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Abstract

Purpose: To compare the effect on the retrobulbar hemodynamics and intraocular pressure (IOP) of dorzolamide 
2% and brinzolamide 1%, each added to timolol 0.5% in patients with primary open-angle glaucoma (POAG).
Methods: 146 POAG patients were prospectively randomized to receive either dorzolamide 2% or brinzolamide 
1% BID, each added to timolol 0.5%, during a 60-month evaluator-masked study. At baseline and every 6 months 
for 60 months, we measured the retrobulbar hemodynamic parameters in the ophthalmic artery (OA), central 
retinal artery (CRA), and short posterior ciliary arteries (SPCA) using color Doppler imaging (CDI), intraocular 
pressure (IOP), and blood pressure measurements.
Results: Dorzolamide signifi cantly increased the end-diastolic velocity (EDV) in the OA in 1.22 cm/s, 95% con-
fi dence interval (95% CI) 0.90–1.56 cm/s, P < 0.001 and reduced the resistivity index (RI) in the OA in 0.04 units, 
95% CI 0.03–0.05, P < 0.001. None of the retrobulbar parameters changed signifi cantly on therapy with brinzol-
amide when the results were analyzed at month 60. Both dorzolamide and brinzolamide signifi cantly decreased 
IOP (–4.3, 95% CI –4.5 to –4.2 mmHg and –4.3, 95% CI –4.4 to –4.2 mmHg, respectively). Dorzolamide signifi -
cantly reduced the RI in the OA from 0.74 (0.02) to 0.70 (0.02), CRA from 0.66 (0.02) to 0.62 (0.02), and SPCA from 
0.66 (0.02) to 0.62 (0.02), P < 0.001, respectively.
Conclusions: Our results suggest augmented retrobulbar blood fl ow after 5 years of treatment with dorzolamide 
but not with brinzolamide, each added to timolol, in POAG patients.

Introduction

Glaucoma is a progressive optic neuropathy in 
which increased intraocular pressure (IOP) is a pri-

mary risk factor for progressive damage.1–3 Nevertheless, 
the assumption that IOP is the only relevant risk factor is 
changing.

There is increasing evidence that ocular blood fl ow 
(OBF) changes are involved both in the pathogenesis of 
glaucoma4–6 and in progression of glaucomatous damage.7–9 
Carbonic anhydrase inhibitors (CAIs) have been used sys-
tematically to reduce IOP in patients with glaucoma for 
>50 years.10 Inhibition of ocular carbonic anhydrase (CA) 
decreases aqueous humor secretion, which in turn lowers 
IOP.

The mammalian metalloenzyme CA family has been 
reported to include at least 15 enzymatically active isoforms 

with different structural and catalytic properties.11 The CA 
isoenzymes differ in their kinetic properties, their tissue 
distribution, and subcellular localization.

Dorzolamide was the fi rst topical CAI available on 
the market. In 1995, the United States Food and Drug 
Administration (FDA) approved dorzolamide for the treat-
ment of elevated IOP. Brinzolamide, a second topically active 
CAI, became available in the United States in 1998 and in 
many European countries in 1999.

Previous evidences have reported the ocular hemody-
namic effects of topical dorzolamide, not only upon the ret-
ina12–14 but also upon retrobulbar circulation.15–20 However, 
not all studies have reported a positive outcome.21–23

Relatively few studies have evaluated the effect of topical 
brinzolamide upon OBF in glaucoma patients.
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Barnes and colleagues 24 in an animal study, found that 1 
week of twice-daily topical ocular treatment with brinzol-
amide signifi cantly enhanced optic nerve head blood fl ow.

Kaup and colleagues 25 reported that topical brinzolamide 
accelerated the retinal arteriovenous passage time, while 
the retinal vessel diameters and retrobulbar hemodynamic 
parameters remain unaltered.

More recently, Siesky and colleagues 26 have suggested 
that brinzolamide and dorzolamide signifi cantly increased 
retinal oxygen tension saturation without modifi cations in 
retrobulbar hemodynamics.

Because antiglaucoma medications are usually pre-
scribed for long-term use, it is important to know how they 
affect OBF.

In a prospective study recently published by our group 20 
using color Doppler ultrasound, we found that dorzolamide 
added to timolol showed increased blood fl ow velocities 
and decreased resistivity indices of the retrobulbar vessels 
in open-angle glaucoma (OAG) patients after 48 months of 
follow-up.

On the basis of this assumption, we evaluated and com-
pared the effect upon the retrobulbar blood fl ow parameters 
(using color Doppler ultrasound) and IOP of topical dorzo-
lamide 2% and brinzolamide 1%—both added to timolol 
0.5%—over a 60-month period, in patients with primary 
open-angle glaucoma (POAG).

Methods

Study design

The study involved a randomized, evaluator-masked, 
parallel group design. Patients received either dorzolamide 
2% or brinzolamide 1%, each added to timolol maleate 0.5%, 
twice-daily (BID) (separately rather than in a fi xed-dose 
combination), for 5 years.

Unmasked personnel were responsible for study medica-
tion distribution and collection, whereas masked personnel 
performed all study-related examinations.

Patients and unmasked personnel were recommended 
not to reveal the study assignment to the masked evaluator.

Patient recruitment

The study was conducted on consecutive, referred or 
recruited patients who met the inclusion and exclusion cri-
teria, seen in the outpatient service of the Ophthalmology 
Department (Public Foundation Barbanza Hospital, depen-
dent on the Instituto Galego de Oftalmoloxia, Spain) be-
tween January 1999 and December 2001.

Recruitment was ongoing for a period of 3 years in order 
to collect a suffi ciently large target sample.

All patients had previous treatment with beta-blockers 
(at least 6 months), with mean IOP values of ≥20 mmHg.

The study protocol was approved by the local ethics com-
mittee. All patients were fully informed about the details of 
the study protocol. Written informed consent was obtained 
from all subjects at the beginning of the study, in accordance 
with the Declaration of Helsinki.

Table 1 summarizes the main inclusion and exclusion 
criteria.

Defi nitions

Glaucoma was defi ned as either a visual fi eld defect or as 
glaucomatous changes of the optic nerve head.

For glaucoma diagnosis, visual fi eld examinations were 
performed with the program 24-2, full threshold strategy, 
on the Humphrey visual fi eld analyzer. Glaucomatous fi eld 
defects were defi ned as follows: a minimum of one location 
in the paracentral or nasal step regions corresponding to 

Table 1. Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

≥40 years of age
Clinical diagnosis of OAG in at least one eye
At screening visit: mean diurnal IOP ≥20 mmHg under 

treatment with beta-blockers (at least 6 months) in 
monotherapy

At baseline visit: mean diurnal IOP ≥20 mmHg under 
treatment with timolol 0.5 BID in monotherapy

Early visual-fi eld defect
Willingness to comply with the investigator’s and 

protocol indications
Visual acuity ≥0.3 (ETDRS scalea) in both eyes
Spherical refractive error between +3.00 and –6.00 

diopters

Presence of any form of glaucoma other than OAG
Any concurrent infectious/noninfectious conjunctivitis, 

keratitis, or uveitis in either eye
Any abnormality preventing reliable applanation tonometry 

in study eye(s)
Patients previously treated with argon laser trabeculoplasty 

and/or ocular fi ltering surgical intervention
Progressive retinal or optic nerve disease due to any cause
Asthma or other obstructive pulmonary disease
Cardiogenic shock, 2° or 3° atrioventricular block, sinus 

bradycardia, or heart failure
Diabetes with any sign of retinopathy (hemorrhages, hard 

and/or cotton wool spots, macular edema)
Systemic medications that affect IOP or systemic blood 

pressure were ineligible unless the patients’ medication 
dosages were stable ≥6 months before the screening visit

 Pregnant or nursing women

Abbreviations: OAG, open-angle glaucoma; IOP, intraocular pressure; ETDRS, Early Treatment Diabetic Retinopathy Study.
aSee reference 27.
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Follow-up visits were scheduled every 6 months, and in-
cluded a review of the medical history, best-corrected visual 
acuity (EDTRS scale), slit-lamp examination of the anterior 
segment with dilated pupils, IOP measurement in triplicate 
(at 9:00 am, 12:00 pm, and 3:00 pm), gonioscopy, dilated fun-
duscopic examination using a 78 diopter lens, stereoscopic 
optic disc photography, automated perimetry, blood pres-
sure, HR, and color Doppler examinations (at 9:00 am). The 
study measurements were made at ±1 h with respect to the 
stated times.

Follow-up visits included the assessment of compliance, 
checking for possible side effects, and the occurrence of ad-
verse effects.

Compliance data were collected using a standardized 
questionnaire.

Color Doppler imaging

All color Doppler imaging (CDI) examinations (model 
SSA-340; Toshiba Medical Systems, Tustin, CA) were per-
formed, on all study visits, by the same experienced ob-
server (blinded to the treatment).

A 7.5 MHz vector-array transducer was applied to the 
closed eyelid using a coupling gel, and taking care to avoid 
any pressure to the eye itself. During the examination, 
subjects were in the supine position, with the head tilted 
forward at an angle of about 30°. The measurements were 
obtained according to the conventional technique,31 which 
is identical to the technique we have used in many previous 
studies.9,15,18,19,32,33 The ophthalmic artery (OA) was identi-
fi ed nasally and superiorly to the optic nerve, medially to 
the hyporefl ective shadow representing it. Measurements of 
OA fl ow were performed ~10–15 mm posterior to the globe, 
where the echographic signals are stronger. The short poste-
rior ciliary artery (SPCA) images were taken temporally and 
nasally to the optic nerve just behind the posterior pole of 
the eye. The angle between transducer and orientation of the 
vessels was corrected. Central retinal artery (CRA) measure-
ments were taken at the level of the optic nerve head.

Peak systolic velocity (PSV) and end-diastolic velocity 
(EDV) were measured in the OA, CRA, and medial and lat-
eral SPCAs. Although medial and lateral PCA were indi-
vidually assessed, the mean value of both was used for the 
statistical analysis.

PSV and EDV were used to calculate the Pourcelot resis-
tivity index (RI) according to the following equation: RI = 
PSV – EDV/PSV.34

Evaluations of blood pressure and radial pulse were 
obtained in a supine position after 10 min of rest. Systolic 
(SBP) and diastolic blood pressure (DBP) were measured in 
the upper right arm using a mercury sphygmomanometer 
and HR was measured by palpation of the radial pulse. These 
parameters were obtained every 10 min, during Doppler ex-
amination. Mean arterial pressure (MAP) was calculated as: 
DBP + 1/3 (SBP – DBP).

Ocular perfusion pressure (OPP) was calculated as: 
2/3MAP – IOP.

Statistical analysis

Before the study, it was determined that a sample of at 
least 40 patients per treatment group was required to detect 
a difference of 0.05 units in mean RI in the OA, SPCA, and 

sectors 1 or 2, or to the inferior three location in sector 3 of the 
Glaucoma Hemifi eld Test 28 exhibiting repeatable abnormality 
at the P < 0.5% level by pattern deviation probability analysis; 
or two or more locations in a cluster exhibiting repeatable ab-
normality at the P < 2% level or lower by pattern deviation 
probability analysis, excluding any location in the cluster sit-
uated in the opposite horizontal hemifi eld. Early glaucoma 
was defi ned in accordance with the criteria of Hodapp and 
colleagues 29 which require the mean defect (MD) to be greater 
than –6 dB, with fewer than 18 points depressed below P < 
0.05, fewer than 10 points depressed below P < 0.001, and no 
point in the central 5° with a sensitivity of <15 dB.

Patients with unreliable visual fi eld assessment (false 
negatives, false positives, or fi xation losses exceeding 20%) 
were excluded.

The glaucomatous optic nerve head changes included ei-
ther notching of the rim, diffuse emaciation of the rim area, 
a cup-to-disc ratio of >0.6, or asymmetry of the cup-to-disc 
ratio of >0.2.30

Patient visits

This protocol includes one screening visit, one post-
screening visit, and one baseline visit. At the screening 
visit, each subject underwent a standard ophthalmic ex-
amination, including a review of the medical history, best-
corrected visual acuity (EDTRS scale), slit-lamp examination 
of the anterior segment with dilated pupils, IOP measure-
ment in triplicate (at 9:00 am, 12:00 pm, and 3:00 pm) using 
Goldmann applanation tonometry (Goldmann tonometer, 
Haag Streit, Switzerland), gonioscopy, dilated funduscopic 
examination using a 78 diopter lens, stereoscopic optic disc 
photography, and automated perimetry using the 24-2 full 
threshold strategy on the Humphrey visual fi eld analyzer 
(Carl Zeiss Meditec, Dublin, CA). A detailed medical history 
was obtained, paying special attention to vascular disease. 
Although subjects with systemic hypertension or cardiovas-
cular disease were not excluded, patients receiving systemic 
medications that affect IOP or systemic blood pressure were 
noneligible unless medication dosages had remained stable 
for ≥6 months before the screening visit.

Potentially eligible patients started a 4-week run-in pe-
riod under timolol maleate 0.5% (one drop in each eye twice 
each day).

The postscreening examination included measurement 
of blood pressure, heart rate (HR), IOP in triplicate (at 9:00 
am, 12:00 pm, and 3:00 pm), and visual fi eld. After comple-
tion of the timolol run-in period, patients reported to the 
clinic for baseline measurements.

The baseline examination included measurement of 
blood pressure, HR, IOP in triplicate (at 9:00 am, 12:00 pm, 
and 3:00 pm), visual fi elds, and color Doppler examinations.

Patients who met the IOP inclusion requirements were 
randomly assigned, using a computer-generated randomi-
zation sequence, to receive either dorzolamide 2% or brinzo-
lamide 1%, each added to timolol maleate 0.5%, BID.

Although central corneal thickness (CCT) measurements 
were not included in the original protocol, such measure-
ments were obtained during the study in a large proportion 
of patients: 61 patients in the dorzolamide/timolol group 
(87.1%) and 64 in the brinzolamide/timolol group (84.2%). 
CCT was measured using an ultrasonic pachymeter (Corneo-
gage plus 2; Sonogage, Cleveland, OH).
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(6.8) mmHg in the DT group and 130.0 (6.9)mmHg in the 
BT group, P = 0.134. In addition, there was no statistically 
signifi cant difference between groups in terms of DBP (68.5 
[7.8] mmHg in the DT group and 68.6 [6.6] mmHg in the BT 
group, P = 0.965).

Systemic blood pressure did not change signifi cantly 
during treatment in either group.

At baseline, there were no signifi cant differences in ret-
robulbar blood fl ow velocities or OPP between the groups 
(Table 3).

At the end of the study, the IOP values were signifi cantly 
reduced in the two study groups, P < 0.001, respectively 
(Table 4).

The differences observed in PSV, EDV, and RI in the OA, 
CRA, and SPCA after the 5 years of treatment are shown in 
Table 4. All retrobulbar velocities, except PSV in the OA, in-
creased during treatment with DT (Table 4). BT only signifi -
cantly increased EDV in the CRA at month 6, P < 0.001, and 
EDV in the SPCA at months 6 and 12, P < 0.001, respectively.

These results were confi rmed in the per protocol popu-
lation (DT, N = 50; BT, N = 35). The per protocol analyses 
had a statistical power of the 95% to detect a difference of 
0.05 units in mean RI in the OA, SPCA, and CRA increase 
between the two treatment groups, at a signifi cance level of 
0.05 (Table 5).

Figure 1 shows mean end-diastolic velocities at baseline 
and follow-up for the study treatment groups in the OA (A), 
CRA (B), and SPCA (C).

CRA increase between the two treatment groups, at a sig-
nifi cance level of 0.01, with a power of 0.95, and assuming a 
standard deviation of 0.05 units. The adjusted power of the 
study was 0.86 (0.95 ´ 0.95 ´ 0.95).

The primary effi cacy variables were the mean change 
between baseline and month 60 in RI in the OA, CRA, and 
SPCA.

Intent-to-treat (ITT) effi cacy analyses included all 
patients who received study medication and had at least a 
valid month 12 visit. For the purpose of statistical analysis, 
only a randomly chosen eye was included for patients with 
bilateral involvement by intent-to-treat analyses.

The last-observation-carried-forward method was used 
to impute missing data.

Per protocol analyses, which excluded patients who did 
not complete the study or who had major protocol violations, 
were also conducted to confi rm the ITT results.

Descriptive statistics [mean (standard deviation)] and 
95% confi dence intervals (95% CIs) were used to report de-
mographic and ocular baseline characteristics. Data were 
tested for normal distribution using a Kolmogorov–Smirnov 
test. As data were normally distributed, one-way analysis 
of variance (ANOVA) was used to compare means between 
treatment groups for quantitative variables at baseline. A 
two-way ANOVA was used to evaluate the effect of treat-
ments and the time factor.

Because of the large number of tests, simultaneous infer-
ence using the Bonferroni correction was used to correct the 
P-value from individual time points (α/11). Statistical signif-
icance was accepted for P < 0.0045.

Adverse events were evaluated by a Fisher exact test. The 
power of the Fisher exact test was 70.1% in detecting differ-
ences in proportions of adverse events of 15%, if there was a 
proportion of an event of 15%.

Statistical analyses were performed using Stata 9.0 
(Statacorp. Lakeway Drive, TX).

Results

Of 182 screened patients, 146 met the inclusion/exclusion 
criteria. Their main characteristics are shown in Table 2.

The mean follow-up was 47.9 (45.3–50.7) months, with 
85 (58%) patients completing fi ve or more years, 102 (70%) 
completing 3 years of follow-up, and 146 (100%) completing 
1 year of follow-up.

Of the 61 patients (42%) not completing 5 years of fol-
low-up, all of them withdrew because of visual fi eld pro-
gression (20 [28%] in the DT group and 41 [54%] in the BT 
group, P = 0.003).

There was no statistically signifi cant difference among 
study groups in terms of sex distribution, 37 men and 33 
women in the dorzolamide/timolol (DT) group versus 41 
men and 35 women in the brinzolamide/timolol (BT) group, 
P = 0.974, respectively.

The mean baseline IOP values (22.8 [1.2]mmHg in the DT 
group, versus 22.7 [1.2] mmHg in the BT group) showed no 
signifi cant differences between groups, P = 0.631.

Mean visual fi eld damage expressed as MD was –3.08 
(0.93), 95% CI –3.29 to –2.89 dB in the DT group and –3.02 
(0.92), 95% CI –3.23 to –2.80 in the BT group, P = 0.686.

Mean (standard deviation) systolic blood pressure levels 
in the two treatment groups were similar at baseline: 131.7 

Table 2. Baseline Demographic Characteristics

Number
DT
70

BT
76 P value

Age (years)
 Mean (SD) 64.0 (8.2) 63.7 (7.4) 0.821
 95% CI 62.1–66.0 62.1–65.4
 Min 50 51
 Max 70 76
MAPa (mmHg)
 Mean (SD) 89.6 (6.8) 89.0 (6.2) 0.619
 95% CI 87.9–91.2 87.6–90.4
 Min 78.3 77.6
 Max 100.0 100.0
Mean IOP (mmHg)
 Mean (SD) 22.8 (1.2) 22.7 (1.2) 0.631
 95% CI 22.5–23.1 22.5–23.0
 Min 20.7 20.5
 Max 25.7 25.7
Systemic medicationsb

 High blood pressure 12 (17.1%) 16 (21.1%) 0.675
 Cardiovascular 

disease
3 (4.3%) 5 (6.6%) 0.721

 Arthrosis 9 (12.9%) 5 (6.6%) 0.263

Abbreviations: DT, dorzolamide/timolol; BT, brinzolamide/

timolol; SD, standard deviation; 95% CI, 95% confi dence interval; 

MAP, mean arterial pressure; IOP, intraocular pressure.

P values were calculated comparing the parameters at baseline 

between the two study groups (one-way ANOVA test); P values 

were considered statistically signifi cant if lower than 0.05.
aMAP = DBP + 1/3 (SBP – DBP).
bFisher’s exact test. P values were considered statistically 

signifi cant if lower than 0.05.
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The amount of general medication changes such as cal-
cium channel blockers, nonsteroidal anti-infl ammatory 
drugs, or diuretics was low and did not differ between the 
two treatment groups.

No serious adverse events were detected in the study. The 
incidence and types of adverse events were similar in both 
treatments (Table 6).

The most frequently reported adverse event was itching, 
which occurred in 35.7% (25/70) of patients of the DT treat-
ment group and in 28.9% (22/76) of the patients in the BT 
treatment group (P = 0.478).

A signifi cantly greater proportion of patients in the DT 
group (25.7%; 18/70) reported burning/stinging as com-
pared with the BT group (9.2%; 7/76), P = 0.014. However, a 
signifi cantly greater proportion of patients in the BT group 
reported blurred vision (26.3%; 20/76) as compared with the 
DT group (7.1%; 5/70), P = 0.002.

At least one adverse event was reported by 47/70 (67.1%) 
patients receiving DT and by 49/76 (64.5%) of those treated 
with BT, P = 0.862.

Discussion

The results of this 60-month study indicated that the 
association of dorzolamide 2% and timolol 0.5% given twice-
daily signifi cantly increased retrobulbar blood fl ow in POAG 
patients.

In contrast, the association of brinzolamide 1% and timolol 
0.5% had a limited effect upon retrobulbar hemodynamics. 
The vascular effect of brinzolamide did not last longer than 
6 months in the CRA and 12 months in the SPCA. In addi-
tion, brinzolamide did not exert a statistically signifi cant 
effect upon the blood fl ow parameters in the OA.

Our fi ndings of increased retrobulbar blood fl ow during 
dorzolamide/timolol treatment agree with previous studies 
reported by our group.15,18–20

We found that dorzolamide/timolol, in association 15,20 
or in fi xed combination,18,19 not only signifi cantly increased 
EDV but also signifi cantly decreased RI in the OA, CRA, and 
in the PCA in patients with OAG.

In agreement with our results, Galassi and colleagues 17 
found a signifi cant decrease in RI in the temporal posterior 
ciliary artery after 4 weeks of dorzolamide 2% in patients 
with newly diagnosed POAG.

However, the results of our study are in contradiction 
to the fi ndings reported by Bergstrand and colleagues 23 in 
previously untreated glaucoma patients. These authors did 
not fi nd dorzolamide to exert signifi cant hemodynamic 
effects.

This difference in circulatory results after dorzolamide 
treatment in patients with glaucoma may be explained by 
the existence of variable study designs, treatment periods, 
and ethnic populations.

The end-diastolic velocities and RI, in all retrobulbar ves-
sels, reported by Bergstrand and colleagues 23 seemed to be 
signifi cantly lower than those reported by our group. These 
differences in the retrobulbar hemodynamics between the 
two study patients may be clinically relevant.

Relatively few studies have evaluated the effect of brin-
zolamide upon OBF. Our fi ndings partially disagree with 
those published by Kaup and colleagues 25 who reported that 
retrobulbar hemodynamics remained unaltered in healthy 
subjects treated with brinzolamide 1% BID.

The mean end-diastolic velocities, in the DT-treated 
group, increased from 8.8 (0.9), 4.7 (0.5), and 4.1 (0.7) to 10.1 
(1.3), 5.2 (0.5), and 4.6 (0.8) in the OA, SPCA, and CRA, respec-
tively, P < 0.0001. In the BT group, there was not statistically 
signifi cant difference in terms of hemodynamic parameters 
at the end of the study. Nevertheless, the EDVs, in the CRA 
and in the SPCA, were statistically signifi cantly greater at 
month 6 and at months 6 and 12 as compared with baseline, 
respectively (P < 0.001).

The RI in the OA, CRA, and SPCA were signifi cantly 
reduced during treatment with DT, P < 0.001, but did not 
change during treatment with BT (Table 4).

OPP signifi cantly increased in both study groups after 
the 60 months of treatment, P < 0.001 (Table 4).

Table 3. Baseline Hemodynamic Parameters in 
Dorzolamide/Timolol and Brinzolamide/Timolol 

Treatment Groups

Number
DT
70

BT
76 P value

PSV OA (cm/s)
 Mean (SD) 34.1 (2.8) 35.2 (3.0) 0.068
 95% CI 34.2–34.8 34.5–35.9
EDV OA (cm/s)
 Mean (SD) 8.8 (0.9) 9.0 (0.9) 0.119
 95% CI 8.5–9.0 8.8–9.2
RI OA
 Mean (SD) 0.74 (0.05) 0.74 (0.02) 0.658
 95% CI 0.74–0.75 0.74–0.75
PSV PCA (cm/s)
 Mean (SD) 13.6 (1.0) 13.2 (1.4) 0.074
 95% CI 13.3–13.8 12.9–13.5
EDV PCA (cm/s)
 Mean (SD) 4.7 (0.5) 4.5 (0.5) 0.068
 95% CI 4.6–4.8 4.4–4.7
RI PCA
 Mean (SD) 0.66 (0.02) 0.66 (0.03) 0.612
 95% CI 0.65–0.66 0.66–0.67
PSV CRA (cm/s)
 Mean (SD) 12.2 (1.5) 12.4 (1.6) 0.296
 95% CI 11.8–12.5 12.1–12.8
EDV CRA (cm/s)
 Mean (SD) 4.1 (0.7) 4.2 (0.7) 0.347
 95% CI 4.0–4.3 4.1–4.4
RI CRA (cm/s)
 Mean (SD) 0.66 (0.03) 0.66 (0.03) 0.703
 95% CI 0.66–0.67 0.65–0.67
OPPa (mmHg)
 Mean (SD) 36.9 (4.9) 36.6 (4.3) 0.730
 95% CI 35.7–38.0 35.6–37.6
 Min 26.9 26.1
 Max 46.0 44.7  

Abbreviations: DT, dorzolamide/timolol; BT, brinzolamide/

timolol; SD, standard deviation; 95% CI, 95% confi dence interval; 

PSV, peak systolic velocity; EDV, end diastolic velocity; RI, resistivity 

index; OA, ophthalmic artery; PCA, posterior ciliary arteries; CRA, 

central retinal artery; OPPa, ocular perfusion pressure. 

P values were calculated comparing the parameters at baseline 

between the two study groups (one-way ANOVA test); P values 

were considered statistically signifi cant if lower than 0.05.
aOPP = 2/3 (MAP – IOP).

09-JOP_2009_0114.indd   243 5/14/2009   6:31:53 PM



MARTÍNEZ AND SÁNCHEZ-SALORIO244

It is very diffi cult to compare our results with those pub-
lished by Kaup and colleagues 25 because the subjects included 
in our study were patients with glaucoma. We found that brin-
zolamide signifi cantly increased EDV in the CRA and SPCA. 
However, the effect of brinzolamide did not last longer than 6 
months in the CRA, and 12 months in the SPCA.

Siesky and colleagues 26 have found no signifi cant effects 
upon retrobulbar hemodynamics after 3 months of treatment 
with brinzolamide 1%, three times daily, in OAG patients.

Our results partially dissents from those reported by 
Siesky and colleagues.26 The results of our study sug-
gested that the effect of brinzolamide, on the retrobulbar 

Table 4. Overview of the Values of Color Doppler Imaging Measurements, Ocular Perfusion Pressure, and 
Intraocular Pressure and Their Changes to Baseline for Study Treatment Groups

Dorzolamide/timolol treatment Brinzolamide/timolol treatment

Variable

Mean (95% CI) 
difference from timolol 

baseline P value

Mean (95% CI) 
difference from timolol 

baseline P value

Difference between treatment groups

Mean (95% CI) P value

Ophthalmic artery
 PSV –0.08 (–1.01 to 0.84) 0.861 –0.01 (–0.98 to 0.98) 0.995 –1.21 (–2.73 to 0.31) 0.093
 EDV 1.22 (0.90 to 1.56) <0.001 0.02 (–0.26 to 0.30) 0.865 0.96 (0.64 to 1.27) <0.001
 RI –0.04 (–0.05 to –0.03) <0.001 0.00 (–0.01 to 0.01) 0.713 –0.04 (–0.05 to –0.03) <0.001
Short posterior ciliary arteries
 PSV 1.18 (0.82 to 1.53) <0.001 0.37 (–0.09 to 0.79) 0.101 0.79 (0.36 to 1.21) <0.001
 EDV 0.53 (0.36 to 0.69) <0.001 0.08 (–0.09 to 0.25) 0.359 0.45 (0.26 to 0.65) <0.001
 RI –0.04 (–0.05 to –0.03) <0.001 0.00 (–0.01 to 0.01) 0.379 –0.04 (–0.05 to –0.03) <0.001
Central retinal artery
 PSV 1.47 (0.94 to 1.99) <0.001 0.38 (–0.14 to 0.89) 0.155 0.83 (0.28 to 1.36) 0.003
 EDV 0.67 (0.43 to 0.91) <0.001 0.10 (–0.13 to 0.34) 0.409 0.47 (0.38 to 0.55) <0.001
 RI –0.04 (–0.05 to –0.03) <0.001 0.00 (–0.01 to 0.01) 0.643 –0.04 (–0.05 to –0.03) 0.002
OPP 4.2 (3.5 to 4.8) <0.001 4.1 (3.4 to 4.8) <0.001 0.1 (–0.8 to 1.4) 0.555
IOP –4.3 (–4.5 to –4.2) <0.001 –4.3 (–4.4 to –4.2) <0.001 0.0 (–0.28 to 0.30) 0.841

Abbreviations: PSV, peak systolic velocity (cm/s); EDV, end diastolic velocity (cm/s); RI, resistance index; OPP, ocular perfusion 

pressure (mmHg); IOP, intraocular pressure (mmHg).

P values are calculated comparing the parameters at baseline and at the end of the study (two-way ANOVA test); P values were 

considered statistically signifi cant if lower than 0.005 (Bonferroni correction).

Table 5. Overview of the Values of Color Doppler Imaging Measurements, Ocular Perfusion Pressure, and 
Intraocular Pressure and Their Changes to Baseline for Study Treatment Groups (per Protocol Analyses)

Dorzolamide/timolol treatment Brinzolamide/timolol treatment

Variable

Mean (95% CI) 
difference from timolol 

baseline P value

Mean (95% CI) 
difference from timolol 

baseline P value

Difference between treatment groups

Mean (95% CI) P value

Ophthalmic artery
 PSV –0.10 (–1.31 to 1.13) 0.890 –0.09 (–1.40 to 1.20) 0.892 –0.96 (–2.25 to 0.32) 0.140
 EDV 1.33 (0.97 to 1.68) <0.001 –0.06 (–0.41 to 0.29) 0.728 1.08 (0.70 to 1.46) <0.001
 RI –0.04 (–0.05 to –0.03) <0.001 0.00 (–0.01 to 0.01) 0.532 –0.04 (–0.05 to –0.03) <0.001
Short posterior ciliary arteries
 PSV 1.15 (0.70 to 1.60) <0.001 0.38 (–0.33 to 1.08) 0.292 1.29 (0.72 to 1.87) <0.001
 EDV 0.61 (0.42 to 0.81) <0.001 –0.02 (–0.28 to 0.24) 0.896 0.61 (0.39 to 0.85) <0.001
 RI –0.04 (–0.05 to –0.03) <0.001 0.01 (–0.01 to 0.03) 0.097 –0.05 (–0.06 to –0.04) <0.001
Central retinal artery
 PSV 1.17 (0.55 to 1.78) <0.001 0.11 (–0.66 to 0.87) 0.783 1.14 (0.42 to 1.85) 0.002
 EDV 0.60 (0.31 to 0.90) <0.001 –0.01 (–0.35 to 0.34) 0.968 0.48 (0.15 to 0.81) 0.005
 RI –0.04 (–0.06 to –0.02) 0.001 0.00 (–0.01 to 0.02) 0.619 –0.04 (–0.06 to –0.03) 0.008
OPP 4.2 (2.4 to 6.1) <0.001 4.2 (2.4 to 6.0) <0.001 0.1 (–0.8 to 1.4) 0.842
IOP –4.4 (–4.8 to –3.9) <0.001 –4.3 (–4.9 to –3.8) <0.001 0.0 (–0.28 to 0.30) 0.753

Abbreviations: PSV, peak systolic velocity (cm/s); EDV, end diastolic velocity (cm/s); RI, resistance index; OPP, ocular perfusion 

pressure (mmHg); IOP, intraocular pressure (mmHg). 

P values are calculated comparing the parameters at baseline and at the end of the study (two-way ANOVA test); P values were 

considered statistically signifi cant if lower than 0.005 (Bonferroni correction).
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that produces extracellular acidosis—also strongly increases 
choroidal blood fl ow.36–38 Nevertheless, experiments in iso-
lated precontracted bovine retinal arteries indicate that the 
vasodilator effects of dorzolamide are independent from 
changes in pH, because dorzolamide-induced vasodilata-
tion is also seen when the pH is kept.39

The different vascular effects of dorzolamide and brin-
zolamide found in this study may be explained by their dif-
ferent ability to inhibit CA isoenzyme IV. In the eye, CA-IV 
is located in the endothelial cells of the choriocapillaris.40 
Additionally, Sender and colleagues 41 found CA isoenzyme 
IV activity in muscle capillaries.

The vasorelaxation observed in vitro or after systemic ad-
ministration of CAIs can therefore be assumed to be due to 

hemodynamics, remained 6 months in the CRA and 12 
months in the SPCA.

It seems that the vascular effects of dorzolamide/timolol 
found in our study are unrelated to mechanical changes 
with the drug, and are more related to the pharmacological 
effects of dorzolamide in the posterior segment. The fact that 
both treatments had a similar IOP-lowering effect, though 
with different vascular effects, provides further evidence in 
support of a local vasoactive effect as opposed to an ocular-
tension mechanism.

The mechanism underlying the vasodilator effect of CAIs 
in retrobulbar vessels has not been fully established. There 
is evidence that CAIs may cause extracellular acidosis.35 It is 
worth noting that an increase in arterial pCO 2—a stimulus 

FIG. 1. Mean end-diastolic velocities at 
baseline and follow-up for the study treat-
ment groups. The solid line with solid rhom-
bus corresponds to the dorzolamide/timolol 
treatment group. The dotted line with solid 
squares corresponds to the brinzolamide/
timolol treatment group. Each point repre-
sents the mean value of the indicated hemo-
dynamic parameter. Error bars show 95% 
confi dence interval (CI). (A) Ophthalmic 
artery. (B) Central retinal artery. (C) Short 
posterior ciliary artery. . Indicates signifi -
cant effects of dorzolamide/timolol compared 
with baseline and brinzolamide/timolol (P < 
0.001). ≠ Indicates signifi cant effects of brin-
zolamide/timolol compared with baseline 
(P < 0.001). + Indicates no signifi cant dif-
ferences between dorzolamide/timolol and 
brinzolamide/timolol treatment groups.
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an effect on the vascular smooth muscle cells alone or on 
these cells in interplay with other cellular elements in the 
surrounding tissue. However, this response depended on 
the type of the CAI. The vasorelaxing effect of dorzolamide 
was signifi cantly reduced in isolated arterioles, as evidenced 
by both a reduction in the maximum relaxation and an in-
crease in EC 50.

42 It is therefore highly likely that the vasore-
laxing effect of these drugs depends on carbonic anhydrases 
in the perivascular tissue. This effect may have involved dif-
ferent membrane-bound isoenzyme IV and XIV located in 
retinal astrocytes and Müller cells.43–45

Dorzolamide is a potent sulfonamide inhibitor of CA-IV, 
with an IC 50 of 6.9 nM.46 IC 50 for brinzolamide against CA-IV 
is 45.3 nM.47 In other words, the inhibitory activity of dor-
zolamide against CA-IV is 6.5 times greater than that of 
brinzolamide.

Regarding the ocular side effects, the symptoms reported 
in this study have been observed in previous studies in-
volving dorzolamide 48,49 or brinzolamide,50,51 used alone or 
as adjunctive therapy to timolol.52

There are limitations of our study that need to be taken 
into account on interpreting the data obtained. The fi rst limi-
tation results from the use of CDI. This ultrasound technique 
has been used in several studies with the aim of assessing 
changes in retrobulbar circulation.9,15,53,54 As it is impossible 
to measure the diameter of retrobulbar vessels in vivo, CDI 
does not refl ect blood volume, and only blood velocity can 
be estimated.55 Nevertheless, at constant perfusion pressure 
and blood viscosity, increased fl ow velocities are associated 
with increased blood fl ow (in volume per time unit).56

Our second limitation results from the use of a singular 
ocular imaging technology to study ocular blood perfu-
sion, without providing data on the retina or other vascular 
beds.

The third limitation is the single-center nature of the 
study, with a limited number of patients. Nevertheless, the 
sample size was calculated prior the study.

Another limitation of the study is the fact that CCT was 
measured when the study was already ongoing. Dorzolamide 
and brinzolamide are potent selective inhibitors of the 
carbonic anhydrase isoenzyme II.46,47 The prolonged pres-
ence of dorzolamide or brinzolamide in the cornea could 

increase corneal thickness. In two clinical studies 57,58 it was 
reported that dorzolamide signifi cantly increased CCT in 
patients with cornea guttata. In addition, Ornek and col-
leagues 59 suggested that brinzolamide may cause a short-
term increase in the human CCT, particularly on the fi rst 
day. Nevertheless, a 1-year clinical study of 298 patients 
with elevated IOP and normal corneas at baseline found 
that dorzolamide was equivalent to timolol and betaxolol in 
terms of the change in central endothelial cell density and 
thickness.60

Despite these limitations, the results of our study suggest 
that dorzolamide added to timolol signifi cantly increased 
the retrobulbar blood fl ow parameters in POAG patients 
after 60 months of treatment.

In addition, dorzolamide and brinzolamide each added 
to timolol not only signifi cantly reduced IOP but also in-
creased mean OPP in patients with POAG, after a 5-year 
therapy period.

The importance of these fi ndings is critically dependent 
on whether an increase of the blood fl ow parameters con-
tributes to visual fi eld preservation in glaucoma.

Further clinical studies, particularly multicenter ran-
domized clinical trials, are needed to establish the vascular 
effects of these treatments.
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