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Findings in Laser Speckle Flowgraphy (LSFG-NAVI)

Akiko KOGURE and Sadao HORI
Department of Ophthalmology, Tokyo Women's Medical University

A new measuring device using the laser speckle phenomenon called laser speckle flowgraphy (LSFG) has
been developed. LSFG has made it possible to visualize two-dimensional blood flow and to analyze the hemody-
namic characteristics noninvasively. The vascular pattern was comparable with that of ocular fundus angiogra-
phy. Moreover, LSFG allows for the quantitative estimation of blood flow in the ocular fundus wherever a
rubber-band is used. In addition to the blood velocity, expressed as mean blur rate (MBR), several indicators of
pulsation characteristics such as skewness of blood flow {Skew) and blowout score (BOS), could be utilized to
deepen our understanding of ocular diseases using the LSFG NAVI (Softcare, lizuka, Japan), which was finally
approved as a medical device in Dec. 2009.

In this paper, we introduce the basic technology and application of LSFG and give a brief summary of our-
new findingsfrom our experiences with some ocular diseases using LSFG.

Although further research is needed, we are convinced that ocular hemodynamicstudies with LSFG would

be the key to a novel interpretation of the pathophysiology of ocular diseases.

Key Words: laser speckle flowgraphy (LSFG NAVI), MBR, skew, BOS, ocular blood circulation
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L —¥ =il 2 AU L CERE LT 2 R L2 v
LIZERLT 2FEPEFERHBEINTE . V-
P— ARy 7 )V 70—297 4 — (laser speckle
flowgraphy : LSFG) i, DL —HF -2 LB X
Ny ZVEGERE LRI ERSETH B2
DV —F—HEEE AT 5 MENEETHS L —
H— F v 79 —MiiT (laser doppler velocimetry :
LDV) &, IMEkOBENC X 2 ELEO A BB OEAL
LHRAHNyTI—BREEFHTLZDIIHLT,
LSFG TiZ, Mt %’ TR R, R 2 ZBO R TH
B ICAT, WHIMICESZRB L Twa. L2
T, ZRILD) TV E A Lz MRS A &2 BRI
ZAHTENTRETHL. SEFICHFES N, 2008
1 BICEREA RGBS L 72 LSFGNAVI (A
&ttty 7 b7tk BRBEET) & BERE

AMEL, E5ICZOMFY 7 bR LT, Mk
WEDHRL S TMHEERE I TEILNTES L
TRy, EFEFLBERBICBIT DREBAEHED
P RS RRIC 2 B LIS hTwh. YT
i, 2009 4 12 AICA#EEZEA L, BRIFEIZBNT
ETOMRZB-0T, HERE LSFG OEHRAB LV
[LSFG-NAVI TAsh 205 5] % BERE & fEd CHE
T 5.

1. LSFG QOEE

V—HP—RA Uy —%BEREIIYT, #OTA 3
YIARy VERBE, ¥FIXT LIEIROERD
B2b., TNBEARy Z Wy —r PFEEEROE
BR)THHY. LSFG T, L—W—2REICREL,
MERIC & % FETEELCOTER T 59 ¥ Ak ARy
TN —VH A A=V —THRHT 5. MEK
DEYEITEDETH A EELTHARY 7 V85 —
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Blood cells

Fig. 1 Underlying principles of LSFG

The technique for laser speckle flowgraphy (LSFG-NAVI, Softcare, lizuka, Japan) is based
on the laser speckle phenomenon. In LSFG-NAVI, when blood cells on ocular fundus
are illuminated with diode laser (wavelength 830 nm) as a coherent light source, speckle
patterns generated by reflected lights from the moving blood cells appear. The structure
of the pattern that changed rapidly according to the movement of blood cells in the tissue
is called “blurring”. The greater the blood cells velocity, the greater the rate of variation.
The image is detected by an area sensor.

130 Blood flow map

Heart beat map

Averaging

Fig. 2 Three types of hemodynamic maps of LSFG
The heat beat map is created by thirty flames of blood flow maps. We finally obtained a
composite map of a still image by averaging the cumulative sum of heat beat map within 4
heart beats.
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Skew

Skew >0 Skew <0

Skew =0
BOS
JCZT\\\\\_DC BOs= —2ZAC/IDC) 400
el Nz 5

Fig. 3 Definition of skew and BOT

Skew originated in probability theory and statistics,
which is used to mean asymmetry of distribution.
On normal distribution, skew is recognized to be
zero. A positive skew indicates that the tail on the
right is longer than the left side and the distribution
is concentrated to the left of the figure. In the wave
of blood velocity, skew is high when a peak point of
blood flow is tilted to the left. To the contrary, skew is
low when the peak is tilted to the left.

BOS is supposed to be an indicator of the capability
to blow out though vessels. It is calculated from the
formula with AC (alternative current) and DC (direct
current).

YORHEELEELBEMNL, “RTHII—< v TR
AT HI LT, REMESAZ BRI T5Z 8%
e L7z (Fig 1).

2. LSFG LT LSFG-NAVI O4F

LSFGO R KAFEIX MmN ¥4 4+ — F L —
P—TH5b. LFENED0, BEEIZIZEALR
 IEC60825-1 (L —H—DReHIE) ko r T
AGHETIE, 7 7 A IMOREREHR SN TS,
PR X N7 LSFG-NAVI Tix, 1 BORIEE
PHIZHE A 21 B, A% 750 x #t 360 ¥ 27 v (IRECICHE
H35 L8 86mmx46mm), HH30 7L —2DHE
M L7z ANy ZJVEBRERY Ak Mk~ v 7
(blood flow map) 120~160 A5 5. 1 B OH
ERIE A~6F0THh 5. HERE LSFG O B%E L 41
(& Ilmm X Imm FEDOREHH TH - 72078, Hiitt
RARETHHE SNHAITDO LSFGNAVI TiX, 1 E®
W58 THARRERLE D S BB W /2 2 BRI RE &
ol B30 7V—20MmiE~y 75, L
< v 7 (heart beat map) 1 KUASE SN, X 5I12F
DALHTEFHIE LD DGR~ v 7 (com-
posite map) TH 5. 2F h# 120 7L — 2 O M

2y Tho IBOER< Yy 7hME 65 (Fig 2).

3. IMRIEDIEE

LATIZ, LSFG THWAMREDIRIEDOE R L i
E#ZIF5%. 738, 1) MBR (mean blur rate) LiAt+
13 BI4T D LSFG-NAVI D B FE IS EWFHT 72 1ITE A S
NZMHFHEETH 5.

1) MBR

MBRIEFH T L REZRTMEEEDEETDH
5. BELE (R TldmE) OBh&sKBts iz A
Ny 7 VOB FERMD, wo<l DEFLEEFTL
MO GEFRE 2 ) MBRIMEMEE 22 5. —F, 8L
BB RLB L ZRZTUHE L %) MBR IZEE E
% 5.3 bbb, RED MFEHERE I MBR 23 LA
T5. WARSIE, #BEEOSEEL 72810 o MBR
& FIME MBR OFNC - AHBE S 5 & & % FEH
L, ¥EBLIMAE <ix, MBR 2NIFEEE DA% 5§, I
TED T 52 L2 LAZY. MBRI#HixHET
%<, BALOZWHMETH 5 DT, F—M@EOM
—HREAL TORBIZTE 29V, R 2 ME R
LM THETAHAZ LIZTELR W, T/, MBR &
L—%#—Fvy7F5—70—32X 1) — (laser doppler
flowmetry : LDF) 2 X A& E GExH{E) & O
B3R E W) S H Y LSFGHME O IER 7 —
YRR NS,

2) Skew (skewness)

Skew (EFE) IAMBHROREZ RTIRIET, it
FIIBT 504 DML RT EEORE,S,
— DA MR DR E BEL L 72 DTH 5.
BRTEAE OIS % R T %A Skew 120 &
b, ThEHEEL L CORERO Y — 27 PEIR
5%a Skew I RKREL &Y, AIZEA%HE, Skew
FHEOMEE DD (Fig. 3). SR TIEIGEHICE — 2713
FHR LB BB D (Skew>0), BHIR TR,
LB EABDT, BIR Skew >ERIR Skew & 2 5. F
7z, MRE—27 DT HS, HERHMRPEES A
DENY BEERETHMETH 5 Kurtosis (RFE) T
RETEDRTE, Skew BEEEREICL - THE
ENTW5. Skew i LSFG-NAVI THIH TEA
N7-IEETH Y, IS L Y IRKEIEIMTE O Skew %
ERBENICH D LD SBRELOIRIZEIC R S &
EZHNTW5Y.

3) BOS (blowout score)

BOS iZ— 0O BICMAE NI & T 5 Mk =
% @i 3 % 72 I F% & 7z LSFG-NAVI o Il 3
8B CTH 5. MBR DR AME - &/ME% M ZE 8 iF
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Fig. 4 Wide field LSFG images integrated with composite maps at the entire posterior
fundus of a 39-year-old woman
This panoramic LSFG was combined with 10 flames of composite maps of a 39-year-old
woman's healthy eye. Composite map is animated with either false-color (a) or gray-scale
images (b). A similarity between LSFG gray-scale images and FA (c) and IA (d) findings
was found.

(alternative current : AC), *F¥HE % ¥ M ik &
(direct current : DC) & LT

BOS = % % 100

oFtENXTEREINS. AC/DC I, MRENELE %
KL Twa. DCAREL 5 ETOMENDIM
METHAHBOSIEKEL % 5. DCHEL, ACHE
WIS, M EE LTS Tw R & FHil S
h, BOS 3K E%LRT (Fig 3).

4) RFV (relative flow volume)

ek D LSFG Tlx, KIE @ MBR 2, #fEOE 5=
mmAasEEh, ZhEnd 5 LI TETH-
72, BATO LSFG-NAVI ZE A & #1172 Cross Section
EXV7 FTl, FEECRETE 55HIHEEBTH S
5 3—=/32 K (rubber band : RB) %, ME % &A T
BAET A & MER I OWRD & ME S5 % HEIIC

BME L, BRMAEZBRVOELTRS > ERKT 5
REV 2BHT LI ENRNTEL LN o7z,

5) % OO M B D FEHE

wH O LSFG-NAVI Offfry 7 +TiE, 512
IO FEEE 5 5B % %9 BOT (blowout
time), KD LR - FREEBOMTEICAEE L7 ris-
ing rate, fallingrate 72 & O b BN &S 17z
LSFG T3 BICMmiEE, mikE k72 Tk {,
Frizimb o 7z M $efE 2 A<, MmmEEoORE
BB DH L TH IR EANOIERAL L% 1] 68
HE+oICHOTHwE EEbNS.

6) LSFG »FIMHE

EFIRTO LSFG (fERkE) TRHM & 723642 10
BB RO LN L Z &, 9 TICHEESNT TV 57,
% 7z, Tamaki 5%, HMFEFLEDS, MERERE XD
SHHEMNL L L? 512, Nagahara 5%, i
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Fig. 5 An 8l-year-old man with polypoidal choroidal vasculopathy (PCV)
a: Color fundus photograph shows choroidal network (arrow) vessels with a subfoveal
orange legion (arrowhead) surrounded by retinal pigment epithelium (RPE) atrophy.
b: Intermediate-phase fluorescein angiography (FA) at 2 min shows distinct leakages due
to network vessels and polypoidal lesions surrounded with dot formed weak leakages at
parafoveal area.
¢ Early-phase TA at 1 min shows polypoidal lesion (arrowhead) and branching network
vessels (arrow).
d: Gray-scale composite map shows similar patterns of retinal and choroidal vasculatures as
seen in the early-phase of Indocianine green angiography (IA) image. Branching network
vessels (arrow) are well detected, although the polypoidal lesion could not be found on
LSFG images.
e: One month after photodynamic therapy (PDT), network vessels have disappeared on

LSFG images.

FREFLERCHEE AR AE I & 0 & REERAR D13 5 3R
BIZEN TR ERELTWEY. T2, NER
TOBRREDEFROZFNEFEEN LW & DI
HERTW»BEM,

4. LSFG H LV LSFG-NAVI THERE A h 3 &%
T RIBEFR

1) LSFG-NAVI O R, & HRJE M1 % 3 B A 7 o 3
B (QEFIR)

Fig. 4 1Z 39 LMD IEFRTH 2. HEEAROAE
B~ > 7 (composite map) % 10 EAQTHFRIHAL

N S <IREMmMKE~ Y 7 TdH 5 (Fig.4). LSFG-
NAVITiE, 1 HOHZEDOE AT 2l ETH LA, 4
AFIZEMENTZEARFEEEZFIHT S &,

FLEPLEEL T HO2#EMAZMETE L. 6K
Xy EN Ty TE T V=A== T TH
HTEx5. ho—<v TIIMBREIZL - TELA
7 —FRENT, MBR AWK & WERZIZBE G SR, /&
WEMZIZEBRTE RSN A, BEOBFIKIL,

composite map TiE W TN HEEERIZFRR SN
HPHREETH 555, MmEErErd 5 &, My —
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Fig. 6 Changes inchoroidal blood circulation after the procedure of scleral buckling for

rhegmatogenous retinal detachment

a: A photo of ocular fundus after successful retinal reattachment by scleral buckling in a
case of rhegmatogenous peripheral retinal detachment in the right eye of a 48-year-old
man. (A broken line shows the border between the attached retina and detached retina

before surgery.)

b: MBR in the macula area was 7.8 on average, preoperatively.
c: Choroidal circulation in the macular area increased from MBR 7.8 to MBR 13.8
(rectangular area) on the 10th postoperative day.

I DALH ERY 2 OFESIEEROXBIADL. 7
V=27 = Mb L7z~ Yy 7 7Vt Lt A v
THEER (FA) BIOA v Ry T7=v 7)) — i
TREER (TA) 2RI TALE, FOMEE
TOBHEIL, FA L TA 2 HHEE/ L) ITmE S
S —VORAKIEN T 2 E25b0 5.

2) LSFG & hnwh

CNFTTIERRIZH T 5 MREREOFRE OB
3% < ENTE 7. LDF % v TR I 53R B
BERE EBITRPT L LR, IREE & HITRE
JRMFEEAIENT 5 Z Ly MEESNTWEY. LDV
T, Nagaoka %% upstroke time (UT) I3%E#i&
EDWCABICERTAZ E R LY. T2,
Langham OBF (ocular blood flow) computerized
tonometry & H\ 72032 Cid, ERBRIRMEZHAE L,
pulse amplitude (PA), pulsatile ocular blood flow

(POBF) HE#IC R 238K T T4 2 & HE sh
TV 59, 2R L, Mori 5IXIEER T, POBF
GRS S B OB A RL, FE IE, REICEE
T ol mE LY. k4 A5k, LSFG
TLARIE B & 72 ML fE T & 5 square blur rate
(SBR) % H \» T ik Bt (4% B SBR i — 31 5% B4
SBR f) /¥ SBR fE) & FE#OMEZ KT L TWw»
B, DT, KRB 70 UL L CEBICER L,
I & 2 BIRAEAL 2 B4 2 T REMED S B & AR
TWw3",

3) LSFG & ihki

(1) A1) — T IRARA BE 1

R — TIRIRKE B % 5E  (polypoidal choroidal
vasculopathy : PCV) 1%, BHMEMEEBEZME (B
HE AMD) DRHEIT, BAAZZWE SR TV
(B AMD @ 35~50%). 2005412, HZA PCV
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Fig. 7 The relationship between the imbalance of retinal venous flow and macula edema

in a case of branch retinal vein occlusion of a 64-year-old woman (modified and repro-
duced from reference 23)

a: The graph shows waves of blood flow (MBR) in proximal and peripheral venules
beyond the arteriovenous crossing which caused BVO before treatment. The difference
of blood flow between the 2 sites was found and macula thickness was 608 um in height
with apparent cystoid macular edema and subfoveal serous detachment.

b: Two days after the procedure of intravitreal triamcinolone acetonide injection, blood
flow velocity (MBR) in the peripheral venule increased.

c: Ten days after treatment, the blood wave formations in both peripheral and proximal
venules were supposed to be almost similar. It was thought that the macula edema
had been resolved (foveal thickness was 287 pm) but a slight cystoid macula edema
remained.

FIA IS K
PCV i33Es% AMD &b L T—
IR

2010).
TRIGRFTH LD,
HEOHBET,

BEIER A LT LT 5,
AT A2 L RREROmED HEE S

72, REMEW;T

Proximal vein

Peripheral vein

L a s L7 (Fig.b) (5527 | H KRB R % &

M A9 IZAR T

) = TR S FRE
WEAR LR THLZE TS EEET
KB RENETEZ S 7253, Loho THRE 2
B hE MR IE O AR

N5, B

%@ MBR EI3MBEMAE \ER L7 fEE2 R L, —F
RY) = TPRIBEEEN LD SENEE R L7 LB
TWh, EESIE, PCV O NHHE (photody-
namic therapy : PDT) Fif % LSFG-NAVI Tl %
L, EFERIC V—Ar— b L7z&M~ >y 7 TH
B SN BE MEELS, BEEBRICHEHET S

HEITHTE D, LSFG I X A#52 T PCV OiFEH
PR TEAWEEND D, SHRORIK TOIGHD
Fahs.

(2) ZLFLIR VEHE Rkl e

LSFG 1T & % ZLFLIR MR R BE 2 6h 9 2 B DR el
W ORE MK DZE/LIZ DWW T, Nagahara 5 i, ¥
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Fig. 8 Improvement of blood flow on optic nerve head of central retinal vein occlusion

after successful radial optic neurotomy

a: A case of a 64-year-old man with ischemic central retinal vein occlusion in the left eye.

The edematous optic nerve head was seen. MBR was analyzed at nasal inferior margin

of the optic nerve head (dotted circle).

b: Two components of the lesion, the retinal vessels and retinal tissue without large
vessels, could be distinguished and divided in accordance to the threshold of MBR value

using with analyzing software Tmageviewer'.

¢: MBR on both of the lower nasal vessels and lower nasal marginal tissue in the optic
nerve head increased from 135 and 229 to 146 and 31.0 respectively, at 2 weeks

postoperatively.

Va4 ERELZMTIE, FREICMRE (nor-
malized blur : NB) 254 L, 72RO FIRAL & D
b MFMEAME <, F 72 RAREFLEH I Ny 7 V3 A
R TIEMAI#% TR EDO A B ZLERO L h 572
EImBELTWRY., FEFLEIFLELERET LR
FLIG R A R 561 Bl D 487 12 C M AR 30 D AR A M L o &
A, BEMBEOZNEIBEL TR LTSI 2
g U720 F72, BRIV L 2w EEERERILEE
08 FEL SR B 10 BR o> 487 £ 1 3 B R A8 AR i R It 3 A1
(square blur rate : SBR) #%, F&EICLH L7 (10
Rep 7 BRAS ER, SHRIIAZE) Z & b#iE L7z (The
Association for Research in Vision and Ophthalmol-
ogy : ARVO 2003). #REHBE D12 T L350 A Fatly
REMIEAN T E DR ERIT X0 MRS IR MR = DS

TAHZEPEEINDD, TR L Cir RS
WS & D RMEIED MR X -5 L7z (Fig. 6). ELH
TR BEEA %, IRERIRBRIESEFLT S &
T Eh HHERERRBEAEE L, ZAUTPE o THEDRAGRE
MyRATTE L 72 BEME DRI S 7.

(3) HEREFHAR 534 B 22 i

HEPE AR 9 A PAZESE (branch of retinal vein occlu-
sion : BRVO) &, #ABEDEERIRAS LR CTHEAL L 7-8)
PROERIR 2 EHEL CAE U S MEHEREKRETH 5.
Noma & (%, ®HEZEEL S BRVO IZxF L T SLO
HV, BERLE O EM IS Mt EE & 777 (log-
MARBEME) ICEAMEPH S L2 WELY,
BRVO O#@IZ BT A M REOEEE /R L 7.
BUOR 28 ER R LT, M8 RE M B S LD B Al
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Fig. 9 Improvement of choroidal blood flow after trabeclectomy for secondary glaucoma
a: Before surgery, the posterior fundus appeared as a cold color in the entire area of the
posterior fundus in the false color map. MBR was 4.9 in the macular area and 188 in the
optic nerve head. Graph indicated blood velocity of retinal artery (red arrow) and retinal
vein (black arrow) in five heat beats. The fluctuation in arterial blood flow (red line) was

very high.

b: After surgery, false color map turned into a warm color in the entire area of the
posterior fundus. MBR improved to 11.9 in the macular area and 21.6 in the optic nerve
head. The fluctuation of arterial blood (red line) flow was normalized.

(shethotomy) 2 LRI E < BEAT S AL, ##4 o Myt B g
DYEICHL TV O»HE ZN2AH™, Horio
513 video fluorescein angiography (2 & % 8B I 77
DEAEE T, shethotomy B O HE FHIZ—BMET
RIS RIIAEETH S L3IE LY. BRVOD
ROVETOBS 2RERITHKAET HEITFETH 5.

BRVO IZBIRFMAZE L B2 D, MENICMARSTER S
NTWELIFTIZRL, RREIZEL L2 XEIRIC
LBEHTHAH. T OFEBEEALIC LD EFIRIMTIE
WMAOWERREE L 72D, MEBEOFZBRETHEIZL D,
BHMREORALE L RE TR E LS. FE
5%, LSFG-NAVI & vy, 28 3 E R 12 O HE BBy AUk
@ MBR, Skew, BOS #{llE L, Z&LERHTOE
EHOEEBEEOMEEZEBE L2 #IRTIE, X
EFHI#E MBR 2 & HOERIRE ISR OME %2 380,

Bk Tid Skew 7= & UL EHEIIRE 2 E QAR % 589

7o F 7o, REEIRAS SERET 7% O MR AT A3
BE, WHREERT L EEHE SN (Fig. 7).
T hbB, BRVOIIBWT, BYERIRAS LA MK E)
REDORIGEIC & ) BPRIEIIE T L LIRS 1,
LSFG-NAVT \Z & 5 I 5t 8 7 R o 51l 13 25 B 7 i
EFMLELEEDNRY. Chbid, EELEDE
HRETIIRLTHIONEZVWIHRATH), Tk
5 7 R BEHEIE 1L LSFG-NAVI OIS B % Rl 21 T dH
BEERD.

(4) MR CERAR P ZEE

HEME AL BR IR B 28 (central retinal vein occlu-
sion : CRVO) 1%, HREIM & FHEEFEIC L ) EELRH
NEEL ETRATH S, FREREL, S
WCHEAL L 72 M8 A0 Bl AR A% B v O IR 2 a8
L, FLOERAHAETLZHDTHA. Tano b
CRVO 12hf L CTHRMAEFLERETR I (radial optic
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neurotomy : RON) %47 L, LSFG 2 & 0 248
MRAE EOMBHEMNZ RO EHMEL TS
(The Association for Research in Vision and Oph-
thalmology : ARVO 2008). 3% 5% CRVO it
% RON DRi# %, LSFG-NAVI 23 L s h iz
ATV 7 b T&H A image viewer = W CIFE % 1
Mgy & MR M B o REL TSR L7z, 2R
., RON M1z id, HAMEEILIE E o ME S O Ak
O IR O FE I 2 TINS5 C & 72 (Fig. 8).

(5) KRR

LSFG 2SBASs S 7z B0 H 5, FEHERIC X 58
FRFLE R AR IR M TN DRI DO WTDE L D
DR SN F 72, WEIBERABE T, #]
MAREFLBEIMLGE & MD ED BT 5 Z L d#ESh
IREMEEIRE DK EIC & o THREET2IH 5 2
EHIFREN®. FEH O, AT FARICEL S
ot F ek PRI R 0D ARUHRE AT A B BRART BT £% C o0 AR S ML 9 %
LSFGNAVI CTHIZ L7, #iarfBE L 36mmHg T,
MBR 1%, #BEER/FLEH T 49/188 TH o 72. Higi D &
T—FER~ Y TR, BEREOARIIEARERL,
ARAGBEM T A L CARTF LTz, —F, FeBme
RERERSTEBY, BIRETICBWTH IR
BOHBHIEEL D 5 BRERRINTVWS I LEAVR
Az WEREIR 7mmHg (KT L, MBR %, &
BEER/FLEH T 11.9/216 (2 FE L7z, 72, MEBRD
MFRHEIZAIMRTCR & HRIR LARE TH - 7225,
MR AN LR A% 2 L 72 (Fig. 9). ®IUET
T, HBRFOFECHIID LT, MRS BT
HELLEEINRTWLTRESELTD D, LSFG-
NAVIZ & BBETFMNANADOLERLEMT ST
ENRTES.

BbhUIZ
LSFG OB & Y, &a ClfifE 2 HRE i it B R
DB HEE L o 72, B2 S L7z LSFG-
NAVI O EE R ERSFEORFEET AL, RIER
BOH LWERANOWEELE Rn7Z23XL, 4%
b B AR ERN
X @
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