First-line therapy
with latanoprost
0.005% results in
improved ocular
circulation in newly
diagnosed primary
open-angle
glaucoma patients: a
prospective,
6-month, open-label
study

Abstract

Purpose To evaluate the effect of latanoprost
0.005% on the optic nerve head (ONH) and
retinal circulation of newly diagnosed and
previously untreated primary open-angle
glaucoma (POAG) patients.

Methods Twenty-two newly diagnosed

and previously untreated POAG patients
(mean age+SD: 68.38+11.92 years) were
included in this longitudinal open-label study.
Patients were treated with latanoprost 0.005%
once a day. Intraocular pressure (IOP),
systemic blood pressure (BP), mean ocular
perfusion pressure (MOPP), and ocular
perfusion parameters ‘volume’, ‘“velocity’, and
‘flow’” measured at the optic nerve head (ONH)
and retina by means of Heidelberg Retina
Flowmeter system were evaluated during a
6-month follow-up period.

Results Treatment with latanoprost 0.005%
resulted in a significant decrease in IOP

(P <0.0001) and increase in MOPP (P <0.0001).
After correcting for changes in MOPP, the
blood velocity measured at the ONH level was
significantly higher after 6 months of
treatment than at baseline (P =0.0310). In
addition, blood volume and flow measured at
the peripapillary retina level improved after
3 and 6 months of treatment (P =0.0170;
P=0.0260, and P =0.0170; P =0.0240
respectively).
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Conclusion Previously untreated POAG
patients exhibit reduced IOP, increased MOPP
and improved ocular perfusion at the ONH
and retina levels when treated with
Latanoprost 0.005%. These effects could be
beneficial for glaucoma patients suffering
from ocular vascular dysregulation.
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Introduction

As various ocular'™ and systemic®*° vascular
risk factors have been linked to the occurrence
and progression of glaucomatous optic
neuropathy, it would follow that they should be
addressed by specific therapy. Despite this
knowledge, however, the principal treatment
objective remains reduction of intraocular
pressure (IOP) using the large therapeutic
arsenal available on the market. Although
designed to improve aqueous humour drainage
via trabecular meshwork or uveoscleral routes,
some of these drugs have additional therapeutic
effects that could be exploited in order to
improve the prognosis in patients with
additional risk factors such as vascular
dysregulation.
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Previous studies have indicated that some
antiglaucoma medication, such as beta blockers, alpha
agonists,” and carbonic anhidrase inhibitors,**2° could
improve ocular circulation in glaucoma. Prostaglandin
analogues such as latanoprost have also been investigated
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for their effect on OBE. However, the results reported
by the few studies performed so far are contradictory.
Although acute administration of latanoprost increases
optic nerve head (ONH) blood flow in normal eyes,**! in
glaucoma patients, the only consistent effect demonstrated
by administration of this drug was an increase in pulsatile
ocular blood flow.>>®® To date, no effect on the ONH or
retinal circulation after administration of latanoprost
0.005% in primary open-angle glaucoma (POAG) patients
has been investigated. This longitudinal prospective study
investigates the effect of treatment with latanoprost
0.005% on the ocular circulation in newly diagnosed and
previously untreated POAG patients.

Materials and method

Fifty-five successive newly diagnosed and previously
untreated POAG patients attending the Fast Track
Glaucoma Clinic at the Heartlands and Solihull NHS
Trust, Birmingham, were screened for the study between
January 2002 and December 2003. Prior to the study,
ethical approval was obtained from the local medical
ethics committees and written informed consent was
received from all subjects. The study was designed and
conducted in accordance with the Tenets of Declaration
of Helsinki.

Patients underwent diurnal IOP phasing and were
diagnosed as having POAG if at least two IOP
measurements were greater than 24 mmKHg, and presented
with glaucomatous cupping of the optic disc on
funduscopic examination, normal open anterior chamber
angles by gonioscopy, and repeatable visual field (VF)
defects consistent with a diagnosis of glaucoma using
program 24-2 of the Humphrey Field Analyzer (HFA:
Zeiss-Humphrey, San Leandro, CA). Patients with closed
iridocorneal angles, evidence of secondary glaucoma,
pseudoexfoliation, pigmentary dispersion, a history
of intraocular surgery, any form of retinal or neuro-
ophthalmologic disease that could result in VF defects, or
a history of chronic systemic disease, including diabetes
mellitus, or occlusive vascular disorders, were not
included in this study. Further exclusion criteria for both
groups were refractive errors higher than +2 and —3
diopters, a medical history of Raynaud’s phenomenon,
neurological or metabolic diseases, and chronic intake
of vasoactive drugs. Fifteen patients were excluded as
a result of these exclusion criteria.

After confirmation of the diagnosis, the remaining
40 patients received a prescription for latanoprost
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0.005% ophthalmic solution (Xalatan; Pfizer) and were
instructed on self-administration of the drug. Patients
were evaluated at baseline and 1, 3, and 6 months after
the initiation of therapy.

Experimental protocol

At each visit patients underwent the following
assessments: IOP, systemic blood pressure (BP), and
heart rate (HR). In addition, ocular perfusion parameters
‘volume’, ‘velocity’, and ‘flow’ measured at the
neuro-retinal rim (NRR) and peripapillary retina levels
were also determined. Although the drops have been
administrated in both eyes, only one eye per patients
has been included in the final analysis. Based on the
ophthalmoscopy and VF results, this was chosen as the
eye with the most advanced disease at the time of
diagnosis. The investigations performed in this study are
described in order below.

Systemic BP and HR

Clinical BP and HR values were obtained using a BP
automatic monitor (UA-779, A&D Instruments Ltd,
Oxford, UK). The systolic BP (SBP) and diastolic BP
(DBP) values were measured three times (1 min apart);
the average readings for SBP and DBP were then used
to calculate the mean BP (MBP) using the formula
MBP =2/3 x DBP +1/3 x SBP. Pulse pressure (PP) was
calculated as: PP =SBP—DBP.

IOP measurements

The IOP (measured by Goldmann tonometry) and MBP
measurements were used to calculate the mean ocular
perfusion pressure (MOPP): MOPP =2/3 x MBP—IOP.

Ocular perfusion measurements

Perfusion parameters in the superior temporal regions
of the neuroretinal rim and peripapillary retina were
measured for each step of the experiment using the
HREF system. The HRF principle has previously been
described in detail **?”

To collect HRF data, the border between the cup and
the rim and the disc margin were defined. For this
purpose, a confocal laser retina tomograph (Heidelberg
retina tomograph; HRT) was used to obtain an
anatomical scan. The method used by this device has
been described in detail.*®*** In eligible eyes, after
keratometric values were measured, one topographic
image was obtained through a dilated pupil (by using
tropicamide 1%, Alcon, Fort Worth, Texas, USA). This
is in contrast to the standard protocol of 3 images
recommended usually.45 However, because of the
principal of regression to the mean, limiting the number
of acquired topographic images to one image per eye is



not expected to alter the results in a screening procedure
such as the one described here.*

During the imaging procedure, the subjects fixated on
a distant target with the fellow (non-test) eye. For the
topographic images, the optic disc margin was outlined
along the inner margin of the scleral ring by an
experienced investigator (DG). Using a transparency
overlaid on the monitor’s screen, anatomical landmarks
(blood vessels, optic nerve contour, and contour of the
cup) have been drawn manually.*

Three to five HRF measurements were recorded by the
same experienced investigator (DG) during each visit;
only the best quality images were selected for statistical
purposes. Quality inclusion criteria were lack of
movements during the recording and good illumination
of the image. Images were included if the direct current
values were between 70 and 200.***° Measurements were
performed first on one location on the temporal NRR
using a central alignment technique® and then on one
location on the temporal retina while avoiding the
large vessels. The transparency obtained on HRT
measurements was overlaid on the HRF images of the
same subject, ensuring a near perfect adjustment; a 10°
frame was then drawn on the area of interest. The same
transparency was then used for all subsequent images
obtained for the same subject during the experiment to
ensure that the exact location of the measurement frames
was reproduced.

Statistical analysis

The influence of MOPP on ocular perfusion parameters
was calculated using a stepwise linear multiple
regression analysis. The pre- and post-treatment
differences in IOP, BP, HR, and MOPP were assessed
using a multivariate design of repeated measures
analysis of variance (re-MANOVA). Similar differences
in ocular perfusion were assessed by using repeated
measures analysis of co-variance (re-MANCOVA), with
MOPP as changing covariant. Differences between visits
were assessed by post hoc analysis using the Turkey HSD
test. The statistical analysis was performed using
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Statistica® (version 6.0, StatSoft Inc., Tulsa, OK, USA) for
Windows. A P-value of less than 0.05 was considered
statistically significant.

Results
Sample

Owing to failure to attend follow-up visits, 6 patients
were further excluded from the study at the end of the
first month and 2 patients at the end of the third month
of treatment. For the remaining 32 glaucoma patients,
careful image analysis and subsequent rejection of those
subjects who exhibited poor HRF image quality during
the follow-up period resulted in exclusion of 10 patients.
Finally, 22 glaucoma patients (9 men and 15 women,
mean age+SD: 68.38+11.92 years) were included in the
final statistical analysis.

The effect of latanoprost on IOP, systemic BP, HR,
and ocular perfusion pressure

These results are presented in Table 1. Treatment with
latanoprost 0.005% resulted in a significant decrease in
IOP (P <0.0001). This effect was evident during all three
visits (P <0.0001, 0.0001, and 0.0001 respectively).

Although latanoprost did not have any significant
effect on systemic BP parameters (SBP, DBP, MBP) or HR
(P>0.05), MOPP increased significantly after 1 month
(P=0.0017), 3 month (P =0.0014), and 6 month
(P=0.0001) of therapy.

Change in ONH and peripapillary blood flow

These results are presented in Table 2. Although after
correcting for changes in MOPP the overall effect

did not show any significant difference (P> 0.05,
re-MANCOVA), the post hoc analysis (Turkey HSD test)
showed that the parameter ‘Velocity’ measured at the
NRR level was significantly higher after 6 months of
treatment than at the baseline (P =0.0310; Figure 1).

At the temporal peripapillary retina level, parameter

Table1 The effect of latanoprost 0.005% on intraocular pressure, systemic blood pressure, mean ocular perfusion pressure, and heart

rate

Parameter Baseline 1 month 3 month 6 month P-value
IOP (mmHg) 26.36+3.32 18.93+2.87 17.8642.07 15.6442.37 <0.0001
SBP (mmHg) 134.75+15.66 135.25+15.42 132.08+10.63 139.33+12.76 >0.05
DBP (mmHg) 79.33+11.47 81.004+8.99 80.1749.27 79.67 +12.68 >0.05
MBP (mmHg) 97.81+12.34 99.08 +10.04 97.47 +8.53 99.56 +10.89 >0.05
MOPP (mmHg) 39.0447.93 46.8945.38 47.0345.02 50.35+7.45 <0.0001
HR (beats/min) 64.73+12.25 64.33+12.30 67.67 +11.65 65.54+14.45 >0.05

IOP, intraocular pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; MOPP, mean ocular perfusion pressure;

HR, heart rate. Values are given in mean +SD.
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Table 2 The change in optic nerve head and peripapillary ocular blood flow (after correcting for MOPP in a re-ANCOVA analysis)

Parameter Baseline 1 month 3 month 6 month P-value
Volume NRR (AU) 13.73+1.81 13.74+2.33 15.38+2.67 14.50+2.52 >0.05
Flow NRR (AU) 250.87+73.09 250.51+89.14 263.96+76.68 271.15+46.25 >0.05
Velocity NRR (AU) 0.77+0.18 0.82+0.30 0.94+0.26 0.99+0.15° >0.05
Volume TR (AU) 15.28+4.20 16.50+4.38 17.77+2.82° 16.68+1.80 >0.05
Flow TR (AU) 267.56+87.05 301.67+93.73 341.38+72.92% 335.44+73.47% >0.05
Velocity TR (AU) 0.97+0.31 1.0940.33 1.26 +0.26" 1.21+0.26° >0.05

These parameters are measured in arbitrary units (AU). NRR, neuroretinal rim; TR, temporal peripapillary retina. Values are given in mean +SD.

“Statistically significant differences from baseline values.
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Figure 1 Parameter ‘velocity’ measured at the NRR level was
significantly higher after 6 months treatment with latanoprost
0.005% than at the baseline.

‘Volume’ was higher after 3 months (P =0.0330;

Figure 2), parameter ‘Flow’ after 3 and 6 months
(P=0.0170 and 0.0260, respectively; Figure 3), and
parameter ‘Velocity” after 3 and 6 months (P =0.0170 and
0.0240, respectively; Figure 4) of treatment with
latanoprost 0.005% than the baseline value.

Discussion
Main findings

The present study assessed the effects of a 6-month period
of treatment with latanoprost 0.005% on the ocular
perfusion measured at the ONH and peripapillary retina
levels of newly diagnosed and previously untreated
POAG patients. Our results demonstrated that the most
rapid and persistent therapeutic effect obtained after
administration of latanoprost 0.005% was represented by
both a decrease in IOP and an increase in MOPP; these
effects were evident after 1 month of therapy and
persisted during the entire follow-up period. Moreover,
after correcting for the changes in MOPP, patients also
demonstrated a significant improvement in some of the
measured perfusion parameters; this result, however, was
evident only after 3 and 6 months of treatment.
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Figure 2 Parameter ‘volume’ measured at the temporal
peripapillary retina level was significantly higher after 3 months
treatment with latanoprost 0.005% than at the baseline.
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Figure 3 Parameter ‘flow’ measured at the temporal peripa-
pillary retina level was significantly higher after 3 and 6 months
treatment with latanoprost 0.005% than at the baseline.

Effect on IOP and ocular perfusion pressure

The IOP-lowering and MOPP-increasing effects of

latanaprost have been reported in previous studies.” >
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Figure 4 Parameter ‘velocity’ measured at the temporal
peripapillary retina level was significantly higher after 3 and 6
months treatment with latanoprost 0.005% than at the baseline.

Our results also showed rapid and persistent decrease in
IOP and increase in MOPP, therefore reinforcing the
beneficial effect of latanoprost for patients suffering from
POAG. Because blood flow to an organ depends directly
on the perfusion pressure, an increase in MOPP could
have a beneficial effect on blood flow to the ONH; this
effect, however, is regulated by changes in local vascular
resistance and occurs only in healthy vascular beds.”*
Indeed, in the presence of local vascular dysregulation
this beneficial effect could be less evident.” Therefore, the
clinical significance of MOPP improvement on glaucoma’
prognosis requires further clarification.

Effect on ONH head and retinal circulation

Although small quantities of a topically administrated
ophthalmic drug can reach the posterior parts of the eye
and influence the ONH circulation, at least in rabbits,>®
this fact has never been demonstrated for latanoprost in
either animals or humans. However, recent studies have
demonstrated an improvement in the retrobulbar blood
velocities measured in POAG patients after 3-month
period treatment with latanoprost 0.005%;*"°® it seems,
therefore, possible that latanoprost penetrates deep
ocular structures such as ONH and retina in effective
concentrations to result in measurable pharmacologic
effects.

The present study demonstrates for the first time an
improvement in both ONH and retinal circulation after
chronic therapy with latanoprost 0.005% in POAG
patients. Previous studies also reported a vasodilator
effect produced by latanoprost at the ONH level. Tamaki
et al®* demonstrated an increase in the ONH tissue blood
velocity (as measured by the laser speckle method) after
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one instillation of latanoprost 0.005%. This result was
confirmed by Ishii et al (2001); the authors measured
ONH tissue perfusion after a 7-day instillation regimen
using the same OBF measurement technique. However,
in addition to the fact that both studies were done

in either animals or normal human eyes, they also
failed to explain the mechanism responsible for this
improvement. Nevertheless, the authors of both studies
agree that the improvement of OBF after treatment with
latanoprost 0.005% is independent of the IOP-lowering
properties of this drug.

The effect on the ONH perfusion demonstrated by our
study was, however, only represented by an
improvement of the blood flow velocity after 6 months of
treatment. In contrast, at the peripapillary retina level the
beneficial effect of perfusion was more evident and
occurred after 3 and 6 months of treatment in all three
parameters. If changes in perfusion at the ONH level are
more difficult to detect or need a longer time to become
measurable by the HRF system, is just a speculation.
More research is necessary in order to demonstrate a
long-term effect of treatment with latanoprost 0.005% on
perfusion parameters measured at this level.

It is well known that prostaglandin play an important
role in the regulation of local blood flow throughout the
human body.59 However, administration of PGF,, results
in both vasoconstriction and vasodilation;?° the latter
effect is probably due to the release of nitric oxide (NO).
Latanoprost is a PGF,,-analogue, and therefore, its
vascular effects might be different from those induced
by PGF,, per se. Indeed, studies performed in animals
showed a vasodilator effect in the retina and choroid
after administration of latanoprost.®’ The results reported
by the present study could also be explained by a
potential vasodilator effect exerted by latanoprost on the
ONH and especially on retinal circulation where the
improvement in perfusion was more obvious.

In our study, ocular perfusion was assessed by
means of HRF technology. This is a noninvasive,
high-resolution mapping technique estimating capillary
blood flow of the ONH and retina with an acceptable
reliability®*** and adequate ability to show blood
flow alterations. Moreover, in our study we used a
central alignment technique described by Sehi and
Flanagan,®® which allows an optimal focal plane for the
flowmetry of the NRR and peripapillary retina and more
repeatable measurements of the blood flow at these
levels. Using this technique, we have observed an
improvement of ocular perfusion at both the ONH and
peripapillary retinal level after 3 and 6 months of
treatment with latanoprost 0.005%. More research is,
however, needed to confirm the mechanism behind
improvements in ocular circulation after treatment with
latanoprost.
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Conclusion

Topical latanoprost significantly reduced IOP and
increase MOPP and ocular perfusion measured at the
ONH and retina levels in patients with POAG. These
effects could be beneficial for glaucoma patients suffering
from ocular vascular dysregulation.
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