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[Abstract] Objective To explore the value of cardiodynamicsgram (CDG) obtained from electrocardiogram
(ECG) data by radial basis functionradial basis function (RBF) neural network in early diagnosis of patients with acute
coronary syndrome (ACS). Methods Retrospective analysis method was used. Patients with chest pain as the main
initial symptom in the emergency department of Baoan District People's Hospital of Shenzhen from October 2021 to
September 2022 were enrolled. Baseline data were collected, including gender, age, smoking history, family history of
coronary heart disease and history of hypertension, diabetes, hyperlipidemia, and atherosclerosis. The first 12-lead ECG
was recorded after admission to the emergency department, and electrocardiodynamics analysis was performed to generate
CDG. Receiver operator characteristic curve (ROC curve) was plotted to analyze the value of CDG and ECG in the early
diagnosis of ACS and non-ST segment elevation ACS (NSTE-ACS). Sensitivity, specificity, area under the ROC curve
(AUC), and 95% confidence interval (95%CI) were calculated. CDG and coronary angiography results of 3 patients with
ACS with normal ECG were observed and analyzed. Non-ACS patients with normal ECG but positive CDG were followed
for 30 days for adverse cardiovascular events. Results A total of 384 patients with chest pain were included, including
169 patients with ACS and 215 patients without ACS. The proportion of male (87.0% vs. 53.0%), smoking history (37.9%
vs. 12.1%), hypertension (46.2% vs. 22.3%), diabetes (24.3% vs. 7.9%), hyperlipidemia (55.0% vs. 14.0%) and history of
atherosclerosis (22.5% vs. 2.3%) in ACS group were significantly higher than those in non-ACS group (all P < 0.05). The
ROC curve showed that the AUC of CDG diagnosis of ACS was higher than that of ECG [AUC (95%CI): 0.88 (0.66-0.76)
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vs. 0.71 (0.84-0.92)], the sensitivity was 92.8%, 78.6%, and the specificity was 83.3%, 64.2%, respectively. The AUC
of CDG diagnosis of NSTE-ACS was higher than that of ECG [AUC (95%CI): 0.85 (0.80-0.90) vs. 0.63 (0.56-0.69)], the
sensitivity was 87.1%, 61.3%, and the specificity was 83.3%, 64.2%, respectively. CDG of 3 patients with ACS with normal
ECG showed disordered state, and coronary angiography showed = 70% stenosis of major coronary branches. Of 215
non-ACS patients, 20 had a normal ECG but positive CDG, and 3 developed ST segment elevation myocardial infarction
(STEMI) within 30 days, and 2 developed unstable angina (UA) within 30 days. Conclusion CDG has high value in

early diagnosis of ACS patients and is expected to become an important means of early diagnosis of ACS in emergency.

[Key words] Acute coronary syndrome; ~ Cardiodynamicsgram; Neural network learning; ~ Artificial intelligence;

Electrocardiogram

Fund program: Key Medical Specialty Project of Shenzhen (SZXK047)
Trial Registration: Chinese Clinical Trial Registry, ChiCTR 2400079774

DOI: 10.3760/cma.j.cn121430-20231009-00851

SVETREKZE A (acute coronary syndrome, ACS)
58 S TR BN Ik GRERK ) A ASEEE 118 o A Rl A 3k
Hemle B4 v 7 200 AL I 98 SR80/, A0 45 ST Bedfims
UM SE (ST segment elevation myocardial infarction,
STEMI). dE ST Bt #6550 LA FE (non-ST segment
elevation myocardial infarction, NSTEMI ) FIANER 2 7Y
L8 (unstable angina, UA ) Attt AR A
it 700 T ABSWT N ACS P, e E, ACS 1%
P SR ARG N, B ARG T A T ) ACS R JE I
S RS T I A AL, 8 T 2R B B
AU I R E B T 2 s fEEE R E AT
oo KB TR s 0 A BT A A s TR A
i FEOAE KB 1A SR ERR A N O A BG , 5 41.8% 1
ULAFK, B ACS BIGST T EBOARWTE % , e kA
HETIRYT EBKAEN TR S MBI BOR I &
JZ IR, ACS BRSERAT B R (H R
FERY R BIIFARE T Bt s, 22P T ACS i
CWrRE AT 2t — D3R i, 75 0 n] BE Sl Skl
WUAEBE (acute myocardial infarction, AMD) I IRIGIF
MY CHERT L 7E3E I, fadr 2 o2 BHRE UL
EVR, B H 247 800 T AU, [HAUA 10% ~20%
(R R AL 0 ACS T RS R E
LB 10 4F (B H 2% ~ 10% (¥ ACS B eSS
O JWETE K50 WU AR B ARG EO U TG 3)
Y 40 A A FE AR 2R 0 HE 1] (electrocardiogram,, ECG)
EIREG P LG AMI S W T 3280
JIE A W b 25 ) A i R S K-, A A LS 2R P,
R Ak WU I OO A bR s R
ONUESE R A5 UES 3 K75 % 3 ~ 4 h A fig
L DRI e i A 5 A R R
Pt 22 ACS B LBk M Y L2 K B
A HE IR E X

PEAE R, N T RO AE B2 7 el PR 13K i
TEfe e BCG XU IS B B2 Wi T B 1 # R

710, RPN N=C P | = (cardiodynamicsgram, CDG)
WL R4 ECG ST-T B Kty i [a] & ST-T 3 %4l JF
AT BASEBL T, ARBCOHLBI ) 24055 Rk FhZe
B AE O WL 5 T i Bl ) 2R IR R AT AT AR Ak Ak B
ZG =l RN (1¢ 1 SRR AT WG SR A = = s A
FE A 5 O RRURR A B 5, B O LB 5 () 5| %
Fi83 .o JIFE HEL 5 20 01 58 I S A5 A ik, e
H I CDG G TR, S8 e A 5 AL AL
AR R B, H CDG B R 24T TR
IIfi AR 56 £ W], CDG 7E ECG 1E % 88 K E0E I Xt
U JIL S5Fe ot 6 000 Yy ol J R A AR S B 43 1 A 90.3%
83.3%, W] WA T4 B BECG ™. CDG %t 56 0 9 1Y
HI2 W B S UM, HAME R R, sh 3
22 AR CDG AT W, A S Al ACS g &
R bk A AJGIT (pereutaneous coronary intervention,
PCL)Fi - CaWUBR LAY 161 BAR EAA BFSETE CDG
FELAGPRS IO STy TRTERAS T 2E 2 5 CDG 761
2K AGS 7 TR I R A 52 A 2L, LR M R R S 1
AJ5 TG RAEA B PRAFE ST HE— 2P UESE . PR, AR OB
HE— 0T CDG X ACS & O JUL B i 307 i A 114
I RANE

1 #pl5AZE

1.1 BFSEXTS R Im M ST, BE4F 2021 4F
10 J1 % 2022 4F 9 A “Hadi . W re]” stz FiRdi
FRXANRER 22PN EE .

111 AR . © il =18 F% ; @ KAz
k2 ; @ MEE ACS,

112 HEBRARAE : © AR EOHRE O T
VLB O WL /O ISR Hh AT AT — g
@ sk IR BBk | BRI
FELETENRE ; @ REAL U S O TR L
@ GIEEMEME s @ I EIFE IR A

1.1.3  2WiksifE . B Wik S % (At dkei G 1E
2 P2 G 15 (2019))3 ), STEMI Al NSTEMI



© 268 FRAR TG TG 2O EE S 2004 4F 3 A% 36 %45 3 ] Chin Crit Care Med, March 2024, Vol.36, No.3

BRI O 2 23 AT RIS 4 a3k — 0 AL
FAERE ST UA BB WibRiE « O A TE LA
oA %) 7 E R USRS i, O B0 SR I (R SE K
@ L8 kR AER BN s @ a1 A H R
PRI S D B8R RS2 A A R AL O 20
O WUREBE A 56 ik i 5% 5 1 o, LAz Bl 45
BB, BIME ECG JCARRY ST-T Bk Ar , {HA4 UA )
AR ERREAR , A PT LABAE R UA
1.2 R AR BTG AR B, 3R
PRI 522 XN R BEAR R ZE 5y At il (R LS
BYL20230103), & (b /RFEHEE 7 ) A
1.3 WF5 ik IR A I — LA 8, (AR PRSI,
W S 9 BB (o0 0 B o I s 5 B L E
BEIRIS . AW RERELL ), A AZIZEHE 10 min 14
T 12 35K ECG, X H 470 #8122 43 B A il
CDG., W% ECG IEH 1) ACS B /) CDG FlTe ki
A5 X ECG IEHH CDG FHYERIE ACS M 1k
17 30 d LA R ARV
14 ECG K CDG U 5115 : AZ22FH5 10 min
W HE M ECG HLOE BUH #L 12 S:HK ECG REE, 1%
EMZEHE R 10 mm/mV, E4CHE R 25 mm/s. H
ECG HLFH I RBLO LS 5o
141 ECG 0951 FF A5 ECG %X 4& ¥ 1 Nihon
Kohden ECG-2350 ECG HLI B, fr 7 12 T Bk ECG
¥t 2 £ 4 0 F &K ECC BRIAENT it BE 1S
LT HEA TR HEBR TP KA BCG Fj™ H
S (U s BE Dy S AR e BE | Z O Bl i o0 5
gl O ENIAE) 1) ECG.
142 CDG BRI AR « e RN IR 12 3
Bk ECG 5 7 A7 Z2 08 b #1, Jf- i FCs vl 1) i
[ (vectorcardiogram,, VCG) DR SO AL AL = Y
VCG 155, [HIZET Do sl Sy pson ) o d i 4
PR K (radial basis function, RBF) #1245 ) %
SHEAE SRR CDG (55 . HE— R R~ F
WA AR LR Bh )y 2F R AR (N2 R FR % 3
RIRGEE ), DA T S BT B9 45 10 UL ot A8 5 L B
FIAEEHE AT AR
1.4.21 5 CDG : B A AHER 12 F B0 AL
WXL e (1), e, ER®, 1=1, 2, «weo T, 0
B e (1), e, ER?, 1=1,2, =+ T | F&4Eh =40
Eﬁ,miﬁﬁ[vi@), UiERB,If=1,2, ...... TTM’ZHH
B

v, (1) =0.381 —0.071—0.13V,+0.05V,—

0.01 V,+0.14V ,+0.06 V,+0.54 V

v,(¢) ==0.17 1 +0.93 1 +0.06 V,—0.02V,—
0.05V+0.06 V,—0.17V,+0.13V

v;(¢) =0.111—=0.2311—0.43V,—0.06 V,—
0.14V;—0.20V,—0.11 V+0.31 V4

Hob v =[v, (), 0,(0), v;(1) ]"ER R G
7S, PR FE P B = 4 VOG (55, BB
BAEROFFEEL , B ST-T BE, #5147 RBF 1 25 [0 4% A
RURIEE . RITIh75 RBF M2 4 HER S 5, (h+1) =
a; [ 0,(k) — v, () ]J+W,"S [V(k)), i=1, -+ Jn, X
VCG [ ST-T A NTE R G sl A3 7 R el pp 28
24383 A E B R [, (1), ER 1=1,
2, e, T 1 ELRALEE « X 26 B A0 1 B ) 2 B
w (1) =TS (VD] ¥ e 1.0 1 B ) 25 B
()= [ WS (V)Y ], Z 4R 0.0 F 3 7 25 KU
w () =[ WS (VI ,S [ V() EE5HT RBF,
W, T, AW, 23 (e 26 A T ik LA P18
T4 T W A R 0 B ) BT A 75
F.0 LS 12
1.4.2.2 OHLBh AR AL

FEACA AR 1 20 2 5 S MR WL A5
o ] 25 SRR A M T T R B0 3 )
SRS ] 22 R A L BRI T

TG X . L B0 7 R 5 15
Fr R A5 4 Wl 15— A0 (58 SR e BT $H
RSB AL B A B — TR AL B B AT
B 2 A A 0 U RIS N 84, jE
{i] 8 >0,i=1,2, " B R ERCKAEIE N
%Eﬁ%ﬁﬁ%ﬁﬁ&b@:z%ﬁ;%ﬁﬁﬁm
o 3 TS SN B B B I T X —
L RE 2 RO k=212 b ]
TR B HE R, (=1, 2, T3 58 3 4
Y 9 7 ) B R T AT A5 15 B B 2 R 2
P AR [S K0

BB AEAE 222 L 3 U T A — A
] 9 ZE 2 - B AR R B L B B F
o4O L B 2R [, (1), % ER', 1=1,
2, e J T, i=1,2,3 ], et BRI 41l — 4 ki .
Xi(t)={ x;(8),x;,(t4+1) fe=1,2, ,'—1,i=1,2,
3. X (1) R X, (k) BORE B P 2 Bt T 2
I (P R, 10 d [ X, (), X, (k) ]. i —
AEE r A G d [X (0, X () ] <r M
T BT 5 8 0 BN FAEL 30l G20, i — 2




rhAfE HE A FBE S 2024 4F 3 %5 36 4545 3 1 Chin Crit Care Med, March 2024, Vol.36, No.3

* 269 -

KA O (=770 G, A kiR, 155
@ (D)= 7255 InC; (Do FFAEE ApEn(i) = @°(i)—
&(i)o WL Uy P B — 2 B A RFAEL ApEn(i),
i=1,2,3 5RO EdE [« (1), xERY Y
AR, B EHRAE R [ S, ApEn® (i)
SR KR P AL s Q 120,
Q=P/(1—-P)

Q BRI R R RS AR KA
R, XA AR LR, RIFHEE T Q 2
PRI R, HL 3 R B — 2. i P ERUESE
B L0, 1%, Q BUETEREN [0, + e ],

B Q AL W HSHEE In(Q) -

In(Q)=In[P/(1—P)]

B HA In (Q)iCHE LinP, 46 2 A5, LinP
5 Q Z 18] A4 38 98 M — 2 L LinP 5 U TS R
[ —oo,+ oo |, 55— [l AR B ik g A o Y HRU(EL
YO B AH ] , BEATL A 6 1 B8 B0 H 1) —38 2 F F 2E S
TR, HAR B A T R s & p A
ZBOM A B 2k [ s T8 2 | R Ap
ﬁ)ﬁﬁf@jﬂnﬂﬁwﬂﬁﬁzf‘” :

LinP= 60+i;15i Xi

HAEARRE TR o FEAS L H Bl ) 2445
R p=2, X AR i A A R HE X (lypnf) 5
AN (ApEn)o PRAbAS 20 ALt A T7 7 «

LinP=-6.6+10.55ApEn+0.015lypnf
1.5 GEiteerik  rA EdiE R A SPSS 26.0 4iit
BAFIEAT AL BN 08T . TR PR B IR S i, LA
B+ bRiE2E (R +s) Fom, AL LBCR FH ¢ K 50
THBCTER A BIEL (% ) Fe s 4L L ECR A x K
of, Fisher K58 MR L. 2041 2% TAEFRE M4
(receiver operator characteristic curve ,ROC BBl
ZWIELEE, TR BURE | R SR ROC #hZE T il
FH (area under the ROC curve, AUC), AUC 7£ 0.8 ~ 0.9
R Wi PEAE 5 >0.7 A Ik R R F (8, <0.7
FSWIEREZ . P<0.05 HERAGITEE XL,
2 &% R
2.1 FEZVOR . ALY A 384 B FLEE ACS
169 7] (Hor STEMI 2 76 5], NSTE-ACS #
& 93 f) Al ACS JiE 215 6. ACS 4L B LA
W AR BB K e L AR BRAS  ei i IALE | 10 A5 S A it AL
Fe A7 BH 5 s TR ACS 2H (3 P<0.05; % 1),
2.2 CDG K ECG Xf ACS HiZ B (£ 21 1) .
CDG £ R W2 K ACS 3% 7 1 A BURE | Fr 7

K AUC B, HYWH BT ECG, RER MER b 2 it
ACS BE DAL M APIRES

&1 ACSAHA5IE ACS AEEEFNELARILR

ACS#  dEACSH t/x’
el (n=169) (n=215) {H P
S (%, v ts) 563+11.6 55.6+95 1.02 0.17
(i (%)) 147(87.0) 114(53.0) 593 <0.01
WA s (4] (%) ) 64(37.9)  26(121) 223 002
S CRFIGEE (B (%)) 7( 4.1) 4( 19) 187 041
L (1 (%)) 78(462)  48(22.3) 289 <0.01
BRI (1 (%)) 41(243) 17( 7.9) 2.00 <0.01
R AE (1 (%)) 93(55.0)  30(14.0) 7.84 <0.01
MR (] (%)) 38(22.5) 5(23) 675 <001

- ACS N2 E K EE AT

KA HURE (%) F55F (%) AUC  95%CI P{H
CDG 92.8 83.3 0.88 0.66~0.76 <0.01
ECG 78.6 64.2 0.71 0.84~0.92 <0.01
1 CDG LB 1K, ECG MO E, ACS &k ks
A, AUC Jy=Zi8 8 TAERRIE e R 18, 95%CT 2l 95% I {5 1X [i]

1.00
0.80
0.60 [
2
&
0.40 |
— CDG (AUC=0.88)
— ECG (AUC=0.71)
0.201 — mHY
1 1 1 1 J
0 0.20 0.40 0.60 0.80 1.00
1— S

H: CDG RO 12, BCG AL, ACS At d ik es Gk,
ROC N A4 TAER-E 4R, AUC g ROC 2R T i

1 CDG F1 ECG B2 ACS 9 ROC £k

2.3 CDG K ECG Xf NSTE-ACS i Wik fE (£ 3 ;
& 2) . CDG 7E R W2 Wi NSTE-ACS £ 3 7 1 1) f
B RS M AUC B, HB¥WT R AL T ECG, BE
TAERf LT ECG 3N A IE 7 sl KEOEH 1) ACS
L

%3 CDG #1 ECG 3f NSTE-ACS KR HAIL % 8E

Ktk BURE (%) FEREE (%) AUC  95%CI P
CDG 87.1 83.3 0.85 0.80~090 <0.01
ECG 613 64.2 0.63 0.56~0.69 <0.01
H: CDG N0 B J1 24 |, ECG g vy [, NSTE-ACS 4 F
ST BHfi s A KL B 1F, AUC 23 TARRAE M 28 T mi AR,
95%CI 3 95% A 51X [i]




+ 270 - FRAR TG TG 2O EE S 2004 4F 3 A% 36 %45 3 ] Chin Crit Care Med, March 2024, Vol.36, No.3

i
#
0.40
— CDG (AUC=0.85)
— ECG (AUC=0.63)
0.201 — B4

0 0.I20 0.I40 O.IGO O.ISO 14I00
1— S
1 CDG AL HLB) J127 8], ECG M0 HL 8, NSTE-ACS iy
4k ST B 2 e kL A 1E, ROC kR
FZIRFH TAERERIZE, AUC 2 ROC £k Fifd

El2 CDG % ECG FHA2Hr NSTE-ACS i ROC 2k

2.4 AMONARIZERG] O EHl1:1 4] 50 2 BrEEE,
ABER ECG B R IEH , {HCDG 4554 B 56 ki
SR PN A2 AT S BE R A S BEATHE >80% 1)
WeAE (B 3), @ 2l 2:1 490 % LB, AbE
I ECG iR IEH {8 CDG 45 5 Jy B, 56 ko 5 46
B HRIR T S TP B2 N 90% , 47 e 3T B SE 4 ] 2
(Jd 4), @ % 3.1 1458 2 BrEE, AR ECG
BRIEH 0 CDG 255 g BRE , S fik 1 5248 7R 72 /il
RSl | ZE Rl S KA EEAFAE = 70% RIS (1S),
2.5 30 d.O A REFEREDIAE A 215 #iHE ACS
BFE LA 20 il ECG 5 IEH B CDG 45558 FH
PE T 30 d DR R FRRETT, 25 R BoR
g 3 fl7E 30 d & STEMI, 2 f9l &4 UA.

RIS 1 S

AR T —Fh BECC ¥l i RBF #h2:
W22 2] FRIG ) CDG, ZrAfTHXT ACS fR 3 U2
B E, I15 % L ECG HEAT X Ho AR LA R 458 -
O CDG FEHIL W ACS H 35 7 1 (BB | 55
JEF AUC 355 F ECG, BE 3 6 b sz w0 LR 1.
FPIRAS 3 @ CDG 2 M NSTE-ACS (EURE | HF
SRR AUC ¥ 8 % T ECG, £ 1 CDG fig B
FHERHIRS] ECG | ST BS LA L1 ACS.

H Al R _L i A ACS i FHF-BER ECG K&
DB FR BRI A . SR O WL b 7 A T
B W RUER R (AU E RIS 2 B LRy 2 O
KN, 2 TR R 5 L, e LR W 75 77RO
AL . ECG Jefied L A 0%  (HHE IR
b7 SR R L S SR R R 4 A B, Hoh
2 25 S WL IE D RER S 1 A= B ROR BRAE L 5001

& ECG 1 ST Bt s AT T I8 28 A5Gl it 4 24
AFKT ACS W B BB XY B, BECG X
ACS 12 W i) BUR% B AR S B SR o e O LR
B 2 B 1) ECG IE BURBUE R, RN
ST Bt M T W s Ak, 38 R R A ekl s
PERFFE R, 29 10% ACS A& ECG n] R BN IEH
S REUE S, HAR N P AT R = S 1 il PRAE
RPN THRE BCG 75 LI i 5L AG I v )7
A, EBRiG £ 2450 ECG AT TR AWFSE ik
[ SR B4R T B TR A9 7 58, (H AT S AT g Rt
‘@ﬁ]K%““’mo

AHIFGE A FH DA 5 2 ) A SEmh 45 G AL as =% 2
IREL CDG , R 1 6 i 755 o 25 L ARSI 00 AL
Bifi, MLES2E > R FShAS RBF #2845 HEH g%, 4
VCG L ST-T AN TE RGN A VAT SRl e i 28
) 245 308 ST, YR O FEL 1] S 5000 P o 28 P 5 A8
LRSS R R IO TR CDG T X gl
B T =25 % 2 Ak /e ECG BB INSCES , Kbt
JULERE a5 35 5 A 5 A R AR RS R R
CDG FH i A5 ACS & AU E | KR 52 AUC
BT, ik 92.8% . 83.3% . 0.88 , LT ECG(HU%
R 78.6%, ¥7 SR 64.2%, AUC K 0.71), T X
T NSTE-ACS 932 i, CDG M T ECG T REAA )
AL#, ECG 12 NSTE-ACS B AUC {X K 0.63, 1
CDG BYAUG IK 0.85, A5 7, 169 i ACS &
HH PRI ECG RN IEH BRBUE R & A 45015
20.9% ), HH A 40 1] (15 18.6%) 4% CDG 2 HL
R AL IR . A 3 Bl B35 AR ECG
PIIEH {H CDG R ASHIIE IR, 2876 ik 1 7 A6 A 3
PR T K A2 AFAE =T70% BB AE . 215 Bk
ACS fEH A 20 ) ECG 458 1E % i CDG £
B, X s AT T 30 d O I AN R F b
Vi, KIHRA 3 178 30 d W& A T STEMI, 2 il %
AT UA BB CDG fEFE ACS 14 0 2] LSk
IR 5 SR X i3 ¥ 4 S 2 SR BRI, P i, 4
5o K 2 R A A | B iR R A SR i A i, R AR
—EFLE I ACS BIRE, R ATRIER

VAR AR 2F 2 TEAR Z 4IRS T B R ),
{E R ke = ml AR, B R BR ) 1 oA B 7 B85
FSEF O DA 5 2 > N A2 S HL a2 > 3R
) CDG HA RAFA T 32 PR ml i e, 297
N T e R G000 AT R = AR I IR R Ky FH )
HIE B RAF A E R G, o N TR B R G



rhAfE HE A FBE S 2024 4F 3 %5 36 4545 3 1 Chin Crit Care Med, March 2024, Vol.36, No.3

« 271 -

JL ummwmml;ﬁ,ﬁ—meﬂh—Ji RES
I e e S ur
B SRS o 11 I'\_J'/L\Y_a %4

Bptrnapod /‘J'ﬂ-ﬂ/ ] M'V

PHBIEE s ] LMM ht
Bt i&!@@%

RMWW“WFWFMW

M»MM«»MHL—{N@W
ﬂwmwwﬂww
! Wwwmw%whw

B3 1450 59‘3@‘:"fiﬂﬂlkx:;ﬁ(AC%)%%‘tL‘%l’é—l(EC(‘ A) D EAEN(CDG, B) MKk 54

ZEHL(C)  ECG IEH ; CDG KL

M A8 AR 5 TGRS $ R 20 0T 1 S B K A T e BRAFAE > 80% RezE (L1557 <) B4 14 90 % 4k ACS HF Lo
E (ECG, A). CHBIIEE (CDG, B) KEhki&E s (C) ECG IEH ; CDC SEHELLRE  AEMIIRE 5 Wk s R mike S h Beseas
90% , 47 VT B 5e A 2 (L0 i3k R) BS54 58 % Bk ACS B LHE (ECG,A), wﬁz‘jmi%lﬂ(cnc,B)&ﬁﬂzhﬁ%%%(c)
ECG IEH 5 CDG S ELE AN | AEFEARDS 5 ki 4R 22 i 52 L 22 [RTE 32 KA e A7AE = 70% WB7s (L0 TR )

AW AU i B, rTRE S T E0R2  Wig, i
T o R A I T 7 R ARBFSE R, CDG Xt
VCG I ST-T S AE R G0 s S AT Jmy i v o o 22
PO 45 AT, TR AT HL [ e R ) Ao 2 I 5 A A
AL VCG b ST-T A APRIRAAE B, i HAL & i
ST-T MR FIE Y 2h 1245 B A sh KR
WFFE B, O WUBR I 23 5 00 FIE B2 AW 245 8] B st 1] 15
B DG B RN 2R L TG 25 4 TE 2545 B % I
JooC WL L5 Co WL 0L | RS ) 524 25 A A o A

faT 5B T AT AR CDG DB X85 3 A mT

fif e A Il R B 55 TR 132

AW FEAFAE—E S B4 (O 202 ABE 10 min
W ECG #17 CDG 4381, K8 &40 CDG 254k, ¥
AHEWIRG ACS Kb 2 JEW—RF ] B CDG RAEHK
YER e 5380 AW M REAS S5/ B ru s [l s
WESE, AR 85875 KAEAS . Z ol 1 BE AL BRI
IRIFSE i — A 55

25 FRTIR AR IE T ECC MR ES T
HRhZE AP E T T R A ACS BE N2
WA AR AN B PR, T LG A . CDG A4



* 272 -

rhAefs FG afBE S 2024 4F 3 J1 46 36 45:%5 3 1 Chin Crit Care Med, March 2024, Vol.36, No.3

ACS 835 5 AT B s i Wi (i, BAL T ECG,
AT IR R BRI A ACS SRE BN AT |
LA R G il B R A i o

RIBRZE A4 7 R e

5% 3

[1]

[2]

[3]

[4]

ESC Scientific Document Group. 2020 ESC guidelines for the
management of acute coronary syndromes in patients presenting
without persistent ST-segment elevation [J]. Rev Esp Cardiol (Engl
Ed), 2021, 74 (6): 544. DOI: 10.1016/j.rec.2021.05.002.

Reed GW, Rossi JE, Cannon CP. Acute myocardial infarction [J].
Lancet, 2017, 389 (10065): 197-210. DOI: 10.1016/S0140-6736
(16)30677-8.

T BT 2 A2 BRI o3 2 | R K TR R ) B S5 4R 2 2
FHLRLY LR E NS, i BT O E PRag i fe ik 22 2
LaRr 4 SR IKG G IE 22 IR FE e (2019) [J].
R ZREEY: | 2019, 39 (4): 301-308. DOI: 10.3969/j.issn.1002—
1949.2019.04.001.

W iR XA AR L O VDR 2018 ML (1.
TR , 2019, 34 (3): 209-220. DOI: 10.3969/.issn.1000~
3614.2019.03.001.

Tk, TARGL , T& . S22 fE FOE B E A TR 0 BT AR &
e BFL ST 1 5 BR BE 2017 4F 3 176 {5 20895 (51 7347 ()]
rhAs G R A |, 2018, 30 (10): 987-990. DOI: 10.3760/
cma.j.issn.2095-4352.2018.10.017.

ST ABFIRE L akA L S5 MR O AL X S O AL R
I PRCRNRCR B2 ()] ARG B 2 R 2 L 2016, 28 (7):
640-642. DOL: 10.3760/cma.j.issn.2095-4352.2016.07.014.
American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Heart disease and stroke
statistics——2015 update: a report from the American Heart
Association [J]. Circulation, 2015, 131 (4): e29-e322. DOL:
10.1161/CIR.0000000000000152.

American Heart Association Council on Epidemiology and
Prevention Statistics Committee and Stroke Statistics Subcommittee.
Heart disease and stroke statistics—2023 update: a report from
the American Heart Association [J]. Circulation, 2023, 147 (8):
€93-e621. DOI: 10.1161/CIR.0000000000001123.

van 't Hof AW, Liem A, de Boer MJ, et al. Clinical value of 12-lead
electrocardiogram after successful reperfusion therapy for acute
myocardial infarction. Zwolle Myocardial Infaretion Study Group [J].
Lancet, 1997, 350 (9078): 615-619. DOI: 10.1016/s0140-
6736(96)07120-6.

B AR W] AR o SO UNUES 2 PR e 2 P Ik e
AE2 W7 K R PG P A T, SE AR IR S I 4 3k, 2010, 21 (1):
46-49. DOI: 10.3969/].issn.1674-7151.2010.01.014.

I IRARF . T K E A AT A I RS W R (9] ST
KB PETZR | 2014, 6 (4): 248-250. DOI: 10.3969/j.issn.1674—
7151.2014.04.016.

Banon . WA, £ HOC NUNLES 8 T 7R E ST B
675 RS K ER SN2 W e B i PR ST (3], o o g 12 45
BaReE , 2018, 25 (3): 322-323. DOI: 10.3969/j.issn.1008=
9691.2018.03.027.

Kagiyama N, Piccirilli M, Yanamala N, et al. Machine learning
assessment of left ventricular diastolic function based on
electrocardiographic features [J]. ] Am Coll Cardiol, 2020, 76 (8):
930-941. DOL: 10.1016/j.jacc.2020.06.061.

Wang C, Dong XD, Ou SX, et al. A new method for early detection
of myocardial ischemia: cardiodynamicsgram (CDG) [J]. Sei Chin
(Inform Sei), 2016, 59 (1): 95-105.

Deng MQ, Tang M, Wang C, et al. Cardiodynamicsgram as a
new diagnostic tool in coronary artery disease patients with
nondiagnostic electrocardiograms [J]. Am J Cardiol, 2017, 119 (5):
698-704. DOL: 10.1016/j.amjcard.2016.11.028.

Kijonka J, Vavra P, Penhaker M, et al. Present results and methods
of vectorcardiographic diagnostics of ischemic heart disease [J].
Comput Biol Med, 2023, 169: 107781. DOI: 10.1016/j.compbiomed.
2023.107781.

Pu LR, Li YF, Gao P, et al. A photosynthetic rate prediction model
using improved RBF neural network [J]. Sci Rep, 2022, 12 (1):
9563. DOL: 10.1038/s41598-022-12932-9.

Liu H, Zhou G, Zhou YQ, et al. An RBF neural network based on
improved black widow optimization algorithm for classification and
regression problems [J]. Front Neuroinform, 2023, 16: 1103295.
DOI: 10.3389/fninf.2022.1103295.

XIVWI, FNCHE , BEAZARE , 45 . Sl > KRR O HL I PP 2k
TENKEREAE B B EE R AARSTFRUWATIE )] e ag B

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Z4ii L 2022, 31 (7): 922-929. DOI: 10.3760/cma.j.issn.1671-0282.
2022.07.014.

American Heart Association Council on Epidemiology and
Prevention Statistics Committee and Stroke Statistics Subcommittee.
Heart disease and stroke statistics—2019 update: a report from
the American Heart Association [J]. Circulation, 2019, 139 (10):
e56-e528. DOL: 10.1161/CIR.0000000000000659.

01 ERE ATRTE | GE O Bl ) AR S B R R SR I S A
APV B FEHERE [J]. SEHL O HLAEA4EE | 2019, 28 (2): 136-140.
DOI: 10.13308/).issn.2095-9354.2019.02.014.

Wen X, Guo BK, Gong YL, et al. Cardiodynamicsgram: a novel tool
for monitoring cardiac function in exercise training [J]. J Sports Sei,
2018, 36 (22): 2583-2587. DOL: 10.1080/02640414.2018.1470070.
T, L (R TE 45 Tl Bl ) E R AR A
FA 2 O WUREBE A B 75 2 AT (D], PP IR 2536 R L 2021, 19 (10):
36-37. DOI: 10.15912/j.cnki.goem.2021.10.015.

AR R | 0 LB 7 2 IR (] R A 16 45 10 LT 1f 7 18
FAWESE [D]. ] N - AR R | 2019.

ZEIEy WA EE  BARKAE  AF O BB R I R A
DKL AUEBE RIS (). REEAS |, 2020, 5 (22): 118-120.
Lei L. Prediction of score of diabetes progression index based on
logistic regression algorithm [C]. 2020 International Conference
on Virtual Reality and Intelligent Systems (ICVRIS), Zhangjiajie,
2020, 2 (32): 954-956. DOI: 10.1109/ICVRIS51417.2020.00232.
Kumari LVR, Shreya P, Begum M, et al. Machine learning based
diabetes detection [C]. 2021 6th International Conference on
Communicationand Electronics Systems (ICCES), Coimbatre, 2021:
1=5. DOI: 10.1109/ICCES51350.2021.9489058.

Sonar P, JayaMalini K. Diabetes prediction using different machine
learning approaches [C]. 2019 3rd International Conference on
Computing Methodologies and Communication (ICCMC), Erode,
India, 2019, 367-371. DOI: 10.1109/ICCMC.2019.8819841.
Mahalaxmi KVK, Rekha KS. Comparison of logistic regression and
concept drift adaptation algorithms for modeling credit card data
set with identification of accurate fradulents [J]. ECS transactions,
2022 (1): 107.

Vasile VC, Jaffe AS. High—sensitivity cardiac troponin for the
diagnosis of patients with acute coronary syndromes [J]. Curr Cardiol
Rep. 2017, 19 (10): 92. DOI: 10.1007/s11886-017-0904-4.
Dianati Maleki N, Ehteshami Afshar A, Armstrong PW. Use of
electrocardiogram indices of myocardial ischemia for risk stratification
and decision making of reperfusion strategies [J]. J Electrocardiol,
2014, 47 (4): 520-524. DOI: 10.1016/j.jelectrocard.2014.04.006.
Tk M . 80 {1l Bt ek R ER A5k 8 O v PR RN ST AT Bl bk i ¢
ZOMHT 0] R P RS A 2oL, 2009, 16 (3): 186. DOL:
10.3969/j.issn.1008-9691.2009.03.027.

Leonard SL. Pathophysiology of heart disease: a collaborative
project of medical students and faculty (July edition) [M]. New York:
Wolters Kluwer, 2020: 134-153.

Ansari S, Farzaneh N, Duda M, et al. A review of automated
methods for detection of myocardial ischemia and infarction using
electrocardiogram and electronic health records [J]. IEEE Rev
Biomed Eng, 2017, 10: 264-298. DOI: 10.1109/RBME.2017.2757953.
Taddei A, Distante G, Emdin M, et al. The European ST-T database:
standard for evaluating systems for the analysis of ST-T changes
in-ambulatory electrocardiography [J]. Eur Heart J, 1992, 13 (9):
1164=1172. DOI: 10.1093/oxfordjournals.eurheartj.a060332.

FEAE T, B A7k A i PO WU 8 B2 LR SE
9 ARSI L (1] PR A SRy, 2022, 34 (2):
178-182. DOI: 10.3760/cma.j.cn121430-20210825-01272.

XUTE . FET00 72 2~ S A0 LR L0140 B 2 18 5 48 LR
LS D) M AR BLTOR 2018,

Trost JC, Lange RA. Treatment of acute coronary syndrome: part
1: non-ST—segment acute coronary syndrome [J]. Crit Care Med,
2011, 39 (10): 2346-2353. DOI: 10.1097/CCM.0b013e31821e855f.
Zhang 77, Chen PJ, McGough M, et al. Pathologist-level
interpretable whole—slide cancer diagnosis with deep learning [J].
Nat Mach Intell, 2019, 236-245.

Zhang DD, Yang S, Yuan XH, et al. Interpretable deep learning
for automatic diagnosis of 12-lead electrocardiogram [J]. iScience,
2021, 24 (4): 102373. DOL: 10.1016/j.15¢1.2021.102373.

Thomas SM, Lefevre JG, Baxter G, et al. Interpretable deep
learning systems for multi—class segmentation and classification of
non—melanoma skin cancer [J]. Med Image Anal, 2021, 68: 101915.
DOI: 10.1016/j.media.2020.101915.

Rajkomar A, Dean J, Kohane I. Machine learning in medicine [J].

N Engl J Med, 2019, 380 (14): 1347-1358. DOL 10.1056/

NEJMral814259.
(e H 399 < 2023-10-09)
(DTGt - skkadE ZR4RF)



