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Abstract Blood flow is the vital indicator to measure the body’s physiological functions and pathological condition.
Blood flow testing requires an effective, live, unmarked, capillary level three-dimensional blood flow perfusion
weighted imaging approach. Optical coherence tomography angiography (OCTA) technique uses the relative motion
of red blood cells and the surrounding tissue as an endogenous marker of blood flow to replace conventional
exogenous fluorescent markers. The spatial scattering signal acquisition capability of the optical low-coherence and
the motion recognition capabilities of the dynamic optical scattering technology are comprehensively utilized to
identify dynamic blood flow area in three-dimensional space, exclude the static surrounding tissue, achieve a living,
unmarked, three-dimensional optical blood flow angiography, and obtain capillary blood flow perfusion morphology
structure and physiological function information of the capillary level rapidly. This paper systematically reviews the
mass sample OCTA technique that primarily includes the motion contrast mechanism of unmarked blood flow
angiography, a detection method for high-sensitive tiny blood flow motion, an effective strategy for parallel
acquisition of independent mass samples, and the application research of this technique on cortex blood flow
imaging.
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Table 1 Main research groups and their methods for unmarked three-dimensional optical blood flow imaging

Blood flow extraction

Research groups

Samples acquired from

Signals Algorithm
Mariampillai A, ez al.' Intensity/amplitude Variance Temporal
Vakoc BJ, et al.t? Intensity/amplitude Differential Temporal
Enfield J, ez al.!'™ Intensity/amplitude Correlation Temporal

Jia Y L, et al ! Intensity/amplitude

Makita S, et al.l'? Phase

Yu L, et al.l'¥ Phase

Fingler J, et al.t' Phase
Wang R K, et al.l" Complex
Guo L, et al %1% Complex

Correlation Wavelength

Differential Temporal
Variance Temporal
Variance Temporal

Differential Temporal

Correlation Angular+ wavelength+ temporal
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AD OCTA signals?

Ttem OCT amplitude ags  AD OCTA |aap.as |
Rayleigh: Truncated Gauss:
Dynamic ayq aq 2 a’p.a
— —— exp|——
do() )
Gauss: Gauss:

Static 1 [ (a,*C)Z] 1 ( a.zr\n..~)
exp | — —

; exp
2no, 2% NETR

R A XS EAT BN AR (E AT DL
WO 3 1 B (ELR 25 B L AR B 3 2355 5 A3 B e & 11
migsshiE K., #9585, SR MERER OCTA
R N s el TS e {05 N U = 2 4 Ry
FIRA (IR AR E S HLUE S B LR sh &

0307001-3



H = e ot

MR ) s AT R AR T R A g o6 e B, an i 1 AR B X AR % | 4 L. 8/ CERL A5 B)
(DF LR PR FIRAR(CER) KM EE T L X S AR S5 32 Mo H R A
SRR HYOE SO & XCHER 38 8 T H 5 5 B i I AR AE

W L Im % %
(@) static (b) . © » (@
2||| tissue bed o /(’ E static tissue @8“::;1 .
N ' W S B : / ’
A\:line f /? g ’ i M i E dynamic flow i flow
sub-resolutf(;; 4/ 0 i 2 Biexplp,) | i % ' e N -
scatierers - 1_3 _e OCT signals ’ OCTA signals

Bl 1 (a) OCT Wi 2454 i A% S5 LA ;s (b) — BT R OCT {554 T4 THEALF 4 6 iR EE N (o OCT h &
I A 1 R O B R EL A RS TR B A 5 () OCTA A5 5 i — 25 19 7 339 1T LB/ 2 20 A1 1) D5 2 (UL 5 DX 0D
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Fig. 4 (a) Schematic of a typical sample arm in an OCT

(a)-(c) Complex-valued spectrum 5‘(/?,1) is reconstructed
by removing one of the two conjugate terms in the depth space;

(d)-(e) B-scan modulation spectrum is split into halves using

system; (b) B-scan modulation frequency fu induced by a Gaussian filter bank in the spatial frequency domain;

off-pivot offset 6; (c¢) overlap between the negative
[18]

(D)-(h) angle-resolved independent sub-angiograms are

and positive B-scan modulation frequencies (18]

generated and compounded for a new angiogram
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Fig. 6 Three-dimensional angiograms of the conventional method and proposed angular compounded OCT method in mouse

cortex in vivo. (a) Three-dimensional perspective drawing of vasculature; section view at a superficial depth by using

(b) conventional method and (c¢) proposed method; section view at a deeper depth (~100 pm) by using

(d) conventional method and (e) proposed method"*
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(b) the first day after the formation of stroke; (c) the tenth day after the formation of stroke
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