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ABSTRACT

Increasing evidence indicates that improving
ocular blood flow (OBF) can be a therapeutic
direction for glaucoma therapy. Tafluprost, a
prostaglandin analogue which lowers the
intraocular pressure (IOP), has been shown to
improve OBF in animals and humans. Several
animal experiments showed that topical taflu-
prost significantly increased optic nerve head
and retinal blood flow. Clinical trials also
showed a beneficial effect of tafluprost on optic
nerve head and macula blood flow, and a good

ocular pulse amplitude-lowering effect. But,
there are still a few conflicting results. Overall,
tafluprost seems to have a beneficial effect on
OBF, and the positive effect is probably inde-
pendent from its IOP-lowering effect, which
also is expected to improve OBF. Moreover,
reducing the intracellular free Ca2? concentra-
tion may be a possible mechanism of taflu-
prost’s effect on OBF. More well-designed
studies are required to reveal the truth.
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Key Summary Points

An increasing amount of evidence
indicates that improving ocular blood
flow can be a therapeutic direction for
glaucoma therapy.

Tafluprost seems to have a beneficial effect
on ocular blood flow, and the positive
effect is probably independent from its
intraocular pressure-lowering effect,
which also is expected to improve ocular
blood flow.

Reducing the intracellular free Ca2?

concentration may be a possible
mechanism of tafluprost’s effect on eye
blood flow.

INTRODUCTION

Glaucoma is characterized by optic nerve dam-
age and progressive visual field defect [1]. It is
estimated that 112 million people worldwide
will suffer from glaucoma by 2040 [2]. Further-
more, glaucoma is the main cause of irreversible
blindness [3], and elevated intraocular pressure
(IOP) is considered to be the most important
risk factor for glaucoma. Thus, reducing IOP is
recognized as the main treatment for glaucoma
[4]. Currently, IOP-lowering efficacy is the main
index for evaluating the clinical efficacy of
antiglaucoma medications. However, some
patients with satisfactory IOP control with IOP-
lowering medications continue to have wors-
ening visual field defect. Moreover, although
IOP-reduction therapy cannot reduce IOP sig-
nificantly in patients with normal-tension
glaucoma (NTG), it can still delay the progres-
sion of glaucomatous optic neuropathy [5, 6].
As can be seen, the mechanism of action of
antiglaucoma medications is complex, and the
therapeutic focus needs to be shifted beyond
the IOP-lowering effect.

Studies have shown that parameters includ-
ing blood flow density, blood flow index, and

vessel density (VD) in the optic nerve head
(ONH), peripapillary vascular layer, and macula
decrease significantly in patients with glaucoma
[7–14]. Furthermore, the decreased ocular blood
flow (OBF) is closely related to the occurrence
and development of glaucomatous optic neu-
ropathy. A lower baseline of VD in the macula
and the peripapillary area was associated with a
faster rate of progressive retinal nerve fiber layer
(RNFL) loss in patients with mild-to-moderate
primary open-angle glaucoma (POAG) [15].
Kwon et al. [16] reported faster thinning of
RNFL in eyes with more deep-layer microvas-
culature dropout than in those without the
dropout. Jia et al. [17] found that the ONH
blood flow decreased significantly in patients
with glaucoma, whereas the abnormal blood
flow index was highly correlated with visual
field defect. Yarmohammadi et al. [13] reported
that changes in the macular area’s superficial
plexus blood flow density were related to the
visual field defect. Additionally, a significant
correlation was observed between decreased
vascular density and the severity of visual field
defect. Furthermore, several other studies have
reported different degrees of atrophy and blood
flow reduction of the capillary network in the
peripapillary areas of patients with glaucoma
compared with healthy subjects. The location of
abnormal changes and the degree of blood flow
reduction in the capillary network correlated
with the location and degree of visual field
defect in glaucoma [12, 17, 18]. Some scholars
have also proposed that vascular density
parameters were reliable in diagnosing early
glaucoma [14]. This collective evidence indi-
cates that the abnormal OBF is an important
pathological change in glaucoma. Therefore,
improving OBF can be one of the targeted
therapeutic avenues for glaucoma. Moreover,
the effect of IOP-lowering medications on OBF
requires much-needed attention.

Prostaglandin analogues (PGAs) are the first-
line therapy for glaucoma treatment. Several
studies have shown that local administration of
PGAs produces vasodilatation effects in
improving OBF, similar to endogenous pros-
taglandins [19]. Currently, PGAs, including
latanoprost, travoprost, tafluprost [20], etc., are
widely used in the clinic. Tafluprost topical
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ophthalmic solution was launched onto the
market in Japan in 2008. The key structural
feature of tafluprost is the presence of two flu-
orine atoms in place of a hydrogen atom and
hydroxyl group at carbon-15 of the traditional
prostaglandin core. This modification in struc-
ture led to significantly improved affinity (12
times better than latanoprost [21–23]) for
prostaglandin F2a receptor (also known as FP
receptor). In addition, the minimum effective
concentration and incidence of local compli-
cations were significantly reduced [24–27]. The
0.0015% tafluprost has a favorable IOP-lowering
effect compared to 0.005% latanoprost and
0.004% travoprost [28]. Moreover, it demon-
strates an advantage in improving OBF com-
pared with several other PGAs.

This study reviewed the effect of tafluprost
on OBF and explored its possible mechanism.
This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. Three databases, namely
PubMed, Embase, and Elsevier, were systemati-
cally searched to obtain comprehensive, rele-
vant literature from inception to February 21,
2022. We used a broad, inclusive search strategy
to avoid missing a seminal contribution. We
used the MeSH term ‘‘tafluprost’’. Additionally,
we manually searched the reference lists for
potentially relevant studies, and five additional
Japanese articles were included to avoid missing
important clinical data. Endnote software was
used to filter out duplicate articles manually.
Figure 1 shows the literature search and filtering
process.

ANIMAL STUDIES

Non-Primates

Anesthetized State (Cats)
Using a laser Doppler velocity system, Izumi
et al. [29] first demonstrated that topical taflu-
prost significantly increased retinal blood flow
(RBF) and blood velocity in normal anesthetized
cats. They further pointed out that the main
reason for the increase of RBF caused by the
single topical administration of tafluprost was

the increase of blood flow velocity at the mea-
surement site. However, little change in blood
vessel diameter was observed. Therefore, the
increased blood flow velocity in the study might
reflect the expansion of downstream vessels. In
conclusion, the researchers speculated that
retinal microvessels located more peripherally
than measured points might be dilated. Never-
theless, the study had its shortcomings.
Although the structure and circulation of cats’
retinas are similar to those of humans, PGF2 has
a stronger effect on cat microvasculature than
the primates [30]. In addition, as a result of the
difference in the ocular volume, the vascular
reaction between cats and humans does not
seem to be similar after the instillation of the
same amount of drug. Thus, RBF changes in
humans may be different or attenuated com-
pared to cats.

Conscious State (Rabbits)
OBF is affected by the depth of anesthesia; thus,
its accurate measurement under anesthesia is
difficult [31, 32]. Therefore, the researchers
chose to assess the OBF in the conscious animal.
Akaishi et al. [33] reported significantly
increased ONH blood flow through laser speckle
flowgraphy (LSFG) in conscious rabbits after
continuous use of 0.0015% tafluprost, 0.005%
latanoprost, and 0.004% travoprost for 28 days.
Still, at all measurement points, the rate of
increase in the tafluprost group was signifi-
cantly higher than in the latanoprost and
travoprost groups. This study showed that the
repeated administration of tafluprost results in a
long-term rather than short-term increase in
ONH blood flow in conscious rabbits. Moreover,
its potency was greater than the other two
PGAs.

To explore the mechanism of PGAs in
improving the ONH blood flow, Kurashima
et al. [34] studied the effect of four PGAs
(tafluprost; 15-OH tafluprost; latanoprost;
travoprost) on endothelin-1 (ET-1)-induced
ONH blood flow disorders through LSFG in
male rabbits. The results showed that the local
administration of PGAs inhibited the decrease
of ONH blood flow in conscious rabbits induced
by ET-1. Furthermore, tafluprost could almost
completely inhibit the effect of ET-1.
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Additionally, the effect was more sustainable
than other PGAs, indicating tafluprost was
superior to other PGAs in resisting the effects of
ET-1.

Giannico et al. [35] divided the conscious,
healthy rabbits into six groups. The left eyes
were topically treated for 4 weeks with the
preservative benzalkonium chloride (BAK) only
or different kinds of PGAs (tafluprost BAK-free,
bimatoprost BAK, travoprost BAK, travoprost
POLYQUAD, and latanoprost BAK), while the
fellow eye served as a control. Before and after
treatment, color Doppler imaging was used to
evaluate the ophthalmic artery (OA). The results
showed that tafluprost BAK-free and travoprost
with BAK significantly reduced the resistive
index of the OA in rabbits, indicating improved
OA blood flow. Moreover, preservative-free
tafluprost has greater advantages in clinical
application owing to the nullification of the
adverse effects of preservatives on the ocular
surface [36].

Primates

Although cats and rabbits can be used in
research studies to explore the effect of taflu-
prost on OBF, monkeys have a more similar
ONH anatomical structure and vascular system
to human eyes. The advantages of using pri-
mates for research are clear. Additionally, pre-
vious studies have evaluated the effect of
tafluprost on OBF in normal eyes but not on a
glaucomatous eye. Mayama et al. [37] estab-
lished a monocular glaucoma model in rhesus
monkeys. The laser speckle technique detected
the ONH blood flow of rhesus monkeys under
anesthesia. Single and continuous administra-
tions of 0.0015% tafluprost for 7 days increased
the ONH blood flow in the glaucomamodel and
control eyes. These results suggested that taflu-
prost could increase the blood flow in subjects
with or without glaucoma. The study of the
unilateral glaucoma model and contralateral
normal eyes in the same subjects excluded the

Fig. 1 PRISMA diagram for diagnostic review
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effects of circulation parameters, including
blood pressure, pulse rate, autonomic tension,
and plasma levels of various vascular active
substances between the two eyes. Moreover,
this model provides an ideal platform for
studying the pharmacological properties of
ONH vessels in experimental glaucoma.

CLINICAL RESEARCH

Experimental results in animal models may not
be directly extrapolated to humans and thus
require further clinical studies. Here we sum-
marize the relevant clinical studies for the fol-
lowing aspects.

ONH Area

LSFG
Several studies used the LSFG method, includ-
ing normal subjects and patients with NTG,
POAG, and myopic disc types. A study of heal-
thy male eyes showed that the microcirculation
of the upper and temporal sides of the ONH was
significantly increased after continuous admin-
istration of 0.0015% tafluprost every night for
7 days [38]. A prospective intervention study of
patients with NTG showed similar results [39].
Latanoprost was switched to tafluprost during
the treatment of patients with NTG. One month
later, LSFG was used to assess changes in ONH
blood flow. The results were consistent with the
previous study in healthy men, showing sig-
nificantly increased blood flow of the upper and
temporal sides of the ONH without any change
in the IOP-lowering effect. In another study, 24
patients with POAG were randomly divided
into tafluprost and latanoprost groups [40].
LSFG was used to detect the ONH blood flow
after 6 months. The blood flow of the upper,
lower, and temporal sides of the ONH in the
tafluprost group increased significantly. In
contrast, no obvious blood flow changes were
detected in the latanoprost group. There was no
difference in IOP-lowering effect between the
two groups. The results suggest that the positive
effect of tafluprost on ONH blood flow is prob-
ably independent from its IOP-lowering effect,
which also is expected to improve OBF.

Notably, these patients were followed up for a
longer period. The microcirculation of ONH was
stable for up to 3 years in patients treated with
tafluprost but decreased in the latanoprost
group [41]. Previous studies have shown that
myopia is one of the risk factors for POAG
[42, 43]. The decreased blood circulation in the
ONH might be related to myopia and glaucoma
[44]. Researchers began to pay attention to the
potential benefit of topical tafluprost on ONH
blood flow in people with myopia. In a
prospective intervention study conducted on 48
eyes of 24 participants with myopic optic disc
morphologic changes (28 were diagnosed as
NTG, and 20 were normal subjects) by Tsuda
et al. [44], one eye was treated with topical
tafluprost, and the fellow eye served as the
control. The study design excluded any influ-
ence from systemic circulation parameters.
LSFG-NAVI (a newer version of LSFG) evaluated
the ONH blood flow after 60, 90, and 120 min.
The ONH blood supply was significantly
increased in all the treated eyes and reached a
peak at 120 min. These studies indicated that
the treatment of tafluprost had a beneficial
effect on OBF in normal subjects, patients with
NTG, patients with POAG, and people with a
myopic disc. However, no significant changes
were observed in LSFG measurements after
tafluprost therapy in patients with POAG [45],
which was inconsistent with the abovemen-
tioned report. Of note, only 11 patients with
POAG were included in this study, which may
make the results less reliable.

Optical Coherence Tomography Angiography
(OCT-A)
Weindler et al. [46] used OCT-A (Topcon DRI
OCT Triton) to compare the effect of topical
tafluprost or surgical treatment on ONH blood
flow density in patients with POAG. The flow
density of patients with POAG who underwent
IOP-lowering surgery (deep sclerectomy, tra-
beculotomy, and trabeculectomy) because of
poor compliance or intolerance to multiple eye
drops was used for comparison. The assessment
was made when IOP values reached 10–-
21 mmHg. Any possibility of interference of
flow density reduction caused by decreased IOP
was excluded. There was a significantly higher

Ophthalmol Ther (2022) 11:1991–2003 1995



peripapillary flow density in all sectors in
tafluprost-treated eyes when compared to post-
surgery eyes. Again, the results indicate that the
OBF-improving effect of tafluprost is probably
independent from its IOP-lowering effect.

A prospective observational study included
36 eyes from 36 patients newly diagnosed with
the initial stage of POAG. The patients were
treated with tafluprost, tafluprost/timolol com-
bination, or no topical treatment [47]. OCT-A
(AngioVue) was performed 1 week after the
treatment. The tafluprost and tafluprost/timolol
fixed combination decreased VD in the ONH
without changing the VD of the peripapillary
retina. On the first assessment, the findings
were unexpected and inconsistent with previ-
ous research. However, the end-diastolic rate of
the short posterior ciliary artery in early glau-
coma was negatively correlated with VD in the
ONH and retinal peripapillary area. In other
words, the more blood entering the retina and
ONH in early glaucoma, the lower the OCT-A
value was. This observation was interpreted as
an automatic regulatory mechanism that pre-
serves retinal blood flow in the early stages of
the disease [48]. Since the study included
patients with early POAG, the autoregulation of
OBF might be preserved at the initial stages of
glaucoma. Therefore, tafluprost or tafluprost/ti-
molol can be beneficial for OBF in patients with
early POAG. However, the regulatory effect may
not apply to advanced patients. Moreover, val-
idation of this hypothesis requires long-term
follow-up studies at different stages of POAG.

Macular Area

A prospective observational study by Iida et al.
[45] included patients with POAG and healthy
subjects. The subjects were evaluated using
multiple methods (adaptive optics scanning
laser ophthalmoscopy (AOSLO), LSFG, and
OCT). The study evaluated the effects of topical
tafluprost treatment on ocular circulation at
baseline and 1, 4, and 12 weeks after initiating
treatment in patients with POAG. The mean
parafoveal blood flow velocity (pBFV) baseline
in POAG eyes was significantly lower than in
healthy eyes. Whereas pBFV was significantly

increased during all follow-up periods after ini-
tiation of tafluprost treatment. Weindler et al.
[46] used OCT-A to compare the effect of topical
tafluprost or surgical treatment on macular
region flow density in patients with POAG. The
blood flow density of the lower segment of the
superficial plexus in the macular area of the eyes
treated with tafluprost was significantly higher
than in the postoperative eyes. In a prospective
observational study, Ishigaki et al. used [49]
laser Doppler flowmetry (LDF) to measure the
choroidal blood flow in the macular region of
patients with POAG before and after tafluprost
instillation. The flow (blood flow) and volume
(moving red blood cells in tissues) of the chor-
oidal capillaries were significantly increased
after tafluprost administration for 4 or 8 weeks,
while velocity (mean blood flow velocity) did
not change significantly. It is suggested that the
administration of tafluprost could improve the
choroidal microcirculation in the macular
region of patients with POAG. It is speculated
that tafluprost increased the blood flow by
dilating the choroidal microcirculation blood
vessels without affecting the blood flow veloc-
ity. However, these studies examined the effects
of tafluprost only in patients with POAG but
not in healthy subjects. Therefore, it is difficult
to determine whether the increase of ocular
circulation in the macular region after taflu-
prost treatment is a unique phenomenon of
self-regulation disruption in patients with
POAG or whether it can be applied to normal
subjects as well.

Ocular Pulse Amplitude (OPA)

OPA is the difference between the systolic and
diastolic IOP during the IOP measurement [50].
OPA is thought to be caused by the blood vol-
ume pumped into the eye (mainly the choroidal
bed) during each cardiac cycle. Jin et al. [51]
modeled the origin of the ocular pulse and
showed that the OPA and choroidal dilation
could deform the ONH with a net shearing of
neural tissues within the neuroretinal rim. The
OPA might play a role in the clinical course of
glaucoma [52]. Seo et al. [53] used dynamic
contour tonometry to compare the OPA-
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lowering effects of preservative-free tafluprost
and dorzolamide–timolol fixed combination
(DTFC) in patients with NTG and POAG. The
results showed that the OPA-lowering effects of
tafluprost were significantly greater than those
of DTFC at 6 months after administration.

POSSIBLE MECHANISM
OF IMPROVEMENT OF OBF
BY TAFLUPROST

ET-1 is one of the most potent vasoactive pep-
tides. It acts as a vasoconstrictor by binding to
its receptor (usually the ETA receptor) on vas-
cular smooth muscle, leading to an increase in
intracellular free Ca2? concentration by the
continuous input of exogenous Ca2? through
different Ca2? entry channels [54]. Studies have
reported elevated ET-1 levels in plasma and
aqueous humor of patients with glaucoma.
Shoshani et al. found that compared with the
non-glaucoma control group, ET-1 levels in
plasma were increased significantly in patients
with NTG (as opposed to patients with high
tension glaucoma, HTG). However, patients
with HTG only had a significant increase in the
level of ET-1 in aqueous humor. These results
indicate that in NTG, ET-1 might be involved in
local and systemic vascular disorders. In con-
trast, the role of ET-1 in HTG might be mainly
limited to the eye [55]. In animal models, a 2- to
2.5-fold increase was observed in aqueous
humor immunoreactive ET-1 levels for rats
subjected to elevated IOP compared to controls
[56]. Intravitreal injection of ET-1 solution
decreased ONH blood flow [34], while multiple
intravitreal injections of ET-1 induced chronic
hypoperfusion in the ONH and retina. This
presumably caused a decrease in the neurofila-
ment light chain content and axon number in
the optic nerve [57]. Thus, ET-1 may be
involved in the pathological process of OBF
disorders in patients with glaucoma and might
be playing a potential role in the pathogenesis
of glaucoma [19, 55]. Kurashima et al. [34] used
the isolated ciliary artery of male rabbits to
observe the effect of tafluprost on the ET-1-in-
duced contraction of the isolated ciliary artery.
Furthermore, tafluprost concentration-

dependently relaxed the ET-1-induced ciliary
artery contraction. According to the mechanism
of action of ET-1, the possible mechanisms of
the tafluprost antagonistic effect on ET-1 are
speculated as follows:

1. Since tafluprost has no affinity for ETA
receptors [22], it does not have any direct
antagonistic effect on ETA receptors.

2. In rhesus monkeys, the increased tissue
blood velocity in the ONH returned to the
pre-treated level after 180 min following
tafluprost administration, while IOP
remained at the lowest level [22]. The
finding suggests that the improvement in
blood flow caused by tafluprost was not
dependent on an increase in ocular perfu-
sion pressure secondary to altered IOP [58].

3. Dong et al. [59] found that tafluprost could
concentration-dependently dilate the cil-
iary arteries of rabbits, which were con-
stricted by the high concentration of
potassium solution. The degree of dilation
was independent of L-NAME (an NO syn-
thase inhibitor), indomethacin (cyclooxy-
genase inhibitor), or denudation of the
vascular endothelium. Thus, the relaxing
effect of tafluprost does not depend on the
production of endodermal vasodilators
such as NO and prostacyclin. Furthermore,
tafluprost’s effect on ONH circulation dis-
appeared after the intravenous injection of
indomethacin in monkeys, suggesting that
tafluprost might function through the sec-
ondary synthesis of prostaglandins in vivo
[37]. Interestingly, indomethacin reduced
the concentration of intracellular free Ca2?

([Ca2?]i) in the isolated ciliary arteries of
WT mice induced by 3 mM tafluprost, but
not at higher doses [60]. These contradic-
tory results require further in-depth studies
to unravel the exact mechanism.

4. Abe et al. [60] demonstrated that tafluprost
could concentration-dependently reduce
the increase of [Ca2?]i in the isolated ciliary
arteries of WT mice induced by high potas-
sium solution. Thus, tafluprost might play
an antagonistic role to ET-1 by inhibiting
the increased [Ca2?]i concentration. How-
ever, Dong’s study [59] showed that the
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diastolic effect of tafluprost on the ciliary
arteries of rabbits was not affected by
histamine, thapsigargin (an inhibitor of
the sarcoendoplasmic reticulum (SR) Ca2?-
ATPase), and ouabain (Na?-K?-ATPase inhi-
bitor). This indicates that the relaxing effect
of tafluprost did not depend on the release
and restoration of Ca2? from SR and the
promotion of Ca2? extrusion. Thus, taflu-
prost did not affect the [Ca2?]i cycle or the
Ca2? extrusion component of the extracel-
lular Ca2? ([Ca2?]e) cycle. In addition, the
investigators found that the relaxing effect
of tafluprost was not dependent on the
voltage-dependent Ca2? channel. Further,
Dong et al. [59] reported during the deple-
tion of [Ca2?]e, the [Ca2?]i concentration
increased upon reintroduction of [Ca2?]e,
and tafluprost decreased the amplitude of
[Ca2?]i concentration upon this reintroduc-
tion. These results indicated that tafluprost
inhibits the Ca2? entry at least in part by
suppressing the capacitative pathway
through the plasma membrane from the
extracellular space. However, more detailed
evidence is vital to prove this concept.

5. Abe et al. [60] found that tafluprost signif-
icantly reduced the [Ca2?]i concentration in
isolated ciliary artery strips of EP2 receptor-
deficient mice compared with WT mice.
The effect of tafluprost on [Ca2?]i might be
partially realized through the EP2 receptor.
Since the acid form of tafluprost has no
binding affinity for EP2 receptors [61], the
involvement of EP2 receptors in tafluprost-
associated reduction of [Ca2?]i concentra-
tion might be an indirect mechanism. Sim-
ilar to humans, in mice, the EP2 receptor is
highly expressed in all retinal layers [62] so
the conjecture also seems true in humans.

Furthermore, tafluprost has a more long-
lasting effect than other PGAs in improving
OBF. It is speculated that the difluoro group at
carbon-15 might contribute to its metabolic
stability and long-lasting effect, as it enables
tafluprost to resist oxidation by 15-hydroxyl
prostaglandin dehydrogenase in the ONH and
blood [34]. Figure 2 summarizes the possible
mechanisms discussed above.

SUMMARY AND PROSPECTS

The 0.0015% tafluprost eye drops have been
widely used in clinical practice, but the mech-
anism of action is not yet fully understood. In
addition to lowering IOP, the beneficial effects
of 0.0015% tafluprost eye drops on OBF may be
one of the mechanisms of action for glaucoma
therapeutics. Several animal experiments
showed that topical tafluprost significantly
increased optic nerve head and retinal blood
flow. A number of clinical trials also showed a
beneficial effect of tafluprost on optic nerve
head and macula blood flow, and a good ocular
pulse amplitude-lowering effect. Furthermore,
some results indicate that the OBF-improving
effect of tafluprost is probably independent
from its IOP-lowering effect, which also is
expected to improve OBF. But, there are still a
few conflicting results. Exploring the effect of
tafluprost on OBF remains challenging.

First, previous reports studying the effect of
tafluprost on OBF mainly focused on superficial
retinal blood flow. Thus, deep retinal and
choroidal-related studies are limited. Impor-
tantly, choroidal blood flow, especially in the
peripapillary area, is closely related to the
glaucoma optic nerve damage. So it is necessary
to explore the effect of tafluprost on the deep
retinal and choroidal layer blood flow. New OBF
evaluation techniques such as swept-source
optical coherence tomography angiography (SS-
OCTA) with a long wavelength (1050 nm) can
also be applied and developed for more robust
deep layer imaging. The aforementioned tech-
nique enables automatic identification and
stratification of deep retinal and choroidal
blood flow [63]. In addition, to ensure compa-
rability of data between groups, the Delta
method can be used to incorporate all con-
founding factors (such as age, sex, IOP, physical
activity, and systemic disease) [64].

Secondly, there is still a lack of evidence in
long-term follow-up for assessing the effects of
improved OBF on the visual field, visual acuity,
and nerve fiber layer thickness. Therefore, more
studies are required on patients with ocular
hypertension and different types of glaucoma,
such as OAG and NTG. These future studies will
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help explore the role of long-term medication
in improving blood flow, preventing ocular
hypertension from developing into glaucoma
besides delaying the progression of glaucoma.

In exploring the possible mechanism of
action of tafluprost in improving OBF, the
studies were mostly based on the isolated ciliary
artery of animals. Although this method is rel-
atively simple and easy to perform, no blood
flow perfusion and neuro-humoral regulation
mechanisms are considered. Thus, such ex vivo
studies cannot reproduce the actual in vivo
environment. Therefore, the conclusions drawn
from these studies may not necessarily apply to
humans. Moreover, studies on the mechanism
of tafluprost inhibiting ET-1-induced vasocon-
striction were limited to the ciliary arteries.
However, other ocular vessels such as retinal
arteries or microvessels should also be involved.
Therefore, researchers must adopt more rea-
sonable experimental methods and designs to
explore the exact mechanism of IOP reduction
and improvement of OBF. Nevertheless, the

outcomes of these studies can guide us in
developing new drugs for treating glaucoma.

In conclusion, decreased OBF is one of the
important factors for glaucomatous optic nerve
damage. Patients with glaucoma develop
reduced OBF velocity, blood flow, and blood
vessel density. Several animal and clinical
studies have demonstrated that tafluprost can
improve OBF and ocular microcirculation. But,
there are still a few conflicting results. More
well-designed studies are required to validate
these findings.
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