| 49 % 20 #9/2022 4 10 B/ E MK

HREX-HARIEX

JET OCT 1 ke OIS REZ: B A ahker e 150 B i 1

IAWVC REE RBERDS ATVST, BV, AR WA, REEY
AL 2 IR AR B L WL B 0710024
A e AR R QL RS 071002
AL A B R R ST B . L (RSE 071002

WE  LMmEENZ T A BERE W, BaE TRz —2UR R B4, B RNAL 55
AR Tl e PR 2R 3 3 e 3R TR I B8 D GO U 1 8 S B AT R T R R BUR ML ISR . SR TR AT R
A (Optical Coherence Tomography, OCT) B HJo A\ SZ I 85 43 B R 25 55 5, g e T i - B A 25 488 =8 A W A o0
Yy Ae R O 7 . R E AT A A I S T YR AT A AR BRI R G T SR S B0 AN o B A R AL AR TR A F
A SRS T OB AR B R DU Ay AT . B — AP I OCT B R HLO IR BE S 805 3 B sh A U e B Hrih ok, %
FIEA A OCT LIk M-Mode &, 2R FAMLAE B /AL 200 Bl 80 BT 7 /9 00 8L 38 3 B 3l 4 31 R X053 B A X
AF— ZR AL, W PR3 o 0 A0 W 9K K 1 B A% (EDD) (M4 K T 8 (ESD) L &7 3K K 9 1 B (EDA) | Ikt 4
AR (ESA) Kb R (HRY D NEDIRE S 4. 1% 07 A B T4 T e 3 2 28 W R A H6 0 o 800 56 TH 09 7 2 F 3 i
AER S DL S H R A AR A 0 I A 0 F oY HL A T N (AL

KR EWHOR; TR Bl #IEY; ORISR

FESFES TN247 XHfAREE A

1 51 7

O LA P 2 s N R R Rz —. H
H o T L 00 RR O AT A T2k T T B i A B
O LA B AR 35 3. 3 /2 A, IR, 56 F o i
BRI EUR R S R G RO Bt R &
OGRS AR B AUfE R 2 i p B S AR W A O I R
F i AR BAT 5 KR S DR LA BT
KB TR AT R SR © R ATE S0 IR ) B I
O EBE R EOR S R A TR BRI T
2 FhPEA B R0 T Zh B B0 9 L 2 AR oD H T
T s T AR Y Y A X s R
T QRGN R B bt A AT A L 58 AT
W, G PE D) 328 QERAE A 2 L i HLSE 56 5 B A
RBPFET , N BEXT [A] — IG AR AT RF 24 I

PRI, ELA TE A L AT 5 252 W 0 34 G = BB
Aili B BB A W 90 I & 51 100 B BF 5 3850 35 PR A
FHJONE I, S W2 R B R (PAT) 1T JC A K
TS A0 I 25 2% B R R AE O LR BE L e Ah 2
T ZEHE AR COCT) W B A T A, SERE & o P 545

DOI: 10.3788/CJL202249.2007202

FRAELBE T N A BE ARy . {2 H
PAT 9 200 pm ZEA47 2 R4 B3, OCT B9 R R
TILROK Bt OCT B38E F 6 I B L 45 /) B 8 AR
Wk EWE R FRRBMAE, OCT FZHHIKAHT
T D 38 A DU A [RD U BE Y ) O S v R AR
Wy 20 2RI At A 18 50 TR A B PN 0 85 1) 2 A T vy 43 R
AR OCT HoA M 4 9 o) SR JiG ot 47—
2 0 = 4 W T S B AR s R 8 AR B A W A IR i AE A [F]
KT B BB IR AR ) B A S R A R R A B
W AT FH T LA B 20 4L = 4 T R4k g0 e Ab,
OCT . Jij FH T 4 i 45 A5 5K A6 0 0% o0 I 96 9 38095 2k [
R L% S AE 0 R PR A I 5 . (AT I fE
SR R A W I i, )5 75 228 i M-Mode Kl 17
N T3 AN URE 28 it ] il HL 258 5 4%, Fink &0
FER T —Fiz sh o3 Br B8 % 07 28 0 ik Bk 3 1) o ik
Nl st 52K A sh M kR4S &, vl L B 0 iE T
RE S B0 A0 X WA A AR AL Bk B v, R T A
FOT R R E N A S E . Guo VYA
L = 7 B B R T S TN 1 L R
B A )2 BT G 0 GO sl MR 1) 5 ) 7E SR U]

WA BHE. 2021-12-07; f&€EBI HHA. 2022-01-07; A HEHH: 2022-02-11
E£WMB: HE A KR %A (62105091, ] db 44 F &8 WF & 3% (19212109D, 20542201D) ] 4k 4 H 4% B} % 5 &
(F2020201041, F2021201016) b 4 5 S5 22 M B B R A58 £ 4 T H (QN2019035) .l db K2 “#Hr E B H £ W g

(2020XYKY08)
BEEE . "suya@hbu. edu. cn

2007202-1



HRERX-HRIEX

549 % %20 H1/2022 £ 10 A/ E# ¢

1630 G5 B 5 3 BRS04 0 o BRI 2 50000 2 N A
[ B BBk B AT ] S B O R IX e Y R
S0t I ER R - Bu o AR I SR T v A L /3
JERE S5 W R S E st - E SO, 8 T iz
[ L, AR 5T N BRHF & T 3 T 3 WA 40 A B B 2R )
PR YNGR I = 50 8, 16 sh 48 B 43 F1330% L A sk 45
VB RS | HE RN KIS L DL R T IEAS
FROER IVOCT Wi [ 8l 43 505 156 i Jis 25 F0 300 2% 4y 1
B e R0, Rahman 265 il ] U-Net 4 il #5 7
P2 2615 B e 47 B A 22 150X LA iR AT Ak
PEPLFAT LR 0 5 B . Valerio™ il i T 48 1 246
T 5 (R AN 285 2 45 1 110 o A R 4 BB D% B X 4
PR I, A 5 O v 550K Y 1 0 R T B DS Y e 3
A A 4 0 5 PR 0 A R FL R 7R 43 AT A ) i ik 20
B {2 —

AR N 5% 0 E 0 S X A= 4, B B B4
AIYA PSR L & B TR S AR AT LRI OCT /8
B P B A SE IR R R 00 0E R B R B A
Weam, Fe AT A OCT 52k, Jo 46 45 F1 = 4k %
PR AR X6 L A R iR e B I A B R Y AR R
PRS2 FEAT R 5 00 2 ) F RNAG JE R T 48 8 R vE 47
U T 300 ) 45 1 DA B R AL S G e RLEE D L AR SO A [
BN Z 155G T R RO IR kB B G 3 R 3 0k ) 4 1) 2 7R U
SR TAEDS Y SRR B LR S R R A L 4R T —
FROBT I A B P tE & 1T 3 R 0 IR T BB S 80 O
AEfE XF 0 T &7 5K K 1) & 42 (EDD) ., Wt 45 K ) & 42
(ESD) &F 3k A A i A (EDA) LW 45 K 11 11 AL (ESA) K

dorsal vessel

|
|
|
|
|

L2 CHRO A5 00 I Ty fig 2 8500 47 e o 1) 2 0 5 5 %
7R U HIE T R AN i GE W $0E =30) B A W KA
W, A SCRT £ 0 7 B =& R AR OCT BG4 s 3 Al
453 2189 M-Mode EIREAT504 40 . M-Mode El{%
W TR L sh B b T PR O E B T2 andic 4 TR
A LT AR B = N LR B ) 2R AT, B
OCT WA RIMBRA  He EIG R 5 R B 85 K] 38 31 oK
g5 I AR SCIR IR T OCT A0 BE ) fiE 2 31
sl 72 o B 5 R AE R SR W A Tz f N

Z 0],
2 kS

2.1 XWMNBREBEFERE

SEG BT AR S m E E A OCT, o I Kk
1300 nm, 7£ 4 40 v 1y Bl 1o R0 1) 43 B R 43 Bl R
12 pm F1 25 pm, FE5 DR 10 m W, 45 4 3 &
~ 16 kHz,

X WL A I 0 W i 2 R B — b L 1) |
N B ARk AL Ty v T % 22 4T 160 Ik A-scan,
Y TFUT vz W4T B-scan, R MAEA 1(W) fix, TE
oA B AT 720 ¥R B-scan (FAHEFE] A 10 ),
PRAF T O NE R = AE A R B[] A EF 5k A0 0k gn B A5
P 1(b) (o) 43 5l Sy et ehe JUR i o0 JUE &6 7K 2R 399 R i 48 R
W) 4k B-scan #1f & . EEEREE R 3 mm, 7EIE
FER B = Oy AT, IS R A E 512 MER
R FHEEHR 0 mmX 2 mm X3 mm, 38 HRER K
BE M 720 pixel X160 pixel X512 pixel, W 1 FiR,

end of diastole end of systole

B 1 REERRAG 9 OCT MR . () FRAR = 4852 1815 BRAR O BE (b) &7 3K R 1 AT Co e 4 2R 1 (8 — 4k B-scan (17 &1

Fig. 1 Typical OCT images of locust embryo. (a) 3D projection image of locust embryo; 2D B-scan cross-sections of

embryonic heart at (b) end of diastole and (c¢) end of systole
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Table 1 Scanning parameter setting of OCT
Scanning direction Field of view /mm Size /pixel
x (transverse) 0 720
vy (longitudinal) 2 160
z (axial) 3 512
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Fig. 2 Flow chart of quantitative detection algorithm for

cardiac function parameters
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Fig. 3 OCT M-Mode images of 9-day locust embryo. (a) Original image before treatment; (b) M-Mode image after grayscale

transformation; (¢) M-Mode image after grayscale transformation added with seed point; (d) M-Mode image after

threshold segmentation; (e) M-Mode image after morphologic processing; (f) amplitude image of locust embryonic

heart; (g) extreme points obtained by peak value extraction from Fig. 3(f)
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Fig. 5 Average maximum EDD and minimum ESD versus

hatching time of locust embryonic heart

W AR R BT M-Mode [&] 4 S iR fif .0 JIE A8 THT (9
B-scan B4, #2182, 2 55 5920 B8 0 R] THR0 75 2 0 e

maximum EDA

0 JIE B K& gk A 3D i BRI B /N U 4 SR 9D T AL
Bl 6 s . H T D b R b A e SOk e 75 [ 6 (a) il
K6 Ce) ], e 250 e i X 3o P 4% 5 A 3 168 745 43 1
DX 35 5 ] RIS 3 =2 B0 ) B 25 5 i/, DT R 3OFE e
4 R 5 (R R O Y A5 0] BB 4 Hh B 4y B s K
SrEI B, HE F R R S B o s B TR, W
W H bR BB A KA R FE S ] g A Al .
5 B bR DI 00K B oy A AN A) AR K B R 2k, 1T RE
TR A R A e {5 R 4y ) X R 5 T S K
FE2EH8 K LR R R P R S L H AR X5 AR X
Sl 22 T 1 300 5 0 AT o AT 3 AR S R s R
W S (L 43 S5 TR PR A A A e w9 /)N B L e
7 ¥ R A FEOR ERR L 6 (b) FIIE 6(2) ], MIE 6(d) Al
6 (DRI LA i, 76 B {E 43 #1 4 B 19 G T, 43 %1 X
385 11 & BBl G0 B JEO AT A7 AEAR 22 18 B 0 3 28 I i 4% 1Y
AU P Y, O T 3 I T 2 2 Ak B 4y B R
JE B R4 T 1 A B, e S 7 2 BRAR 4 IR G 00 0 i S X 3
MBS . B GETt 1% X IR A BOR DL AMR
4 T AR BRSO A 2 DX 4 T A

() (8) (0]

® 0

minimum ESA

B 6 s RGO B K EDA 58/ ESA HERER ., (0 (DJFEEEE; (b) (2) K5 & ; (o) (b in AFhF 55 10
FEG ;s () (D BIE 2 B AL B S B9 25 R B 5 (o) (D ARIE R 2F AL B S B B

Fig. 6 Calculation diagrams of maximum EDA and minimum ESA of locust embryonic heart. (a)(f) Original images;

(b)(g) images after grayscale transformation; (c)(h) images added with seed point; (d) (i) result images after threshold

segmentation; (e)(j) images after morphologic processing
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Fig. 7 Average maximum EDA and minimum ESA versus

hatching time of locust embryonic heart
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Abstract

Objective Cardiovascular is one of the major diseases that threatens human health, and the prevalence of cardiovascular
disease in China continues to grow. Therefore, it is important to select an appropriate model organism to understand the
development of the heart. Locust has the characteristics of easy operation, strong plasticity, and short development cycle
as well as the similar gene regulation mechanism with human beings in the process of cardiac development, therefore it
becomes a useful candidate for studying the cardiac function and for the pathological gene analysis. Researchers have
proposed a variety of methods to evaluate the heart function of insects, such as multi-sensor electrocardiogram, atomic
force microscope monitoring, and electrical stress method. However, these methods are invasive and cannot monitor the
same living body continuously. Therefore, a method which can monitor the heart development and screen the phenotypic
variation of insects or other model organisms non-invasively is more desiderated. Fortunately, optical coherence
tomography (OCT), widely used in biomedical detection because of its noninvasiveness, real-time, and high resolution,
can be used to detect the internal structures of biological tissues and other non-uniform scatterers. Therefore, it is a more
suitable tool to monitor the embryonic heart development of a locust. In addition, the measurement of cardiac function
parameters (such as heart rate) still needs to be calculated manually by the M-Mode diagram, which is not only time-
consuming but also prone to errors. Therefore, a high efficiency automatic detection algorithm is a critical issue to be
solved urgently in the high-throughput screening and phenotypic analysis of model biological pathogenic genes.

Methods Using a locust as the model organism, in our previous works we have monitored the embryo development and
screened the phenotypic variation caused by the RNAIi technology. Here, a new method is proposed to automatically and
quickly calculate the insect heart function parameters, such as end diastolic diameter (EDD), end systolic diameter
(ESD), end diastolic area (EDA), end systolic area (ESA) and heart rate (HR). The processing flow is shown in Fig. 2.
The collected 3D data are expanded in time series to obtain the M-Mode diagram of the embryo heart chamber. After gray-
scale transformation of the M-Mode diagram, by a series of operations including threshold-segmentation-based regional
growth, boundary recognition, morphological processing, and feature peak extraction, the parameters including HR, EDD
and ESD can be obtained.

Results and Discussions The low-frequency noise in the original M-Mode image [ Fig. 3(a)] is removed after gray-
scale transformation [Fig. 3(b)], which is beneficial for the calculation by the regional growth algorithm. Then, any
point selected in the fetal heart ventricle [the red dot in Fig. 3(c)] can be used as the initial seed point, and the binary
regional growth result can be obtained under the specified regional growth criterion [ Fig. 3(d)]. As shown in Fig. 3(d),
there are burrs at the edge of the ventricle caused by the non-uniformity of the grayscale distribution, which adversely
influences the accuracy in obtaining the heart beat amplitude in the next step. To solve this problem, morphological
processing is introduced, which plays a good role in smoothing the cavity edge. The image after removing burrs is shown
in Fig. 3(e). By counting the numbers of pixels with the logical value of 0 in A-scan and knowing the size of single pixel,
the beat amplitude of the heart at different moments can be obtained [ Fig. 3(f)]. As shown in Fig. 3(g), the HR, EDD,
and ESD cardiac parameters can be calculated after the extreme points are found by the peak extraction algorithm. If the
original image is changed from the M-Mode image to the B-scan image of the cross section of the embryonic heart, the
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maximum EDA and the minimum ESA of the locust embryonic heart can be calculated according to the steps in section
2.2, as shown in Fig. 6. Therefore, one can automatically detect and quantitatively analyze the heart function parameters
of insect embryos by the proposed algorithm.

Conclusions In the field of heart development and mechanism of heart disease, OCT has been successfully applied to
detect the heart function of model organisms such as insects due to its advantages of noninvasiveness, real-time, and high
resolution. However, the detection algorithm still has some problems, such as low efficiency, high requirements on image
quality, and inaccuracy of measurement, especially it is not suitable for the detection under a large sample size. In this
paper, we propose a high speed automatic detection and quantitative analysis algorithm of insect cardiac function
parameters by OCT. The position of the seed point is determined through human-computer interaction, and a series of
processing such as automatic image segmentation and target region division are performed on the OCT M-Mode image of
the insect heart. The proposed algorithm can quickly and accurately measure the cardiac function parameters including the
end diastolic diameter, end systolic diameter, end diastolic area, end systolic area, and heart rate. This method can
improve the screening and analysis efficiency of pathogenic genes in high-throughput biological samples and has important
applicable value in the research of cardiovascular disease using insects as model organisms.
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2007202-8



