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Does glaucoma medication influence
the diameter of the retinal arteriole
in the human eye?

(A pilot study using the
Retinal Vessel Analyser)*
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Purpose: To investigate the potential in vivo influence of different topical glaucoma
medications on the diameter of the retinal arterioles of healthy volunteers and glaucoma patients.

Methods: The diameter of one pre-selected retinal arteriole per eye was measured using
the Retinal Vessel Anayser (RVA), an instrument developed for non-invasive clinical
measurement of the diameter of the main retinal vessels. The instrument contains a video system,
and the integrated software recognises the boundaries of the retinal vessels by detecting their
light-transmission profile. The vessel diameter (in arbitrary units) is plotted against time (seconds)
on a separate display screen. In Study | the vessel diameter was measured in 12 eyes of six healthy
volunteers (age 21-26 years, mean age 24.0 years) on six occasions each separated by 14 days. In
a double-masked fashion, each subject’'s right eye was treated with one of 5 glaucoma
medications (brinzolamide 1%, timolol 0.5%, betaxolol 0.5%, brimonidine 0.2% or latanoprost
0.005%) and the left eye always received balanced salt solution. In Study I, one randomly
selected eye of 16 patients (age 50-79 years, mean age 65.2 years) suffering from primary open-
angle glaucoma controlled with topical monotherapy was investigated, in an unmasked fashion.
Four patients were on betaxolol 0.5% treatment, six subjects were receiving non-selective topical
beta receptor blockers and six subjects were being treated with once daily latanoprost 0.005%.
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Results: The coefficient of variation for the arteriole diameter in the healthy volunteers
was less than 12% in each case. No significant post-treatment change of the diameter of the pre-
selected arteriole was found for any topical medication investigated, either in the healthy
volunteers (Study 1) or in the patients suffering from glaucoma (Study I1) (p>0.05, paired t-test).
In addition, in Sudy | no difference was observed in the alteration of the arteriole diameter
between the baseline and the hour 2 measurements when the values from the drug-treated and
placebo treated eyes were compared (p>0.05, two-way ANOVA).

Conclusion: In the present investigations it was not possible to detect any statistically
meaningful change of the arteriole diameter at two hours after the instillation of any of severa
topical antiglaucoma drugs widely used in clinical practice. Further investigations are necessary
to clarify whether the lack of observed change is due to the lack of retinal vascular effects of the
drugs investigated, or is due to an inability of the RVA instrument in practice to detect alterations
between time-points separated by several hours.

Keywords: glaucoma, retinal vessel analyser, retina arterioles, topical glaucoma
medication

In recent years an increasing amount of evidence has been found demonstrating
impairment of the ocular blood flow in glaucoma (9). Though the potential role of
pathological vasoregulation in the development of glaucomais strongly supported by in
vitro studies (5, 16, 33) and in vivo animal models (2), the clinical detection of ocular
blood flow impairment is till difficult, and the results are contradictory. Since some of
the topical medications used in clinical practice to decrease intraocular pressure (10P)
in glaucoma have been shown to also exert vasorelaxing properties in experimental
models of glaucoma (2, 5, 16, 34) it would be of great clinical significance if such
effects in the glaucomatous eye could be verified or disproved. However, measuring the
fine changes of the ocular circulation in the clinical context in a non-invasive manner,
and correlating the measurements with the potential vascular effects of the topical
medication, is a technically difficult problem. Using colour Doppler imaging available
today, blood flow velocity can be measured and resistive indices calculated for the
retrobulbar vessels and for the central retinal artery (1, 32). However these vessels
provide the arterial blood supply for the whole eye, and so colour Doppler imaging is
not specific enough to be used for characterising the optic nerve head or retinal blood
supply separately; and unfortunately this technique cannot image small-diameter
vessels. Similarly, measurement of the pulsatile component of the ocular blood flow
provides information regarding the blood supply to the whole eye, and seems to show a
wide overlap between the values for healthy eyes and for eyes suffering from glaucoma
(20, 20). Using laser Doppler flowmetry (20, 27) the blood flow can be measured in a
small segment of the neuroretinal rim and the retina; but the measurement depth is not
well-defined, which means that some choroidal blood-flow is probably also measured.
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However, choroidal blood flow represents approximately 85% of the total ocular blood
flow; and moreover since the vasoregulation in the retina and the choroid are different
(32), even a small effect from this layer might considerably influence the retinal blood
flow measurements, and thus mask the potential drug-related alterations. The results
with scanning laser Doppler flowmetry, which provides information on capillary
perfusion in the retina and optic nerve head, are contradictory, and the variability of the
measurements is high (14, 18).

The Retinal Vessel Analyser (RVA; IMEDOS GmbH, Weimar, Germany; Figs 1
and 2) is a recently-developed instrument for non-invasive clinical measurement of the
diameter of the major retinal arterioles and veins (3, 4, 28). The RVA provides the
possibility to investigate the major retinal arteries or veins individually, which allows
investigation of a vascular area different from the ones measured by any of the other
non-invasive clinical techniques used to study the ocular blood flow. The technique is
shown to be appropriate for the recognition of hyperacute alterations of the diameter,
e.g. in studies using O, or CO, inhalation (21, 31), systemic vasoconstrictors (28) or
vasodilators, or photostimulation of the retina (11, 29). However to our knowledge few
investigations have been reported on the use of the RVA for the evaluation of the
potential vascular effects of topical glaucoma medication (24). In this study we
investigated whether the RVA instrument can be used for the detection of vascular
alterations in the retina caused by topical drugs used to lower the IOP.

Fig. 1. Examination with the Retinal VVessel Analyser
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Fig. 2. Image of a pre-selected retinal arteriole of approximately 90 um within the frame area, and the
graph of its measured diameter (arbitrary units) plotted against time (seconds)

Subjects and Methods

The Retinal Vessel Analyser (RVA; IMEDOS GmbH, Weimar, Germany) is a
commercially available system which contains a fundus camera (Zeiss FF 450, Carl
Zeiss GmbH, Jena, Germany), a digital video camera, a real-time video display screen,
and a personal computer with analysis software which can determe the diameter of the
imaged blood vessel, where this is greater than approximately 60 pm. The measurement
principle is based on the recognition of the specific light-transmittance profile of the
haemoglobin-containing blood within the vessel. Measurement of retinal vessel
diameters is based on adaptive algorithms using individual vessel profiles. When a
specific vessel profile is recognised the RVA system is able to follow this vessel along
as it appears within the measurement frame (28). To select a region of interest the
investigator defines a rectangle enclosing the relevant part of the desired vessel on the
image on the real-time display screen. After this the measurement of vessel diameters
can be started. Vessel diameter is calculated along the segment of vessel which lies
within the frame. The system can automatically correct for eye movements, provided the
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vessl is still within the frame. The vessel diameter defined in relative units can be
recorded as a function of time as well as a function of the position along the axis of the
vessel. According to the manufacturer (IMEDOS GmbH: The Retinal Vessel Analyser,
1997) 1 unit of the vessel diameter as measured with the RVA corresponds to 1 pm
vessel diameter in the Gullstrand’s eye model. However, since the optical properties of
the individual eyes show a significant variation, this relation can be considered only an
approximation in real clinical use of the instrument. Retinal vessel diameters are
determined in real time with a maximum frequency of 25 readings per second. The
fundus image can be observed on the real-time screen, and if necessary stored on a
video recorder. Evaluation of the retinal vessel diameters can be done on-line, or off-
line from the recorded video tape.

The clinical investigation protocol was approved by the Ethics Committee of the
University and written informed consent was obtained from all participants. In Study I,
12 eyes of six healthy volunteers (age 21 to 26 years, mean age 24.0 years) were
investigated in a double masked, placebo controlled fashion. Each volunteer was a non
smoker and was healthy, was using no systemic or ocular medication at the time of the
enrolment, and had a negative ocular medical history. Each subject underwent a detailed
ophthalmological examination before enrolment. The evaluation consisted of visual
acuity measurement, visua field testing with the Octopus perimeter Dynamic G2 test,
|OP measurements with Goldmann tonometry, dlit-lamp examination, and funduscopy
with dilated pupils. The visual functions were normal, and the optic nerve heads showed
no pathological alterations as examined using a 90 diopter non-contact aspherical lens
and a dit lamp for stereoscopic viewing. The IOP was lower than 22 mm Hg in all
Cases.

The RVA measurements were performed on both eyes in the morning hours on
Six occasions separated by intervals of 14 days, by the same examiner (P.K.). Pupils
were dilated with a drop of tropicamide HCI 0.5% (Mydrum, Chauvin Ankerpharm
GmbH, Rudolstadt, Germany). The baseline RVA, blood pressure and pulse rate
measurements were performed with the subject in a sitting position, following 10
minutes rest in the same position. Then one of the topical glaucoma drugs; brinzolamide
1% (Azopt, Alcon Inc., Fort Worth, TX, USA), timolol 0.5% (Cusimolol, Alcon Cusi
SA., El Masnou, Spain), betaxolol 0.5% (Betoptic, Alcon-Couvreur Inc., Puurs,
Belgium), brimonidine 0.2% (Alphagan, Allergan Inc., Irvine, CA, USA), latanoprost
0.005% (Xalatan, Pharmacia Corp., Peapack, NJ, USA) was ingtilled in the right eye
and balanced salt solution in the left eye, in a double-masked fashion. The
measurements were repeated two hours later, again after a 10-minute rest. The
participants spent the two-hour interval resting, and took no medication or coffee.
Before using any glaucoma drops, as a control experiment, on a separate occasion two
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RVA measurements separated by a time interval of 2 hours were performed through
dilated pupils but using balanced salt solution in both eyes of all patients, in order to
estimate the coefficient of variation of the RVA measurements.

In Study 11, 16 patients (age 50—79 years, mean age 65.2 years) suffering from
primary open-angle glaucoma controlled with topical monotherapy were investigated.
Over aperiod of at least 3 months their |OP had been consistently lower than 22 mm Hg
while using a single topica medication. One randomly selected eye per subject was
analysed. Four of these eyes received the beta-1 receptor selective blocker betaxolol
0.5% twice daily, six were treated with non-selective beta receptor blocker eye drops of
0.5% concentration twice daily, and six eyes were on a single evening dose of
latanoprost 0.005%. Systemic medication where used was stopped for 24 hours before
the day of the RVA measurement. The patients instilled their usual topical medication
on the evening before the day of the investigation (except for latanoprost-treated
patients, whose dose was omitted on the preceding evening). The baseline RVA, blood
pressure and heart rate measurements were performed at 8 o’ clock in the morning, in a
similar way to those described in Study I. Then the topical medication was instilled in
an open fashion, and two hours later the measurements were repeated.

In both studies a temporal (superior or inferior) main arteriole was selected for
the measurement. Data for the pre-selected vessel segments was recorded for at least a
100-second time period, then the images were examined for quality. Only high quality
images were stored and used for later analysis. Detailed analysis was performed after
the measurements for both studies were completed, but before unmasking the details of
treatment for participantsin Sudy I. Vessel diameter graphs for the first 100 seconds of
each measurement were used for the automatic calculation of the mean diameter, and
these mean values were used for the further analysis.

Reproducibility was defined as intraindividual standard deviation divided by the
overall mean value (coefficient of variation). The paired t-test with Bonferroni
correction was used to investigate the changes of the vessel diameter, blood pressure
and heart rate between the baseline and the hour 2 measurements for each different
medication, respectively. For Sudy |, two-way ANOVA was used to compare the
change of the vessel diameter between the eye receiving topical medication and the
contralateral, placebo-treated eye for each type of topical medication. P-values less than
0.05 were considered as significant.

Results

The coefficient of variation for the arteriole diameter in the hedlthy volunteers was less
than 12%. The dteration of the arteriole diameters for Sudy | are shown in Table I.
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Tablell

Change of theretinal arteriole diameter (arbitrary units) in Sudy |1 (glaucoma patients)

Retina arteriole diameter change

_— (arbitrary units)
Type of medication

mean = SD 95% confidence p*-vaue
interval
min. max.
Non-selective B-receptor blockers (n=6) 0.033 + 3.120 -3.241 3.308 0.980
Betaxolol 0.5% (n=4) -0.050 + 4.183 —6.706 6.606 0.982
Latanoprost 0.005% (n=6) -1.283 + 4.739 —6.256 3.689 0.536

* paired t-test

No significant change was found for eyes receiving any type of topical medication, or
for the placebo treatment; except for a single change in the placebo-treated |eft eyes on
the day of the latanoprost treatment (Table ). This apparent difference, however, lost its
significance after Bonferroni correction (corrected p=0.192). When the change of the
arteriole diameter was compared between the medication-treated eye and the placebo-
treated eye for each session, again no difference was seen (Table1). The systolic and the
diastolic blood pressure as well as the heart rate showed no difference between the
baseline measurement and the hour 2 examination (p>0.05 in all cases, detailed data not
shown).

The alterations of the retinal arteriole diameter for the glaucoma patients in Sudy
Il are shown in Table I1. None of the diameter changes for any type of medication was
significant. The systolic and the diastolic blood pressure, and the heart rate, remained
unchanged between the baseline and the hour 2 measurements for each type of
glaucoma medication (p>0.05 in all cases, paired t-test; detailed data not shown).

Discussion

Some of the topical medications used to reduce |OP in glaucoma are reported to
produce vasodilation of the precontracted vessels in vitro, and aso in vivo in animal
models of glaucoma (2, 5, 16, 34). However, such effects have not been consistently
verified in human glaucoma patients. One of the reasons for the lack of clear evidence
for the presence or absence of human retinal vasoactivity exerted by topical medication
is the lack of a clear understanding of the biological meaning of the results obtained
with different types of non-invasive measurement techniques. Colour Doppler imaging
and pulsatile ocular blood flow measurement provide information only for the total
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blood supply of the eye (32). Laser Doppler flowmetry and scanning laser Doppler
flowmetry are not completely selective for the retina, and for the latter method the
clinical results are conflicting (14, 18, 20, 27).

In view of these difficulties the Retinal Vessel Analyser, an instrument developed
recently for the automatic measurement of the diameter of the main retinal vessels, in
principle provides a possibility for a new, non-invasive, clinical approach to the
problem. Since with the RVA it is not blood flow but vessel diameter which is measured
directly, the interpretation of the findings would seem to be more straight-forward as
compared to the above-mentioned techniques. The ability of the RVA to detect
hyperacute vasoconstriction and relaxation has been verified in human experiments
using systemic medication or CO, and O, inhalation (17, 21, 25, 28). In contrast to
these studies in the present study we investigated whether the RVA is a suitable
technique for the detection of vasoconstriction or vasodilation induced by topical 10P-
lowering medication.

All the eye drops investigated in our study are world-wide used topical drugs
which are approved for lowering the intraocular pressure in glaucoma. In addition to
that, there is indirect evidence for retinal vasoactivity exerted by these molecules.
Betaxolol has been shown to relax endothelin-1 preconstricted isolated human arterioles
in a dose dependent manner in vitro (16). This effect is mediated by L-type calcium
channels and considered unrelated to the (3-receptor activity of betaxolol (23, 34). Till
now betaxolol is the only glaucoma medication which was systematically evaluated for
drug concentration in the different ocular tissues including the retina in in vivo animal
models and in human glaucoma patients (8, 15). The data from chronic medication
studies show that both in animal models and in humans the retinal concentration of
betaxolol is magnitudes higher than the minimum concentration necessary for in vitro
vasorelaxation of the isolated human retinal arterioles (8, 15). These data, however,
provide no information on the pharmacologically active ocular drug concentrations.
Timolol, a non-selective (-receptor blocker with a significantly lower calcium channel
blocking activity was also demonstrated to relax precontracted isolated mammalian
arterioles in vitro, however, this effect was significantly weaker and required
significantly higher concentration than that of betaxolol (16). Topica carbonic
anhydrase medication improved blood flow in the ophthalmic artery, ciliary arteries and
central retinal artery as measured with colour Doppler imaging, and was associated with
an accelerated arterio-venous passage time in the retina both in humans and in animal
models (12, 13, 22). However, retinal and optic nerve head vasodilation was not
investigated in these experiments. Since the accelerated retinal perfusion is aways
associated with a decrease of intraocular pressure in such studies, it is impossible to
exclude the causative role of intraocular pressure reduction and the resulting increase of
ocular perfusion pressure in the acceleration of the retinal perfusion (2). In contrast to
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the B-receptor blockers and the topical carbonic anhydrase inhibitors latanoprost, a
prostaglandin F,, analogue, and brimonidine, a relatively selective a2-receptor agonist
are retinal vasoconstrictors in vitro (6, 7). On the other hand in in vivo models the
retinal concentration of brimonidine was much below the value necessary to the
stimulation of the al-receptors, which are responsible for vasoconstriction (7, 19) and
the presumed retinal concentration of topically applied latanoprost is also considerably
lower than that used in the in vitro experiments.

Drug induced alterations of the human retinal and optic nerve head perfusion is
extremely difficult to measure and interpret. The difficulties are caused by the anatomy
of the primate optic nerve head and retina, the technical limitations of the different non-
invasive measurement techniques and the several unknown characteristics of ocular
drug delivery in and around the eye. In humans it is not possible to use invasive
methods to evaluate pharmacokinetics and tissue specific activity of the topicaly
applied ocular drugs. Therefore new and non-invasive measuring techniques are very
important to be tried in rea clinical conditions. Our study with the Retinal Vessel
Analyser was designed for a typical clinical situation, and were investigated the
potential effects of widely used topical glaucoma drugs on the major retina arterioles.
In contrast to some in vitro experiments, but similar to severa other non-invasive
clinical investigations (14, 26, 30), we were unable to show any change between the
baseline and the hour 2 post-medication readings either in healthy, young volunteers or
in glaucoma patients under chronic topical monotherapy.

There are four possible explanations for our negative results. First, some hours
are required for the development of any retinal vascular effect of a topically applied
drug, since the molecule needs to penetrate from the ocular surface to the posterior
layers of the eye (8). Such an interval, however, is too long for continuous recording
with the RVA; therefore we had to pre-select a time interval between two separate
measurements. The two-hour interval used in this study corresponds to the time of the
maximum |OP-lowering effect of the majority of the topical glaucoma medications, but
it is not clear whether the potential retinal effects have a similar time-profile to the IOP
effect, in the human eye. This means that we might have missed the optimal time for the
detection of the changes. The second explanation is based on the physiological
alterations of the arteriole diameter in the retina (3). The natural alterations of the vessel
diameter over time might have influenced the outcome of our investigations, by masking
the drug-induced changes; even though the reproducibility of the RVA measurements
for a 2-hour time period was better than 12%, for our healthy volunteers. The third
possibility isthe lack of any retinal effect of any of the topical drugs investigated, at the
concentrations used. This however does not seem likely, since at least for the topical
carbonic anhydrase inhibitors an acceleration of the retinal circulation has been reported
two hours after the instillation of these drugs in the human eye (12, 22). The fourth
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possible explanation is that the vascular structure which is influenced by the drug-
related vasoconstriction or relaxation is distal from the main retinal arterioles, i.e. the
small arterioles and the precapillaries, which unfortunately are too small to be
investigated with the RVA.

The results of our pilot study suggest that the potential role of the Retinal Vessel

Analyser in the detection of the possible vasoconstriction or vasodilation induced by
topica glaucoma medication needs further investigation. In such studies, several
different time-intervals should be used to compare the diameter of the retina arteriole
between the pre-treatment baseline and the post-treatment sessions.
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