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Research Progress of Automatic Segmentation of Left Atrial CTA Images Based on Deep Learning
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(Abstract]  Purpose/Significance To discuss the application value of deep learning (DL) technology in the automatic segmentation of
left atrial CTA images, to review the theoretical framework and research progress at home and abroad, and to sort out the potential research
directions. Method/Process Domestic and foreign literatures are retrieved. The traditional segmentation methods of left atrial CTA images
and the algorithms based on DL are compared and analyzed, and their effects are evaluated. Result/Conclusion DL technology has signifi-
cantly improved the segmentation accuracy of left atrial images, providing strong support for clinical diagnosis and treatment. However,
there are still research gaps that need to be further explored.
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L
][I

({&EHHE) 2025 -02 -23 ~ N
@F%ﬁ IR, EE%WMﬁﬁﬁbf
(IEBEA) R, (W, WSS s, =%E ﬁ mﬁﬁ PRSI SR H

ﬁﬂjlﬁiﬁ%[&ﬂ:%uﬁ L‘Iﬂlmﬁﬁﬁﬁﬁﬁﬁi% %%%ﬁﬂﬁlrﬁqj N /Dﬁ%ﬁ%ffﬂ?kﬁ, HE e
4 (B H 4. 2023CDI0S) . BT AR BEIATT RO R R R B e A T

.57 .

(E€WmAB)



EFERFRE 2025 F5E46 £H6 8

il

JOURNAL OF MEDICAL INFORMATICS 2025,Vol. 46 ,No. 6

TEAAR B .0 s AU AT FE AR [ 25 2ol . o0 s W i )
REBRAE S B R EL, AL, BBl e 5]k B3
OB ERY T B G T A — A 4 B
WiRe, TERCEIETRES, BEMO T E  kZE o RS
JeHET- R

e PR B 368 2o 00 70 B R 5 2 BT A 5 s F
JERTRACR AT S EHRMAE A . (2022
AHA/ACC/HFSA 032 AR /) #4700 8 7 0
shIE 5 0 BE R S PR 1% ( magnetic resonance ima-
ging, MRI) JU5E 7.0 b 280, B & WAF e R
P HHANT R (=4 osE) M,
e DA S A A2 0 2SR . O I MR $ AR 2L
N g ST AN o Y7 A R ]
ZE0 BT A AL Z 4 14 15 5% (computed tomo-
graphy angiography, CTA) A AE T B 2. 75 i # ik
Ko Dy Wl Ay, l U i S 08 25 Uz,
WS e HATTC A, I AT g 5001 il A A 4 1
RS, WAL S ERAEE, WK H
#i) Nz SR, ARGEAE0 s CTA GRS E1 7 MO
NI, FEEK, HuEmta eIt BEE AR
REROARRI A, FETIREE 7 B R R Hr bR
BT, ARSI 0 by CTA UG I B R P
BR o ALRGLFRA G FIINE S RIE 7 I FOR
TEZe0 7 CTA MR B 8oy E PRI ERE, LA
s iR =%

2 REFIMHMR

AT fE (artificial intelligence, AT) {d 5
PORB N B YER I e Sy, BTESL IR NH fE
55 9 A 34k . HL#% %% >J (machine learning,
ML) J& AT R4 302, dl i 3 B by ) 5
fl B, RS> (deep leaming, DL) '
W Z AR (I8 26 p 22 00 45 15 BRI 2%
( convolutional neural network, CNN) . V& B 1 & ™
%) SEBEEESE], R HM R EBRHER A
FEMREST, 78 PR AR oy BT 55 P R BE A 2 5 A
o DL BRI AT FEFARTEROE A 35>, 58 mHs
JER=AP G, HESh T 3 Mk A 4 AL ) =

. 58 .

U R Z PV REAE , B 25 (A 45 F ANl AR A
KHEHRAE T AT BE” ™ . 2T DL AR R E
SR TSRS BRI A AR AT R R B
ZEHN S N, 7E CTA EGJ54bHH, DL HAR M
H SRR T T B B, 4 Ak B 39 Y
i, $T TiSWrEeR' " o Hal s R BURR K 8
SRS LT 8 1k, AT R R R ) A 2 s [R) G
2, PR A I A1 Y AR A AR S
DL $i AR AE B 22 % 43 ) v © U B 3 0E i, (HA
AT G bm 3 A R . BT Z AL R T A PR AF Hk K
FE A e RO 4 1Y B 2 R 4 R A 2 Y R i oe iy
o

3 LELEBRGBREIAE
3.1 fEgHEAE

fege 1Tk, B Ba i &5 #
5 ARSI SR TR o AR JE AR e i T
P T BT 48 R A4 WK BE (AR A 18 E 8 BRI, TEdR/ N
RERLIZ KBRS T, M2t e i bR %, fix
ZyEIEART o MRS HR I o R X A 2
FArE], AR H AR KR DX 1 DR LU
G581 o TR SEHIE B HE T AR A8 Sl AR 42
BREAE R, WX 700 B T ARAN — 58 B 73 A1 9 728
SEE o ARG FI AR AR IBURFAE , iz o
RIVEIIEZ AL RE T1, 2 5 Bk Bt T 2 23
#, B — 2 R RIn L.

3.2 ETFDLHEIFHE

DL Jf i A4 3 52 s ol e W 2 00, R TT 2 )24k
AR, AT A SINZEG P CTA G AliIBCRAE
OrE, BORTAE S T-gh e A i BB 72 . A0
DL F%H6F CNN R TR 80U, TELME R
SR Y T TR 1R I AR AR R AR s
2015 4 Tong J 257" 42 A M 2 M %% (fully
convolutional network, FCN), F#FH)Z{C%E CNN
ez, PR Lz, SREBIR RS
2, TEEUG 0 B SUSIBT E BAL GE 0Tk RS L o I
J&i » RefineNet SegNet 55% [ ] T &l 15 0 1 By #f 42



ESERFHRE 2025 FEE46 H556 H

il

JOURNAL OF MEDICAL INFORMATICS 2025,Vol. 46 ,No. 6

W2 Kt B2 7% Ronneberger O 282" 7 FCN 3%
fifl b T At g — FR RS AR A5 A BT R 4% U -
Net, U -Net HA MRl & 142, REA R o220
P 52 2% gk v R 1 A 5 R T R 5 B BB 3 el R
JERAERITRJZRFAE AN, FE DR 4013 0 A ] I 5
WG RR R P E] . U - Net 425 Bk BE 24 ]
B RIS Z AT ST 05 0], R AT A 285 A 7
PP BN U - Net + + 38 38 22 6 72 1% 48 1 Bk
BRI s AR 5, E— 2P s 20 g 0 A T
HiPERIREEYE. Chen J 2517 3R 4 4 1 sh &2 W
XA 55 186 VA 7 7 S350 MVTT, 5 2 > Fn gk
R A~ JMAE N T FCN, - J i 7 5 L] [ i
B2 Py ML D ROR, WU R PSR Savioli N
AP T S B S —— R e B B
ZM 4% (volumetric fully convolution neural network,
VFCNN) , BEM i 73 i A (& v 7 300 1 B A0 o i )
giAl, HAYR=YE BN SUEERET), i LRk
BRI A YN Z5 IS 46, Chen C 257 1 3D U -
Net, i fEAHRAESF MISL AL, (24155 2% 4Rk
FRERAN A0 A5 B 5 BT HERA 1 381, AR50 HI 220 b
LA I i 5 AR P 4 L W AR 5 T R o 7 AR By
Bl AR

Nagarajan V. D % 5 1y, B0 L% () fil A B
AN O MV AR SR S i B 4R T, %
i THRAIE B SR IRE ) ST S LAk 3 R Ko AL e
MRFEedRTE, DL SR IEB L BAL Gk, ol
RIS R X T s CTA K& A shar
FIE , ORTUHET BV E XS W RN YT P BRAE B &
KHEE, DL AL 7e 0 by G o 81 9 N T B T $
i e BTN ARG SRR 1

4 BBgoBEIRITEM
4.1 FHEIERR

Dice & (. 3¢ 3t It (intersection over union,
ToU) #1 Hausdorff #5 (HD) J2& Haij# H 170 &4
Pro Horr, X BUN XAk, YV Oy ESCIXE; EA
MR R K A EAED] (true positive, TP) , R F
BEBR NBUER] (false positive, FP), REor#l

X R R M E ] (false negative, FN) ;
d (x, y) B~ My ZEAEEE (HEH EOLE
FHIEES) , inf FRER/ME, sup ZoRim K IH.

Dice 22X 1XAYVE _ 2xTP 0
TIXI + 1Yl 2xTP+FP+FN
uo XNy e (2)

T IXUY!l TTP+FP+FN
HD (X,Y) = max(sugin£d(x,)f),sue inid(x,y)) (3)

Dice F AN loU 33 4 3 F 5 B X I8k (19 PP A 45
bR, R PN X3 S DR A B E o 73 %
B R Gy B G R . o R EIKOE T
Dice ZBOW IEFEA T S mAN T, 7RI AT i
VB ws A . HD 38 5 58 5 4 3 1 i) e
TR B AL 2 R AE R A oK IR 22, WA IRZE ]
SRR o SR, HD X5 (U, D BUNR
ZE ] RE P ECRIRIEAL G R I R, NI, 477
Rt R iy, BRI 5 R 4, HD ] fE
PN i

SEPRRL R, e IS A AL 1 bR B OCE B
HD n] 75k 5 00 50 5 1) 757, REA A0k ) 301 5 240
Tl 22, W DR A0 /NG5 S . ToU AT ik 6 K 17 A1
o R s oy H, A B DR A 75 25 b e A LA
P, D RTER 5 R 0 H] . Dice 28 %0E AL B
NEAR ], PO IEAEARCE R, B RO T
K, /N ERERE

RXLEPEAL 45 A5 15 A [R] BT 3 5 R Al BE 7 2R
B g, AbBU/NEIREER, Al RET 4 A S Rk
FIRRIZ AL RE S PEAL , DIBR PR R B Bds E 3R
o [N, BEHE XAl BRI AL, R W
TEVRZB AL B, QTR 00 25 2R (1 ] L AL A ]
fEERERRFAL 20 M, LA PR AR B Sk p P ok i e
SR HAEIR RS B i ez B

4.2 #1% DL & BRERIRT L 4

FERTE Lol by CTA BB 50 HI69 DL B, A
[l DL BB BLHE 25 A LS R pRIE, R 1, Aok
e FERR BT B o . A R SRR R fig
YRR RITRAIR R, At — 23T 700 B3 TR 73 1
F9 I PR IO FHAACR o

- 59 .



EFEBFRE

2025 5546 H556 H

JOURNAL OF MEDICAL INFORMATICS 2025,Vol. 46 ,No. 6

x1 EOEEGSEH#E DL R
SCHik SrEgr ERER PGS SRR P Jey R I R 5 P

Mortazi A CNN CT Dice %K WAL ZID THRAE R (RIS FEM AEAE M 1o 152 7 7K S 1 A1 500
2 [20] R AP S A T AR AT 90 1 SR 3 K

P ALY
Long J FCN — BEHEIE; ToU BBl AT AN oY= 1 R TR o o B e e XEAZNFERIRHA TR R
a(21] WIRRPATER AT IR T L, WEWRTET

PEfE

Ronneberger O U - Net 2D-CT  Housdorff B E; RSB — R AB T INGS BT EH A SIER DL )k B2 E %
(4] Dice £%(; loU BH—1fk; RMSprop 8 [MIAUBBIETZ) W, HAS R PRBUBUSMA B

T X D 44 3 A T e HANMAEZE TR

KSHCEH SR
Li L %:[20] U-Net++ MRI Dice % F1 {8 WA EORAESMARAEE A > EIERE  QURMRAETME IR EIERE

MR/ FEMI R S

i 3 A /N [ Y

PN
Chen J MVTT MRI Dice % WER—1E AT FRMRE NIRRT W BEBURE AT, B
(2] HERZ A% BAEEZER IEEGITIFIIAYT R

BTN R AR R
i

Savioli N V-FCNN  MRI Dice Z%4; KM Iri#2E M Dice Loss — 4rEIPEREMF 2] AFHIE IO H R R op — 2y
z: (28] Housdorff i % HIR At/ ME eIt W) R i 25
Chen C 3DU-Net — ToU 0 3D A, fla. iz BHEERESK BT ZHAL LY E K
2:[29] 3D HM. 3D FRibfl Iy EL S5

3D EEBE; i

H—1k

T =7 TR

5 BEFRE

5.1 RO

Fe by CTA ER B 2l 43 FIWF 52 B0 2 35 0F
J&, EAMFENT T DA FF IR AR . 10,
TERCHR AR D7 1T, e B (Y CTA R R B8 56 7 ik
HAREE BA & 55, BHAS T DL A 32 U Y b %
Feo Uk, B AR MR 52 2 Mt 2 2 11 WF 50 1
IR PEARZ —, PRI A H CTA BB ER K, #
A BERRRER R E R R R, &
Ja, SrEIERE AR, 0 il B g s AR s E A
UL, W IR . BRI, BUA TN IAAE
Zeb by CTA EME A g 7 # SURIRAG T — €t e,
HAS A et = 1]

. 60 -

5.2 AREHRAEEIN

5.2.1 H¥kfhfe —RIWEELIHR DL MLxLs
¥4, 4N Transformer, Capsule Network %5, 54> %]
KEEEFNE IR . R R BER M B, 51 AR X
PUMZRSERI BT~ T, SEBIE S SR 78, 42
THERNZALRE S . = R4 G T Al o ) 55
i, TsEACRL T R B S L, R A [ B
BERGIRIAEE TG K o DU XS 20 %) H AR &2 Ak, &
RN F T B PLHR SEHAR, SR BRI 72
O Pl SR 23 HIRE T

5.2.2 WARNRAAMMAEZHERA —RITE
KA Z ot I R UE B 5T, 30k 38 1 75 AN [ i
& RAEE AR RO E YER T SRR, D i R
AR BEIESE S5 . IR 255 R AR I PR A5 K P52 P



EFERFRE 2025 FH46 56

JOURNAL OF MEDICAL INFORMATICS 2025,Vol. 46 ,No. 6

YRR, Witk DL B ERE 5%, LB A 3
Aoy FIAE R R i 5 A, R R R TARRCR . =
e BB E A % 4x, iR DL BETE IR R
SRR A MR A

6 %A

DL HARTEZE O 7 CTA B4 E 3l 43 ) v Bk 2
HHLRE, N2 AAY TR T 3R ARSOh
DL EBE“Z52 AR AL PRV B R 225, A A —
TEWTFE T SCRSEERAN B . SR H AT S AE T 52 Bk 11
AT, ARAMIFTE N S TE Rk Al B LA I
PRI A AR, s 5 2 B 1, B R 2R
AL TRRIB AR B 2 K AF 207 i, SRR HES)
DL fEPR 2 AR A PN K Ji . B2, 26T DL 1Y
Jelo B CTA S A Bl e B I RS B A 18 FH i
VR, AEYREIRAR R K LA FE o AR )

VEETTHE: RE AT CRIAA, XIBE; TR
WRBER; ERBR T ASIT; AT R TR
oA BER%H,; BRERTAR TR, BERT
FISRAER: TAEHFAREEA LT R,

225 3k

1 KORNEJ J, BORSCHEL C S, BENJAMIN E J, et al. Epi-
demiology of atrial fibrillation in the 21st century: novel

mthods and new insights [J]. Circulation research, 2020,

127 (1), 4 -20.

2 OLSEN F J, BERTELSEN L, DE KNEGT M C, et al. Multi-
modality cardiac imaging for the assessment of left atrial func-
tion and the association with atrial arrhythmias [J]. Circula-
tion cardiovascular imaging, 2016, 9 (10) . 4947.

3 KULKARNI N, SU W, WU R. How to prevent, detect and
manage complications caused by cryoballoon ablation of atrial
fibrillation [ J 7.
2018, 7 (1) 18 -23.

4 SKRODER S, WICKBOM A, BJORKENHEIM A, et al

Arrhythmia & electrophysiology review,

Validation of a handheld single —lead ECG algorithm for at-
rial fibrillation detection after coronary revascularization
[J]. Pacing and clinical electrophysiology, 2023, 46 (7) :
782 -1787.

10

11

12

13

14

15

BRUNDEL B, AI X, HILLS M T, et al. Atrial fibrillation
[J]. Nature reviews disease primers, 2022, 8 (1) 21.
GUCUK IPEK E, MARINE J E, HABIBI M, et al. Associ-
ation of left atrial function with incident atypical atrial flutter
after atrial fibrillation ablation [ J]. Heart rhythm, 2016,
13 (2): 391 -398.
AQUINO G J, CHAMBERLIN J, YACOUB B, et al. Diag-
nostic accuracy and performance of artificial intelligence in
measuring left atrial volumes and function on multiphasic CT
in patients with atrial fibrillation [J]. European radiology,
2022, 32 (8): 5256 —5264.
THOMAS L, MARWICK T H, POPESCU B A, et al. Left
atrial structure and function, and left ventricular diastolic
dysfunction; JACC state — of — the — art review [ J]. Journal
of the American college of cardiology, 2019, 73 (15):
1961 —1977.
DEY D, SLOMKA P J, LEESON P, et al. Artificial intelli-
gence in cardiovascular imaging: JACC state — of — the — art
review [ J]. Journal of the American college of cardiology,
2019, 73 (11). 1317 -1335.
SANCHEZ DE LA NAVA A M, ARENAL A, FERNANDEZ
— AVILES F, et al. Artificial intelligence — driven algorithm
for drug effect prediction on atrial fibrillation: an in silico
population of models approach [J]. Frontiers in physiology,
2021, 12. 1-14.
NOSEWORTHY P A, ATTIA Z I, BEHNKEN E M, et al.
Artificial intelligence — guided screening for atrial fibrillation
using electrocardiogram during sinus rhythm: a prospective
non — randomised interventional trial [ J]. Lancet, 2022,
400 (10359) . 1206 -1212.
NASER J A, ATTIA Z 1, PISLARU S V, et al. Artificial
intelligence application in graves disease: atrial fibrillation,
heart failure and menstrual changes [J]. Mayo clinic pro-
ceedings, 2022, 97 (4). 730 -737.
AZAM F B, ANSARI M I, NUHASH S S K, et al. Cardiac
anomaly detection considering an additive noise and convolu-
tional distortion model of heart sound recordings [J]. Artifi-
cial intelligence in medicine, 2022, 133 (11). 102417.
HARMON D M, SEHRAWAT O, MAANJA M, et al. Arti-
ficial intelligence for the detection and treatment of atrial fi-
brillation [ J ].
2023 (4): el2.
MANNHART D, LEFEBVRE B, GARDELLA C, et al
- 61 -

Arrhythmia & electrophysiology review,



EFERFHRGE

2025 5546 H556 H

JOURNAL OF MEDICAL INFORMATICS 2025,Vol. 46 ,No. 6

16

17

18

19

20

21

22

23

24

Clinical validation of an artificial intelligence algorithm offer-
ing cross — platform detection of atrial fibrillation using smart
device electrocardiograms [ J]. Archives of cardiovascular
diseases, 2023, 116 (5): 249 -257.

KAMINSKI A E, ALBUS M L, BALL C T, et al. Evalua-
ting atrial fibrillation artificial intelligence for the ED . statis-
tical and clinical implications [J]. The American journal of
emergency medicine, 2022 (4) . 98 - 102.

HAUTVAST G, LOBREGT S, BREEUWER M, et al. Au-
tomatic contour propagation in cine cardiac magnetic reso-
nance images [J]. IEEE transactions on medical imaging,
2006, 25 (11). 1472 —1482.

ULEN J, STRANDMARK P, KAHL F. An efficient optimi-
zation framework for multi — region segmentation based on
Lagrangian duality [J]. IEEE transactions on medical ima-
ging, 2013, 32 (2). 178 - 188.

DIAO K, LIANG H Q, YIN H K, et al. Multi — channel
deep learning model — based myocardial spatial — temporal
morphology feature on cardiac MRI cine images diagnoses
the cause of LVH [J].
(1) 70.

MORTAZI A, BURT J, BAGCI U. Multi — planar deep seg-

Insights into imaging, 2023, 14

mentation networks for cardiac substructures from MRI and
CT [C]. Quebec: The 8th International Workshop on Statis-
tical Atlases and Computational Models of the Heart, 2017.
LONG J, SHELHAMER E, DARRELL T. Fully convolu-
tional networks for semantic segmentation [J]. IEEE trans-
actions on pattern analysis and machine intelligence, 2017,
39 (4): 640 -651.

LIN G, MILAN A, SHEN C, et al. RefineNet: multi — path
refinement networks for high — resolution semantic segmenta-
tion [ EB/OL]. [2024 — 09 - 27 ]. https: //arxiv. org/
abs/1611. 06612.

BADRINARAYANAN V, KENDALL A, CIPOLLA R. Seg-
Net: a deep convolutional encoder — decoder architecture for
scene segmentation [J]. IEEE transactions on pattern analy-
sis & machine intelligence, 2017, 39 (12). 2481 —2495.
RONNEBERGER O, FISCHER P, BROX T. U — Net: con-
volutional networks for biomedical image segmentation [ CJ.
Cham: International Conference on Medical Image Compu-

ting and Computer — assisted Intervention, 2015.

- 62 -

25

26

27

28

29

30

31

32

33

34

WINTHER H B, HUNDT C, SCHMIDT B, et al. v - net:
deep learning for generalized biventricular mass and function
parameters using multicenter cardiac MRI data [J]. JACC
cardiovascular imaging, 2018, 11 (7). 1036 —1038.

LI L, ZIMMER V A, SCHNABEL J A, et al. 2021. Atrial-
General ; domain generalization for left atrial segmentation of
multi — center LGE MRIs [ C]. Strasbourg : The 24th In-
ternational Conference on Medical Image Computing and
Computer Assisted Intervention, 2021.

CHEN J, YANG G, KHAN H, et al. JAS — GAN: generative
adversarial network based joint atrium and scar segmentations
on unbalanced atrial targets [J]. IEEE journal of biomedical
and health informatics, 2022, 26 (1): 103 —114.

SAVIOLI N, MONTANA G, LAMATA P. V - FCNN: volu-
metric fully convolution neural network for automatic atrial
segmentation [ M]. Cham; Springer International Publish-
ing, 2019.

CHEN C, QIN C, QIU H, et al. Deep learning for cardiac
image segmentation: a review [J]. Frontiers in cardiovas-
cular medicine, 2020 (3). 25.

NAGARAJAN V D, LEE S L, ROBERTUS J L, et al. Arti-
ficial intelligence in the diagnosis and management of ar-
thythmias [J]. European heart journal, 2021, 42 (38):
3904 -3916.

LOPEZ - LINARES K, ARANJUELO N, KABONGO L, et al.
Fully automatic detection and segmentation of abdominal aor-
tic thrombus in post — operative CTA images using deep con-
volutional neural networks [ J]. Medical image analysis,
2018, 46 (5): 202 -214.

KANG E, KOO HJ, YANG D H, et al. Cycle — consistent ad-
versarial denoising network for multiphase coronary CT angiog-
raphy [J]. Medical physics, 2019, 46 (2). 550 —562.
FANG T, LIU N, NIE S, et al. A deep leaming and ra-
diomics based Alberta stroke program early CT score method
on CTA to evaluate acute ischemic stroke [J]. Journal of X
—ray science and technology, 2024, 32 (1) . 17 -30.
JABBOUR G, NOLIN - LAPALME A, TASTET O, et al.
Prediction of incident atrial fibrillation using deep learning,
clinical models, and polygenic scores [J].

journal, 2024, 45 (46) . 4920 —4934.

European heart



