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Ocular Blood Flow and Influencing Factors for Glaucoma
Toru Nakazawa, MD, PhD

Abstract: Open-angle glaucoma (OAG) is characterized by optic nerve
fiber atrophy and deterioration of the visual field, corresponding to damage
to the optic nerve head. Intraocular pressure (IOP) is currently the only
evidence-based, treatable risk factor for OAG. However, normal-tension
glaucoma, the most common type of OAG in Asia, is a type of glaucoma
with an unclear pathogenesis. Glaucoma is suspected to be a multifactorial
disease with IOP-dependent and IOP-independent risk factors, including
decreased ocular blood flow (OBF), oxidative stress, decreased axoplasmic
flow, and genetic background. A number of epidemiological studies have
generated strong evidence that OBF may be an especially important
risk factor for the progression of glaucoma. Recent innovations in laser
speckle flowgraphy and optical coherence tomography–based angiog-
raphy have allowed us to noninvasively monitor changes in the micro-
circulation of the optic nerve head with high reproducibility. Laser
speckle flowgraphy–derived measurement parameters include mean blur
rate and pulse wave form parameters, whereas the main optical coherence
tomography angiography–derived parameter is the vessel index. Decreases
in these parameters are associated with the severity of glaucomatous
damage, and changes are detectible even in the earliest, preperimetric
stage of glaucoma. In the future, OBF analysis may improve signifi-
cantly because of continuing progress in the development of the rele-
vant instruments. This review will summarize possible connections
between systemic and OBF abnormalities and OAG, describe the sci-
entific rationale for these connections, and discuss their potential
implications. Thus, this review will summarize the role of OBF in glau-
coma pathogenesis and discuss the wide range of IOP-independent
risk factors.
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M any studies, performed with a variety of techniques, have
found that glaucoma is associated with decreased ocular

blood flow (OBF), particularly OBF in the posterior pole of the
eye.1–10 Several lines of evidence have also shown not only that
OBF in the optic nerve head (ONH) is significantly reduced in
eyes with glaucoma but also that OBF reduction in the ONH is as-
sociated with glaucoma progression.3,11,12 Furthermore, patients
with glaucomawith asymmetric visual field loss have lower blood
velocity in the central retinal artery of the more affected eye.13

Color Doppler imaging has shown that retrobulbar blood velocity
is significantly reduced in eyes with high intraocular pressure
(IOP) and that the correlation between mean flow velocity and
mean arterial blood pressure in the central retinal artery is stronger
in subjects with primary open-angle glaucoma (POAG) than in
healthy control subjects.14 Eyes with advanced normal-tension
glaucoma (NTG) also have significantly lower blood flow velocity

and a higher resistive index in the central retinal artery and the
short posterior ciliary arteries than eyes with milder visual field
defects, even when IOP is similar.15 All of these findings indicate
that vascular factors may play an important role in a subgroup of
patients with POAG and NTG.

Population-based epidemiological and clinical studies have
found that low ocular perfusion pressure (OPP) is closely related to
the prevalence and progression of open-angle glaucoma (OAG).
Ocular perfusion pressure is defined as the mean arterial pressure
(at eye level) minus the IOP, and mean arterial pressure = [(2 �
diastolic) + systolic] / 3. Thus, elucidating the causative role of
low OBF in the pathophysiology of glaucoma is an important
goal of current research because it may lead to the discovery of
new glaucoma treatments based on the alteration of OBF.16 How-
ever, evidence for the potential of increasing blood pressure as a
treatment for glaucoma is currently lacking, and research is hin-
dered by the limitations of current methods to measure OBF, which
lack accuracy, reproducibility, and clinical relevance.17

This review will summarize the current understanding of
vascular risk factors for glaucoma and provide an overview of
new technologies to assess OBF. It will also discuss the role
of decreased blood flow in the pathophysiology of glaucoma
and describe the relationship between central macular function
and systemic vascular status in patients with glaucoma.

VASCULAR RISK FACTORS IN GLAUCOMA
Ameta-analysis of 85 articles, which examined a total of 103

different prognostic factors, showed that the following vascular-
related risk factors were prognostic for NTG progression: disc
hemorrhage, peripapillary atrophy, stroke, aging, systemic hyper-
tension, and migraine.18 In the following sections, this review will
discuss each of these risk factors in order.

Disc Hemorrhage
The Collaborative Normal-Tension Glaucoma Study,19 rein-

forcing the results of previous studies,20 found that migraine, disc
hemorrhage, and female sex were associated with glaucoma; the
Collaborative Normal-Tension Glaucoma Study reported odds ra-
tios of 2.58, 2.72, and 1.85, respectively. Disc hemorrhage is
closely associated with retinal nerve fiber layer (RNFL) defects,
along with the location and size of peripapillary atrophy in
NTG.21 Repeated occurrences of disc hemorrhage have been also
been shown to be associated with more rapid glaucoma progres-
sion than single occurrences.22 Disc hemorrhage has also been
shown to be a risk factor for glaucoma progression, even in the
preperimetric stage of the disease.23 The Low-Pressure Glaucoma
Treatment Study showed that a history of migraine, narrower
baseline neuroretinal rim width, the use of systemic β-blockers,
low mean systolic blood pressure, and low mean arterial OPP
were risk factors for the occurrence of disc hemorrhage.24 In addi-
tion, platelet function has been shown to be associated with disc
hemorrhage in patients with NTG because delayed platelet aggre-
gation can cause prolonged bleeding, delaying absorption.25

Thus, the occurrence of disc hemorrhage is a significant risk fac-
tor for glaucoma progression, whereas migraine, low OPP, and
reduced platelet function are also related. In contrast, disc hemor-
rhage is also significantly associated with retinal blood vessel
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positional shift but not functional change,26 suggesting that both
vascular and mechanical factors are related to the presence of disc
hemorrhage.

Peripapillary Atrophy
The progression of peripapillary atrophy is associated with

the presence27 and progression of optic disc damage and visual
field loss in glaucoma and may therefore be used as a marker of
progressive glaucomatous damage.28 In one study, a group of pa-
tients with disc hemorrhage was found to have a higher incidence
of peripapillary atrophy (P = 0.002; odds ratio, 4.46).29 Further-
more, a population-based study of adult Chinese patients with ad-
vanced glaucoma showed that the presence of disc hemorrhage, a
larger peripapillary atrophy β zone, a higher frequency of increase
in the size of the β zone, and higher IOP were associated with the
progression of OAG.30 Peripapillary atrophy is not always vascu-
lar in origin, such as when it occurs in myopia, but the presence
and enlargement of peripapillary atrophy, especially of the β zone,
can be considered a risk factor for glaucoma progression.

Stroke
Stroke is a risk factor for the presence31 and progression of

glaucoma.18,32 Research has also shown that patients with glau-
coma are more likely to have strokes than control subjects.33 Athero-
sclerosis is the basic pathomechanism underlying both glaucoma
and stroke, suggesting that it is the cause of their association. There
are differences among populations in stroke rates, with individuals of
African descent having a 2.5-fold higher rate than those of European
descent in stroke incidence.34 This difference may be attributable to
higher systemic blood pressure and poorer control of arterial blood
pressure. Patients who have had ischemic strokes have higher cup-
to-disc ratios than age-matched healthy individuals.31 Atheroscle-
rotic cerebrovascular disease is a risk factor for glaucomatous optic
neuropathy (GON) and may affect the presence of NTG.

Influence of Aging
The pulse wave form of the heartbeat changes with age. The

amplitude of the wave form decreases, and the peak of the wave
form comes earlier.35 The effects of aging on blood flow in the
ONH and macula have been shown to be stronger during sleep in
healthy human eyes.36 Furthermore, it has been shown that in older
patients, increasing IOPwith a suction cup has an augmented low-
ering effect on the change range of pulsatile OBF.37 Thus, the ca-
pacity of the eye to maintain OBF at a constant level decreases
with age. Aging is a critical risk factor for glaucoma. Aging-
related changes in OBF may influence the presence of glaucoma.

Systemic Blood Pressure
Both hypertension and hypotension have been reported to be

associated with OAG. The incidence of POAGwas found to be as-
sociated with systemic hypertension38 and with reduced diastolic
OPP by both the Egna-Neumarkt Study38 and the Barbados Eye
Study.39 The EPIC-Norfolk Eye Study showed that lower levels
of physical activity were associated with lower OPP.40 The
Rotterdam Study found that POAGwas associatedwith high pulse
pressure, increased carotid arterial stiffness, and, only in patients
treated for systemic hypertension, with low OPP. Normal-tension
glaucomawas associatedwith high diastolic blood pressure, whereas
the association between NTG and low diastolic OPP was inverted.41

Stodtmeister et al42 showed that retinal vein pressure increased in
glaucoma and that this affected OPP. Thus, we noted during this re-
view that this could have led to falsely high OPP measurements.

Metabolic syndrome associated with hypertension (hazard
ratio, 1.17) or diabetes (hazard ratio, 1.35) has also been found
to be a risk factor for OAG.43 An epidemiological study including
306,692 subjects found that patients with glaucoma had high rates
of hypertension (50.5%), hyperlipidemia (30.5%), and diabetes
(30.2%).33 Thus, metabolic syndrome influences the development
of glaucoma.

Individuals who experience nightly dips in systemic blood
pressure and fluctuation in systemic blood pressure are thought
to be particularly vulnerable to glaucoma. The physiological noc-
turnal dip in blood pressure is necessary for the protection of ma-
jor systemic organ damage, but patients with glaucoma have been
found to have an abnormally high prevalence of nocturnal dip.44

Nocturnal hypotension might partly depend on the decreased re-
uptake of sodium in the proximal renal tubule because of the pres-
ence of endothelin 1 (ET-1)–induced prostaglandin E2. Normally,
autoregulation maintains OBF even during changes in systemic
pressure, and dysfunctions in this process may damage the retinal
ganglion cells (RGCs). Therefore, systemic pressure and its vari-
ability at night may influence the development of glaucoma.

Migraine
Migraine is the most well-known vasospastic clinical entity

and is often associated with cold hands and feet along with low
blood pressure.45 Female patients with migraine headaches have
been found to have a high incidence of disc hemorrhage and to un-
dergo faster glaucoma progression.46 Migraine attacks are also a
common feature of Flammer syndrome, which can be caused by
a number of stimuli, such as stress caused by cold or physical
and emotional factors. The term Flammer syndrome describes a
medical phenotype that is named after the Swiss physician Josef
Flammer.42 This syndrome occurs most often in slender women
with low blood pressure. In these patients, the level of plasma ET-1
has been found to be slightly increased and the autoregulation of
OBF to be decreased. Patients with glaucoma with Flammer syn-
drome also have an increased frequency of optic disc hemorrhages.47

Examinations with nailfold capillaroscopy have shown that dilated
vessels, loss of capillaries, and nail bed hemorrhages have a signifi-
cant incidence in patients with glaucoma (of 19.4%, 55.6%, and
35.2%, respectively) and that disc hemorrhage is also significantly
associated with these abnormalities, particularly the avascular area
and the presence of nail bed hemorrhage. No differences have been
observed in patients with NTG and POAG.48 Thus, migraine can be
considered a risk factor for glaucoma progression because of the un-
derlying vasospastic mechanism, which is present in both NTG and
POAG, especially in female patients.

PROGRESS IN METHODS TO MEASURE OBF
Reliable instruments for the measurement of OBFare crucial

for the investigation of the role of OBF in glaucoma. Existing
methods include the measurement of retinal vessel diameter with
color fundus photography, fluorescein angiography (FAG), Laser
Doppler Velocimetry, Color Doppler Imaging, Laser Doppler Flow-
metry, Laser Speckle Flowgraphy (LSFG), the measurement of
pulsatile OBF, and optical coherence tomography (OCT) angiog-
raphy. One measurement parameter of particular interest is low
OPP, which has been found to be influenced by systemic pressure
and IOP and has been demonstrated to be a risk factor for OAG.
Furthermore, it has been definitively established that to under-
stand the direct pathophysiological role of low OPP in glaucoma,
it is better to measure OBF directly, in the ONH and in the retro-
bulbar circulation. Previously, many methods to measure OBF
were introduced clinically, but all of these methods have been too
time consuming and have provided only poorly reproducible results.
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Therefore, in the next sections, this review will discuss alterna-
tive methods for obtaining direct measurements of OBF: fundus
photography–based measurement of vessel narrowing, LSFG, and
OCT angiography.

Vessel Narrowing in Glaucoma
A number of studies, including large epidemiological stud-

ies, have revealed that systemic or OBF abnormalities may play
a role in the prevalence and progression of glaucoma.2,16,17 The
Blue Mountains Eye Study showed that eyes with glaucoma were
2.7 times more likely to have retinal arteriole narrowing. The
Singapore Malay Eye Study showed that both arteriolar and
venular narrowing were associated with the presence of glau-
coma.49 The Beijing Eye Study showed that a narrower arteriolar
caliber was associated with a higher prevalence of glaucoma.50

Furthermore, in the Blue Mountains Eye Study, Kawasaki et al51

reported that during the 10-year follow-up period, narrowing of
the retinal arterioles occurred before the development of early-
stage glaucoma and was associated with a long-term risk of OAG.
These data suggest that computer-based measurements of retinal
vessel caliber may be a useful way of identifying people with an in-
creased risk of developing clinical glaucoma. In contrast, one study
reported that in patients with asymmetric NTG, there was an asso-
ciation between retinal vessel diameter and RNFL thickness. Spe-
cifically, retinal vessel narrowing was found only in areas of the
RNFL with defects, suggesting that energy demands decrease in
damaged areas of the nerve fiber layer.52

Laser Speckle Flowgraphy
LSFG is a noninvasive, real-time technique that uses laser

scattering to determine blood flow in the ONH, retina, and cho-
roid.6 The basic operating principle underlying LSFG is the laser
speckle phenomenon, which occurs when surfaces are illuminated
by coherent laser light. When such light is used to illuminate the
ocular fundus, the resulting light scattering in the tissue gives rise
to a speckle pattern on the image plane. Changes in the velocity of
blood flow then cause blurring of this speckle pattern. Finally, the
blurring is quantified by specialized software, producing the main
measurement parameter of LSFG, the mean blur rate (MBR). This
is an arbitrary unit calculated from the light intensity of the
speckle pattern on a point-by-point basis. Thus, MBR is a param-
eter that quantifies the contrast of the speckle pattern and reveals
ocular blood velocity. Previous work found that visual field loss
in NTG and POAG was correlated with capillary dropout, repre-
sented by filling defects in FAG images of the ONH. Comparison
of binary format FAG images of the ONH and LSFG color maps
showed that they were significantly correlated, a finding that
suggests that color MBR image maps of ONH blood flow are
equivalent to results obtained with FAG.10 Furthermore, a recently
introduced commercialized version of LSFG, LSFG-NAVI, has
been shown to have favorable reproducibility in the evaluation
of retinal circulation in patients with glaucoma, particularly in
the optic disc, retina, and choroid.53,54 LSFG allows changes in
ocular circulation, represented by MBR, to be monitored over
time at the same site and in the same eye, even after pharmacolog-
ical intervention, and has been shown to have particularly high
reproducibility in the ONH. In addition, the mean MBR in the
vessel area (MV) and tissue area (MT) can be evaluated sepa-
rately, through software processing of the LSFG data. This allows
detailed analyses to be performed of individual ONH quadrants or
clockwise sectors.

Although MBR measurements of blood velocity constitute
relative data, they are closely correlated with absolute blood flow
values measured with various techniques under various conditions.

Wang et al used LSFG and the microsphere method to character-
ize ONH blood flow changes in 9 nonhuman primates with exper-
imental glaucoma. Measurements made with both techniques
showed significantly decreased blood flow in the ONH of eyes
with early glaucoma and showed that MBR was correlated with
blood flow in these eyes. At our institution, we compared MBR
with hydrogen gas clearance measurements of capillary blood
flow in the ONH of albino and pigmented rabbits, with or with-
out optic atrophy induced by chronic ischemia after ET-1 adminis-
tration. We found that MBR data pooled from the albino and
pigmented rabbits, with or without ET-1 treatment in both the in-
travenous and intravitreal groups, were highly correlated with cap-
illary blood flow (r = 0.87, P < 0.001, n = 45), with no significant
intergroup differences (P = 0.138) in the relationship between
MBR and capillary blood flow.55 The demonstration that MBR
can be used in interindividual comparisons represents an impor-
tant advancement, reinforced by our finding that in glaucomatous
eyes, MBR decreases significantly in a stage-dependent manner.8

We also found that MBR was highly correlated with cpRNFLT
and Humphrey field analyzer–measured mean deviation.

Furthermore, new innovations in the LSFG software have
allowed analysis of the MBR pulse wave form as it changes over
time.35,56 The parameters obtained from this analysis are skew,
blowout score, blowout time (BOT), rising rate, falling rate, flow
acceleration index, and acceleration time index, all of which can
be compared between individuals and between eyes. Skew is the
coefficient of skewness in the blood flow wave form of a beat.
If the peak of the wave form is shifted to the left, skew has a pos-
itive value. If it is shifted to the right, skew has a negative value.
Blowout score is the ratio of the average MBR to the range of
its fluctuation and is an indicator of the blood flow strength that
is maintained between heartbeats. Blowout time is the rate of the
half-value width (W) of the blood flow (F) wave form of a beat.
The formula for BOT is W divided by F by 100. Rising rate is
the rising area of the wave form. It is calculated as the ratio be-
tween the areas above and below the wave form before the peak.
Falling rate is the falling area of the wave form. It is calculated
as the ratio between the areas above and below thewave form after
the peak. Flow acceleration index is the maximum rising ΔMBR
value in a 1/30-second period. Acceleration time index is the time
to reach peak MBR during a heartbeat. Recently, it has been re-
ported that BOT is highly correlated with age and may be a good
indicator of early atherosclerotic change.56 The most significant
correlation that has been found is between LSFG-measured tis-
sue area falling rate and age.35 Furthermore, we previously found
that LSFG measurements of wave form changes in ONH blood
flow, particularly skew and acceleration time index, could differ-
entiate healthy eyes from eyes with NTG, including those with
mild NTG.9

Finally, LSFG is a noninvasive, easy-to-use method that en-
ables researchers to assess ocular autoregulation by measuring
MBR alterations after posture change57 and during oxygen aspira-
tion.58 Research has also shown that the area ratio of the MV to
the overall disc is significantly decreased in NTG.59 Thus, reliable
techniques to measure ONH blood flow, such as LSFG, should
open new avenues of research and enable the elucidation of path-
ophysiological changes in glaucoma.

Optical Coherence Tomography Angiography
Wang et al60 were the first to develop an optical angiography

(OAG) technique capable of generating 3-dimensional angio-
grams at millimeter-scale tissue depths, while also effectively sep-
arating moving and static scattering elements within the tissue,
thereby producing high-resolution images of blood flow in vivo.
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In a subsequent study, they applied this OCT method to study the
retina and choroid.61 More recently, a new 3-dimensional angiog-
raphy algorithm, split-spectrum amplitude-decorrelation angiog-
raphy, has been introduced to image ONH microcirculation. In a
study of 24 normal volunteers and 11 patients with glaucoma, this
algorithm was used to show that the disc flow index was reduced
by 25% in a group of patients with glaucoma (P = 0.003), with
sensitivity and specificity both being 100% when the cutoff was
set at 0.15. In addition, this study found that the flow index was
highly correlated with pattern SD.62 Recently, Wang et al con-
ducted a study of 68 eyes with OAG and found that disc flow in-
dex and vessel density had the power to differentiate normal eyes
from eyes with OAG (the areas under the receiver operating char-
acteristics curves were 0.82 and 0.80, respectively).63 Thus, in-
struments for OCT angiography have begun to be introduced in
a clinical setting and are expected to become a standard tool for
the evaluation of blood flow in the ONH.

DECREASED BLOOD FLOW IN GLAUCOMA:
CAUSE OR RESULT?

It has long been debated whether decreased OBF is the cause
or the result of GON. The most common proposed explanation
for decreased OBF being the result of GON is that in patients
with glaucoma, there is less demand for blood in the ONH, and
the capillaries in this area accordingly disappear, together with
the progression of axonal loss. There is reliable evidence that the
total number of capillaries in the ONH decreases in association
with the loss of axons in both POAG and exfoliation glaucoma.
In contrast, the density of capillaries is associated with axonal loss
in POAG, but not in exfoliation glaucoma. This suggests that ax-
onal loss and capillary loss do not always occur simultaneously.64

Evidence for decreased OBF being the cause of GON comes from
the Blue Mountains Eye Study, which showed that thinning of the
caliber of the retinal vessels is associated with the 10-year inci-
dence of glaucoma. Thus, decreased OBF may precede the onset
of glaucoma.51 Furthermore, significant shrinking of the large
vessel area65 and of the capillary area62,63 of the ONH has been
detected even in the earliest preperimetric stages of glaucoma.
Differences in OBF between normal subjects and patients with
early glaucoma have also been found to be significant, whereas
differences in OBF between patients with middle- and late-stage
glaucoma are relatively minor, likely to because of a floor effect.8

Taken together, the evidence from these studies suggests that OBF
changes precede visual field loss and that OBF plays a role in the
mechanism of GON during the earliest stages. Finally, the view
that decreased OBF is always the result of GON is inconsistent
with the fact that systemic vascular dysfunction is a significant
risk factor for NTG.

Systemic diseases such as heart disease and sleep apnea
syndrome are also associated with the presence of glaucoma. Pre-
vious studies and meta-analyses suggest that obstructive sleep ap-
nea syndrome is associated with the prevalence of glaucoma.66

Thus, decreased OBF may have a double aspect, as both the cause
and the result of GON.

ENDOTHELIN
In patients with OAG, the serum or aqueous level of ET-1 is

significantly higher than in normal subjects67 and in patients with
quickly progressing visual field loss.68 Meta-analysis has also re-
vealed an association between high concentrations of ET-1 and
the presence of glaucoma.69 Postural change–induced alterations
in serum ET-1 are also greater in patients with NTG than in nor-
mal subjects,67 and patients with glaucoma undergo an abnormal

increase in plasma ET-1 after the body cools.70 It is thus possible
that at least in some patients, increased levels of ET-1 in response
to vasospastic stimuli may be involved in the pathogenesis of
glaucomatous damage. We, in addition to another group, have
found that the intravitreous and intravenous administration of
ET-1 decreases ONH blood flow in rabbits.55 Furthermore, the
intravitreal administration of ET-1 induced the formation of cup-
ping in the ONH. These findings suggest that ET-1–induced de-
creases in OBF are associated with ONH cupping and that ET-1
may be a key molecule in OBF decreases, along with an inade-
quate OBF response, in patients with glaucoma.

OXIDATIVE STRESS
Oxidative stress in the ONH can be generated as a result

of unstable OBF. An unstable oxygen supply increases oxidative
stress in the mitochondria, followed by the activation and up-
regulation of nitric oxidase synthase-2 from adjacent astrocytes.
In addition, low levels of circulating glutathione are present in
patients with POAG, suggesting that the antioxidative defense
is compromised in general.71 Furthermore, an increased level of
urinary 8-hydroxy-2′-deoxyguanosine (8-OHdG)/creatinine is as-
sociated with the progression of NTG72 and OBF.73 Our recent re-
search has shown that deficiency in Nrf2, a key transcription
factor for antioxidant genes, increases the susceptibility to axonal
injury–induced RGC death74 and to the oxidative stress–induced
activation of calpain.75 SNJ-1945, a calpain inhibitor, prevents
both axonal injury and oxidative stress–induced RGC death.75

Thus, recent work shows that oxidative stress has the potential
to induce RGC death in animal models of glaucoma and that
abnormal levels of oxidative stress are present in patients with
glaucoma. Further study is needed to determine whether the phar-
maceutical modification of oxidative stress holds promise as a
therapy for glaucoma.

MACULAR FUNCTION AND OBF IN GLAUCOMA
Among NTG eyes undergoing medical treatment, those with

greater fluctuations in 24-hour mean OPP (ie, those with less-
stable mean OPP) have faster visual field progression.76We found
that ganglion cell complex thickness in the papillomacular bun-
dle was significantly associated with central visual function, as
measured by best-corrected visual acuity and the central 4 mea-
surement points of the Humphrey field analyzer.77 We also found
that blood flow on the temporal side of the ONH was highly as-
sociated with ganglion cell complex thickness.7 These findings
suggest that temporal blood flow changes may cause macular
function to become more susceptible to damage in patients with
glaucoma.

RESTORATION OF OBF
This section will conclude the discussion of the causative

role of ocular circulation in the pathogenesis of glaucoma. It is
an important goal of current research to determine whether in-
creasing OBF can moderate the progress of visual field loss in
glaucoma. Ishida et al78 showed that among patients taking cal-
cium channel blockers, there were fewer cases of visual field pro-
gression. A prospective study by another group showed that
treatingNTGwith nilvadipine led to increasedOBFand prevented
visual field progression during a 3-year period.79 Although the
number of cases in this study was small, it represents important
progress in showing an association between increased OBF and
the prevention of glaucoma progression. Other research has shown
that relatively high doses of magnesium (10–20 mmol/d), a phys-
iological calcium channel blocker, can prevent the vasoconstric-
tive effect of ET-1.80 Another reported way to increase OBF is
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the instillation of glaucoma-treatment eye drops. Topical latanoprost
was found to significantly increase ONH blood velocity only in the
treated eye in rabbits, monkeys, and human subjects. This effect
was independent of the IOP-reducing effect of latanoprost and
was probably associated with the local penetration of the drug
and the production of endogenous prostaglandins.81 Instillation
of tafluprost also has the effect of increasing OBF.82 Topical car-
bonic anhydrase inhibitors increase the velocity of OBF in the ret-
inal circulation, central retinal, and short posterior ciliary arteries,
but not in the ophthalmic artery.83 Acupuncture at acupoints BL2,
M-HN9, ST2, ST36, SP6, KI3, LR3, GB20, BL18, and BL23 bi-
laterally increases retrobulbar circulation in patients with OAG.84

A crossover protocol demonstrated that the oral administration of
the traditional Chinese drug tokishakuyakusan, but not the drugs
yokukansan, keishibukuryogan, or hachimijiogan, increased ocular
circulation without affecting systemic pressure or IOP in healthy
subjects.85 Thus, several approaches toward increasing OBF in the
ONH have been explored, although all the previously mentioned re-
ports were hospital based and had a small number of cases. The cur-
rent situation calls for the development of new drugs specifically
designed to increase OBF and clinical trials to explore the concept
of preventing glaucoma progression by increasing OBF.

CONCLUSIONS
The introduction of a highly reproducible, easily obtainable

instrument to measure OBF in patients with glaucoma is a key
enabling technology to determinewhether modifying OBF consti-
tutes an effective therapeutic target for glaucoma. The methods to
evaluate OBF described in this review all have high reproducibil-
ity and are good candidates for the reliable measurement of OBF
status. However, it will take time to determine whether the thera-
peutic targets are effective. Techniques to perform angiography
with OCT have only very recently become commercially avail-
able, and the use of these instruments has allowed us to understand
the nature of OBF disturbances in patients with glaucoma. Never-
theless, it remains to be determined whether decreased OBF in the
ONH is the cause or the result of glaucoma progression, although
various vascular factors have been demonstrated to be risk factors
for glaucoma progression, and vascular disturbances have been
detected even in the earliest stages of glaucoma. Clinically, oph-
thalmologists should regard OBF as a key risk factor in glaucoma
progression, in addition to decreased IOP.
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The problems of the world cannot possibly be solved by skeptics or cynics whose horizons are limited by the obvious realities.
We need men who can dream of things that never were.

— John F. Kennedy
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