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Abstract

This research first elaborates on the core breakthroughs of Al technology in breaking through tradi-
tional measurement limitations through deep learning frameworks, including the implementation of
accurate segmentation and synchronous calculation of calcium scores of calcified plaques by a multi-
task learning model based on a three-dimensional convolutional neural network, as well as the inno-
vative advantage of spectral CT virtual non-contrast technology in eliminating additional radiation
exposure, which significantly improves the efficiency of large-scale screening and clinical accessibility.
By constructing a multi-dimensional evaluation system, the high reliability of the Al model in calcium
score quantification, detection of small lesions, and prediction of cardiovascular events is verified,
with particular emphasis on its clinical potential in terms of risk stratification consistency, manual
replacement efficacy, and dynamic monitoring capability. The study further systematically analyzes
the challenges from three aspects: technical adaptability, physiological complexity, and interaction
mechanisms. At the technical level, it focuses on the impact of device protocol differences, reconstruc-
tion algorithm selection, and model generalization ability on measurement stability. In the physiolog-
ical dimension, it delves into the potential interference of calcification pathological characteristics,
individual patient differences, and metabolic interactions on algorithmic decision-making. The inter-
action mechanism reveals the synergistic effect of scanning parameters, physiological rhythms, and
multimodal data fusion on result optimization. Finally, strategies such as dynamic threshold compen-
sation, multimodal feature fusion, and federated learning optimization are proposed, and a full-chain
improvement framework from technical research and development to clinical translation is con-
structed, providing methodological guidance for promoting the evolution of AI-CACS technology into
a precise cardiovascular management tool.
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(—) AABRERX

TR BSR4 (CACS)TE NSk FERE AL I BB AR b 8, TN O LS (CVD) KUK 73 2
MEETH, PF7RY, CACS H.OMEFIFMRERAILT R E R FZIEMK, JCHATER A &N B
TG A A B R . 42488 CACS W FE T Agatston F153(AS). AR 4 (VS) R A5 (MS) I
BT, AR BHE T F SR8 X 38, AFTEERAE BB, i (A A iy S 32 i 22 H S5 1) . 451
un, —IIN 404 B B E IR AR, AR50 BN 7 v 7 B TR 2 R A A e e, P AERT i I 10
YRR, HANTRI BRI ) — S AR AE DR BN [1] o

NTHEGEANEARTI I CACS B BoE N RS T 7 m. ZETIRE S0 A sh vkl it
B R N 28 SIS A0 DX IR SERT 2 B SRV T, FEORFEm R I (0 R 2 35 4 R AL B 1) o, gk
VKA AT K 1) Al BRLEE A REVE CT BHNFREAR, BHIEMERIIMK CTA BEH EAESAER 7y,
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PREaA, 2 AT

TESMFRER RN RER, R EITFEEEAIR2]. Al BUEEZ R e E R 15 S
61145 CT (ARt — B0 e 7 PR R 55, 3 HAE ARSI 57 A0 R — B¢ CT S5 s b o A iE k.

(Z) FERINBKESAR 3 (CACS)ZE O LB RS TFA BT I PR AN

CACS HIE ALVl 90 IUE RS 7 IR SR T % WK . BFFT R, AS vF4r 650 100 73, /O ILE 3
RIS K T 5 10%~15%. I RTE FIHEFE S CACS g & NHE R AU VA 4 &, b 0 43+, 100 4311 400
IR 9 R B BB N AN [R] - TSR [3] 0 1, — T2 HO T FEIESE, AS>400 73 10 fE N K AEE
B0 LA B4 (MACE) i XK 2K AR 20 2H(AS < 100)f 3.8 5. (HAEEZMIE, CACS WH4ER ARER
TR RFE AT I I AR (>95%) AT A Ak v R 2 Rk A R S A B BRI AT AE [4]

ITAESR, AI-CACS HiARME— D1 TR RGNS WIAEE. 18I & 2 B EE (546 7 A i =X
PR TR AR SARFAE), Al B AT 3 37O I S A FR0I () DR SR, T IRUB 2 2 RS 4 o B, R — T3l
PRIGUEE R, Al BB CACS 7r2K5 & brifk i — 2ttt Kappa {635 0.91, HAEAEHFIE CT Pr P REF T
0.96 MIZH I HHC REL(ICC). thAh, Al SyFud i e Atk i R B3 (JLH 2 % <3 mm s AEAL), ATk
A 28 7 R A 5 BRI XU [5] 0 IX B8 FRHERN T CACS M4l & AY, T H 171 Bl 25 XU VT AL 452 284 ) e
AR, AN PEARC I A R R A BRI T TV

2. AlI-CACS JUEH AR#EA

(—) ZOBARFEH

AI-CACS Hi AR (A% O AE T8 18 B 2 31 S S b R s kS AL X 30 E sh Ak IR 580 5. Bl
F IR G L T B R 45 (CNN), 456 24155 5 JHESL A0 58 U A BE R )L 4328 K AR 43 [l
Ho KE—IZ RO FEE— P IRIE T Al EYER AT RN, Bk B Al HEER AS. VS 54441 H
BT A AH I R EL(CC) 43 A 0.98 F110.96, HAEMGFIEMIH CT LR %R 0.94 B m—2hE . HB15
MG NReRE CT BICFHEAR, nfEE M CTA B RIS ILE R, B % 7459 5 8- Fa
FR) St 2 2 1) R 6]

Transformer ZEH)7E B2 27 543 0 A AT 1 D442 A AI-CACS AR Sk T8 IALE . 5154 CNN F L,
Transformer i ik [ 5 UL B8 65 2 7 UG X I0E] KRR OC &R, TG A0t @ A AL BB 11 4 S 23 A
B BRI FLHE 1) U-VIXLSTM B A 2254 7 CNN 538 e K40 51012 M 45 (Vision-XLSTM),
G T ARS8 Transformer VRS E 2 LR BR ], LAZR M T TF44 (O(n)) FIAE 5 P9 77 75 3R (O(L)) 28 T ik
& R [ 7]

(Z) FRELIEREZ

Al-CACS FIA I PR R 75 iR £ He A A GG A SR KBk . EEXEAN R CT s, wF
FR Al FIEAE 15 5361145 CT R ERAME 2 7 3% 1145 CT TR heib, Al AR ELBEE
(RS HH 2R B RTI 98.5%, 1M AE T 142 CT Hh 7l ik U BCHE RS Sh D SRS IERACK RIS TR T 2 94.2% [8].

PG B R BT Al DR B E B . JEE BRI T IR I %5 (FBP) i B& ik 4
P, SRS A (<3 mm) IR IEE, (H[R] I AT REASORI A (b1 2 5 SRR Al . BFFLEREH, SR Sharp
PRI AL, Al BRI A R A 2R 5 A% G0 7 VPRI 27%, H 0T 15 B S 48Dy s P 3 131 36 75 it X
it CT MBI AR —BHHI[9]. Bhab, Al BRIz ABE I neE, P& I0IE BonAF /# CT
FIHE AS VPO IS4 22 S TIA 12.3%, 75 18IS B 2 S AR A A A S 45 L3R v s PR 3 12k

3. IGRR BT EIER SR
(—) HEFERAE 52 Hi ke
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AI-CACS AR [l AT RO DEAl 1 B oGy LI e 45 SR A MER ME R SE IG 00 J2 B8 0o I 78 23 SR FH 4L Y
FH% 2 H(1CC) 1 Bland-Altman —E P40 M 4E A% OB FEFR . —TRANN 372 B Hi 2 0 [ B 22 b O 92
I, Al B 3l 5H 1 Agatston £ 53 (AS) 5 THCH BHEE T 3R i S AnE ] ICC {H 511 0.98 (95%CI1 0.96~0.99),
H Bland-Altman 27 5.7~ B Fl 5 R 485 m 25 00A 2.7% + 8.4%, 325 Al 75 BAARF 43 I 5 H A v 1)
AR [EAERRE, BN RUNMSAGAL (<3 mm)BATIN, Al BRIE I AL = 4EE AR N 48 R RRE B
HURE ST, 4 RBUE AL 771 82% LT+ 5 94%, B/ 1 IRAS KUK [10] o 1075 R 20 )2 B8 UE J7 THi» RK
MO NEFZE 2= I T RoR, Al BB CACS 43 28(FE T 0/100/400 73 BIME) 5 % 2 LR 1) Kappa —FE
15 0.91 (P < 0.001), JLHAE AS > 400 ZriIEfadd, Al EELLMAEA R F4(MACE) R Tl #ERf 214
89.6%, S&GTiE LG FZER(P=0.32) [11].

(D) BERFSmR AR

Al FR PR OIS T B 2E 415 CACS ST RIFERAGIG IR TARGRARE o A 22 RFPH R S R S L )
WHALRM, Al BENE RN 1.2 2058061, BfESTFah75%(12.5 4805 90%LL ., H Az
TFE AR TBURRHE T/ N TAE B IS 68%. 7EF IS, Al Bk AT B, "R GRS
A5 b [F T AL FREE I 50 9] CT $dfs, (RS AT IR A 1 H 3 A0 BE B 52 22 300 411 LA b o Al bRt S
F (41 DICOM G5l &5) 5 E B AR B R AR TLEENHE, nl¥ CACS R ABAEEZH TR RS, %
JLI R e S e B B[R] 22 15 38R A [12]. SR, BEFE#E e, Al iz ke i@ amtb——88) 7 CT X
e T IEAIE o, AN [FFHAXA] AS VRO FOAH S 22 53 T ik 12.3%, 75385 30 4% 2 SJ AL R A S 5 LR THI PR
HIEME[13]

4. ®MERDHR

(—) BRER

TR IE 5 SR RURHES AR AE (B LR ) ELEE s I A 15 . AT 3R B, 5&T 3D U-Net E I £ 2
VRFER A WL, ZERUES AL (<3 mm) Kl iR R BBUEIE 94.2%, BE LT 1448 2D CNN 4244(82.5%) . £1T5%
5 CITHE SR [P A B A B 4 E 58 B A 5%, {8 Agatston F143 (AS) A N AH G REL(ICC) 1R TH &
0.98, HH—{T4HEA(ICC = 0.90) BA BEMBE . XEE CT MBI R B AR LS G IR B2 ST D s i i e,
AP SRR R F N 18.7% 5 2 4.3%, fRHR 7 A& S0 71270 i % B 4 T4 5 SO R B 2 vl [ 14]

CT WaARrxH A il & o fe e A B . R 1 KAE CT ML BRI A
12.5% (1142 CT A H i), FEIRTIFRIZ SN 5 SRS X IR . 2 8 S50 8 e s e 23 7] 3 9%
Fe 1mm ZE N E— 20 Kappa {Hi% 0.868, 1fi 5mm 220 BF 2 0.412, R Z /NG
Aear ) 28 G B o IR AR B (IR) B A I i e 75 U A A A A tH B3R 32T 27%, (B HL i 458 0 1] g3 80
B EEARUMEAS, FREES Sharp JEAZ ST AME[15].

[ RV& S R AR 2 AEFE PR B5) 7 CT W& AS Wor 2 ik 12.3%, FEJR T HMML S E
R IR HEAG IR o BRBE PACS RGN BEFERT (3828 SL K1 68%, 1™ i 50 12 111 3 25 M 1) S0 75 >R
TRIE 5 SRR ST R A S I PR 7 SRAFAE 6~8 N H 2EIR, ik 75 T SR L LARE X 85 40995 BRARFAE 1) 30
BIHAL[16].

() =HERFER

1. SRR

AL BEER IR T A e 2 52 AL R IRCR . AUIRES A (<1 mm) Rl Z B S A HEE, LR R 2
FOREAI 3.2 fif o I 50 AR IR B A% i) 4540 S BV AL e AL iR 2208 1.8 £0.7 mm, Tl i = 4k 2= [)yE
FIHUEICAC A R o FRIE MRS AL R R ML Al B AR 7 RBU(CV)THE 15.7%, R8T R XI5
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PREaA, 2 AT

PR Ak 25 B A B v

2. BEMEER

SIS BT AR EREETE: 0F > 75 bpm BIZEIh 53 AS &l 9.2%, TG L H
IR AT E . BMI > 30 & A S5k R BCR A5 1b i AR /iR 23600 2.4 £, 75 B AR AR % Ab
PERERL . PRI SR T iE i B IUZ SR B, (F3E14% CT Idl&E— ki Tt 18%, JUILAEMS M FH 2614
Fitie e R R B 1]

3. R EREm

4 S ARUPIRAS 585 A A A7 76 5 2% QI W PR B 3 DRV A3t FR e b, 3 300 AL 4 B T0I 5 220k
7.8%, TEAWEAL ML (A (HOALS) KR LA PP FUMAR Y . A HREE > 2.6 mmol/L B, I/ B 45 #h it
BUIMEE BB R TR A 11.3%, FHEFS A 5 NSRBI I I L] B ThEEAR 42 B 1 I 451k
SISMAS KIS AR, T R X M 1) DX ISR I 92 o

(D) AR - £HXEEASHBMmAL

1. FI&E - BRRR

71 CT (120 kVp)1E BMI < 25 BEfA {45 1ICC > 0.95, 1H BMI > 30 i DY Tl A L S BUE M H
TF&, ICC fEHF%% 0.82, PRTFRMEAIRRINS TR SE . XFFIE - 2N K RIER T E A5
—— AR R AR A SRR AR R R, MAERAE TS R SRR R Re s sl
SRR EREREP ARG E, AsETESE R NBOESE, TERUE ISR = 1 AT
PR R ME . BERE CT IR GG (1 70 keV) R/ BMI XT HU B 520, £ M AN
PR RRE RS AL AR 20 1 — 20k .

2. BRI

JRIEF I SRS 3R ER 15 6.8%, 5 K i BB A s 51 R 1 LA 7k J0 AR (AR G, B R R
R B e HE R M ARG A [18] o BT OX — R, @O s MK 3 ok R MR 2, RIS Al
RGE ] 4L BN B AR IE AR, AR A RGO A I R B . AT PR AR R I S AL DA —— & 2=
BRI AARRT ) EL I 2 4.5%, A AE S iR I R A G 5% . IXERAIE RS 2 R AR, FE
1 AI-CACS FR G0 10 5% FRd WA 75 R85 (1 B (] o280, ek SIS sl onl K BB U L i) 4t

3. BEAEAMENLH

Al A3 5 AR 25 1 0 ] B (LDL-C) S5 PR i b, S 22 A ASRFAE il &5 TR XU 23 2 HER 22 )N 89.6%
RTHE 93.4%, WiE T “51% - A0 BEA BRI PR B [19]» R 22 BRSO3 o R I VR A 5
MBS FEBAS U TR —— i 45 & LR AW AUy SRt R, W DL R B o R I s e A . B
5 SIHESRASAS 2 Hp O NI T RO TTRE, S HURTE CR P E5040E R RA BT 3 R B Y11 S5t B B K R Tt A 2
R BIF 72 3 I R BT A5 AR 46 (Fed GCNYIE I 2 kAT o6 2 S @ 5 AU RE AL (R0 235 8, R %
Hty Non-11D i 5 350145 B4k, 78 841 5 2 il i A 2 61.8% 73 K UER 2 [20]. EAR LT S ET X
HEEAACRE ST, (H AR IR L% CACS B FL LA B K= X

RO LEEFARMA S AR O ENS, #R T AI-CACS HARINGRRLH 1% 0 i 5 ik Iy

o AT SETAT BRI AT (R IR LR, ERE R A RS S0 (R I 01 7 AL 2 O F T R 5
BHE
S5
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