate, intraocular pressure and ocular perfusion pressure at baseline

and 3months after treatment.

Latanoprost (mean�SD) Brimonidine (mean�SD)

Baseline After treatment Baseline After treatment

Blood pressure (mmHg)

Systolic 127.0� 9.2 127.7� 7.1 128.0� 9.4 126.9� 7.3

Diastolic 80.2� 5.9 81.0� 4.4 78.8� 5.5 80.2� 4.9

Pulse rate (beats/min) 72.5� 3.2 71.9� 2.9 72.7� 3.2 72.1� 2.6

Intraocular pressure (mmHg) 23.00� 1.82 16.81� 1.32* 23.27� 3.17 17.77� 1.47*

Perfusion pressure (mmHg) 40.7� 5.0 46.6� 2.9* 40.2� 4.3 46.1� 3.6*

*p < 0.05.
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Fig. 1. Average IOP before and after treatment. Latanoprost-treated eyes are represented by filled

diamonds; brimonidine-treated eyes are represented by filled squares.

Table 2. Blood flow velocities and resistance index at baseline and after drug treatment.

Latanoprost (mean� SD) Brimonidine (mean�SD)

Parameter Baseline At 3months Baseline At 3months

Ophthalmic artery

Peak systolic velocity (cm/ s) 44.47� 19.25 54.41� 16.03* 62.80� 19.47 58.96� 17.67

End diastolic velocity (cm/ s) 14.32� 7.23 15.75� 7.29 20.90� 9.38 18.32� 7.22

Resistance index 0.67� 0.06 0.71� 0.06 0.67� 0.06 0.68� 0.05

Temporal short posterior ciliary

artery

Peak systolic velocity (cm/ s) 25.07� 10.36 24.86� 11.42 26.18� 5.21 27.25� 7.28

End diastolic velocity (cm/ s) 9.62� 4.21 10.18� 4.80 11.89� 5.77 12.13� 4.13

Resistance index 0.60� 0.06 0.57� 0.07 0.58� 0.07 0.56� 0.06

Central retinal artery

Peak systolic velocity (cm/ s) 21.37� 4.64 20.69� 4.62 20.85� 4.89 20.26� 5.77

End diastolic velocity (cm/ s) 7.93� 2.73 8.13� 2.00 7.39� 2.25 7.40� 2.57

Resistance index 0.62� 0.07 0.61� 0.07 0.65� 0.07 0.62� 0.07

*p-value< 0.05 for comparison between the parameters at baseline and after drug treatment

(paired t-test).
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et al 1998; Stjernschantz et al 1999).
Therefore latanoprost may increase,
decrease or not change blood flow in
the retrobulbar vessels (Greve et al.
1997; Drance et al. 1998; Seong et al.
1999). Studies on rabbits and monkeys
have not shown any change in blood
flow to the posterior part of the eye
after topical administration of latano-
prost (Stjernschantz et al. 1999). It
was found that latanoprost did not
have a significant effect on retrobulbar
circulation, heart rate or systemic
blood pressure (Nicolea et al. 1996;
Vetrugno et al. 1998). McKibbin &

Menage (1999) reported a beneficial
effect of latanoprost on pulsatile ocu-
lar blood flow, increasing the average
flow by 21% in treated eyes. Geyer
et al. (2001) also demonstrated that
topical latanoprost increased pulsatile
ocular blood flow in normal eyes
8 hours after dosing. Tamaki et al.
(2001) showed that a single instillation
of latanoprost significantly increased
blood flow in the ONH. One week after
latanoprost application, pulsatile ocular
blood flow, ocular pulse amplitude
and ocular pulse volume were seen to
have been significantly increased

(Georgopouloset al.2002).Topicallatano-
prost significantly increased ONH blood
velocity measured using the laser speckle
method in rabbits, monkeys and humans
after 1week (Ishii et al. 2001). In our
study, topical latanoprost increased
only peak systolic velocity in the
ophthalmic artery after 3months.

The a-agonist brimonidine has been
shown to reduce IOP effectively. Top-
ical brimonidine resulted in posterior
segment drug levels adequate to acti-
vate a2-adrenoceptors, and was not
vasoconstrictive in a model designed
to assess the vasoactivity of the human
retinal vasculature. Brimonidine was
found to protect the rat optic nerve
from secondary damage following
mechanical injury to the optic nerve
and was found to be non-toxic in an
array of experiments designed to
evaluate ocular toxicity. Its high
a2-adrenoceptorselectivity,ocularhypo-
tensive efficacy, retinal bioavailability
and neuroprotective characteristics
may make brimonidine an important
antiglaucomatous agent (Burke &
Schwartz 1996). Carlsson et al. (2000)
reported that topical brimonidine
0.2% had no effect on retinal capillary
blood flow measured by confocal scan-
ning laser Doppler flowmetry in
patients with OHT after 8weeks of
treatment. Jonescu-Cuypers et al.
(2001) found that brimonidine 0.2%
treatment for 2 weeks affected neither
retrobulbar arterial velocities measured
by CDI nor retinal arteriovenous
passage time in healthy volunteers.
Lachkar et al. (1998) reported similar
results in patients with OHT.

In the present study, the effects of
latanoprost and brimonidine on IOP
and ocular haemodynamics were inves-
tigated. Retrobulbar blood flow veloci-
ties were measured by CDI before and
3 months after the treatment. Both lata-
noprost and brimonidine significantly
reduced IOP. Because of the high spe-
cificity of brimonidine for a2-adrenergic
receptors and the either constricting or
relaxing effects of latanoprost on vas-
cular smooth muscle, any alteration in
the retrobulbar blood circulation might
be expected after treatment with both
drugs. The only significant change
observed with latanoprost treatment
was an increase in peak systolic velocity
in the ophthalmic artery after 3 months.
No change was observed in the
other vessels with latanoprost. Topical
brimonidine did not significantly alter
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Fig. 2. Changes in haemodynamic parameters in the ophthalmic artery (OA), temporal short

posterior ciliary artery (TSPCA) and central retinal artery (CRA) in the latanoprost group. (A)

Peak systolic velocity. (B) End diastolic velocity. (C) Resistive index.
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the blood flow in the retrobulbar
vessels. One limitation of our study
was that the patients with POAG and
OHT were not divided into two
different groups. It has been shown
that retrobulbar blood flow in
patients with POAG and OHT may
respond differently to antiglaucoma-
tous agents (Bergstrand et al. 2001).
Therefore, the effects of brimonidine
and latanoprost on retrobulbar blood

flow in POAG and OHT patients
should be investigated separately in
future studies.

In conclusion, our study showed that
topical latanoprost 0.005% and brimo-
nidine 0.2% significantly reduced IOP
in patients with POAG and OHT with-
out causing significant haemodynamic
changes, except for an increase of peak
systolic velocity in the ophthalmic
artery after latanoprost treatment in

the retrobulbar vessels after 3 months
follow-up.
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