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Abstract
Aim—To assess the eVect of topical and
systemic application of a â adrenergic
receptor blocker on retinal haemodynam-
ics.
Methods—24 healthy subjects were in-
cluded in this double masked, ran-
domised, placebo controlled crossover
study. Metipranolol, a non-selective â
adrenergic receptor blocking agent was
used as test drug. In all subjects arm-
retina time, arteriovenous passage time,
arterial mean dye velocity, the arterial
vessel diameters, and capillary flow veloc-
ity were quantified from digital video
fluorescein angiograms.
Results—A significant eVect was observed
on the arteriovenous passage time
(p<0.05), the arterial mean dye bolus
velocity (p<0.05), and capillary blood
velocity (p<0.05), but not on the arterial
vessel diameter. The arterial mean dye
bolus velocity and capillary blood velocity
increased after application of the test drug
(topical and systemic). In tandem with
this a decrease of the arteriovenous pas-
sage time was observed. The perfusion
pressure increased after topical applica-
tion and remained unchanged after sys-
temic application of metipranolol.
Conclusions—This study shows that sys-
temic as well as topical application of
metipranolol leads to increased retinal
blood flow velocities. The implications of
these results for treatment with â adrener-
gic receptor blockers is not clear. How-
ever, in view of these data it is very
unlikely that treatment with metipranolol
has a negative eVect on retinal blood flow.
(Br J Ophthalmol 1998;82:892–896)

Recently the eVect of medications used for
glaucoma therapy on ocular blood flow has
become an area of increased interest.1–8 The
eVect of â adrenergic receptor blocking agents
is of particular concern with regard to drugs
used for long term therapy, as is the case with
primary open angle glaucoma. Several studies
showed either a positive,3–6 9 or negative1 2 10

eVect of topical application of â adrenergic
receptor blockers on the retinal circulation.

The decrease in intraocular pressure is
known to be a side eVect of systemic
applications of â adrenergic receptor
blockers.11 There is no information about the
influence of systemic â adrenergic receptor
blockers on the retinal circulation. In the
current study we investigated the acute eVect

of topical as well as of systemic application of
metipranolol on the retinal circulation.

Metipranolol, a non-selective â adrenergic
receptor blocking agent is used systemically for
the treatment of arterial hypertension and
topically for the management of glaucoma
patients. The systemic hypotensive eVect of
this drug is achieved through a decrease in the
â sympathetic tone and cardiac output.12

Intraocular pressure is lowered by a decrease in
the rate of aqueous humour formation.13

Subjects and methods
Twenty four healthy subjects (12 males, 12
females) aged 24–34 years were included in
this double masked, randomised, placebo con-
trolled crossover study. Histories, physical
examination, electrocardiograms, and routine
chemical analyses showed that the volunteers
had no evidence of present or past hyperten-
sion, cardiovascular disease, or any other
systemic condition and were taking no medica-
tions except for oral contraceptive drugs. All
subjects had normal visual acuity and minimal
or no refractive error. All participants gave
written informed consent for all procedures.
This study was approved by the local review
board.

PROTOCOL

All studies were performed in the morning.
One eye from each study participant was
randomly selected to be studied at each
session. Commercially available metipranolol
eye drops (Betamann 0.3%) and tablets
(Disorat 10) were used. Artificial tears were
used as topical placebo, and lactose tablets
were used as systemic placebo. The test drugs
were provided by Dr Mann Pharma, Berlin,
Germany. All study participants (subjects and
observers) were masked throughout the study.
Only after finishing all measurements was the
code broken for statistical analysis.

At each session, the subjects received either
topical or systemic treatment with meti-
pranolol or placebo. The time interval between
each of the four sessions was 2 weeks. All
examinations were performed before the appli-
cation of the test substance and 2 hours there-
after. Examinations included video fluorescein
angiography, measurement of intraocular pres-
sure, blood pressure, and heart rate.

In all study eyes a video fluorescein angi-
ogram was performed using a scanning laser
ophthalmoscope (SLO; Rodenstock Instru-
ments, Germany) after intravenous injection of
2.5 ml sodium fluorescein (10%) with a 10 ml
saline flush.

Digital picture analysis of video fluorescein
angiograms allows for quantitative assessment
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of retinal circulation. Retinal macrocirculation
can be characterised by the arm-retina time,
the arteriovenous passage time, arterial mean
dye velocity, and the arterial vessel diameters.
In contrast, the measurement of capillary flow
velocity provides data on retinal microcircula-
tion. Macrocirculatory measurements are car-
ried out in the 40 degree observation field.
This mode allows for imaging the entire poste-
rior pole. For the assessment of capillary flow
velocities high definition angiograms of the
perifoveal capillary network are necessary.
Therefore, the 20 degree field of the SLO is
used. For all measurements the video signal
generated by the SLO is converted into digital
information and recorded on an image se-
quence storage unit. The method is presented
in detail elsewhere.14

For the measurement of retinal macrocircu-
lation, density variations in the SLO generated
fluorescein angiograms were analysed by
means of digital image processing system.
Firstly, the angiograms were corrected for eye
movements based on a recursive estimation
method, described in detail elsewhere.15 After
correction for eye movements, the digital
image processing system measures the entire
angiogram sequence, recording the intensity of
fluorescein at various locations. Six points (size
3 × 3 pixels) were interactively selected for
measurement. The computer then analysed the
entire angiogram frame by frame. Fifty frames
per second were evaluated. For each image, the
program recorded the mean intensity levels at
each of the six selected locations. Intensity
curves were obtained by plotting the collected
data against the time axis. The time of the first
appearance of fluorescein was evaluated from
the intensity curves. According to the location
of the measuring points several variables of
retinal circulation were assessed.

Two points were selected for measurement
on the superotemporal and inferotemporal
arteries 0.5 disc diameter from the disc
margin. Two more distally located points, two
disc diameters from the disc margin on each
artery were similarly monitored. The diVer-
ences in appearance time and the actual
distance between the proximal and distal
marking point at each artery were used for cal-
culation of the mean arterial dye velocity. The
time elapsed between the appearance of dye at
the proximal reference point at the temporal
arteries and an adjacent point at its corre-
sponding vein was used to determine the arte-
riovenous passage times.

Finally, the vessel diameters were quantified
for the temporal retinal arteries using the half
high method.16–18 For these measurements
monochromatic images centred on the optic
nerve head were recorded using the 20 degree
field of the SLO. Reproducibility of this meas-
uring technique is about 3%.19 All diameter
measurements were carried out 0.5 disc diam-
eter from the disc margin. The data obtained
from the superior and inferior temporal quad-
rant were averaged for each patient in order to
obtain representative values for the posterior
pole and not only for one temporal quadrant.

For measurement of retinal microcirculation
the 20 degree field of the SLO is used. In these
digital high definition angiograms, segments of
low and high fluorescence can be observed
moving through the perifoveal network. The
sequences were processed oV line to evaluate
the mean capillary flow velocity and coefficient
of variation of mean capillary flow velocity. The
measurement of flow velocity is based on the
determination of transit time “Ät” between two
measuring points, separated by a known
distance “Äs”. The actual distance Äs was
measured by a digital image processing system
counting all pixels on the capillary between the
measuring points. The velocity of the moving
hypofluorescent segments were calculated as
v=Äs/Ät. The assessment of the capillary flow
velocities was performed in each patient in 15
diVerent vessels. All measurements were per-
formed in the monolayer capillary network
preventing confounding errors from oblique
vessels. The velocity of 10 diVerent segments of
low and high fluorescence in each capillary was
quantified. Each value of the mean blood flow
velocity (v) was based on 150 single measure-
ments. All of these were performed within a
time period of less than 5 seconds in the early
transit phase of the angiograms. Measurements
of actual distances were corrected for the
refractive error.20 All angiograms were evalu-
ated in masked fashion with no clinical data
available.

All blood pressures and heart rates were
recorded by automatic sphygmomanometry
(Dinamap, Vital Daten Monitor 1846 Sx,
Criticon, Tampa, FL, USA) immediately
before each angiogram. Mean arterial blood
pressure was calculated by adding one third of
the pulse pressure to the diastolic pressure.
Perfusion pressure was determined by sub-
tracting the intraocular pressure from the mean
arterial blood pressure.

STATISTICS

The Kolmogorov–Smirnov test was used to
check normal distribution. Mean value and
standard deviation are given for all samples. A
repeated measures analysis of variance
(ANOVA for repeated measurements) was cal-
culated to evaluate the homogeneity of the
baseline values and eVects of the diVerent
treatments (systemic placebo/metipranolol;
topical placebo/metipranolol). The hypothesis
to test is that there are no diVerences between
the eVects of the four diVerent treatments. The
null hypothesis was rejected if the significance
level was less than 0.05. Additional analysis
using the Student’s t test was performed to
identify diVerences between the mean values
for the measurements before and after applica-
tion of the test drugs. All p values were
adjusted for multiple testing according to
Holm.21

Results
All 24 subjects completed the study and no
side eVects were observed after topical or
systemic application of the test drugs. Baseline
values at the four diVerent sessions showed no
significant diVerences (ANOVA for repeated
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measurements; p >0.24). Mean values for the
measurements of mean blood pressure, heart
rate, and intraocular pressure are presented in
Table 1.

Analysis of variance for repeated measures
showed a significant therapy by pre/post inter-
action for the mean blood pressure (three fac-
torial ANOVA for repeated measurements:
F(1, 23) = 6.60; p<0.05), heart rate (three fac-
torial ANOVA for repeated measurements: F
(1, 23) = 9.37; p<0.01), and intraocular
pressure (three factorial ANOVA for repeated
measurements: F (1, 23) = 29.35; p<0.01).
Additional analysis (see Table 1) revealed a
significant decrease of mean blood pressure,
pulse rate, and intraocular pressure after
systemic application of the test drug and a sig-
nificant reduction of intraocular pressure after
topical application of the drug.

Table 2 presents the mean values for the
measurements of arteriovenous passage time,
arterial mean dye bolus velocity, and vessel
diameter of the temporal arteries. There was a
significant eVect on the arteriovenous passage
time (three factorial ANOVA for repeated
measurements: F (1, 23) = 5.64; p<0.05) and
the arterial mean dye bolus velocity (three fac-
torial ANOVA for repeated measurements: F
(1, 23) = 7.87; p<0.05). No eVect on the arte-
rial vessel diameter was observed. Further
analysis (see Table 2) showed a significant
increase of the arterial mean dye bolus velocity
after topical as well as after systemic applica-
tion of the â adrenergic blocker. The arterio-
venous passage time decreased significantly
after application of the test drug (topical and

systemic). Table 3 presents the mean values for
the measurements of capillary blood velocity
and the perfusion pressure. Analysis of vari-
ance for repeated measures showed a signifi-
cant eVect on the capillary blood velocity
(three factorial ANOVA for repeated measure-
ments: F (1, 23) = 40.45; p<0.01) and the per-
fusion pressure (three factorial ANOVA for
repeated measurements: F (1, 23) = 6.51;
p<0.05). The capillary blood velocity in-
creased significantly after both topical and sys-
temic metipranolol.

No diVerences between topical and systemic
application of the test drug on the blood flow
measurements were observed. The perfusion
pressure increased after topical application and
remained unchanged after systemic application
of metipranolol. No significant eVects on any
of the measurements were detected after appli-
cation of placebo.

Discussion
Several techniques for measuring blood flow in
the eye have been proposed. These include
methods for assessment of total ocular blood
flow, assessment of microcirculation of the
optic nerve head, and measurement of retinal
and choroidal blood flow.22–28 The method used
in our study quantifies retinal circulation by
measuring retinal flow velocities and circula-
tion times.14

Recent studies emphasised the importance
of vascular eVects in the pathogenesis of
glaucoma.29 30 The impact of antiglaucomatous
drugs on the ocular vasculature thus appears
imperative. In this study, we investigated the
acute eVect after topical and systemic applica-
tion of metipranolol, a non-selective â adrener-
gic antagonist. The study was performed as
double masked, randomised, placebo control-
led crossover study with a washout time of 2
weeks after each session. The 2 week washout
period is more than 50 times longer than the
elimination half life of the drug in the body. To
reduce further any potential crossover eVect
from drug to placebo we included 24 subjects

Table 1 Values (mean (SD)) for the mean blood pressure, heart rate, and intraocular pressure (IOP) before and after
application of the test drug

Mean blood pressure
(mm Hg) Heart rate (beats/min) IOP (mm Hg)

Before After Before After Before After

Topical placebo 93 (10) 91 (10) 87 (16) 77 (17) 13 (20 12 (2)
Topical metipranolol 92 (9) 93 (11) 83 (16) 79 (16) 14 (2) 11 (3)*
Systemic placebo 94 (6) 91 (9) 82 (16) 77 (14) 14 (2) 13 (2)
Systemic metipranolol 93 (8) 87 (9)* 86 (18) 62 (11)* 13 (2) 10 (2)*

*Significant diVerences between the mean values before and after application of the test drug; p<0.05; Student’s t test.

Table 2 Values (mean (SD)) for the arteriovenous passage time, the arterial mean dye bolus velocity, and the diameter of
the temporal arteries before and after application of the test drug

Arteriovenous passage time (s)
Arterial mean dye bolus
velocity (mm/s) Arterial diameter (µm)

Before After Before After Before After

Topical placebo 1.57 (0.3) 1.58 (0.3) 6.42 (1.0) 6.26 (1.1) 105 (14) 106 (14)
Topical metipranolol 1.68 (0.4) 1.47 (0.3)* 5.97 (1.4) 6.70 (1.0)* 106 (15) 107 (16)
Systemic placebo 1.56 (0.3) 1.45 (0.3) 6.34 (1.3) 6.81 (1.2) 106 (15) 107 (13)
Systemic metipranolol 1.62 (0.5) 1.44 (0.4)* 6.28 (1.5) 6.90 (1.2)* 108 (14) 106 (15)

*Significant diVerences between the measurements before and after application of the test drug; p<0.05; Student’s t test.

Table 3 Values (mean (SD)) for the capillary blood velocity and the perfusion pressure
before and after application of the test drug

Capillary blood velocity (mm/s) Perfusion pressure (mm Hg)

Before After Before After

Topical placebo 2.44 (0.41) 2.54 (0.39) 49 (7) 48 (7)
Topical metipranolol 2.63 (0.72) 2.88 (0.75)* 48 (6) 51 (7)*
Systemic placebo 2.52 (0.24) 2.51 (0.30) 49 (4) 47 (6)
Systemic metipranolol 2.43 (0.48) 2.81 (0.62)* 49 (6) 48 (5)

*Significant diVerences between the measurements before and after application of the test drug;
p<0.05; Student’s t test.
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in the study. This allowed us to use every pos-
sible sequence of the test drugs (4! = 24).

After topical as well as after systemic admin-
istration of metipranolol we observed a signifi-
cant decrease of the arteriovenous passage time
in tandem with an increase of the arterial mean
dye bolus velocity in healthy subjects. Arterio-
venous passage time decreased by 13% after
topical and by 11% after systemic application
of metipranolol. The reduction of the arterio-
venous passage time compares favourably with
previous studies4 demonstrating a decrease of
the arteriovenous passage time after topical
timolol. The arterial mean dye bolus velocity
increases after topical application of the test
drug by 12% and after systemic application by
16%. These results are comparable with
findings of previous studies5 7 9 31–33 using laser
Doppler techniques to assess retinal circula-
tion. These studies showed an increase of flow
velocities in retinal venules by 13% after
topical application of timolol.

The increase of the arterial mean dye bolus
velocity in tandem with the decrease of the
arteriovenous passage time is equivalent with
increased retinal blood flow if vessel geometry is
unchanged. Our measurements demonstrated
no change in diameter of the retinal arteries.
This finding is supported by previous studies
demonstrating no significant changes in retinal
vessel diameters after â adrenergic blockers.4 6 7

In contrast with these studies, Martin and
Rabineau34 demonstrated a significant reduc-
tion in retinal vessel diameters (4.1%) after
chronic (7 days) application of timolol. How-
ever, the accuracy of measurements of retinal
vessel diameters is relatively poor. Since the
optical resolution of the eye is around 10 µm
only diameter changes of this magnitude are
detectable with suYcient accuracy.

The flow velocities in the perifoveal capillar-
ies increase after topical application of the test
drug by 10% and after systemic application by
15%. The similar change of flow velocities in
retinal arteries and perifoveal capillaries shows
that retinal circulation is enhanced equally at
the capillary level and in larger retinal arteries.

The similarity between the eVect of topical
and systemic application of metipranolol on
retinal circulation is interesting. Systemic non-
selective â adrenergic blocking agents are very
likely to influence â2 receptors in the eye,
which have been shown to be present in the
choroidal as well in the retinal vasculature35;
however, there are very few in the retina. Since
we were not able to demonstrate changes in
retinal vessel diameters after systemic meti-
pranolol, only a slight vasoconstriction of the
retinal vessels can be expected after â adrener-
gic blockage. Therefore, it is very unlikely that
topical metipranolol acts as potential vasocon-
strictor for retinal vessels, even if topically
applied drugs diVuse through the cornea into
the anterior chamber and, in some degree, to
the retina and choroid. The penetration to the
back of the eye of metipranolol is very likely,
since this drug is lipophilic. In fact, it has been
shown for similar drugs (for example, timolol)
that after topical application retinal and
choroidal concentrations of the drug equal

those measured in the iris or ciliary body.36

However, the presence of the blood-retina bar-
rier makes a direct pharmacological action of
the drug very unlikely, since the medication in
the blood cannot reach the smooth muscle of
the retinal vasculature. This holds true equally
for the systemic and topical metipranolol.

Therefore, changes in retinal circulation
after metipranolol may be due to changes of
intraocular pressure and not to local reactions
of the retinal vasculature. This may be
supported by recent studies showing enhance-
ment of ocular circulation after filtering
surgery in glaucoma patients.37 38 However,
retinal circulation is autoregulated over a wide
range of perfusion pressure.39 The autoregula-
tory response has been demonstrated directly
after acute changes of the perfusion pressure
only. To our knowledge no information about
the eVects of more chronic changes of the per-
fusion pressure is available.

The increase of retinal flow velocities may be
caused be the significant increase of the retinal
perfusion pressure after application of the â
adrenergic blocker. The perfusion pressure
increases by 6% after topical application of
metipranolol. However, the increase of the per-
fusion pressure is less pronounced than the
change of retinal blood flow velocities. Accord-
ing to Hagen–Poiseuille’s law changes in flow
are proportional to changes of perfusion
pressure.40 41 The discrepancy between the
change of perfusion pressure and flow velocity
as demonstrated in this study may be explained
by the calculation of the perfusion pressure.
For the calculation of the ocular perfusion
pressure it is assumed that the mean arterial
blood pressure in the ophthalmic artery is
directly related to the systemic blood pressure.
Previous studies measuring ophthalmic artery
blood pressure showed a 5%–10% discrepancy
of calculated and measured blood pressure in
the ophthalmic artery.31 Probably, this may
account for the discrepancy of increased flow
velocity and the minimal decrease of the calcu-
lated perfusion pressure after systemic applica-
tion of metipranolol.

Our data showing an increase in retinal
circulation in healthy subjects contrast with
previous studies measuring ocular pulsatile
blood flow after timolol,6 42 another non-
selective â adrenergic blocking agent. The dif-
ferences in the methods of measurement are
one possible explanation. In the current study
retinal circulation has been evaluated whereas
previous studies measured pulsatile ocular
blood flow determined in large part by choroi-
dal blood flow.1 The eVects of â adrenergic
blockers may diVer in the retinal and choroidal
vasculature, and so the results of current study
are not comparable with measurements of
ocular pulsatile blood flow.

Enhancement of retinal circulation may be
relevant in glaucoma patients since ganglion
body cells are located in the inner retina. They
receive their metabolic supply from the retinal
circulation. In patients with advanced glauco-
matous damage the number of ganglion cells is
markedly reduced which could be related to
impaired retinal circulation.29 42–44 Our findings
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also indicate that topical â adrenergic blockers
may have applications in the treatment of reti-
nal circulatory deficiencies.45 Additional stud-
ies are needed to clarify the eVects of â adren-
ergic blockers on optic nerve head
circulation,46 which may be of more im-
portance than the retinal circulation in glau-
coma patients.
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