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ABSTRACT

Aims: Beta-blockers, the most frequently preferred drug group in glaucoma. With color Doppler ultrasonography (CDU), the
localization of retrobulbar vascular structures, their flow rates and directions, and the effects of the drugs used on the ocular
circulation can be examined in a dynamic, reliable, and noninvasive way in less time than other techniques. The aim of our
study was to compare the effects of beta-blockers, widely used in glaucoma treatment, and the additional neuroprotectant
flunarizine on ocular hemodynamics using CDU.

Methods: Between November 1998 and August 1999, 30 cases diagnosed with POAG in the Glaucoma Unit of the 2"¢ Eye
Clinic of our center were included in the study. Patients were divided into 3 groups according to their beta-blocker treatment.
Patients' CDU examinations were then examined by an experienced radiologist, and peak systolic flow velocity (PSFV) and
end-diastolic flow velocity (EDFV) of the ophthalmic artery (OA), central retinal artery (CRA), and lateral (temporal) posterior
ciliary arteries (LPCA) in the right or left eye were detected.

Results: Of the 30 patients who participated in the study, 14 were male and 16 were female. Nine patients had hypertension
(HT), 3 patients had diabetes (DM), and 6 patients had migraine. The mean age was similar in all three groups. There was
a significant reduction in IOP in all three patient groups in whom IOP was measured after the use of topical beta-blockers
(P<0.01). The use of flunarizine had no effect on IOP in all three groups (P>0.05). There was no statistically significant
difference between groups in OA PSFVs and EDFVs at the first, second, and third measurements using the three beta-blockers
(P>0.05). No statistically significant difference existed between all three groups in the measurements of CRA PSFVs and
EDFVs (P>0.05). There were also no significant differences between groups in measurements of LPCA, PSFVs, and EDFVs at
baseline and follow-up (P>0.05).

Conclusion: We found that the changes in hemodynamic parameters and reduction in IOP with all three beta-blockers were
similar on color Doppler USG in patients using beta-blockers for the treatment of glaucoma. We observed that flunarizine had
no effect on systemic hemodynamic parameters, did not affect IOP, and had no adverse effects on retrobulbar hemodynamic
parameters when combined with beta-blockers. Local beta-blockers remain the mainstay of medical treatment for POAG
because of their low systemic side effects and beneficial effects on the eye.
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INTRODUCTION

Glaucoma comprises a group of diseases characterized
by optic nerve head cupping and visual field loss. These
functional and structural disorders are associated with
elevated intraocular pressure (IOP). If not diagnosed
and treated, it is one of the most common causes of
irreversible blindness. Primary open-angle glaucoma
(POAG) is a bilateral, chronic, progressive, anterior
optic neuropathy in which there is resistance to anterior
chamber fluid drainage independent of ocular disease.
It accounts for 60-70% of all diseases grouped under the
term glaucoma. The main goal of glaucoma treatment is to
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lower IOP. In modern glaucoma treatment, the important
thing is not the extent to which the drugs lower IOP, but
the extent to which they reduce visual field loss, stop
atrophy of the optic nerve head, and change blood flow
in the eye. Beta-blockers, the most commonly preferred
group of drugs for treating glaucoma, are used as the first
topical drugs for almost all types of the disease. Timolol,
a nonselective beta-blocker, betaxolol, a selective beta-
blocker, and carteolol, a nonselective but intrinsically
sympathomimetic beta-blocker, are commonly used
drugs. Flunarizine, a calcium channel blocker long used
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as an adjunctive medication in the prophylactic treatment
of migraine, vertigo, and treatment-resistant epilepsy,
is thought to have neuroprotective effects because of its
ability to block calcium and sodium channels together.
There are studies on the use of flunarizine in the treatment
of glaucoma. In the treatment of glaucoma, medications
used for both pressure reduction and neuroprotection
should not adversely affect blood flow in the eye.

Color Doppler ultrasonography (CDU) has gained
importance in ophthalmology in recent years. The
localizations, flow rates, and directions of retrobulbar
vascular structures, as well as the effects of the drugs
used on the ocular circulation, can be examined
dynamically, reliably, and noninvasively in less time than
with other techniques. Since injection of contrast media
and application of mydriatic drops are not required, this
is less uncomfortable for the patient.

The aim of our study was to compare the effects of beta-
blockers, which are widely used in glaucoma treatment,
and the additional neuroprotectant flunarizine on ocular
hemodynamics using CDU.

METHODS

This study was carried out as a specialist thesis with the
approval of the institutional board. Ethical approval
was not obtained for that period. All procedures were
carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki.

Between November 1998 and August 1999, 30 cases
diagnosed with POAG in the Glaucoma Unit of the
2nd Eye Clinic of Ulucanlar Eye Training and Research
Hospital were included in the study. Patients with a
history of ocular or laser surgery, patients with cataracts
impairing visual acuity, patients with progressive eye
disease, patients with a history of unregulated DM,
patients with hypertension or heart disease taking
systemic calcium channel blockers or beta blockers,
patients with POAG in the normotensive glaucoma
group regardless of cause, and patients whose vision was
dependent on one eye were excluded from the study.

The topical beta-blockers taken by the patients were
discontinued for approximately three weeks (21.56+3.87
days) (wash-out times), and ophthalmological
examination of the newly diagnosed patients was
performed in detail by an ophthalmologist. Subsequently,
a CDU examination was performed by an experienced
radiologist, and the peak systolic flow velocity
(PSFV) and end-diastolic flow velocity (EDFV) of the
ophthalmic artery (OA), central retinal artery (CRA),
and lateral (temporal) posterior ciliary arteries (LPCA)
in the right or left eye were determined. Ocular blood
flow measurements of the patients were made in the
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Ultrasound Unit of the Radiology Department of Yiiksek
Ihtisas Hospital, Turkey, using the Toshiba Sonolayer
SSA-270 A CDU device.

Patients in whom the initial examination and Doppler
measurements were completed were divided into 10
groups, and one of the three topical beta-blockers was
randomly started (timolol maleate 0.5%, betaxolol
0.5%, carteolol 2%). In addition to the topical beta-
blockers used, flunarizine was administered at the dose
recommended by the neurological clinic to patients
whose second measurements were completed. After
approximately two months, all examinations and
Doppler measurements were repeated. All patients
enrolled in the study completed the study.

Statistical Analysis

To determine the statistical significance of the data
obtained in our study, "nonparametric tests" were
performed using the program "SPSS for Windows
Release 6.0." The "Wilcoxon Matched-Pairs Signed-
Ranks" test was used to evaluate differences within
groups, and the "Kruskal-Wallis 1-way ANOVA" test was
used to evaluate differences between groups.

RESULTS

Of the 30 patients who participated in the study, 14 were
male and 16 were female. Patients were divided into 3
groups according to the use of topical beta-blockers
(timolol maleate 0.5%, betaxolol 0.5%, carteolol 2%).
Nine patients suffered from hypertension (HT), 3
patients from DM, and 6 patients from migraine, and
their diseases were under control with the treatment they
received. The mean age was similar in all three groups.

For each group, age, gender, initial visual acuity (VA),
cup-to-disk ratio (C/D), history of hypertension (HT),
diabetes mellitus (DM), and history of migraine, as
well as wash-out times of the patients, were recorded.
Statistical analysis revealed no statistically significant
difference between groups in age, gender, initial visual
acuity, C/D ratios, and wash-out times for patients using
topical drugs.

At the second measurements after starting the use of
topical drops, local side effects were inquired about. It
was determined that there was no need to discontinue
drugs or use additional drugs. There was no significant
difference between the three groups in systolic blood
pressure measurements at baseline and follow-up (p>
0.05). All measurements were within the normotensive
range in all patients. The mean corrected visual acuity of
the patients remained constant at baseline and follow-
up (mean+SD=0.92+0.16). No significant change in the
C/D ratio was observed during fundus examination
(mean+SD=0.52+0.08).
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Intraocular pressure measurements showed a significant
reduction in IOP in all three patient groups after the use
of topical beta-blockers (p<0.01). The use of flunarizine
had no effect on IOP in all three groups (p>0.05). There
was no statistically significant difference between groups
in OA PSFVs and EDFVs at the first, second, and third
measurements when three beta-blockers were used
(p4,5,6>0.05). No statistically significant changes were
observed after the use of flunarizine (p>0.05) (Table 1).

In the CRA PSFV measurements, no statistically
significant difference was found between the groups
in all three measurements of the three patient groups
(p>0.05). In the within-group evaluations, regular
increases in mean flow velocities were observed at the
first, second, and third measurements in all three groups.
These increases were not significant between the first
two measurements (p>0.05). Statistically significant
increases were observed between the second and
third measurements in the carteolol group (p:0.018).
When comparing the first and last measurements, the
differences in the betaxolol and timolol groups were
not statistically significant (p>0.05), whereas they were
significant in the carteolol group (p:0.012) (Table 2).

In the CRA EDFV measurements (Table 2), there
was no statistical difference between the three groups
at all measurement time points (p>0.05). In the
within-group evaluations, increases in flow velocities

Table 1. OA PSFV and OA EDFV measurements (cm/s)

were detected in all groups during the follow-up
measurements compared with the first measurements.
The increases in flow velocity observed between the
first two measurements were not statistically significant
(p>0.05). In the third measurement, performed after
flunarizine administration, a greater increase in flow
velocity was observed in the carteolol group than in
the other two groups (p:0.043). When the differences
between the first and last measurements were evaluated,
a significant increase in flow velocity was observed in the
betaxolol and timolol groups, falling within the range of
p<0.1-P>0.05, whereas the change was more significant
in the carteolol group (p:0.007). There were no significant
differences between groups in measurements of LPCA,
PSFVs, and EDFVs at baseline and follow-up (p>0.05).
The within-group analyses revealed no difference in
flow velocities after the use of topical beta-blockers or
flunarizine in all three groups (p>0.05) (Table 3).

DISCUSSION

Our study examined the effects of the beta-blockers
timolol, betaxolol, and carteolol, which are widely used
in the treatment of glaucoma, on ocular hemodynamics
and the effects of flunarizine, administered as a
neuroprotectant in combination with beta-blocker
therapy, on ocular hemodynamics with CDU. Many
studies have shown that there are some retrobulbar
hemodynamic disorders in glaucoma detected with

Flow velocity ~ First measurement

Second measurement

Third measurement

Sy (cm/s) Ort.tss Ort.tss Ort.tss H 2 =
Betaxolol OA TSAH 37.2 +4.1 355453 34.8 +4.7 0.063 0.610 0.154
OA DSAH 7.9 £0.9 7.7+1.2 8.4%1.1 0.463 0.063 0.161
Carteolol OA TSAH 37.3+4.1 36.9 5.1 349 4.7 0.959 0.093 0.236
OA DSAH 7.9+1.1 7.6 £0.9 7.5%1.1 0.398 0.689 0.294
Timolol OA TSAH 38.3 6.2 36.5 +3.8 37.4 £3.0. 0.260 0.575 0.624
OA DSAH 7.8£1.6 7.3£0.9 7.8 £0.9 0.249 0.208 0.933

Flow velocity  First measurement

Table 2. CRA PSFV ve CRA EDFV measurements (cm/s)

Second measurement

Third measurement

Sy (cm/s) Mean+SD Mean+SD Mean+SD Hl = L
Betaxolol CRA PSFV 10.7 £2.4 112 £2.3 12.1 £2.2 0.483 0.173 0.103
CRA EDFV 2.8 £0.7 3.0 £0.6 3.4+0.7 0.361 0.142 0.058
Carteolol CRA PSFV 10.1 £2.1 10.6 £2.7 11.6+1.4 0.447 0.018 0.012
CRA EDFV 2.6 £0.8 3.0 £0.9 3.5+0.8 0.142 0.043 0.0077
Timolol CRA PSFV 10.2 £2.2 10.6 £2.6 11.0 £2.2 0.441 0.575 0.294
CRA EDFV 2.6 £0.6 2.8+0.7 3.0 £0.6 0.361 0.361 0.679

Flow velocity  First measurement

Table 3. LPCA PSFV and LPCA EDFV measurements (cm/s)

Second measurement

Third measurement

GEoup (cm/s)) Mean+SD Mean+SD Mean+SD A 2 L
Betaxolol LPCA PSFV 11.6+2.7 11.942.3 11.7£1.9 0.735 0.834 0.000
LPCA EDFV 3.1+£1.1 3.1 0.7 3.3+0.8 1.000 0.463 0.463
Carteolol LPCA PSFV 11.0+ 1.6 11.9+ 1.7 11.6+1.4 0.236 0.673 0.363
LPCA EDFV 2.9 £0.7 3.3+0.6 3.2 +£0.7 0.177 0.686 0.447
Timolol LPCA PSFV 11.1 £2.1 10.5x1.5 11.842.3 0.575 0.213 0.173
LPCA EDFV 2.9 0.7 2.7 £0.4 3.2 +£0.6 0.500 0.116 0.109
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the CDU method, in which ocular blood flow can be
measured noninvasively.'? Yamazaki and Drance found
that retrobulbar hemodynamic parameters in patients
whose visual fields progressively deteriorated were
statistically significantly different from those with stable
visual fields.* The positive or negative effects of beta-
blockers, commonly used to treat glaucoma, on ocular
blood flow are controversial.” Martin and Rabineau
compared retinal artery diameters in 12 healthy subjects
after one week of timolol treatment with baseline images
and found a 4.1% narrowing.®

Carenini et al.”® pointed out timolol decreased pulsatile
ocular blood flow in a 12-month study using the
Langham pulsatile ocular blood flow (POBF) system,
whereas betaxolol had no effect. Yoshida et al.” showed
that timolol decreased pulsatile ocular blood flow by 12%
using the same method. Langham compared timolol,
betaxolol, and clonidine by the same method and found
that betaxolol increased blood flow, whereas timolol
decreased it."” Betaxolol is thought to cause vasodilation
in the choroidal circulation and increase blood flow in
the eye, especially at the end of diastole. Measurement
of pulsatile ocular blood flow is a test that shows wide
variation in the population and is dependent on scleral
rigidity."

A study by Schmetterer et al."* concluded that befinolol,
metoprolol, timolol, and clonidine decreased fundus
pulsation in the macula and optic disc after a single
dose, whereas betaxolol, levobunolol, and pilocarpine
produced no change. They observed that OA and CRA
flow velocities did not change on the CDU examinations
they performed in patients.

Harris et al."” compared the retrobulbar hemodynamic
effects of betaxolol and timolol in a study. They used
timolol 0.5% for one month followed by betaxolol 0.5%
for one month in 13 patients with normal blood pressure,
three weeks after discontinuation of medication. Peak
systolic flow velocities (PTSFV) in retrobulbar arteries
(OA, PCA, CRA) did not change in CDU examinations
before and after medication use with either medication.
While no difference was observed in end-diastolic flow
velocities (EDFV) in the group using timolol, an increase
in EDFV was observed in the group using betaxolol. This
effect of betaxolol was attributed to the direct vasodilator
effect of the drug.

When we examined the systemic and ocular effects of the
topical beta-blockers used in the first part of our study,
similar systemic hemodynamic changes were detected
in all three patient groups. Systolic and diastolic blood
pressure and pulse rate decreased slightly in all three
patient groups after beta-blocker use. No statistically
significant differences were found in the initial and
follow-up measurements. All three beta-blockers

significantly lower systolic blood pressure and pulse
rate, but diastolic blood pressure less so. These results
suggest that the topical beta-blockers used are largely
absorbed into the systemic circulation.'*® According
to Zimmermam, serious side effects of topical beta-
blockers are not observed in young patient groups who
do not have serious cardiovascular problems or whose
vasoregulatory potential is preserved, as in our study
group.'®

In our study, we did not find that timolol caused
retrobulbar vasospasm, as claimed by Yoshida et al’
Martin et al.’ Carenini et al”® and Langham et al.”’
All three topical drugs we used had some effect on
retrobulbar flow. Our results are also in agreement
with the study by Schmetterer et al.'”> Our results are
in complete agreement with the studies of Haris et al.”’
which compared the efficacy of timolol and betaxolol.

We observed that patients were evenly distributed
between groups in almost all parameters in our study.
We also found that systemic hemodynamic parameters
changed to a similar degree in all three groups, with
generally more marked decreases in systolic blood
pressure and pulse measurements. We hypothesize that
the potential for perfusion vasoregulation is preserved
because our patients belong relatively to the group of
moderately damaged, stable glaucoma patients in the
young population. In larger and longer continuous
studies, betaxolol and carteolol have been shown to have
less effect on systemic parameters.'®'” It is recommended
to use this group of drugs especially in cardiovascular
and bronchopulmonary unstable patients.”” Our study
did not reveal significant differences between the groups
(P>0.05). When we compared the reductions in IOP,
we determined that the efficacy was similar in all three
patient groups.

In our study, we evaluated treatment with flunarizine and
its results in addition to treatment with beta-blockers.
Our evaluation showed that flunarizine did not affect
IOP in all three groups.

CONCLUSION

We found that the changes in hemodynamic parameters
and reduction in IOP with all three beta-blockers were
similar on CDU examination in patients using beta-
blockers for the treatment of glaucoma. We observed
that flunarizine had no effect on systemic hemodynamic
parameters, did not affect IOP, and had no adverse
effects on retrobulbar hemodynamic parameters when
combined with beta-blockers. Local beta-blockers
remain the mainstay of medical treatment for POAG
because of their low systemic side effects and beneficial
effects on the eye.
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