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[ Abstract] Objective To investigate the diagnostic value of cadmium zinc telluride (CZT)
cardiac SPECT dynamic myocardial perfusion imaging (D-MPI) quantitative parameters in prognostic
assessment of patients with ischaemia and non-obstructive coronary arteries (INOCA) and obstructive
coronary artery disease (OCAD). These parameters were compared with myocardial perfusion imaging
(MPI) semi-quantitative parameters. Methods Retrospective analysis was performed on patients who
received CZT cardiac SPECT D-MPI in TEDA International Cardiovascular Hospital from March 2020
to July 2021, had coronary angiography data before and after D-MPI, and completed follow-up. A total
of 100 patients with INOCA (37 males and 63 females, aged 62.0(55.3, 66.0) years) and 203 patients
with OCAD (122 males and 81 females, aged 63.0(57.0, 69.0) years) were followed for major adverse
cardiovascular events (MACE). According to MACE results, patients with INOCA were divided into
the MACE and non-MACE groups, similar to patients with OCAD. The D-MPI quantitative parameters
(including myocardial flow reserve (MFR), rest myocardial blood flow (r-MBF), and stress myocardial
blood flow (s-MBF)) and MPI semi-quantitative parameters (including summed stress score (SSS),
summed rest score (SRS), summed different score (SDS), stress total perfusion defect (s-TPD) and rest
total perfusion defect (r-TPD)) were compared between the MACE group and the non-MACE group.
Two independent sample #-test or the Mann-Whitney U test were used to compare measurement data
between groups, and the Pearson'’s chi-square test was used to compare counting data between groups.
The receiver operating characteristic (ROC) curve was used to evaluate the diagnostic efficacy of
quantitative parameters of D-MPI and semi-quantitative parameters of MPI in predicting MACE in
patients with INOCA and OCAD. The Delong test and net reclassification index (NRI) were used to
verify the differences in diagnostic efficacy between D-MPI quantitative parameters and MPI semi-
quantitative parameters. Results Among the 100 patients with INOCA, s-MBF and MFR in the
MACE group were significantly lower than those in the non-MACE group (1.27(1.03, 1.88) ml/(min-g)
vs. 2.25(1.59, 3.13) ml/(min-g); 1.65(1.35, 2.04) vs. 2.52(1.75, 3.39)), and the differences were
statistically significant (Z=—2.986 and —2.859, both P<0.05). ROC curve analysis showed that s-MBF
and MFR had high diagnostic efficiency in predicting MACE in patients with INOCA (area under
curve (AUC)=0.777 and 0.765, both P<0.001). When the cut-off value of s-MBF was 1.57 mL/(min-g),
the sensitivity and specificity of predicting MACE in patients with INOCA were 72.7% and 75.3%,
respectively. When the cut-off value of MFR was 2.04, the sensitivity and specificity of predicting
MACE in patients with INOCA were 81.8% and 66.3%, respectively. According to NRI results, the
proportion of correct classification in prognosis of INOCA patients with s-MBF<1.57 ml/(min-g) and
MFR<2.04 was 44.4% and 44.5% higher than that of abnormal MPI semi-quantitative parameters
(SSS=4 and SDS=2). Among 203 patients with OCAD, s-MBF and MFR in the MACE group were
significantly lower than those in the non-MACE group (1.21 (0.61, 1.51) ml/(min-g) vs. 1.76 (1.14,
2.56) ml/(min-g); 1.51 (0.81, 1.91) vs. 2.02(1.50, 2.86)), and the differences were statistically
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significant (Z=—2.891 and —2.984, both P<0.05). ROC curve analysis showed that MFR and s-MBF
had high diagnostic efficacy in predicting MACE in patients with OCAD (AUC=0.725 and 0.718, both
P<0.001). When the cut-off value of MFR was 1.71, the sensitivity and specificity of predicting MACE
in patients with OCAD were 75.0% and 63.6%, respectively. When the cut-off value of s-MBF was
1.49 ml/(min-g), the sensitivity and specificity of predicting MACE in patients with OCAD were
81.3% and 61.5%, respectively. According to NRI results, the proportion of correct classification in
prognosis of OCAD patients with s-MBF<1.49 ml/(min-g) and MFR<1.71 was 32.9% and 28.7% higher
than that of abnormal MPI semi-quantitative parameters (SSS=4 and SDS=2). Conclusions MFR
and s-MBF obtained by CZT cardiac SPECT D-MPI can be used to indicate the occurence of MACE in
patients with INOCA and OCAD and have good predictive diagnostic efficacy. Compared with MPI
semi-quantitative parameters, MFR and s-MBF provide more accurate prognostic evaluation for
clinical practice.

[ Key words ] Myocardial perfusion imaging; Cadmium zinc telluride; Fractional flow reserve,
Myocardial; Coronary artery disease; Tomography, emission-computed, single-photon; Prognosis
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1.88) ml/( min-g) %} 2.25(1.59, 3.13) ml//( min-g) .
1.65(1.35, 2.04)%f 2.52(1.75, 3.39)], ZR¥H
GiitrE L (Z=-2.986. —2.859, 1 P<0.05), 2 4HHY
r-MBF K& MPI g 240 [ 4245 SSS. SRS, SDS.
171 4af TPD(stress TPD, s-TPD). #& & TPD(rest TPD,
r-TPD) ] W2 R TG 2 L (¥ P>0.05), HL#Y
a1 LI 1
2.3 OCAD ##J. MACE 4154 MACE 4 D-MPI

FE SR MPI 8 S S 500 g

% 2 Al %1, OCAD & # H 4 MACE 4 K
s-MBF #1 MFR #41 #{X T Jc MACE 4 [1.21(0.61,

£ 1 INOCA #E I MACE 41547 MACE ZH 1) D-MPI & &S50 MPI 2K & B S 800 Ho i

Table 1 Comparison of quantitative parameters of dynamic myocardial perfusion imaging (D-MPI) and semi-quantitative parameters of

myocardial perfusion imaging (MPI) between non-major adverse cardiovascular events (MACE) group and MACE group in ischaemia and non-

obstructive coronary arteries (INOCA) patients

a5 MFR s-MBF r-MBF MPIE RS ETH SSS
- M(Qy, 05)] [ml/(min-g), M(Q,,0;)] [ml/(min-g), M(Q,, 0;)] [#11(%) ] 43, M(Qy, 0y)]
A MACE 4l (n=11)  1.65(1.35,2.04) 1.27(1.03, 1.88) 0.88(0.76, 0.93) 2(18.2) 2.00(1.00, 3.00)
JG MACE 41(n=89)  2.52(1.75,3.39) 2.25(1.59,3.13) 0.91(0.87,0.93) 13(14.6) 1.00(0.00, 3.00)
PSLig(E 7=2.859 7=-2.986 7=1.269 7=0.098 7=1.013
PlE 0.004 0.003 0.204 0.754 0311
g5 SRS SDS s-TPD r-TPD
(3, M(Qy, 03)] [, M(Qy, 03)] [%, M(Q,, 05)] [%, M(Q,, 05)]

H MACE 4(n=11)  0.00(0.00, 0.00) 1.00(0.00, 3.00)

J& MACE A (n=89)  0.00(0.00, 0.00) 1.00(0.00, 2.00)

3.00(1.00, 6.00)
1.00(0.50, 3.00)

1.00(0.00, 2.00)
1.00(0.00, 2.00)

PiSLiog(E 7=0.156
PfE 0.876

Z=-0.963
0.336

Z=—1.543
0.123

Z=—0.104
0.917

[E: INOCA S fEAERLZE MR BINK S ; MACE o EZOR RO FF; D-MPL A3l 50U 18 MPL A D LHE AR ;

MFR JyU LI A% s s-MBF Jg g cJJLIALTE i ;

r-MBF mig B LI 5

BUY; s-TPD M faf METEEAN ; - TPD S MR ; MPIL 2P S8R & U SSS=4 43 H SDS=2 43

SSS My fufi ;s SRS N E EFSY; SDS N2EE L
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% 5.0
) LCX
Q<E3.5
py =
HIRTTRY S29
19.74%- 2.0
26.87%
18.40%
21.62%
13.37% b
- 1 1 1 LAD 1 1 1 1
0 05 1.0 15 20 2.5 30 35 40 45 5.0
Gufar LML 2 [ml/(min-g)]
LV LAD LCX RCA
RO LML & [ml/(min-g)] : 0.75 0.76 0.63 0.87
f g O ILIAL B [ml/(min-g)] : 1.17 1.03 101 1.52
A LA - 152 135 152 176 @

1 (AN SR 10 d /Y INOCA 5 (31, 58 %) BSEARBNIKE Y . ' Te"-MIBL Lo I HE ARAN O AL E W B A F1 B 4351
HZE TR KA DR KESEE, " 72 BT K 3 A EZA MA@ ; C A7 Te™-MIBI CZT SPECT -0 WUHEE RARIE (AR
ATP Ffif A%, MEHENFEBAR) , A0 m (1. 2, 3, 4H) . mEKSH (5. 6 HF) AU (7. 84F) AlZ.clLim
HEENE GG, ATP 547 B B AR WART A3 A RS R 350, R WL S A5G0 T e s D g Wl e 1, vl WLk sl k2
4337 B 70y B HEAK MFR BRIBMEFEME ( LV-MFR=1.52, LAD-MFR=1.35, LCX-MFR=1.52, RCA-MFR=1.76) , INOCA i ifi. f:3EFH
FEVESEIR B KGR ; MIBI A AL 55 T AL 5, CZT A HEsR s SPECT N ML T RGHTRAIURZEE A, ATP H =#MIH
MFR A0 HLGAE S s LV AZ20% s LAD AT LCX AZEMINEST; RCA ARSIk

Figure 1  Coronary angiography, *Tc™-sestamibi (MIBI) myocardial perfusion imaging and quantitative myocardial flow images of the
ischaemia and non-obstructive coronary arteries (INOCA) patient (male, 58 years old) with intermittent retrosternal pain for 10 days

%2 OCAD E#H I MACE 4154 MACE 411 D-MPI i 2400 MPI i S50 Hi e
Table 2 Comparison of quantitative parameters of dynamic myocardial perfusion imaging (D-MPI) and semi-quantitative parameters of
myocardial perfusion imaging (MPI) between non-major adverse cardiovascular events (MACE) group and MACE group in obstructive coronary

artery disease (OCAD) patients

. MFR s-MBF -MBF MPIE S SR H SSS
[M(0,,0)]  [mlV(min'g), M(Q,,05)] [ml/(min'g), M(Q,, 03] [#1(%)] [4, M(Q), 0]
A MACE A (n=16)  1.51(0.81,1.91) 1.21(0.61, 1.51) 0.91(0.81,0.91) 8(50.0) 4.01(2.01, 15.51)
JC MACE #41(n=187) 2.02(1.50, 2.86) 1.76(1.14, 2.56) 0.89(0.80, 0.93) 75(40.1) 3.00(1.00, 6.00)
K E 7=-2.984 7=-2.891 Z=—1.366 7'=0.597 Z=-1.771
PlE 0.003 0.004 0.172 0.440 0.075
a5 SRS SDS s-TPD -TPD
4y, M(Qy, 03] U, M(Q,, 05)] [%, M(Qy, 05)] [%, M(Q,, 05)]
A MACE #(n=16)  0.01(0.01, 11.01) 2.01(1.31,5.81) 5.01(2.01,21.51) 3.51(0.31, 12.81)
J& MACE 41 (n=187) 0.00(0.00, 1.00) 2.00(1.00, 4.00) 3.00(1.00, 8.00) 2.00(1.00, 3.00)
LivZ AR 7=—1.713 Z=—0.668 7=-1.297 Z=-1.524
PH 0.087 0.504 0.194 0.127

H: OCAD HPHIEPETER SR AERE (L PEC R ; MACE 3 B8 BLO A2 D-MPI Jy8h 4 O MUEEE 1% MPI Jg oL v
1%; MFR W OWUILFE 44 s-MBF S MUY ; r-MBF Yo B O MUIE L SSS MM AU SRS WEFE BBy, SDS k%
(815 s TPD WM AMEESR ; - TPD WS MM, MPIF i i S8R 5 Y SSS24 43 H SDS>2 43
1.51) ml/(min-g) %f 1.76(1.14, 2.56) ml/(min'g). [ -MBF il MPI*}: & i 25 (245 SSS. SRS,
1.51(0.81, 1.91) %f 2.02(1.50, 2.86)], Z R H S SDS. s-TPD. r-TPD) iy F ¥ G011 2¢ = X (¥
it X (Z=—2.891, —2.984, ¥ P<0.05), M 24  P>0.05),
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2 CZT.LfE% Al SPECT D-MPI & it B4R MPI ¢ it
ZHUHI INOCA 4 K4 MACE 9y ROC ik CZT Jfif
FEf; SPECT U1 R AT HNAZHIEA ;. D-MPLA3)
AOHERER5; MPL A OHER B5; INOCA st
BH € 14 766 bR 30 bk B 5 MACE & 35 2R [0 I & 55 1
ROC 3218 #H TAEREE ; MFR J9.0 LM% 5 s-MBF Ny
FARR UL -MBF 9 R0 UL SSS M T &
BUr; SRS NS SHUY; SDS AEMELBT

Figure 2 Receiver operating characteristic (ROC) curves
between quantitative parameters of cadmium zinc telluride (CZT)
cardiac SPECT dynamic myocardial perfusion imaging (D-MPI)
and semi-quantitative parameters of myocardial perfusion
imaging (MPI) for predicting major adverse cardiovascular events
(MACE) in ischaemia and non-obstructive coronary arteries
(INOCA) patients

D-MPI EEZ405 MPI 2EE S-S50 INOCA

FI MFR X} F#iilll INOCA 8 # % = MACE B A%
R RSWIRLAE (AUC=0.777. 0.765, ¥ P<0.001), M
3 AL, 4 MFR IGSYER 2.04 B, Tl INOCA
HBHE R A MACE RIZRE0E K 81.8% . FeFEH 66.3%:;
24 s-MBF 54 A 1.57 ml/(min-g) B, Tl INOCA
BE KA MACE REBIER 72.7% . FeFEHR 75.3%.
r-MBF 1 MPI & 5540 ( 345 SSS. SRS, SDS.
s-TPD. r-TPD) 12 K a A XT 4555 (AUC=0.617 .
0.591. 0.509. 0.586. 0.640. 0.509, ¥ P>0.05).
Delong K545 H i 7n , MFR il s-MBF¥J#; SRS A
Wz WRLGE, 2 RWA R E L (Z=3.244,
P=0.001; 7=3.122, P=0.002), H: 4y D-MPI & &
2405 MPI Y iS5 (4E SSS. SDS. s-TPD,
r-TPD) [A] [ 22 R BT Ge 1247 L (35 P>0.05), R
NRI #F—563IF s-MBF 2 MFR il INOCA &%
# MACE K2 Wik hE, LA s-MBF<1.57 ml/(min-g)
K MFR<2.04 %} INOCA & il j5 #4743 2%, NRI
iR R, 5 MPPYEE &S8R R (SSS24 70 H
SDS=2 43) Ft#%, s-MBF<1.57 ml/(min-g) %} INOCA
TS T4 2B NRI=0.444, TERA4> 25 L4
=T 44.4%; MFR<2.04 %} INOCA & )5 # 47
S32RET NRI=0.445, TE# A ELBIEER T 44.5%.
2.5 D-MPI E&S%5 MPI @ mS5FH OCAD

B K MACE W2 Wi e Al SHE

HIE 370, ROC & Hrés R iR, MFR
F1 s-MBF X THiil] INOCA & %k MACE HAA%:
2 Wk RE(AUC=0.725. 0.718, ¥ P<0.001),

£ 3 CZT O F% H SPECT D-MPI E &S H0F MPI 2 & S5l INOCA 3% &£ MACE [i2 Wi kg

Table 3 Comparison of quantitative parameters of cadmium zinc telluride (CZT) cardiac SPECT dynamic myocardial perfusion imaging (D-

MPI) and semi-quantitative parameters of myocardial perfusion imaging (MPI) for predicting major adverse cardiovascular events (MACE) in

ischaemia and non-obstructive coronary arteries (INOCA) patients

28 AUC(95%CI) e LA Youden$g %k RAFE (%) RS (%) Pl
MFR 0.765(0.670~0.844) 2.04 0.481 81.8 66.3 <0.001
s-MBF[ml/(min-g)] 0.777(0.683~0.854) 1.57 0.480 72.7 75.3 <0.001
r-MBF[ml/(min-g) ] 0.617(0.514~0.712) 0.76 0.263 36.4 89.9 0.231
SSS(43) 0.591(0.488~0.688) 0.00 0.211 81.8 39.3 0.276
SRS(43) 0.509(0.407~0.611) 1.00 0.034 0.0 96.6 0.883
SDS(43) 0.586(0.483~0.683) 0.00 0.234 81.8 41.6 0.307
s-TPD(%) 0.640(0.538~0.734) 4.00 0.263 36.4 89.9 0.151
r-TPD(%) 0.509(0.407~0.611) 3.00 0.057 90.9 3.4 0.924

. CZT MEEER; SPECT NYOGCT RSHTENMKZEREA; D-MPI iS00 WIET 815 ; MPI RO B1%; INOCA Jyskiitk
JEBHZEE TR BIIKFERR ; MACE R FE AR RO IMAEH M, AUC Ml Flif; o M B(EXIE; MFR AU HLILF G ; s-MBF A6 far
DWULFEHEE; +-MBF B 0L SSS A M i fsy; SRS AEEEMAYY; SDS M2E LA ; s-TPD N i H:Bu; - TPD

PO aSYeRt RERTS !
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Figure 3 Receiver operating characteristic (ROC) curves
between quantitative parameters of cadmium zinc telluride (CZT)
cardiac SPECT dynamic dynamic myocardial perfusion imaging
(D-MPI) and semi-quantitative parameters of myocardial
perfusion imaging (MPI) for predicting major adverse
cardiovascular events (MACE) in obstructive coronary artery
disease (OCAD) patients

FH 3% 4 AT, 4 MFR IGSYECH 1.71 B, #till OCAD
BE R MACE IR N 75.0%  FEFEHR 63.6%;
24 s-MBF Il SHYE N 1.49 ml/(min-g) i, #ijl] OCAD

BH KA MACE W R Uy 81.3%., R R
61.5%. r-MBF 1 MPI & 24 (1345 SSS. SRS,
SDS. s-TPD. r-TPD) 2 Wil fig#H X458 55 (AUC=
0.603. 0.633. 0.606. 0.550. 0.597. 0.613,
P>0.05), Delong 5 % 25 % i 7, MFR Fll s-MBF
¥1i SDS 1 B iz Wiakhe, ZRMARIFEE
M(Z7=2.639, P=0.008; 7Z=2.492, P=0.013), H4x
D-MPI & fe 245 MPI & it Z4UA) 1Y 22 7 34 T8
it 5 (¥ P>0.05), K NRI g — 4 56 0F
s-MBF }2 MFR Fiiilll OCAD 2 # % /- MACE HJi2
Wi hE, LA s-MBF<1.49 ml/(min-g) % MFR<1.71
X OCAD & W #if7/r2E, NRIZRER, 5
MPI 2 5 & 2 80 57 H (SSS=4 43 H SDS=2 43)
%, s-MBF<1.49 ml/(min-g) ¥} OCAD & # )5 ik
T80 NRI=0.329, 1E#f R ELBIHERE T 32.9%;
MFR<1.71% OCAD f& # i J5 i# 17 43 28 I} NRI=
0.287, IEMAFASHLFIHE S T 28.7%.

3 itig

AR AR 45 R W, DRLO JUL gk afi i R 2
% CAG WL BT, INOCA I K 7] 15
ik 70%", ZIWFIE AR F INOCA B 1 Hils
ANRME,INOCA 1 IR HLE Z M . 5 MR
W, AR B IR ) MFR IBIK AT #2778 CMD,
M 5 53 INOCA [ % 5% £5 T CMD [ . 1 12
N DSV I =82

SPECT MPI J& PEAl O JILHE i i 2 )5 v, 7E

£ 4 CZT .0MEEL H SPECT D-MPI & Z80f1 SPECT MPI 2k 5 F- 2507l OCAD #3% &4 MACE HyiZ Wik fig

Table 4 Comparison of quantitative parameters of cadmium zinc telluride (CZT) cardiac SPECT dynamic myocardial perfusion imaging (D-

MPI) and semi-quantitative parameters of myocardial perfusion imaging (MPI) for predicting major adverse cardiovascular events (MACE) in

obstructive coronary artery disease (OCAD) patients

S5 AUC(95%CI) Il S Youden$& 41 RIYE (%) (%) Pfii
MFR 0.725(0.658~0.785) 1.71 0.386 75.0 63.6 <0.001
s-MBF[ml/(min-g)] 0.718(0.651~0.779) 1.49 0.428 81.3 61.5 <0.001
r-MBF [ml/(min-g)] 0.603(0.532~0.670) 0.92 0.226 93.8 28.9 0.115
SSS(43) 0.633(0.563~0.699) 13.00 0.268 375 89.3 0.078
SRS(41) 0.606(0.535~0.673) 4.00 0.273 375 89.8 0.168
SDS(4) 0.550(0.479~0.620) 1.00 0.124 75.0 37.4 0.488
s-TPD(%) 0.597(0.526~0.665) 11.00 0.261 438 82.4 0.257
r-TPD(%) 0.613(0.542~0.680) 4.00 0.361 50.0 86.1 0.212

. CZT WWisEsE; SPECT R GF R EHTENAZEE A, D-MPL M 0N 8%, MPI AU ULEEE B4%; OCAD g BH ZE: 5
ARBIBK I RERE LM DR s MACE i 2R RGNS, AUC Ml Fif; I M B(E XA MFR O HLIILF G ; s-MBF N
FROHLMGRE R ; -MBF Jy# B0 NUM G E; SSS HAM MY ; SRS N E MY ; SDS N2E{H MR > s-TPD Jy £ faf s il v Bldit

r-TPD Ay B B R B
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FEW A WARIE . Zhang %" X} 118 4] INOCA ¥
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