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Collect dynamic image data of an apical four-chamber view angle of a subject
Preprocess the collected image data

Segment a left atrium region of interest from the preprocessed image data by using a
convolutional neural network

Respectively calculate the gray scale of the left atrium region of interest of each TTE
image frame in a TTE image sequence and perform averaging, obtain a gray

scale mean value distribution diagram of left atrium regions of interest of all the

TTE images, screen out a minimum gray scale distribution interval from the gray
scale mean value distribution diagram according to a set proportion, screen out

cTTE images of corresponding intervals according to the minimum gray scale
distribution interval, and obtain a ¢cTTE image sequence subjected to motion

artefact removal

Perform microbubble detection and segmentation on a left atrium region of interest of
each ¢TTE image frame in the ¢TTE image sequence subjected to motion

artefact removal

Perform shape feature, intensity feature, and texture feature extraction on the left atrium
region of interest of each ¢TTE image frame in a microbubble image sequence by
using a Pyradiomics algorithm, and perform screening and dimensionality reduction
processing on the extracted features by using variance selection, t test, and LASSO
regression algorithms

Input the features, which are extracted and screened from the microbubble image sequence,
into a trained prediction model to perform classification, and output a classification
result of a foramen ovale closing state of the subject by means of the prediction model

(57) Abstract: The present application relates to a patent foramen ovale (PFO) detection method and system, and a terminal and a
storage medium. The method comprises: performing left atrium ROI segmentation on each image frame in dynamic image data of an
apical four-chamber view angle, wherein the dynamic image data of the apical four-chamber view angle comprises TTE image data and
c¢TTE image data in a set number of cardiac cycles; calculating the gray scale of a left atrium ROI of each image frame in the TTE image
data, screening out a minimum gray scale distribution interval of the TTE image data, and screening out cTTE images of corresponding
intervals in the ¢cTTE image data according to the minimum gray scale distribution interval of the TTE image data; and performing
microbubble detection and feature extraction on the screened cTTE images, inputting extracted features into a trained prediction model,
and outputting a detection result of a foramen ovale closing state by means of the prediction model. The present application implements
noninvasive PFO detection, is simple in operation and high in accuracy, and improves a detection rate and the detection efficiency.
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SRAEREAT U B4, 1934 XOR ] B PR AF I RE .

S160: Kt M B 51 rh R MU 7 128 RO R AR S N I 07 ) PRI B AT 328
I U AR AR I T BN (B L P RS 7 2R

AHTE LR P, PR YSW (supported vector machine, 37 AL
B, gt—H, EZ K2, RARHIEREG I BOR B K
HE A St 91 ) TS 7R )1 o PR 468 DA D BR

S200: REEZAZIXE ORI O VI AL A M TTERZ B AR 1 c TTERZ AR 2

AT, AGBERE T RN X 12965238 F (85HBIBHYE, 4447 T
) BEATTTERICTTERI I, #HE G — R AN BT, 73 R E R — A3
B I TTERTCTTE K 2D 78 P AR 250 2R DU I 0o U1 A A8 10 BT LA 0o 3 JE B 1) o AT A
AREdE . b, OB (cardiac cycle) $EM—LBEHIHEIAE] R —IK 0
BEIAR GG, RAE RN HE 100 5) A IR AT ARG SE PRt AR #E4T B8
S210: XERAEMITTESZAR A A c TTERAAR H s BEAT FHAL HE

AL, TTERAG R A TTERAR S () P b 38 7 X AR A 5

S211: F F{OpenCV 73 5l 4 TTESZ A4 2540 Ml e TTESAAR K H4 AL g 1 TTE R
FIMICTTEE G 71 ;

S212: R HIMDSSHF H 4 5 I TTE VG P S M CTTE MG 7 F #EAT ik, EBRTT
EEIG T AN CTTE B8 7 31 Hh (1 52 it

Horbr, BT OIEBESI M AR B RREE IR &, SEURB R A EZ W
A B AT S SR I IR 2 2 ) o RIBR AN 43 S8 A1 55 . AR K BT SR R FHMDS
15 B E L (Message-Digest Algorithm 5, MD5) ¥ TTEE#4 55 FlcTTE R 4
J7 50 o PR g — W B 3 ) 2 B oy — A FEE T S FOOMDS AR, 5 LT B AR FRIMDA {58
S, FoRIX UGN E R, TR L E 34T L E AR, HREMD5
EALR B — MR

S213: KHIGAD (Gabor-based Anisotropic Diffusion, Ik [l L4 #0)
PEPHIERS L AL IR 5 I TTE MR e FU A CTTE UG 7 51 BEAT D8 AL G b T
Horbr, BT RS BBRHAEAEAER AR S ST, T 1R E EE R E N E



WO 2022/110445 PCT/CN2020/139680

[0080]

[0081]

[0082]

[0083]

10

bb, AR BH SEREGIA R BT IR AL AL 3, DLR/D RS 1 T80, 35 Rl
GANRET LT, HEm R R R &

S220: FIl G A2 N 45 T AL T2 I A TTESAAS B R TTERAAZ B3 43 59 9
F) HH AT AR 09 20 00 B SR X

AR, O P BOGBIX I BT BAR R AERE S 2] Py torchHEZE
FIFI2D U-netF B Es % 43 B G S TTEA B R R CTTE A SR, IS TTE R E
FEFIFICTTE MG 5291 73 AlSa AN TTE 73 BT M TTE 7 SRR, 283 SELE I T Kbt
MR SRS N R RO RAAE I, B R R B BEAT R B 10 E R, ATAHE
BYRAE B NIRRT, IR B TTE G B AN CTTE B4 R 7 eh 4 — it [0 4%
X RL Y O P ISR XA A BN A5 . AR ZRTTE S B A CTTE 2 SR AL T, i
A THREAE AR AT BRI 25, P S X I UKD 1 ce 4 bniir B X I 1 &
AR, IR A BUR S £ R (hausdorff distance, HD) FIP-H4ext
JAE (mean absolute distance, MAD) fEFrfi S HIBEE, X7 RIEALEAT
VRIS EOR R, SR O 5 BB X A 3 481

$230: 43 BTt TTE MG 5 51 A — T TTE B4 R 22 00 55 B 4 [ A58 1) 4 5 35K
BE, FRAFETA TTE RGN 2 0 J5 IO R X A K B 3 E 40 AT I R AR e LL Al
MAZ AR JEE SIAE 73 A P o e B /N AR T2 43 AR DX T, AR B /) AR 43 AT X T7) 7 2
Hix R X A TTERIG, 43 214 R e s D S i cTTE G PR 31

AL, HTZIFR. DRSS OIHEz) L & A SR R e, 18
gt R g R s i, s E G . Bk, 3R E
KGHATIZ BN AL R . BARR, 1@ ieikbedr 08 Bo56, 245 TTER
BANCTTE BB 200 53 O X IF W T AR AG L3N R AR Ak, 43 Tl i 0k th
A2 E M EA B E) AR TTE R P FURI cTTE R 31, R R 1
ZEAA A 7 1 tH 1) P BB U I — B8 R, BRI 5 I BT TTE BHGUT
B, BT AR WTTE BB 200 53 O R X I3 (R 2K B SR IME, AP
TTE UG P 3 B AR FE A A B, 42 BRREE R IXTF) 9 A TTE B8 P 371 B R
A 43 A B o i 30 HH AR FE AL /N T 1 0 DX ) L P e /N A 2 A AT IX TR s 8
PR B /N R 43 AT X ) A=A 58 803 L A R < TTE MR 7 31 Hh i i tH 5 %K
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GG X AR ST TTE MR, 19 3L SRz sh D52 fE I TTERIR P2 . HUK Y,
AR HA S it 491 1 5 B /N AR JEE 49 AT DX TP DX ) LG A3 4y 25%,  EAR ] R 40 S e £
ATBUE o

S240: XL KRB G I CTTE B P 31 A — Wil TTE R K /2 0 i B R IX.
S A AT A I B A8, ARG I &5 S c TTE MG 7 91 43 et G T
FUFI OB G751

AR, ORI A #0172 AE Sy T e R 2 ) AR AL 20 SR T
PR PEIEAR IR (simple linear iterative cluster, SLIC) BLVEtf4E—MicTTE
R B 22 00 5 SO HR X 5073 | AT B R R o B I s AR — A 2k &
A OB A P 22 0 5 O R X I AR I B e, Rz 2 il BN B Ly
MEPIRAS o XTI B I 0 0 P IO R X3, 8 58 5 T IR0 ) A P R AL AT
JEASFHERRBURAE SR R RRHE I E BE I, WE K EREL IR
FHZC 0 B OGBS O A B A S0)5, R S R B A [ 1 (4 [
JETEAS, BB JUAT BB L1 R ARG Z A0 0 5 JE 8 DX S B 40 4381 45

S250: HHIPyradiomicsHiZa gt BUG 771 th A —ic TTE BRI 72 0 5 1%
AR IR BT TRESIE . SRR IE SRR R AL, JERI 7 25, TR
ANLASSOR] I 55300 i B AR AIE 30 AT 07 00 1 e 4 Ak 32

KA, BN EBE S, B SR AR AT Py radionics 73 A FREL HI9
AT HERROT P JUATER PR A TR AE . 18 TR ROT 58 8 — B 20 A1 (1 588 7
RAE LA 754N HI T A ROT 5 B AR B B A RO SRR AE ;. 3 — 20, AT
SR TR LA RRAE, R 156 R I ALASSOH] U7 (5 a0 HRER Yk
SRAE AT IR B4, 49 214 O] IS MR 1L

S260: A4 To i BT 51 AN S AL G5 51 vh i BOH: 0 22 PO R AiE — SR\
TSR BEAT IR, 8 T A A th B — 07 32 30 IPFO 43 S8 45

AR, A S A K ARG R AR o TTE P AGURITARS T HH kv -k
ATHFRAE SR BN G L (M TTE UG AT SYMIE AL KI5, RIS SR A B - i A Y AT
A8 SCIAIE, ARIEREY i Raccuracy . BUEMEsensitivity. fRPEspecific

ity PHPEFIIZR (positive predictive value, ppv). BHPEFIIZ (negative



WO 2022/110445 PCT/CN2020/139680

[0090]
[]

[0091]

[0092]

[0093]

[0094]

[0095]

12

predictive value, npv) fl MBI FHEL (matthews correlation
coefficient, mcc), MFEMPEFEFATIHAGAISECAL, BEMIRIT B0 T AR A
o 12985238 & HIPFO 245 AN R 1LFTIA

R 112065 F HIPRO 7T 45 |
(1]
AN F8FR |accuracy |sensitivit |specificit |ppv npv mce
y y
gk 0. 7755 0. 8333 0.6154 0.8571 ]0.5714 |0.4385

T ok, A FE S8 ) 5 IR FLAR PR I 7 R A AR T HE O R e TTE B
ORIt P I BEA TR AE SR ORI 3338 1) c TTE BB AT TR B AL (1) 11 45, 3R
BER R AR DY Jl O DT THD RO TTE AR B R TTESAR B, FFX TTERAG R
ACTTERAGEHE 2 HIHEATROT T E S, MR TTESSAR B FIROT R i /N K JEE 73 A [X
[E)XFTTE MG 5 FIREAT e, 13REBRZ BN G RICTTERIG 771, i 5
ICTTE MG 7 71 BEAT SO R AR AE SR H, K7 S AR A AR A\ I 207 1O Tt A
Y, S T T ASE 2R i A I B O LB SRS R S R . BT BRI R,
A SEHE ISP T T BIRIPROKLIN,  Heffa tp HAEi 2 5, 4R 1 PROZIN Y
6 HH TG T 252

SIS, JyAs FRIE S R ON LR A I R R AR R AR IS
T8 P I 15 FLAR PTG ) 2R GR 404
BB R AL F T ORI (S BB AT AL 3R Mo, SRR
P AR TTESAAG B A1 TTERAR B
JEOGIX HA RISEHA2: HT R HI RS AP 4 W 45 T 38 5 RO TTE AR BdE Fll e
TTESZAR B 70 31 73 1 B LGOS 82 ) 72400 s SO B XU
DHREALIRAE A3 T 2 vt ST TE UG P 37 b — W TTE R ) 20 3 RO R
DI A BE TR, FRAFPTA TTE MR K 220 55 OB IR P B A A 1
R B8 EU I MAZ A 35348 237 Pl 0 ) e /N AR 3 AT X 1), AR e /N K
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JEE 43 AT X [B) §if G HO RS2 X TR ) c TTE G, 43 BIRE BRI BN DS I c TTE MG 7231 5
HoER 44, HI T XAERR IS B 52 5 R e TTE G Z1 Bk — Wil TTE EHE 1)
TE O ISR X B 03 A HEAT ORI S E1, 43 BIEAE RO 1 e G 51
FRAE SR B A5 T F I Pyradiomics BZn ot 14 551 th 45— Iic TTE K]
BRI P BB X IR AT TAREHE . RJERAAEMSORRAER A, JFH
TiEEEPE. UK IR RNLASSOIR] A Sy of $ B R AE AT I R B oAb 3

T 73 A TA6 . F T4 NGt UG PP 1) v 4 BT i 17 ) AP AR B N 1 50 R T3
DAY HEAT 7328, Ja o FRNAS A A LBl 00227 ) B 5L AT B IR AS 73 SR 5 2R
HZRE4, NAREEBHIN & ma Rl Z2&mb0 L mEass. 5
AL IR AR5 LI HO A7 ik 2552,

FHik D247t T SR B ok O I FLAR PR DU 75 R R 46 2
AEIEEES1H T AT A7 B AR5 247 I RE PP 42 LAAZ 1 B B LR T RSE DU

Horr, AbFES513ET LAFRNCPU (Central Processing Unit, HYiRAb3Ee5m)
o ALFRESSITRESE MR G . BAESHARERE . AR5 1ET] L)
S ALTRES . BT E S AR (DSP) . IR (ASIC) . PR 4
IFEZY (FPGA) BYF HAh Al gt i@ g dsff . 70 0L B AR S B A 7ar
BEPREEA o 0 T AL 3 A8 T LA ol Ak 22 25 B 12 b 2 88 0 T DR AT AT I ) A 3
A,

HZ KD, A HE S A7 TR S5 AR e o AR A S 441 ) A7 A
N A G R SC B IR BT JE R sCk61, Horh, iR 7 SCr61m] AR
B R AL B AN B, BT TR H LU — St AL
% (ATLLREAATHENL, RSSH, BE M%&) SIS (processor) 4
TR R NS TT RITVER AT B PR AT A7 GE N FUAHE: UAL
Beahtfizt, RifFfEds (ROM, Read-Only

Memory)  BEALAZEU/FfE RS (RAM, Random Access Memory) . WEREBGE t#L%%
MR AR PSR A B, B RTHEANL RS, Tl PIRSE L
o

X IO TR SE R B Lok Ui B, (A ST T b A AR N 57 BB S TR BT T AR Fp 3R
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B0 IBEAT 220 BEROL Ay s o, Firid Lo DY s 0 U TR AR 5 S 5
U A5 B B IO 3 i A Y TTE S AR B0 A c TTERAAR 2 «
THE TR TTERS G th A — Wi MR I 22 L BROLI AR S, IR B8
ELAG i 30E HH TR TTE S AR B0 (1 st /N AR B A A X (8], RS FriR TTERZ 18
B K3 57N 43 A DX TR BT ¢ TTEBAAR 5080 v 05 2t % Bz X ) (g T
TEEI
S5t BT 0 126 1 ¢ TTE G HEAT SO A DU AR R SR B, FRg 3R B KR
N IZRUT RTINS RS, 30 T T SO ASE 2R B S O [ L P 2 DR S A D 5
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PRAE AR Z R 1R 1 B0 BFLAR AR vk, HARREE T, BTk A
AN 22 IO 245 Xof o 2R Y o D TEC A0 A 3 285 R A B T IR o — it P 4R 4
B HEAT 22 0 FEROT 43 1 B B AL 45
A3 K BT TTESZ AR B0 A ¢ TTE AR 25040 54 Ak BUZ M (K TTE S 7 B A
cTTEEE 751
K FMDS S50 BTk TTE B 7 B A TTE EUG 7 FI AT i ik, BB Arid
TTEEMZ P ZUACTTE B 731 o 1) HE At
K F GADJE I SRV i 128 J B TTE UG 2 51 A C TTE B8 e B BEAT DB A%
I bR
PRAE AR Z R 23R 1 BN B AL AR PR vk, HARREE T, BTk A
AN 22 IO 245 Xof o 2R Y o D TEC A0 A 3 285 R A B T IR o — it P 4R 4
I HEAT 22 0 FFROT 43 1 B Ay
FIFH2D U-net R4 X 45 43 5l 2 L TTE A) ISR N TTE 4 BB AL,
1 B R TTE G 7 B AN CTTE EGUT 51 43 734 N TTE S R BT TTE S5 )
B, TR TTEA> S AR cTTE 7 B AU 43 | Lol E SR K R RAE L it
WHEAE SR S N R AR B, 0 BT R AR A AT T 22 1 1R, f
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