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Early Detection of Myocardial Ischemia Based on Deterministic

Learning and Cardiodynamicsgram

SUN Qing-Hua' WANG Lei? WANG Cong®>! WANG Qian®* WU Wei-Ming' ZHAO Yuan-Yuan®

WANG Xi-Ping® DONG Xiao-Nan’® ZHOU Bin® TANG Min®

Abstract Early detection of myocardial ischemia is a crucial and challenging problem in cardiovascular disease. In
this paper, early detection of myocardial ischemia with normal or nearly normal electrocardiogram (ECG) is invest-
igated by using cardiodynamicsgram (CDG). Firstly, by analyzing the advantages and disadvantages of existing
ECG-based machine learning methods for myocardial ischemia detection, a relatively large-scale myocardial
ischemia dataset is constructed, which contains ischemic, nearly normal and normal ECGs, as well as coronary sten-
osis and non-coronary stenosis detected by coronary angiography (CAG). Secondly, for 393 patients in the above
dataset with normal or nearly normal ECGs, the deterministic learning algorithm is employed to generate CDGs,
and the dynamical features underlying ECGs are extracted. The ischemia of patients is defined by coronary stenos-
is > 50%, and the detection model of myocardial ischemia is established using machine learning algorithms. It is
shown that ischemia detection model can distinguish myocardial ischemia from non-ischemia effectively. Thirdly, by
analyzing the false-positive cases in the above trial, in which each CDG is generated with clear physical meanings,
coronary slow flow phenomenons (i.e., non-obstructive coronary lesions) are found in many of the false-positive
cases. These cases are re-labeled as ischemia, and a more accurate model for ischemia detection is constructed, with
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the sensitivity of 90.1%, specificity of 85.2%, accuracy of 89.0% and AUC (area under curve) of 0.93, respectively.
As such, in this paper a relatively large-scale myocardial ischemia dataset is constructed which will provide an es-
sential basis for future research on detection algorithms and clinical trials of myocardial ischemia. The established
model has the ability to detect ischemia from patients with normal or nearly normal ECGs. Particularly, the CDGs
generated by deterministic learning have favorable interpretability, which is helpful for finding the deviations of
ischemic data labeling and model errors, and is capable of improving the accuracy of myocardial ischemia detection.
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Fig.1  The causes and clinical presentation of myocardial ischemia
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Fig.2  Diagnostic methods of myocardial ischemia
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W3SV (k), WiS(V()lvxyever BEAT = 4E R $L41L
SN, 5RO EY SR VRS RE S % R [31).
OHEEERES T 0 EES ST-T Bk
BER, A& T ST-T BORSHI 5 /1%
158, & —Fh 4 B . BEAEZS 1A) A Ta) b 2 .
SRR TG B 1 ) D1 S RRE . X PP R BB )
fE, S50 B AE 5 B0 B (S S A B, RO LS
5 NTE RGBS IR JE R AR R — R AE 45 385,
I R TR BT 78 R B, O HLB)) g 2 BT 1AM,
HIEEE BT T, 28 BN R 1R BT BN
BT IR TE; X T LEk i & 2, o Hsh )%
E T A ABELIA 8 PP, 78 Jb 5t BAME B T
JR I R TR 6 22 B, O BB 7 2 R B 70 O HL [
T B0 IE 5 B e S AL e Co 7 A6 PR R IR o
AT R ARG 029

2 FEMBIESE
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Fig.4

BOdAT BN 15 A B0 F B 1 B FRRR GG
50 77 SR AE P T 0 LR A I . A SR A L FL B
775 BT AT O LB A I, B R

1) M6 1.4 WHP IR, KM 12 SEGLH
TRy 3 O LR EAS T, AU 3 4RO n R
5B ST-T #da B Var(k) , JFAI I € 5 > S0k
(3) F1 (4) XL HUME S ST-T BEATE) /125 228,
AR (8) = 4ERT MLk, A b LB 7y A K
(CDG), W 4(a), HE4HIFES IR [31).

2) MR HLBN ) 2 B, R 2R R 2
FEHCL L)) 7 5 B ] r%ﬂﬂl)# (Spatial hetero-
geneity index, SHT), > F & B 28 460 35 {0 HE B))
715 B I 8] Z#UEE (Temporal heterogeneity in-
dex, THI), {EAHd 25 O UUER MRZS I (10 L3
JIEEFAE & (THI, SHI), 0 H8h f1 22 B 25 1A 5
TP RIS i) 5 e A B ok 2 L Sk [33).

3) 7> KA PR LN SFF A B AL (Linear sup-

port vector machine, SVM-linear)

N
f@g:g@<§:w-%@-my+w> (9)
i=1

I A28 3k e i A 7 14 DI S5 5 95 9 455 AE 1) = AR N
SVM-linear fir N\, LA 91 (¥ bRy 1 S fi o, oK
F 5 3758 X AIE F7 720 S50 FI L I A 0 75

4) 78 DLCy B BN 772 BRI TR) B EOE THI Ak
AR KR AT LA L Bl 7 5 B ) 2 A 25 B SHI A9 AL
FRIGEFAE 2 (8] I 2 CoUB i 73 2R3 5, anf 4(b)
R Z T R RS B 4 2800 S R R
1ENZSm B CDG {E, WK 4(b) Fiw.

FEMREE T B0 AIF 28 M SRR 1) T ATL 23 A2 (1.0

~ A i // i
60 80 100 120 140 160
THI

(b) CDG fH
(b) CDG value

— gl LB L £ 2 A0 HL BN 4 % CDG fE
The CDG and CDG value of a patient with myocardial ischemia
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LG AR DU 1 G, SR AR 4 i 2 7 = i sl
A YERE: RBUE = ERAYE /(BB B HE) x
100%, F5 571 = FRAME /(B BB ) x 100%,
% = (BB IIHE) /BT Bl x 100%, 2
REH TAERFEHZE (ROC) T (AUC).

2.2 DARRILOEEKIEEIDE

AT B G — B NAIFERR bR, 76 B AN EE B
A ] ¥ 25 e WS D] S Al JUTL SR L 7 34847 7 fok s 52
R R, MR T — AR O FE R R AR St M e
A3 A O E IR MORBOE R . HAFE 4 5 ki
SR 0 A ek ok L 2 14 5 8 A0 | H 2 4 5 78 () XU
ORI LSBT i 540 4.

2.2.1  EIEBNAFRGFHRERE

BN FHEBRPRUEW T

NH 25 A AT ST A BRI i 89 o) S5 AN 3 iR
PRI\ B P2 U et ik 3 52 6 2 1) S AL Co LR . R 3

HEBRbRAE: HEBR T P00 LS o F 3RS 0 A7 7 1)
RIZ, 4G IR O O R S S O g
TR T B K T 22O = AR O UL S B A O I
s, DLABERIA
2.2.2 HWIEWE RBBEEREAR

28 BN B AU TR 1 B B A B s, AR
FRME R E. ERXRHADEZF ORI S — A
HEBR bR S SR I5 1, IF 1d 36 N 34 95 191 1) 2 A B R
20 s K1 12 SO B I TR Bk R Kl PR A2 K
EARENSS

ISR EEAEAEA T IR IRAE B OL T, #5880
F, P 5 P A T O P PRI R AT 5, g L I 0 A s
PR IR S BOREUE R RN, $% B An s
ok ikt B 45 R HEAT L ) RAKIESA >50% 12
Wr e kB 2 A2 b) KRR < 40% H TIMI
ML 2 2 LA 2 W A e Bk i i o) stk s
g A2 WA e BioR 2. A b) i c) AdER
Jok B 78 9 A

gi b, AR — RS — 0 20 s
FrvE 12 SBCOHBE, M— 3 iEid St 7 ER. 1
L — M S BE AT s O PR Tk S A R 2
W S 1 PR A SS9 D73 ST A4

I THT A5 76 ik ke A5 R 3 45 IR D S e
B, 0% 1 Fiow.

2, fE EIRPIAN RO IR SR 781 fil 4 %2
768 Mok i 2 A P S el Co JULBR L7 31, G rp B AR 5
500 1], A7) T EE R 281 4. M O b B ) 45
O B P o A P B AR 388 3, IE B OK BE
393 . R4 ek Wk o s ke 2 R, e Bk A g AR

® 1 BERLOILER IR BIE Sl

Table 1 A case of suspected myocardial ischemic patient
e 5 2103k

9T R SHZ2944/ 4110 111 N B2

SEWE /1) 59/ %

D /L 68 (1% /41)/200 (), 100 (f&) (mmHg)

e PR TR 7 EH T B o B2 Sk ko /I PP RE P,
TR IR, OB T, SRR B K B AR, A
RAE, BT T R
B PR R, FILE 30 4, HEiA 200/100 mmHg,
TR S p b
O SRR, BRER, THME
W S B BB [ e S R B S 1009 BAIZE, 7T LT
kR W32 B e ST BT A A7 TR B 809% JiE, JLEL 90% i
Y
GRS 1) S0, AR5 MOS0 2) BLE 3 2% (IR )

665 1, JE 6 Bk 225 45 116 51 (045 e fik 12 if 9
35 191 2 AE et ik i A 81 ).

2.3 5 PTB #IxttE &itid

KEMFRE, BA IR LR £
P4 AL 0 oL P 1 AR . K B IE R OB
L7k ik A= L 2 5 2 AR = L 2 5 AR O FTL B I
T 8] TE I PR bR R IR 1 5 s B T O LR I AH 5%
RS SV ATE SR RAE L+ L SR M2 H i A
AT = SR (0o LR I o PR AR A 45

HE[E PTB O AR £ aFE R E 290 Nkl
(1) 549 250 HIC SR, ForpoC JULRE 2E 835 148 H1. fi
RN 52 9, 4L AT 15 ANEREOHE S, H
VEARIC R TR BIAER MER 2 W ah 1. s s, 24
FF- o e o0 238 52 A 0 Bl R 3 70 2
BIEEIRKEE., RS PTB O N TET O
P P £ 0 UL L ASE W0 BT 72, AELATY A7 1 22 1) g 1)
B e bt LR K 2 R AR BRI RORR ; 2) et fikid
AN 5 E8 et ik B 7 ol P 2E S B0 o LR I, R
JFE Tk ik P 1L 38 5 3 DL 25 9 A S o FT LB I 4D 52

BT ol i) R, ARBE SR AR T — N RUE 2E 0
MR B K O LR I 24 45, 5 PTB o0 RS
S (nFk 2), BAWTRE: 1) P @i s
AL FE 0 i PRI ot 5 AR O LR L 48, v L
A FE R B0 B T IR BRSO LR i 95 481 5
2) FIT ) S B e £ B UG T I PR S BR A B, MY e et
FokBe 2 S5k o0 JUL R AL (g 52 e 1T L 8 R e Pk 1 1f 9t 1%
| BH FE 1 7 ks AR e it ey s, SE B QR
X —H P 3 AT A IR 0 H PR AR UL R T A 0
FH SRR 50 RN I PRATE 7 B8 A4 2 22 1 5 s S it

3 WMRERSSH
AR R St T R A e 11 P I K
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Table 2  Comparison between PTB diagnostic dataset 312 RBSNESR

and the proposed dataset

VR PTB [l
s8R 290 781
LI 7] 148 700
A L 1] 52 81
ALy HL FEARAEGMESAE 393 B BARRE R R
Bt sk Jik e 7 S AT 18 LI

BUE w3 18005, W 700 Bl g2 B O B R R
BCORBUE 7 8 O WLBR I AS U B8 /05 Hedk, A
O FELB)) g 2 PR AT AR, onf DA s v 8 S 42 g
BIREAT BT, F A B AR 12 10 3785 51 2 7 0 AT kb
T, FE LR A A e B D AR o L i A
B fea, /8 PTB 8l se Xtz /122K 5
FUAth 70 0o L AR L PRS00 1

DB ENNF E RO AL R AL §E

EETEEr
B rb LA R £ TR AL 393 4710 HL BT IR B
R FIE A BEALLCo UL R L R824
299 il | ek ik B 4= 4 94 5] (65 e ik 4% i gt 21
13 GIAEEE K A 81 Bil), B AR B in & 3
JIT7s . B0 B 4 v L T IE S BRORBSUE 0 91
LLIEE ik Bk A% > 50 9% o i il b v, o ek Bk Bk AR >
50% HIRRFIAREJyBRIAL, 0 RSk . fik, AT
LAk ok it 52 500 et ok A% A AR I 9 T B, xS IE
W BCORBUEH SR ABL O LR L5 51 AT B9 TR 1)
HAE bk 42 IR 703 B9 EC B o3 K e ik gk e A
(299 ) 7& Bk 12 M aat 26 (13 45i)) 0l Fikos 742 26
(81 i) BEATL 7> 31 0 ELASAH 9% ) I SR B0 Al ik £
i, S AHNGEE &I 275 40 BRI 2

&3

3.1

3.1.1

Table 3

BTH 2.1 RS, G EH KA 5 i
A XA T 1R S 2 P S Hs ) AL Co JULBR . 43 2R
R E S kg 7 2B AN e kO AR A (B e ke
I AN 7o iR AR B8 ) A BT A 9 8 O BB g
K K& CDG M. 45 R kIR CDG A7
R T X 2 i o AR Y L, AR T R e Bk AR 4, ot
kP A 4 CDG & F MR (p <0.01), WFHL
K 5 B,

W 30 Hi PR IE % B BIE % R AR 75 151
ANFIZRJE R SVM 43 BRI v - 0 FL Bl 2
P St AL AR ot A 00 425 SR pR o0 T 4 SR AT, o E
) 72 B o F PR O R BRSO R 1RO U LT
for I HE T 26 87.8%, RBUFE 85.1%, Fr57FE 82.6%
A ROC Mk FHEF AUC = 0.88, {1 6 s, X
— 4 R0 FE B 77 2 OGOy LR A0 S Sk i 2L A
BNRERX T EES].

SXoF AN [i) i 56 2 4D E 30 g 2 TR R A S o B
LW gE (4 el Bk ER SO AR R AR = 3R AR
Kb K TC IR S8k A% ) BEAT VELE AT, BAR R

1) JEEBKAEAS : W 7 ~ 9 S =R R
HZWras B, AR O IR IE S, (4 ki e &
)R I ek ok 3 B4y SCAFAE > 50% IR, B 7 2
— % 55 % JVE R, ek ko s A SR B SO AR
— T % S AFAE 80% MM AERA, il 7(c); K 8 2
—% 35 & BHPE R ek R A I R s XS A
— [l S H B 50% B, A B 100% B2, 0
Kl 8(c); K9 /e—4 50 % Bk, ki oA
IR =30 AR R S TF I 90% BeAS ; [nlfiE i B
80% JR PR B A At B 90% RIPR B4, W 7~ 9
17K (b) K (d) AT LAY 77 B0 HL 8l ) 2 B HGEL

U P PRI IE 3 R BE 5 R8 HON R 2R R AIE

Baseline characteristics of patients with normal or nearly normal ECG

AR (n = 94)

o TR (209) S (13) TR (1) P
PR (BAE) 216/299 (72.2%) 9/13 (69.2%) 43/81 (53.7%) 0.005%*
R 58410 56+9 54410 0.022*
46 K (mmHg) 129410 131418 127414 0.563
#F9KIE (mmHg) 77+10 85+14 77410 0.109
L3 (beats/min) 72410 65+6 71410 0.012*
IR 171/299 (57.2%) 10/13 (76.9%) 42/81 (51.9%) 0.226
SR 88/299 (29.4%) 6/13 (46.2%) 18/81 (22.2%) 0.159
g S 190/299 (63.5%) 8/13 (61.5%) 53/81 (65.4%) 0.937

E: P B R H ErE SPSS 21.0 TSt tHEBURER A Mann-Whitney #RAGES, Rony (BMELARAER); THEFORER A RIS, %o,

*:p < 0.05NERFHGIHEZEN, **: p < 0.00LVERE mES B EN.
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Fig.5 Differences of CDG values between coronary sten- 0 0.2 0.4 0.6 0.8 1.0
osis and non-stenosis groups ( ¢: p < 0.01 was considered 1-RE57 1
as statistically &gnlﬁcs(l)nltl.n(;r:is:lguects that were out of 6 LI 72 B O UL MR 4
' Fig.6  Results of myocardial ischemia detection
via CDG
FH): 0.04 s/mm ZA[A): 0.1 mV/mm 6
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x o201 0y
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THI
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K7 Bk RSO BIEEE, 55 4 ((a) IEH LR (b) O3l 12 EIHEGEL;
(c) JEEHK AT P SCAFAE 80% 245 ;(d) CDG {EBA M)
Fig.7 A case of ischemic male patient with single vessel disease, 55 years old ((a) Nondiagnostic ECG; (b) Irregular
CDG:; (c) The left anterior descending branch of the coronary artery is with stenosis 80%; (d) The positive CDG value)
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0 20 40 60 80 100120140160
THI

(d)

—BE KR AR R, 35 2 ((a) IEHLHEE; (b) LHEBI ARG (o) ke B 50% 5%,

FE I 100% k4 ; (d) CDG {ERAE)

Fig.8

A case of ischemic male patient with double-vessel disease, 35 years old ((a) Nondiagnostic ECG; (b) Irregular

CDG; (c) The middle segment of the left circumflex artery is with stenosis 50% narrow, and the proximal segment of

the right coronary artery is occluded; (d) The positive CDG value)

AR FBW RO AZ, Wk 11(c), W2 N
R R E R TR, A 10,11 By A
(b) A1 (d) AT A2 55 20 B Bh 22 I H CDG
TEABAYE, 7 B H AAE AL Co LR L.

RS RERI, R IR 5E 5 2D XA e HL P
T8 )3 2 AR RO BB ) 22 IR bk I A A
1B AT LR IX 73 BE 75 AR K0 H B0 75 2 B
T BT (R, IR0 (¥ B4 T B T
TFEIATE; T e B IR B ) S BT S 2
AL BB RS . 8 BUE IR A > 50% Jysk i bx
AEIS, R LSS 2 2] S 1A 2L Lk
AR R, ST O Fi P I ORI R A R
SN HERS O LR A

DEENNFE R AT R

AR, HLAS 5% 2] JUHGR IR L 2 IR VF 2 40U
A3 7 EORTD, (H Gk = AR 14 ™ E R ) 1 HLAE
BLSIAE 55 JU 2 BT MR 0 L PO R T PR B X
REERST RGEI TR 25 AR H R EOR, R A AT
B AR IR AR R CRYT R GUIS W BRI PR R Y
DR gk = AT AR Y 27 12 R AT e 4 JB 3 TR
ORI 7 %8, H A B B E A dy e

3.2

DRI L AT AR IR R T B e AR e ) — PR i .

HH B 5 o D043 4o Fi T A R0 LB g 27 ]
Xof Lo LR IS 0 225 SR B A R4 ) AT AR AR AE
PLR =ANJ5

1) B8 o ST R T AR, AnER 1.3 T PTiA,
BEXS P AR RN POE ) ARV BN 2 R G, e 2 ) AT
DA S R HE R IR 2 1 22 5 5 25 1) Jm 56 94 1 il A
(BPAF 2L B A5 SR I (e 224 2) . Bk = A
JA B[Rl A 2 R AR 2 3h A R G ARG T
FERA IR, 7T AR R B 2R SR CRERR 2 47
TER AP AELIERINE 5 (BFEANEORES) 3
ATHUEE AR, (E AR LM T A% i T 3 kA R oK
fil 775 PR, AR A E 5 ) Sk, a0
55 WAE IR R AR SVt 2 e ) A5 HEAT Jm) B0 e A
B, AT LASRAS A A HLAE 5 I TA) AR A 2R

2) LR L5 BUL AR BB TR, A 3D
Wik S K B KRB SR W, O LR I 2 51 A 0o
SO R B, 2 A — 1, EFE E R T
PRI S A I ) B i, g BT Fi ] T RS
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THI

(d)

B9  —Blk=S0mE R EE, 50 % ((a) EH-OBE; (b) Lo EEE; (c) PRSI 90% B, 8 eS0T B
80% JRFRARAE, A5tk B 90% JRIRBKAE; (d) CDG {EFHE)
Fig.9 A case of ischemic male patient with triple-vessel disease, 50 years old ((a) Nondiagnostic ECG; (b) Irregular
CDG; (c) The opening of the middle branch is 90% narrow, the distal segment of the left circumflex artery is with
stenosis 80%, and the distal segment of the right coronary artery is with stenosis 90%; (d) The positive CDG value)

T kA

Bl 0.04 s/mm ZAA: 0.1 mV/mm

0 20 40 60 80 100 120 140 160
THI
(d)

Bl 10 —EIEEski B, 47 2 ((a) IEHCHEL (b) DHEENTIZEIBOVIE; (o) IEFENK; (d) CDG H )
Fig.10 A case of nonischemic female patient, 47 years old ((a) Normal ECG; (b) Regular CDG; (c) Normal coronary
angiography; (d) The negative CDG value)
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K 11
Fig.11
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THI
(d)

— BRGNSV, 47 & ((a) IEFDHE; (b) i) A EE; (o) IEHWTERK; (d) CDG ERIE)
A case of nonischemic male patient, 47 years old ((a) Normal ECG; (b) Regular CDG; (c¢) Normal coronary

angiography; (d) The negative CDG value)

B T W) Msh i dsias i}, HAARKZ0WmE
SIS (R AR AR DR B O FLE S EOA UK. &
RIS 25 R, IEHE AR O3 T EIES
FLAT BT IR 3 B0 A KR (1 A s Bl T
ROPRTE; T T LB I AR 3, B0 B Bl 1 24 i
T NEELIA R ETE 5. ikt B B ) 27 R A R
AVEICEL X 97 25 5 0 JUL 38R 0t 25 D1 5% () 5 A% 5 B RE
FE, HEELAnT Ak 1 7 NE W RIE. Rk, e
>J A BRI O FRL B 2 B o LSt AR ) 7 T LA
iff ) A 0 B SCRIVASC I () P e E A, w] DAAE O F
P IE % B R S5 B St JUL B a3 A7 A6 0

FIF O HB) 72 B R AT R, S R e
(17 16 Wil FE A4 (RP 58 Ik i 5 2R & B0 e ik gk 42, s
FRyEA ARG, (H 0 HL3)) ) 2 B 7 BH P 1R 6 g 2
) AT B M, I 13 448 B 4 451 47 A
KA MR (B ek B4 < 409% H. TIMI LR 2 2%
JULR). Qi Bk, ek Jok 08 I A& — Fh 3 B 28 14 et
Jikw AL, T 5l E AR R BN R E A0 SO0 O WURRE 2
S5 DRI, R bR A T e KA I 9 B R P A BH
BEAT BOF AR, DO IKA7E > 50% B ik 12 iR
R AR, BRI A > 50% 13995 51 A 7t fik 12

ML 1 3 pm i sk i, oAt bRy A AR whoafn, DR
e A SR T R M bR RS . H ok, FRATT DA ik 5
N T Bt ek ik e A A gt Bk ot SRR3R AT AN, et H
T BRI F BEALL O WL I35 451 138 47 58 g vEE iy
(B bRy . R b i 58 g A 1 11 R 2500 S\ 2
HRULAR 52 ST 5L SVML A ) A 0 JUL S IfL A
DAY 00 00 X R A8 A5 2 1% ke i sz ARG B2
S5 R A, A BT AN DGR B A s b v, DATE
ik ke A5 R 18 IR AE R B I bR v I o0 BB g 2 I
O H T TR 5 BOK B0 o 28 25 B B AR (1) JUL R A
Mk F R 89.0%, REUE 90.1%, f5¥ 7 E
85.2%, AUC = 0.93, Wizk 4 F1& 12 Fiw.

TR — S e AT SR ] 13 2
—% 48 B B e £, K 13(a) F1 13(c) AT E

L4 RRIEMAREREE TR, O3 ER
R A 45 SR
Table 4 The results of CDG in the detection of
ischemia at different precision of ischemia labeling
i Ar Ak REEE (%) FEFE (%) #EHE (%) AUC
ek 85.1 82.6 87.8 0.88
s KA A TS LR 90.1 85.2 89.0 0.93
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Fig.12 ROC curves of classification models at different

accuracy of ischemic labeling
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REXTEE
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OHAESH 72 42 RE/NERERFIE, &7
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tion, MI) 3 F1 52 7] I X R4 (Healthy con-
trol, HC) .0 HAE S, Hp—PERIIZGE, 5—
KA IR A, K SVM #E4T MI A&, BL5 1
96% M HERH 2R 93% B E R 99% [1)FF 7 B
Acharya 527 5] N VR BE 2 2] S35 300 LSk i A )
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I SFHECLHEE S, HHH B B S 1 5 O
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K13 —ERmm S R, 48 & ((a) IEH L HEL (b) sl = EHEGEL; (o) EBKICHAR BT 4 SR IR (d) CDG {ERIE)

Fig.13

A case of ischemic male patient with slow coronary flow, 48 years old ((a) Normal ECG; (b) Irregular CDG;

(c) The left anterior descending branch of the coronary artery is with coronary slow flow; (d) The positive CDG value)
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Fig.14 A case of ischemic female patient with slow coronary flow, 50 years old ((a) Normal ECG; (b) Irregular CDG;
(c) Coronary slow flow in the first diagonal branch of the coronary artery; (d) The positive CDG value)
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