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Recent Clinical Applications of Laser Speckle Flowgraphy
in Eyes with Retinal Disease

Hiroshi Kunikata, MD, PhD,*† and Toru Nakazawa, MD, PhD*†‡

Abstract: Retinal diseases related to ischemia, such as diabetic retinopa-
thy, are the main cause of blindness worldwide. However, the pathogenesis
of these diseases remains unclear, as does the time course of associated
changes in ocular blood flow. Laser speckle flowgraphy (LSFG), which
uses the laser speckle phenomenon to detect and quantify ocular circula-
tion, is a promising candidate for a noninvasive method to measure ocular
blood flow in living eyes. A recently developed LSFG measurement pa-
rameter, mean blur rate (MBR), can serve as a quantitative and reproduc-
ible index of retinal blood cell velocity. Mean blur rate can be used in the
study of retinal diseases to evaluate microcirculation in the retinal vessels,
choroid, and optic nerve head. In addition to overall MBR (MA), LSFG
measurements of optic nerve head microcirculation can be divided into
vessel-area MBR (MV) and tissue-area MBR (MT). Absolute values for
MT have been shown to be linearly correlatedwith capillary blood flow, re-
gardless of fundus pigmentation. Recently, there has been an increasing
number of reports on the clinical applications of LSFG in retinal disease.

KeyWords:meanblur rate, laser speckle flowgraphy, capillary blood flow,
optic nerve head, retinal disease
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T he noninvasive evaluation of microcirculation in living eyes
is key to understanding retinal diseases caused by ocular is-

chemia, such as diabetic retinopathy (DR), retinal vein occlusion
(RVO), and age-related macular degeneration. These diseases
are among the main causes of blindness worldwide,1–4 but their
pathogenesis and the time course of associated changes in ocu-
lar blood flow remain unclear. This has prompted recent efforts
to find new methods of measuring ocular microcirculation.

Laser speckle flowgraphy (LSFG), which uses the laser
speckle phenomenon to detect and quantify the motion of blood
cells in the ocular fundus, is one of the most promising candidates
in this search.5–23 Moreover, a recently developed measurement
parameter derived from LSFG, the mean blur rate (MBR), can
serve clinically as a quantitative and reproducible index of retinal
blood cell velocity.24–47 Laser speckle flowgraphy enables the in
vivo quantification of circulation in the optic nerve head (ONH),
choroid, and retinal vessels and can reveal the circulatory con-
dition of these tissues separately.22,23

MEASURING MEAN BLUR RATE
In our method, systolic blood pressure and diastolic blood

pressure are measured after the patient has rested in a sitting
position for 10 minutes and before LSFG is used to measure
ONH circulation. An ophthalmological examination including
the measurement of intraocular pressure and spherical equiva-
lent should also be performed. The pupil of the subject is di-
lated with 1 drop (approximately 40 μL) of 0.4% tropicamide
ophthalmic solution (Mydrin-M, Santen Pharmaceutical Co
Ltd, Osaka, Japan) to minimize any effect of testing on the oc-
ular circulation. Mean blur rate values are measured with the
LSFG-NAVI Analyzer (Softcare Ltd, Fukutsu, Japan), which
consists of a fundus camera equipped with a diode laser (wave-
length, 830 μm) and a CCD image sensor (750 � 360 pixels).
We record MBR values at each experimental time point as an
average of 5 successive measurements.

Laser speckle flowgraphy measurements of ONH micro-
circulation can be separated into vessel-area MBR (MV) and
tissue-area MBR (MT), along with overall MBR (MA). Measure-
ments can also be taken of the retinal arteries and veins by setting
a rectangular scan area on a targeted vessel. Mean blur rate in
the choroid can be evaluated by measuring MBR in retinal re-
gions lacking large retinal vessels, a practice that is an estab-
lished part of LSFG measurement techniques.15 Measurement
of the choroid must be performed in a square area not contain-
ing retinal vessels, in a temporal location, at a distance of 1 pa-
pilla diameter from the ONH.

NORMATIVE CLINICAL VALUES
The degree to which individual characteristics such as age,

intraocular pressure, spherical equivalent, and blood pressure
affect measurements of MBR has not yet been definitely estab-
lished. However, in a normal population, an earlier study showed
that MAwas negatively correlated with age, whereas MTwas sta-
ble regardless of age.45 Recently, pulse waveform parameters de-
rived from MBR have been introduced clinically, including skew,
blowout score (BOS), rising rate, falling rate, and blowout time
(BOT; Figs. 1, 2).29,30,45 It has been reported that BOT is highly
correlated with age and that it may be a good indicator of early
atherosclerotic change (Fig. 2).29,30,45 Furthermore, multiple
regression analysis has revealed that MT falling rate is an inde-
pendent factor indicating age and conversely, that age is also
an independent factor indicating MT falling rate.45 The signif-
icant correlation of MT falling rate with age suggests that it
may be a new candidate biomarker for age-dependent microcir-
culation (Figs. 2, 3).45

MONITORING OCULAR CIRCULATION
Laser speckle flowgraphy is a valuable way of evaluating

the time course of changes in ocular blood flow caused by ische-
mic retinal diseases such as DR or RVO. In particular, LSFG
can compare circulation before and after pharmacological in-
tervention. Reports on DR have shown that LSFG can usefully
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measure changes in retinal blood flow after the intravitreal in-
jection of bevacizumab (IVB).25,41 After IVB was used to treat
proliferative DR, MBR decreases of approximately 30% were

observed in the area of the retina that underwent neovascular-
ization, including the ONH, but not in the area without neo-
vascularization.25 Recently, IVB for diabetic macular edema

FIGURE 1. The parameters of LSFG pulse waveform analysis. Skew quantifies the asymmetry of the MBR waveform’s distribution. Skew is 0 if
the shape of thewave is symmetrical. Skew is greater than 0 if thewave is shifted leftward and also increases if the slope of thewaveform after
the peak becomes steeper. Blowout score is an indicator of the blood flow strength that is maintained between heartbeats. Rising rate is the
ratio between the rising area (S1) and the entire area (Sall) before the peak. Falling rate is the ratio between the falling area (S2) and the Sall
after the peak. Reprinted with permission from Curr Eye Res 2014;39:1207–1215.

FIGURE 2. The correlation between each waveform parameter and age. There was a significant positive correlation between MT skew and
age (r = 0.65; P < 0.0001, Spearman rank correlation coefficient). There was a significant negative correlation between MT BOT and age
(r = −0.68; P < 0.0001, Spearman rank correlation coefficient). There was a significant negative correlation between MT falling rate and age
(r = 0.59; P < 0.0001, Spearman rank correlation coefficient). Reprinted with permission from Curr Eye Res 2014;39:1207–1215.
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(DME) was reported to significantly reduce MBR in the retinal
arteries, retinal veins, ONH, and choroid (Figs. 4, 5).41 Further-
more, pre-IVB MBR in the ONH was significantly correlated

with post-IVB foveal thickness.41 On the other hand, our expe-
rience has shown that IVB for macular edema associated with
branch RVO (BRVO) does not affect MBR in the retinal

FIGURE 3. Mean blur rate waveforms for a patient in his/her 30s and a patient in his/her 60s, followed by a comparison of the previous
2 waveforms. Age-related vascular change may cause the peak of the waveform to become steeper and blood flow after the peak to
decrease. Reprinted with permission from Curr Eye Res 2014;39:1207–1215.

FIGURE4. Meanblur rate in the retinal artery, retinal vein, ONH, and choroid before and after IVB. In patients with DME,MBR 1week after IVB
fell significantly in the retinal artery, by 10.6%, and in theONH, by 7.3% (P = 0.03 and P = 0.049, respectively).Meanblur rate after 1month
fell significantly in the retinal vein, by 17.3%, and in theONH, by 17.1% (P = 0.049 and P < 0.001, respectively). An overall comparison ofMBR
values before, 1 week after, and 1 month after IVB also revealed significant changes in all measured regions (retinal artery, P = 0.02; retinal
vein, P = 0.04; ONH, P < 0.001; choroid, P = 0.04). In patients with BRVO-associated macular edema (BRVOME), significant changes were not
found in blood flow after 1 week or 1 month in any of themeasured regions. However, an overall comparison of MBR values before, 1 week
after, and 1 month after IVB revealed a significant change only in the choroid (P = 0.04). Friedman test compared points pre-IVB, 1-week
post-IVB, and 1-month post-IVB; †P < 0.05, ††P < 0.01; Scheffe paired comparison compares between groups, *P < 0.05, **P < 0.01.
Reprinted with permission from Clin Ophthalmol 2014;8:1119–1127.
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arteries, retinal veins (ie, in vessels in quadrants not containing
the obstruction), or ONH, whereas it acted to reduce choroidal
MBR (Fig. 4).41 Therefore, the effect of IVB on retinal blood
flow may change in the presence of systemic diseases such as
diabetes. Although the exact reason still remains unclear, one
of the possible explanations for this might be impaired retinal
autoregulation in such DR patients. Caution is advised when
administering antivascular endothelial growth factor (anti-
VEGF) antibodies, including IVB, to DR patients. However, the
response of ocular blood flow to intravitreal anti-VEGF treatment
is the subject of continuing debate. In particular, the response
of eyes with RVO has not yet been clarified. One report used
color Doppler imaging to reveal that ranibizumab treatment re-
duced retinal perfusion in eyes with BRVO.48 Another study
found that some cases of central RVO (CRVO) exhibited an in-
crease in MBR in the ONH after IVB.49 Most recently, MBR in
the ONH in CRVO was reported to be correlated both with the
aqueous concentration of VEGF and the arteriovenous passage
time,50 suggesting that LSFG may be useful for predicting the
aqueous level of VEGF and the severity of CRVO. Thus, LSFG
can be used to confirm the effectiveness of drug treatments
targeting blood flow in different retinal ischemic diseases, lead-
ing to a better understanding of the pathogenesis of these reti-
nal diseases.

Laser speckle flowgraphy is also a valuable way of evalu-
ating ocular blood flow in eyes with inflammatory or exudative
retinal diseases such as Vogt-Koyanagi-Harada (VKH) disease
or central serous chorioretinopathy (CSC).17,33,47 Recent re-
sults also suggest that systemic corticosteroid therapy amelio-
rates the inflammation-related impairment of choroidal blood
flow velocity in the macula of VKH patients.17 In that study,
LSFG was used to evaluate the effect of systemic corticoste-
roid administration by comparing measurements of blood
flow velocity, which is considered to reflect inflammation

activity in the choroid.17 Furthermore, decreased MBR and in-
creased choroidal thickness, as measured with optical coherence to-
mography (OCT), have been reported to be mutually linked and
to be related to the pathogenesis of VKH.47 Thus, LSFG
might be useful as an index for evaluating the activity of
choroiditis in VKH, as a supplement to OCT.47 In eyes with CSC,
a negative correlation has been shown between visual recovery
and decreased MBR with the regression of the disease, indicating
that increase in macular choroidal MBR may be associated with a
poor visual prognosis.33 Moreover, the finding that MBR de-
creases concurrently with the regression of CSC provides addi-
tional evidence for the role of elevated choroidal blood flow in
the pathogenesis of acute CSC.33

The effect of rhegmatogenous retinal detachment (RRD)
on ocular circulation has not been fully determined. A revers-
ible reduction in retinal tissue blood flow has been reported
in the macula of eyes with macula-on RRD using scanning la-
ser Doppler flowmetry.51 A previous LSFG study of eyes with
macula-on RRD found that ONH tissue MBR was not signifi-
cantly lower in eyes with focal RRD than in healthy fellow
eyes.52 Although it is still very difficult to form postoperative
visual prognoses for eyes with macula-off RRD, recent ad-
vancements in OCT measurements of circular foveal volume
have allowed us to make quantitative predictions.53 Laser speckle
flowgraphy measurements, which reflect retinal ischemia, pro-
vide an additional quantitative parameter, and a recent study
of macula-off RRD added details to these previous findings,
showing that the MT ratio in the nasal ONH was correlated
with visual improvement after surgery (Fig. 6).38 This suggests
that decreased nasal ONH circulation, such as that which we
observed in the eyes in this study with poor visual recovery, might
be an indicator of comparatively severe RRD-induced ischemia in
the retinal capillaries, which can permanently impair central vi-
sual function. Taken together, recent results suggest that LSFG

FIGURE 5. A 59-year-old male patient with DME in his right eye. Fundus color photographs (A, D), LSFG color maps (B, E), and optical
coherence tomography images (C, F) are shown, including findings before IVB (A–C) and 1 month after IVB (D–F). Pre-IVB MBR was 30.1
arbitrary units (AU) in the retinal artery, 43.6 AU in the retinal vein, 31.0 AU in the ONH, and 7.0 AU in the choroid.Mean blur rate 1month after
IVB was 22.6 AU (24.9% decrease) in the retinal artery, 30.3 AU (30.5% decrease) in the retinal vein, 24.2 AU (21.9% decrease) in the ONH,
and 5.8 AU (17.1%decrease) in the choroid. The colors in the LSFG colormap represent the averageMBR during a single heartbeat, andwarmer
colors represent higher MBR. Decimal visual acuity in the right eye was 0.3 before IVB and did not change 1 month after IVB. Foveal thickness
was 425 μm before IVB and decreased to 272 μm 1 month after IVB. Reprinted with permission from Clin Ophthalmol 2014;8:1119–1127.
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measurements of MBR could serve as a biomarker of positive
postoperative visual outcomes in eyes with macula-off RRD.

LASER SPECKLE FLOWGRAPHY EVALUATIONS
IN VITREORETINAL SURGERY

Vitrectomy radically changes the intraocular environment,
leading in some cases to changes in the physiology of the retina
and choroid. However, many details of the effect of vitrectomy on
retinal circulation remain unclear. A recent report showed that al-
though blood flow did not differ significantly before and after vit-
rectomy, blood flow decreased significantly during vitrectomy
when infusion pressurewas increased.42Moreover, intravitreal infu-
sion solutions containing epinephrine were also found to decrease
ONH blood flow during vitrectomy.46 These findings suggest that
LSFG may be able to provide valuable intraoperative information

on ocular circulation, revealing cases in which surgeons should
pay careful attention to the effects of infusion pressure and the intra-
vitreal infusion of epinephrine on blood flow during vitrectomy,
particularly for preoperative MBR-decreased eyes.

INTERINDIVIDUAL COMPARISONS
OF FINDINGS

Laser speckle flowgraphy measurements of MBR have of-
ten been regarded as relative values. Thus, LSFG is sometimes
used only for the evaluation of time-course changes in ocular
circulation at the same site in a single eye.5–23 In an effort to
overcome this limitation, a variety of pulse waveform parame-
ters based on MBR have been developed to permit interindivid-
ual comparisons. These relative parameters include skew, BOS,
rising rate, falling rate, and BOT.29,30,45 The use of these

FIGURE 6. A 68-year-old male patient with RRD underwent vitreous surgery (A–D) with good visual recovery. Preoperative color fundus
photographs (A, B) and LSFG color maps (C, D) of the RRD eye and the fellow eye, respectively. The affected/fellow eyeMT ratio in the nasal
quadrant was 100.9%.Decimal visual acuity in the right eyewas 0.02, equivalent to 1.7 logarithmof theminimal angle of resolution (logMAR)
units. After reattachment, decimal visual acuity was 0.9 (0.05 logMAR; visual recovery, 1.65 logMAR). A 63-year-old male patient with RRD
underwent vitreous surgery (E–H) with poor visual recovery. Preoperative color fundus photographs (E, F) and LSFG color maps
(G, H) of the RRD eye and the fellow eye, respectively. The affected/fellow eye MT ratio in the nasal quadrant was 90.1%. Decimal visual
acuity in the right eye was 0.08 or 1.1 logMAR. After reattachment, decimal visual acuity was 0.2 (0.7 logMAR; visual recovery, 0.4 logMAR).
Although there were no significant differences in preoperative clinical findings, theMT ratio in the nasal ONHwas significantly higher in eyes
with visual recovery ≥ 0.8 logMAR units (good visual acuity recovery: 110.7 ± 14.9%) than in eyes with visual recovery < 0.8 logMAR units
(poor visual acuity recovery: 93.8 ± 15.7%) (I; P = 0.03, Mann-Whitney U test). Visual recovery was significantly correlated with theMT ratio
in the nasal ONH (J; r = 0.54; P < 0.01, Spearman rank correlation coefficient). Produced based on clinical data with permission from Acta
Ophthalmol 2015;93:e397–e399.
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parameters reflects the fact that the laser speckle signal is highly
influenced by target tissue absorption, in other words, the extent
of fundus pigmentation.23 In contrast with these views, recent
basic research has shown that MBR is correlated, in the ONH
of albino rabbits, with hydrogen gas clearance-measured capil-
lary blood flow (CBF).54 Additional research has shown that
MBR in the ONH of rhesus monkeys with or without experimen-
tally induced glaucoma is correlated with microsphere-measured
CBF.55 These findings raise the possibility that MBR values can
be used not only to evaluate time-course changes in ONH circula-
tion in an individual eye but also to compare the ONH circulation
of different eyes. Furthermore, because MBR in the tissue region
of the ONH has been shown to be linearly correlated with CBF re-
gardless of fundus pigmentation or pharmacological intervention
in various models of ONH pathologies (Fig. 7),56 MT should also
be considered interindividually comparable. Because the ONH is
by nature pigment free in all human individuals, regardless of eth-
nicity, interindividual comparisons of MT should be valid in all
patients with retinal disease.

It is still difficult to compare MBR at the retinal vessels
interindividually. Recent innovations in LSFG techniques have
led to the introduction of relative flow volume (RFV), a novel
parameter in the retinal vessel region. This parameter is calcu-
lated by subtracting the background choroidal blood flow from
the overall blood flow in a selected region of a retinal vessel.
Relative flow volume has been reported to be correlated with
laser Doppler velocimetry measurements of both mean retinal

blood velocity and flow, indicating that RFV is an accurate and re-
liable index of blood flow velocity and volume in the human ret-
ina.43 It thus promises to be a very accurate method of evaluating
retinal blood flow in the superficial layer of the retina, especially
in the retinal vessels.

CONCLUSIONS
Finding new methods to assess ocular blood flow in eyes

with retinal disease is an important research goal because it will
allow us to evaluate the response of these eyes to medical or
surgical intervention, lead to a better understanding of the path-
ogenesis of retinal diseases, and help reveal new, more effective
therapies. Laser speckle flowgraphy is a promising candidate
for such a method because it allows for the measurement of mi-
crocirculation in the retinal vessels, choroid, and ONH.Moreover,
MBR is a novel index of ocular blood flow that has recently be-
come available as part of LSFG evaluations. Mean blur rate
correlates with absolute blood flow and is thus a valuable way
of assessing the time course of the effects of medical or surgical
intervention on retinal disease in the same eye. Furthermore,
MBR in the ONH tissue, in addition to regional MBR ratios and
parameters derived from pulse waveform analysis of MBR, can
be used to compare eyes among individuals and groups. These
advantages of LSFG and MBR have led to the recent increase
in reports describing new ways to efficiently apply LSFG to
the study and treatment of retinal disease.
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The precision of naming takes away from the uniqueness of seeing.
— Pierre Bonnard
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