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SUMMARY

Using high-resolution duplex scanning it is possible to
evaluate the blood flow velocity in the central retinal
artery of the eye. Four different patient groups were
studied with this technique: normals, diabetics with a
decreased flow, diabetics with an increased flow and
vascular patients with a decreased flow. The eyes of
these patients were then treated with topical timolol
and the flow measured again. An increase in the flow
was found in three of the four groups. This increased
flow velocity may be due to a vasodilatory effect of
timolol. The results are presented and discussed.

Timolol maleate is a topical medication extensively
used in ophthalmology to lower the intraocular
pressure (IOP) in patients with glaucoma.!” It is a
non-selective beta-adrenergic receptor blocking
agent, the hypotensive effect of which has been
extensively studied and found to be through a
decrease in the rate of aqueous humour formation
by the ciliary body.® The effect of topical timolol on
the retinal circulation has been studied. Grunwald
studied the retinal venous circulation as it was
influenced by topical timolol maleate 0.5% utilising
a laser Doppler. He found a significant increase in
the venous blood flow in normal volunteers’ and in
ocular hypertensives.® The blood flow velocity in the
central retinal artery (CRA) of normal human
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volunteers treated with topical timolol maleate 0.5%
has also been studied. Using the duplex scanner a
significant increase was found in the blood flow
velocity of the CRA, with a 43.58% increase in the
systolic phase and a 61.53% increase in the diastolic
phase. There was also an increase in the diastolic
component (D.Comp.) from 49.29% to 55.56%,
indicating a decrease in the peripheral vascular
resistance.”!°

The duplex scanner has also been used to study the
blood flow velocity in the CRA of patients with
vascular disease in the form of diabetes or peripheral
vascular disease. Alterations in the flow velocities
were found in both cases. In patients with cerebro-
vascular or peripheral vascular disease, a decrease
was found in the flow velocity of the CRA when
compared with the flow in normals.!’ In the case of
patients with diabetes the flow velocity of the CRA
may be normal at the beginning of the disease,
elevated in the intermediate stages and decreased in
the more advanced stages of the disease when
compared with the flow in normals. Since patients
under treatment with topical timolol for glaucoma
frequently have these associated diseases it would be
important to know what effect topical timolol had on
the flow velocity of the CRA when these vascular
problems are also present. The aim of this study was
to evaluate the effect of topical timolol maleate 0.5%
on the flow velocity of the CRA in the eyes of
patients with diabetes or peripheral and/or cerebro-
vascular disease. We present our results using the
duplex scanner for the flow measurements.

MATERIALS AND METHODS
In this study we used a high-resolution ATL
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Ultramark 4 duplex scanner (Advanced Technology
Laboratories, Bothell, Washington, USA) with a
variable focus 5, 7.5, 10 MHz access probe with
remote control. A nominal imaging frequency of 10
MHz, a transmitted Doppler frequency of 5 MHz and
a wall filter setting of 200 Hz were used in each
measurement.

The nature of the experiment was fully explained
to each of the patients and informed consent was
obtained before beginning. The patient was exam-
ined while lying on his or her back on the examining
table. Our technique to measure the blood flow
velocity of the CRA has been described pre-
viously.!*!" One eye was selected from each of the
patients and the peak systolic flow velocity (PSFV)
and end-diastolic flow velocity (EDFV) of the CRA
as it exits from the optic nerve head were measured.
The carotid flow velocity was also recorded on the
same side as the eye selected to be studied in our
normals, to ensure that haemodynamically significant
lesions were not present that could alter the ocular
measurements. In the case of patients with diabetes
or vascular disease, we also took measurements of
the flow of the carotid and peripheral vessels to
evaluate the presence and extent of their disease.
Following the initial eye measurements a drop of
timolol maleate 0.5% was instilled in the eye to be
studied, followed by a second drop 5 minutes later.
After 30-45 minutes the PSFV and the EDFV in the
CRA were again measured and recorded in that eye.
The diastolic component [D.Comp. = EDFV/(PSFV/
100)] was calculated for the flow velocity before and
after topical timolol.

The Mann-Whitney U-test was used for statistical
analysis.

The patients were divided into four groups. The
first consisted of our control group of healthy white
volunteers. The second group was patients with
cerebrovascular or peripheral vascular disease who
had a decrease in the blood flow velocity of the
CRA. The third group was insulin-dependent
diabetic patients who had peripheral diabetic micro-
angiopathy detected by laser Doppler flowmetry.'!?
The diabetics were further divided into two sub-
groups according to the blood flow velocity of the
CRA: subgroup A had an increase in the flow
velocity of the CRA and subgroup B had a decrease
in the flow velocity of the CRA. The eye flow studies
were done together with the peripheral flow
evaluations. In the case of hypertensive patients,

Table I. General information about the patient groups
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there was a washout period in which the patients
were off their medication before the study. Patients
on cardiovascular medication were also excluded.
The pupils of the eyes were not dilated during the
flow measurements to avoid any effect the mydriatic
drops could have on the retinal blood. After the
administration of timolol drops we also monitored
the peripheral microcirculation of all the patients to
evaluate possible systemic microcirculatory effects of
timolol. Patients were excluded if they had severe
cardiac disease, if there was renal impairment, if a
neoplasm was present or if they had other major
systemic disease.

RESULTS

General information about the three groups is
presented in Table I, indicating the number of
patients, their age, blood pressure and the duration
of their disease. :

The first group consisted of 12 healthy white
volunteers. There was no history of ocular or
systemic disease and all had normal eye examina-
tions with a best refracted visual acuity of 20/20 (6/6)
or better. The intraocular pressure was 21 mmHg or
less and the anterior segment and fundus examina-
tions were normal. None were known diabetics, none
had known circulatory problems and none were
taking systemic or ocular medication. The mean age
was 45.7 years (SD 9). In these patients the mean
brachial systolic pressure was 118.7 mmHg (SD 13)
and the mean diastolic pressure was 71.4 mmHg (SD
9). After the administration of topical timolol
maleate 0.5% there was an increase in the blood
flow velocity of the CRA in all the eyes. The PSFV
increased from 22.1 cm/s (SD 4) to 26.5 cm/s (SD 6)
(p<0.01). The EDFYV increased from 10.3 cm/s (SD
3) to 13.5 cm/s (SD 4) (p<0.05). The D.Comp.
increased also, from 46.60% to 58.49% (p<0.05)
(Table II).

The second group consisted of 23 patients with
either central or peripheral vascular problems as
documented by us with duplex scanning and/or CT
scanning. The ocular examinations were normal with
intraocular pressures of 21 mmHg or less. The
patients with previous ocular surgery or ocular
disease such as glaucoma or uveitis were excluded.
None were taking ocular medication. These patients
were seen in our vascular centres and all had a
decrease in the flow velocity of the CRA when
compared with that in our normals. There was an

Age (years) No. Blood pressure (mmHg) Duration of disease (years)
Group 1 45.7 (SD 9) 12 118.7/71.4 (SD 13 and 9) 0
Group 2 59.7 (SD 9) 23 146.7/94.6 (SD 16 and 9) Unknown
Group 3 56.6 (SD 9) 43 139.3/87.0 (SD 18 and 8)
Subgroup A 23 6.7 (SD 5)
Subgroup B 20 13.5 (SD 7)
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Table II. Variation in the blood flow velocity (cm/s) after two drops of topical timolol maleate 0.5% in the eyes of normals

PSFV EDFV
Mean SD Mean SD D.Comp.
Before timolol 221 4 10.3 3 46.60%
After timolol 26.5 6%* 13.5 4* 58.49%*

PSFV, peak systolic flow velocity; EDFV, end-diastolic flow velocity; D.Comp., diastolic component = EDFV/(PSFV/100).

*p<0.05; **p<0.01.

increase in the flow velocity after topical timolol
maleate 0.5% but it was less than that seen in the
normals. Their mean age was 59.7 years (SD 9) and
there was a moderate increase in the brachial blood
pressure with a mean of 146.7/94.6 mmHg (SD 16
and 9). The PSFV was 16.8 cm/s (SD 7), significantly
slower than that in the normals (p<0.01), and it
increased after topical timolol to 20.7 cm/s (SD 9)
(p<0.01). The EDFV was 7.1 cm/s (SD 6), again
significantly reduced when compared with that of the
normals (p<0.05), and increased after topical timolol
to 10.3 cm/s (SD 6) (p<0.05). The D.Comp. before
timolol of 42.26%, which was significantly reduced
when compared with that of the normals (p<0.05%),
increased after topical timolol to 49.75% (p<0.01)
(Table III). Three other vascular patients were seen
by us who had no increase in the flow of the CRA
after topical timolol. All 3 had an internal carotid
occlusion.

The third group consisted of 43 insulin-dependent
diabetics with a mean age of 56.6 years (SD 9). These
patients had intraocular pressures of 21 mmHg or
less and none had glaucoma or previous ocular
surgery. Their fundus examinations were either
normal or showed mild background diabetic retino-
pathy (BDR). Patients with diabetic macular oedema
(DMO), preproliferative diabetic retinopathy or
proliferative diabetic retinopathy (PDR) were
excluded. These patients had peripheral diabetic
microangiopathy as detected by laser Doppler
flowmetry and could be divided into two subgroups
according to their blood flow characteristics. Sub-
group A consisted of 23 patients with an increase in
the flow velocity of the CRA when compared with
the flow in normals. Subgroup B consisted of 20
patients who had a decrease in the flow velocity of
the CRA with both the systolic and diastolic phases
of flow being decreased. The patients in subgroup A

were diabetics of moderate duration with a mean
disease duration of 6.7 years (SD 5) and with
intermediate phases of microvascular complications.
They had significantly altered laser Doppler para-
meters of the peripheral and distal (foot) circulation
with an increased resting blood flow (RBF) in the
skin of the feet and a decreased venoarteriolar
reflex.!?'® These patients were without severe
neuropathy as shown by electromyography and
without large vessel disease. The patients in
subgroup B were diabetics of longer standing with
a mean disease duration of 13.5 years (SD 7) who
had more severe and long-standing microangiopathy
with more severe microvascular peripheral altera-
tions on laser Doppler flowmetry. They all had a
decrease in the blood pressure (Doppler ultra-
sonography) in the skin of the feet. These diabetics
with longer-standing disease tended to have claudi-
cation (12 of 20), large vessel disease and skin
ulceration (7 of 20) in addition to the marked
alterations in their microcirculatory skin flux.'*
These characteristics of the two subgroups paral-
leled the flow characteristics that were measured in
the eye. In subgroup A the flow velocity of the CRA
was significantly increased when compared with that
of normals. The PSFV was 29.7 cm/s (SD 11),
significantly higher than that in the normals
(p<0.01), and the change after topical timolol was
not significant (Table IV). The EDFV was 18.7 cm/s
(SD 9), significantly increased when compared with
that of the normals (p<0.01), and the change after
topical timolol was also not significant (Table IV).
The change in the D.Comp. for this subgroup was
also not significant. In subgroup B the flow velocity
of the CRA was significantly decreased when
compared with that of the normals. The PSFV was
14.6 cm/s (SD 4), significantly decreased when
compared with that of the normals (p<0.01), and

Table III. Variation in the blood flow velocity (cm/s) after two drops of topical timolol maleate 0.5% in 23 patients with peripheral

and/or cerebrovascular disease

PSFV EDFV
Mean SD Mean SD D.Comp.
Normal values 22.1 4 103 3 46.6%
Patients before timolol 16.8 7+t 7.1 61 42.26%%
Patients after timolol 20.7 Gk 10.3 6* 49.75%**

PSFV, peak systolic flow velocity; EDFV, end-diastolic flow velocity; D.Comp., diastolic component = EDFV/(PSFV/100).
*p<0.05, **p<0.01; p values indicate differences between before and after timolol. 1p<0.05, T1p<0.01; p values indicate differences from

the normals.
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Table IV. Variation in the blood flow velocity (cm/s) after two drops of topical timolol maleate 0.5% in 43 patients with diabetes

PSFV EDFV
Mean SD Mean SD D.Comp.

Normal values 221 4 103 3 46.6%
Diabetics in group A

Before timolol 29.7 11+ 18.7 9%+t 62.96%t+

After timolol 29.3 10 NS 19 8 NS 64.84% NS
Diabetics in group B

Before timolol 14.6 41t 4.1 8tt 28.08% 1t

After timolol 194 6* 7 6% 30.92%*

PSFV, peak systolic flow velocity; EDFV, end-diastolic flow velocity; D.Comp., diastolic component = EDFV/(PSFV/100).
*p<0.05, **p<0.01; p values indicate differences between before and after timolol. ¥p<0.05, 11p<0.01; p values indicate differences from

the normals.

the increase after topical timolol to 19.4 cm/s (SD 6)
was significant (p<0.05), but the flow velocity was still
less than that seen in the normals. In this group the
EDFV was 4.1 cm/s (SD 8), significantly decreased
when compared with the normals (p<0.01), and this
increased to 7.0 cm/s (SD 6) after topical timolol.
This increase was significant (p<0.05), but the flow
velocity was still less than that in normals after
timolol (Table IV). In this group the D.Comp. was
less than that in the normals but did increase after
timolol (Table IV). In all 20 patients in subgroup B
there was a significant asymmetry of the flow velocity
in the CRA of more than 30% in the PSFV between
the two eyes in the same patient. The asymmetry of
the blood flow velocity was significantly reduced but
still present in 16 of 20 patients after the administra-
tion of timolol. During the study we also monitored
the peripheral skin flux by laser Doppler flowmetry
in all three groups of patients before and after the
administration of the topical timolol. We found no
significant quantitative or qualitative changes, indi-
cating that there are no significant effects on the
peripheral microcirculation after topical timolol.

DISCUSSION

The purpose of this study was to evaluate the
findings of the blood flow velocity in the CRA in
the eyes of patients who had either peripheral and/or
cerebrovascular disease, or diabetic vascular prob-
lems. We also wanted to present our findings
regarding the alteration of this flow by the use of a
topical beta-adrenergic receptor blocking agent,
timolol maleate, in these two patient groups. The
clinical significance of these findings on vision or
other aspects of the eye is beyond the scope of this
paper. However, a few observations can be made
about the flow characteristics in general as well as
those in the eye.

In early insulin-dependent (type 1) diabetes an
increased blood flow can be found in various organs
of the body including the eye,”’>™'” kidney'® and
peripheral tissues.””1920 In the case of the eye the
increased flow has the characteristics of flow in
inflammatory tissue, with a high peak in the systolic

component and an elevated diastolic phase.” The
elevation in perfusion may be correlated with
glycaemic control and may decrease towards normal
if the blood glycaemic levels are reduced.'®?!*> The
increased flow will cause an increase in capillary
pressure unless there is capillary recruitment and/or
a fall in post-capillary resistance.?! The capillary
hypertension is consistent with other physiological
data such as an increase in exchangeable sodium,?® a
reduced tissue oncotic pressure,24 an increased
transcapillary escape rate of albumin and a control-
related increase in the capillary filtration coeffi-
cient.>> What influence these factors may have on the
formation of diabetic macular oedema is not clear.

In insulin-dependent diabetes of longer duration
there is a limited flow reserve as opposed to the
increased perfusion and capillary hypertension in the
early phases of the disease. In the kidney, renal
plasma flow decreases as the creatinine level starts to
rise in diabetic nephropathy?® In the peripheral
tissues in insulin-dependent diabetes there is a
negative correlation between the duration of the
disease and the maximum hyperaemic response to a
variety of stimuli.*”?® In the eye the preproliferative
phase of diabetic retinopathy may be a reaction to
the presence of retinal ischaemia.?*>% Another recent
study suggests that an increase in the retinal blood
flow occur in the preproliferative and proliferative
phases of diabetic retinopathy.!” These changes may
be a result of an impaired microvascular responsive-
ness as suggested by pharmacological studies.”

In this study we were interested in two subgroups
of insulin-dependent diabetics with different ocular
flow velocity characteristics (subgroup A with short-
duration diabetes and an increased flow velocity, and
subgroup B with longer-standing diabetes and a
decreased flow velocity). All these patients had
either a normal fundus examination or mild BDR.
A correlation was found for the two subgroups
between the duration of their diabetes and the
peripheral flow characteristics. Subgroup A had
diabetes of more recent onset (6.7 years (SD 5))
with an increased peripheral skin flux as measured by
laser Doppler flowmetry, while group B had diabetes
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of longer duration (13.5 years (SD 7)) with a
generally decreased peripheral skin flux as mea-
sured by laser Doppler flowmetry. It must be
remembered that other factors may influence the
retinal blood flow. Breathing 100% oxygen,*
occlusive peripheral vascular disease, cerebrovascu-
lar vascular disease with carotid plaques, essential
hypertension'' and some systemic vascular diseases
such as giant cell arteritis®> may cause a reduction in
the retinal blood flow. An increased blood glucose
level’** and treatment with medication such as
nifedipine or nimodipine’ may cause an increase in
the retinal blood flow. This study examined only the
influence of topical timolol 0.5% on the blood flow
velocity. In subgroup A the retinal flow velocity was
already significantly increased when compared with
that in normals and topical timolol did not signifi-
cantly influence this increased flow. In subgroup B
the retinal flow was significantly reduced when
compared with that in normals and it did signifi-
cantly increase after the use of topical timolol but not
to the levels obtained in normals. The diastolic
component also increased but not as much as it did in
normals. In this study the diabetics either had normal
fundus examinations or mild BDR, but other
diabetics have more advanced disease. Other
diabetics with DMO, preproliferative retinopathy or
PDR may also have glaucoma and may also be under
treatment with topical timolol. If the timolol were to
increase the flow velocity in these eyes it could
influence the retinopathy. How DMO or PDR may
be influenced by an increased flow velocity with
topical timolol needs to be evaluated, as does as any
effect it may have on visual acuity.

The other group of patients who were studied had
peripheral and/or cerebrovascular disease with a
decreased retinal blood flow. Some of these patients
also had carotid plaques and hypertension, which are
also known to reduce the retinal blood flow velocity."!
It is also known that treatment with systemic drugs
such as nifedipine or nimodipine can increase an
already reduced retinal blood flow in this patient
group.® Nifedipine, 10 mg three times a day for 2
weeks, in 6 vascular patients with a reduced retinal
blood flow, led to a significant increase in the flow.’
Nimodipine, 30 mg two times a day for 6 weeks, in 6
patients with an occlusion of the internal carotid
artery, had a similar effect.’ Since these systemic
drugs can increase the retinal blood flow in vascular
patients with an already decreased flow, we wanted to
know the effect of topical timolol on the blood flow in
this group of patients. It was shown that topical
timolol maleate 0.5% significantly increased the blood
flow velocity of the CRA in this patient group. The
increase, however, was not as large as that in the
normals. The diastolic component also increased, but
again not as much as it did in the normals. What effect

this increase may have on the vision in vascular
patients treated with timolol is not known and further
study would be needed to evaluate this.

The microcirculation in the body has sympathetic
innervation which controls the blood flow. Histo-
chemical studies of the eye using human and animal
tissue have shown the absence of adrenergic
innervation to the retinal vessels. The rabbit eye is
the only exception?¥> Since the retinal vessels
appear to be without innervation, it is thought that
autoregulation controls retinal blood flow.*® There is
evidence, however, that other factors may play a
role in the regulation of its blood flow. Recent
studies have shown that binding sites are present on
retinal blood vessels for alpha- and beta-adrenergic
agents, cholinergic agents and angiotensin.>’** In
future it may be found that some of these binding
sites play a role in the chemical mediation of retinal
blood flow.

In this study there was a significant increase in the
blood flow velocity of the CRA with the use of
topical timolol in three different patient groups:
normals, diabetics with a decreased flow and
vascular patients with a decreased flow. In the
fourth group, diabetics with an increased flow, there
was no significant increase. In the three groups with
the increased flow there was also an increase in the
diastolic component. The diastolic component is a
measurement of the peripheral vascular resistance,
an increase indicating a decrease in the peripheral
vascular resistance. In the case of the eye the
increase in the diastolic component means a
decrease in the peripheral vascular resistance,
which may have led to the subsequent increase in
the blood flow velocity. There is also other evidence
that may explain a vasodilatory mechanism in the
eye leading to the increased flow velocity. A study
investigating the contractile responses of bovine
retinal microarteries in vitro found a relaxation of
the vessel walls to calcium antagonists and to beta-
antagonists, including timolol and propranolol.** In
another study of the porcine long posterior ciliary
artery, vascular relaxation was found with the use of
betaxolol, carteolol and timolol.** This is further
evidence that the increased blood flow velocity
measured in the CRA after the use of topical
timolol may be partially due to a vasodilatory effect.
Timolol lowers the IOP and this may also have an
effect on the blood flow velocity. Regardless of the
mechanism, this study indicates an increase in the
flow velocity in three of the four groups studied.
Clinical studies will be needed to evaluate the effect
this increased flow velocity may have on the vision in
normals, diabetics and vascular patients, as well as
the effect it may have on diabetic retinopathy. In
particular it will be important to know how DMO
and PDR are affected by this increased flow velocity.
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