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The effects of
dorzolamide 2%
and dorzolamide/
timolol fixed
combination on
retinal and optic
nerve head blood
flow in primary
open-angle
glaucoma patients

Abstract

Purpose To compare the effect of
dorzolamide hydrochloride 2%, timolol
maleate 0.5%, and their fixed combination on
intraocular pressure (IOP) and retinal and
optic nerve head haemodynamics in primary
open-angle glaucoma patients.

Methods Twenty-eight patients with
early-moderate glaucomatous damage treated
with f-blockers (> 6 months) with IOP values
ranging from 18 to 22 mmHg at trough
participated in this trial. After a 4-week
washout period, patients were randomized in
two groups: group I started with dorzolamide
2% monotherapy and group II with timolol
0.50% monotherapy for 4 weeks. After this
period, both groups switched to dorzolamide/
timolol fixed combination for 4 weeks. IOP,
ocular diastolic perfusion pressure (ODPP),
heart rate, and Scanning Laser Doppler
Flowmetry measurements at the peripapillary
retina and neuroretinal rim were taken at TO
(enrolment), T1 (wash out), T2 (monotherapy),
and T3 (dorzolamide/timolol). Data were
compared between different study times.
Statistical analysis was conducted using a
paired t-test.

Results Between T1 and T3, IOP decreased
significantly in group I (-21.40%) (P <0.001)
and in group II (-21.25%) (P <0.001). At the
same time intervals, blood flow increased
significantly at rim level for group I (4 30.03%)
(P<0.05) and also when all patients were
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considered (rim +17.99%) (P <0.05). Between
T1 and T3, we also observed a significant
increase of ODPP in group I (+7.24%)
(P<0.01) and in group II (+6.08%) (P <0.05)
and when all patients were considered
(+8.43%) (P<0.01).

Conclusions Dorzolamide/timolol fixed
combination increased blood flow
significantly at the neuroretinal rim showing a
combination of hypotensive and
haemodynamic effects.
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Introduction

Glaucoma is a multifactorial, progressive optic
neuropathy characterized by an acquired loss of
retinal ganglion cells and optic nerve atrophy,
which results in characteristic visual field
defects. The aetiology of glaucomatous damage
has not yet been fully defined. Increased
intraocular pressure (IOP) is the most recognized
and thoroughly studied risk factor for
glaucomatous optic neuropathy; however, the
progression of glaucomatous damage in patients
with lowered IOP and normal tension glaucoma
(NTG) suggests the existence of risk factors other
than IOP.'™ Ischaemia has been suggested to
play a major role in the pathogenesis of primary
open-angle glaucoma (POAG).**
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In POAG and NTG patients, ONH and retinal tissue
perfusion are chronically reduced.”® This reduction is
greater in patients with lower mean arterial pressure
(MAP), and in POAG, ONH flow correlates directly with
MAP. Therefore, every reduction in ocular perfusion due
to variations in IOP or MAP could reduce ONH
perfusion.’ In a previous study on asymmetric POAG
patients, we observed statistically significant reductions
of volume and flow in eyes with greater functional and
structural damage.'*"

Given the increasing importance of vascular factors in
the pathogenesis of glaucomatous damage, it is of great
experimental and clinical interest that current
antiglaucomatous therapies be tested for their vascular
activity.

By using non-invasive technologies such as Scanning
Laser Doppler Flowmetry (SLDF) and analysis softwares
that produce highly reproducible intrasession and
intersession results such as the Automatic Full Field
Perfusion Image Analyzer software (AFFPIA-SLDF 3.3, G
Michelson, Erlangen, Germany),'>™'® it is possible to
accurately assess the haemodynamic effects of
antiglaucomatous drugs.

Topical f-blockers are the most commonly prescribed
initial therapy for the treatment of elevated IOP in
patients with glaucoma. A number of studies have
addressed the role of S-blockers on ocular blood flow
(OBF)."? Reports on the effect of timolol, a
non-selective, topical f-blocker that lowers IOP through
the reduction of aqueous humour production on OBF, are
contradictory.* ™!

Almost half of the patients treated with timolol require
combination therapy to control IOP and glaucomatous
damage.”® Dorzolamide is one of the most commonly
used molecules in combination therapy (D/T) with
timolol. This drug lowers IOP by inhibiting carbonic
anhydrase isoenzymes II and IV in the ciliary
processes®**® with minimal systemic and ocular side
effects.”® Dorzolamide could have a positive effect on
retinal and peripapillary haemodynamics owing to its
ability to induce local metabolic acidosis and
consequently relax arteriolar pericytes.?**”

Evidence in literature on the effects of dorzolamide on
OBF is contrasting. In normal eyes, it improved central
visual function during hyper- and hypocapnia
conditions.?® Using colour Doppler imaging, Martinez
et al® found that most haemodynamic parameters of
intraocular and periocular vessels improve after
application of topical dorzolamide in both normal and
glaucomatous eyes. In newly diagnosed POAG patients,
Galassi et al*® observed a significant reduction of
resistivity index at the temporal short posterior ciliary
artery. Dorzolamide has also been shown to significantly
increase pulsatile ocular blood flow (POBF) in glaucoma

D/T fixed combination and ocular blood flow -
T Rolle et a/

1173

patients.>"** In NTG patients, dorzolamide significantly
reduced arteriovenous passage (AVP) time in the
superior temporal retina and improved contrast
sensitivity at both 3 and 6 cycles/degree.*** Other
studies on retrobulbar vessels® and at the retinal level®
did not find any significant effect of dorzolamide
instillation on OBF in healthy subjects. The fixed
combination of timolol and dorzolamide (D/T) has been
proven to be as effective in lowering IOP as the
concomitant use of the two molecules and more effective
than either in monotherapy.*>**° Additionally, it has
been reported that AVP time (superior temporal artery)
was significantly accelerated using D/T as compared to
timolol in glaucoma patients*® and that the D/T fixed
combination significantly increased POBF in POAG
patients.*!

The aim of the present study was to evaluate the effect
of dorzolamide 2% and timolol 0.5% in monotherapy and
dorzolamide/timolol fixed combination on IOP and on
retinal and ONH blood flow in early and moderate
POAG patients to better define the therapeutic potential
of these drugs.

Methods

This was a comparative, randomized, open label clinical
study.

We enrolled 28 patients (28 eyes) (11 men, 17 women;
mean age 58.31 £5.12 years) (Table 1) with POAG and
early-moderate glaucomatous damage. All patients had
previous treatment with f-blockers (at least 6 months),
with IOP values ranging from 18 to 22 mmHg at trough
and were screened at the Glaucoma Center of the
University of Torino Eye Clinic.

The screening visit included case history,
biomicroscopy, gonioscopy, fundus examination, IOP
measurement, and automatic static perimetry using the
Octopus 500 (program G1). Patients were classified as
glaucomatous if they had a repeatable abnormal visual
field (three consecutive). According to the Hodapp
grading scale (1993),** 18 patients (64.3%) were classified
as having early visual field defects and 10 (35.7%)
moderate defects. Other inclusion criteria were a
best-corrected visual acuity of 0.5 or better, ametropia
<5D, good dioptric transparency.

Patients were excluded if they had any of the
following: cardiovascular and/or metabolic diseases
(known to affect blood flow, as diabetes and
polycythaemia); visual field defects other than glaucoma;
use of vasoactive and/or antihypertensive drugs;
systemic use of acetazolamide; hypersensibility to any of
the molecules studied; previous ocular surgery; and
pregnant or nursing women.
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Table 1 Characteristics of the subjects
Global Group I Group 11
Sample size 28 14 14
Male/female 11/17 5/9 6/8
Age (years) 5831 (+5.12) 55.26 (+5.72) 60.12 (£5.12)
Age (range, years) 47-77 47-77 50-74
IOP (mmHg) 18.47 (£0.81) 18.57 (£0.85) 18.23 (£0.94)
Heart rate (b.p.m.) 72 (+6.7) 70 (+£5.7) 732 (+6.7)
Systolic BP (mmHg) 129.4 (£7.8) 130.2 (£7.1) 127.8 (£5.8)
Diastolic BP (mmHg) 84.44 (+4.16) 83.13 (+4.72) 85.7 (£4.63)
Mean defect (dB) 7.82 (+£2.72) 7.93 (+1.46) 7.63 (+£1.81)

The research followed the tenets of the Declaration of
Helsinki and informed consent was obtained from all
enrolled patients. The study was approved by the
Institutional Review Board.

Testing occurred over a period of approximately
12 weeks.

At enrolment (TO0), one eye per patient was randomly
selected. All patients underwent a complete
ophthalmological examination, IOP (Goldmann
applanation tonometry), blood pressure (BP) and ocular
diastolic perfusion pressure (ODPP = arterial diastolic
pressure—IOP), heart rate (HR) measurements, and
evaluation of retinal and ONH blood flow between 0800
and 1000 hours at trough (12h after the
antiglaucomatous treatment). All qualifying patients
underwent a 4-week washout period. At the end of the
washout period, all measurements were repeated (T1)
and patients were randomly divided into two 14-patient
groups assigned to receive either dorzolamide 2% t.i.d.
(group I) or timolol 0.50% b.i.d. (group II) for 4 weeks
(Table 2). All measurements were repeated and then both
groups switched to a 4-week fixed combination (D/T)
run-in followed by a new set of measurements.

Evaluations of brachial artery pressure and radial
pulse were obtained in a sitting position after 5min of
rest. Brachial artery pressures were measured using a
BP cuff and a stethoscope. HR was determined manually
using a stopwatch. Systolic and diastolic BP were taken
before ocular perfusion measurements.

Retinal and ONH blood flow were measured non-
invasively with SLDF using the Heidelberg Retina
Flowmeter (HRF; Heidelberg Laboratories, Germany).

Three scans of the peripapillary retina and ONH were
acquired for each eye using a 10° x 2.5° measurement
box. We selected three regions of interest:

e superior peripapillary retina

e inferior peripapillary retina

e central peripapillary retina and the neuroretinal rim at
the temporal side.

Eye

All scans were performed by the same operator.

The Automatic Full Field Perfusion Image Analyzer
software (AFFPIA-SLDF 3.3; G Michelson, Erlangen,
Germany) was then used on each scan. This software
enhances the computations generated by the HRF by
excluding pixels with incorrect brightness, marking
saccades that lead to erroneous perfusion data, and
eliminates pixels of retinal vessels with a diameter
greater than 30 um. The analysis is based on the
average of all valid image points with the perfusion map
divided into neuroretinal rim area, temporal
peripapillary retinal area, and nasal peripapillary retinal
area. Each area is analysed separately. It was
demonstrated recently that AFFPIA analysis produces
highly reproducible intrasession and intersession
measurements of ONH and peripapillary retinal blood
flow.*?

As a result of the AFFPIA analysis, for every scan we
had separate data relative to average temporal, nasal,
and rim flow. All the data were grouped by retinal area
(temporal, nasal, rim), study group (group I, group II,
global), and study time (TO, T1, T2, T3).

The main study outcomes of our study were IOP,
ODPP, and retinal blood flow.

The power to detect differences between groups for the
main study comparisons was calculated on the basis of
t-test. P<0.05 was considered significant.

ANOVA between groups for IOP, BP, HR, ODPP, and
flow was used at baseline. P <0.05 was considered
significant.

Statistical analysis was conducted using the paired
t-test. We compared data measured at different study
times. P-values <0.05 were considered statistically
significant. The percentage variation was intended as
[(x1—x2)/x,] x 100, where x is the mean data at study time
T;. For every study variable, the analysis was conducted
separately for the two groups and considering all
patients.

Analysis of covariance was performed between ODPP
and flow using ODPP as a covariate.



Table 2 HR, IOP, PPd data (mean +SD) in the various study groups (group I, group II) and study times (T0, T1, T2, T3)

T3

T2

T1

T0

Group I Group IT Global Group I Group IT Global Group I Group IT Global Group I Group I1

Global

16.15+0.37
67.50 £1.50

16.19£0.49
65.85+1.75

67.00%1.75

16.17 £0.42
66.58 +£1.70

18.00+£0.37
65.81+1.55
73.75+3.72

83.75%1.80

17.75+£0.29
64.15+1.61

17.89+0.33
64.89 £ 1.62

20.40+0.41

20.56 £0.45
61.40+1.85
70.50 £2.49

18.50 + 0.45 18.45+0.38  20.47+0.42
66.63 £2.21

65.45 1+ 1.70

18.47+04

IOP (mmHg)

63.63 £2.67
75.38£3.21

62.39 £2.30

65.97 £ 1.89

PPd (mmHg)
HR (b.p.m.)

74.38+£3.12

70.28 £3.03
82.44 +£2.09

123.11 £1.02

69.50 +1.85

71.39+2.92

82.78 £1.80
122.83£2.32

72.67 £2.91

74.38 £ 3.65
85.00 £2.82

118.21+1.63

71.00 £ 2.61

72.50+3.12

83.13£2.28
116.23+£1.91

80.7£2.20
118.90 +1.71

81.8+1.6
119.24+1.72

84.38 £2.80
116.01 £1.82

82.00+£1.75
120.35+£2.12

83.06 £2.29
123.43£2.01

84.00 £2.89
122.14+£2.53

84.44 £2.08
126.36 £1.97

BPd (mmHg)
BPs (mmHg)

116.23+1.76

Flow (temporal) 330.87+89.78 343.11+£98.96 318.62+78.86 343.84+92.41 359.91+97.51 327.77+85.16 348.45+152.48 361.71+130.04 335.19+172.61 400.46+190.33 435.30+177.93 365.63 £ 197.96

(a.u.)

29296 £92.05 307.60£90.51 278.32%£92.32 299.99+84.64 305.38%83.15 294.60 £86.77 324.11£158.03 343.10%£138.00 305.13+175.42 339.18 +149.32 384.65+158.65 293.71 +£126.20

Flow (nasal)

(a.u.)

287.08£71.88 293.79+66.26 280.37+77.31 300.08+69.51 300.97+71.96 299.19+67.84 332.86+134.97 336.78 £115.07 328.96+153.64 362.53 £150.38 391.35+155.62 333.71+140.92

Flow (rim)

(a.u.)

a.u., arbitrary units. Flow data (mean * SD) obtained after AFFPIA analysis, grouped by retinal area (temporal, nasal, rim) and study times.
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Results

ANOVA between groups showed no difference in IOP,
BP, HR, ODPP, and flow at baseline (TO0).

Patient’s demographic characteristics are shown in
Table 1. IOP, HR, and systolic and diastolic BP mean
values measured at TO are also illustrated.

The mean values and standard deviation for IOP,
ODPP, HR, systolic and diastolic BP, and HRF flow
parameters in the study groups at various study times
are reported in Table 2. The percentage variations of
mean IOP, ODPP, HR, systolic and diastolic BP, and HRF
flow parameter values in the study groups at various
study times are reported in Table 3.

Intraocular pressure

From the analysis of IOP data, we observed a
significative increase of IOP in all groups between T0 and
T1 (P<0.001); a significant decrease of IOP between T1
and T2 in group I (-12.03%) (P <0.001) and in group II
(—13.70%) (P <0.001); a significant decrease of IOP
between T1 and T3 in group I (—21.40%) (P <0.001) and
in group II (—21.25%) (P <0.001); a significant decrease of
IOP between T2 and T3 in group I (~10.60%) (P <0.001)
and in group II (—8.80%) (P <0.001).

Ocular diastolic perfusion pressure

From the analysis of ODPP data, we observed a
significant decrease of ODPP between TO and T1 in
group I (—6.18%) (P <0.05) and when all patients were
considered together (—5.42%) (P <0.01); a significant
increase of ODPP between T1 and T3 in group I
(+7.24%) (P<0.01), in group II (+6.08%) (P <0.05), and
in both groups globally (4 6.71%) (P <0.001); a
significant increase of ODPP between T2 and T3 when
both groups were considered together (+2.60%)
(P<0.01).

Heart rate and blood pressure

No statistically significant variations in HR and BP
values were observed in any of the study groups.

Flow parameters

Analysis of covariance was performed between ODPP
and flow using ODPP as a covariate. We observed an
increase of flow values between T1 and T3 at rim level in
group I (4 30.03%) (P<0.05) and when all patients were
considered globally (+20.81%) (P <0.05).

Eye
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Table 3 Percentage variation of mean IOP, PPd, HR, BPd, BP values grouped by studied time intervals (T0-T1, T1-T2, T1-T3, T2-T3)

% T2-T3

% T1-T3

% T1-T2

% TO-T1

Group 1 Group II Global Group 1 Group II Global Group I Group II Global Group I Group 11

Global

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

—8.8w+
+2.56

—10.6%**

—9.61%**
+2.60**
-1.8

—21.00*** —21.40%** —21.25%**

+ 8.43**
2.7

—12.03**  —13.7**
+3.42

+4.47

—12.6***

+10.6%** + 111

+10.8***

I0OP (mmHg)

+2.65
-3.6

+ 6.08*

+7.24*%*
—4.96
—0.01
-1.20

+20.94
+25.95

+4.00
-9.5

—4.50

+13

—6.18*

—5.42%*
+0.2

ODPP (mmHg)
HR (b.p.m.)

0.01
—0.73
—0.01

+9.08

44
—0.70
—0.19

+11.55

—44

—1.41

0.7
—2.38
—1.46

+4.89

—0.01
-1.17

+20.34
+12.11
+16.20

0.4
-0.25

+14.92

—0.70
—0.26

+16.47
+13.06

—0.74
—0.19

+2.26

0.01
—0.92

+0.50
+12.35
+11.89

—0.30
—0.51
+1.34

—0.70
-1.86

+2.87

—1.60
-2.31
+3.92

BPd (mmHg)
BPs (mmHg)

Flow (temporal) (a.u.)

Flow (nasal) (a.u.)
Flow (rim) (a.u.)

—3.74
+1.44

+4.65

—0.30
+11.54

—0.72 +5.85 +8.04 +3.57
+10.92

+2.44

+234

+30.03** +8.91

+20.81**

+9.95

+6.71

+4.53

a.u., arbitrary units. Percentage variation of mean flow values obtained after AFFPIA analysis, grouped by retinal area (temporal, nasal, rim) and study times.

*P <0.05, *P<0.01, **P <0.001.
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Discussion

This study indicates that in POAG eyes treatment with
D/T fixed combination lowers IOP values, increases
blood flow at the neuroretinal rim, and enhances
diastolic perfusion pressure.

Our results are in agreement with recent studies
that showed a beneficial vascular effect of D/T fixed
combination on retrobulbar haemodynamics in patients
with OAG.

In a recent study® on the effect of dorzolamide and
timolol on OBF, 140 patients with POAG and OHT were
treated for 6 months with either dorzolamide or timolol.
SLDF was used to assess blood flow in the temporal
neuroretinal rim and cup of the ONH. Dorzolamide, but
not timolol, increased blood flow in the temporal
neuroretinal rim and cup of the ONH.

We found no significant effect of dorzolamide on the
retinal blood flow. Flow values after dorzolamide
monotherapy showed an increase (4 11.89% at rim
level), but this increase was not significant. This could be

52,53

due to the fact that the group size was too small.

When we compared monotherapy data with D/T data,
we found no significant increase in flow parameters after
the switch from monotherapy to D/T. These results are in
contrast with some clinical studies*” but agree with those
reported in a previous study® conducted by our group
on the haemodynamic effects of timolol monotherapy vs
fixed combination D/T in POAG patients, where we
observed a nonsignificant increase in HRF parameter
values at the peripapillary retina and neuroretinal rim
after the switch from timolol monotherapy to D/T.

When we compared washout with fixed combination,
only patients who were previously treated with
dorzolamide and then switched to fixed combination
showed increased blood flow. This suggests that the
possible positive haemodynamic effect of dorzolamide
may be maintained and enhanced by a further reduction
in IOP values caused by timolol addition.

D/T fixed combination produced a significant ODPP
increase.

In a recent study® comparing the short-term effects of
timolol 0.5%, brimonidine 0.2%, dorzolamide 2%, and
latanoprost 0.005% on ODPP, only dorzolamide and
latanoprost significantly increased mean 24h ODPP in
newly diagnosed POAG.

In timolol-treated eyes, despite a significant reduction
in IOP values (—13.7%), ODPP did not show a significant
increase. This may confirm the hypothesis that
dorzolamide increases blood flow through a direct
vasodilator mechanism and not only through IOP
lowering. In addition, the analysis of covariance between
ODPP and flow showed that after removing the influence
of ODPP, the flow increase at rim level is still significant.



The clinical relevance of our results in glaucoma
treatment depends on whether reduced optic nerve head
blood flow contributes to glaucoma disease pathogenesis
(onset and progression). In POAG and NTG patients,
ONH and retinal tissue perfusion are chronically
reduced,”® and there is increasing evidence that reduced
blood flow is directly associated with progression of
visual field loss.>® A significant correlation between ONH
blood volume, as assessed by SLDF, and visual field loss
in POAG was reported in a recent longitudinal study by
Zink et al.”’

The HRF technique used for the assessment of blood
flow has limitations. The sampling depth within the
retinal tissue is not known and reproducibility is a
problem,®®? particularly in glaucoma patients compared
with healthy control subjects.

In conclusion, in POAG eyes, D/T fixed combination
produces further IOP reduction and increases blood flow,
showing a combination of hypotensive and
haemodynamic effects. The addition of a -blocking
agent to dorzolamide-treated eyes could provide a better
therapeutic approach in the protection of ONH fibres
from glaucomatous damage.
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