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[ ZE] B Bk CT M6 (CT-fractional flow reserve , FFRer) B6G BEBEFIE 5.0 IEA: 15 (myocardial perfu-
sion imaging, MPI)XﬂLﬂEIL‘)fVi(coronary artery disease, CAD VERFH EEAN EAE‘EE${¢(major adverse cardiovascular events, MACE ) 1}
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giography , CCTA ) K MPLITA 58 8 BV SOBHI B 5 FFRe (B MBS E SRR B A AR ) LR O3 25 R BRifE 2% (stan-
dard deviation,SD) B A B 5 €145 & (band width, BW) 5524 S50, WL S A Z B2 S 500 22 573 il 220
TAEHFAE (receiver operating characteristic , ROC) 1 £& FL B PIRN 5326 MACE FOTIMNALARE . S5 11 &4 MACE, S5 4F4
HALE, ) FFR AR (P=0.009) BER BT K (P=0.007) ARFS AL BEH AR (P=0.026) | # EURZS T &7 5K 1 SD K BW B
(P <0.05), ROCHMZAIT/R , FFRe MEEHA XS MACE (4 12k T 172 0.80.,0.81,SD K2 BW iy 12k i 0.62.0.56., 45
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Myocardial perfusion imaging versus FFRcr and atherosclerosis plaque characteristics in
predicting major adverse cardiac events in patients with coronary artery disease

XUE Qiucang', XU Yi',SUN Xinjie', XU Zhihui*,ZHU Xiaomei',ZHU Yinsu', SHI Haibing'

"Department of Radiology, *Department of Cardiology, the First Affiliated Hospital of Nanjing Medical University,
Nanjing 210029, China

[Abstract] Objective: This study aims to analyze the predictive value of fractional flow reserve derived from coronary CTA (FFRe;)
and plaque characteristics for major adverse cardiac events (MACE) in patients with coronary artery disease (CAD) , and compare with
myocardial perfusion imaging (MPI). Methods: Eighty patients with suspected CAD patients who underwent coronary CTA (CCTA)
and MPI within 3 months were retrospectively enrolled and followed up. Measurement parameters included FFRer, atherosclerosis
plaque characteristics, summed stress score, summed difference score, phase standard deviation (SD) , phase histogram bandwidth
(BW). The differences of indicators were compared between positive MACE group and negative MACE groups. ROC curve analysis
was performed to evaluate the predictive value of FFRer combined with plaque characteristics and MPI for MACE. Results: MACE
occurred in 11 patients. FFRcr, rest diastole SD (RDSD) and rest diastole BW (RDBW) in positive MACE group were significantly
lower than that in negative MACE group (all P <0.05). Plaque length and non - calcified volume in patients with MACE were
significantly higher (all P <0.05). The AUC of FFRer and plaque length for prediction of MACE was 0.80 and 0.81, while the
predictive value of RDSD and RDBW was 0.62 and 0.56, respectively. Conclusion: FFR¢r and plaque characteristics demonstrated a
higher predictive value for MACE than phase analysis of MPI in CAD patients.
[Key words] CCTA;fractional flow reserve;plaque characteristics; MACE; MPI
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HERR TG B 3 2 e O R TR T T IR
H i, 5w Bk CT 1L 45 54 (coronary CT angiography,
CCTA) & B2 A K DAk T 1R S ok o A A8 A P I
975 ( coronary artery disease , CAD) EONER Y WOl %=l
20 AT LAMERR SR AR DR A )15 B (B Bz X o AL
MR T EE=PPAL . ARk, BT CCTA Kotk v H]
N T BRI ARG L 45 5385 (CT-fractional flow
reserve , FFRer) A4 A © 32 87 G2, 76 WAt et ok i 1)
ez, Al kDRI S O LR A OC R i
A1, CCTA B T F AT RERR A T 5 B DPAY , A B T
PRIy sy [ 5 533 0 = i

L WLV 1 12 1% (myocardial perfusion imaging,
MPD) & PPl LR A AL GE R J7 12, th T 25 18] 73
HEAR I R , FAREERE A5 2R 0O LR 1 74 B
PERR™  HT MPLIYAHO SRR | S % 22 200
WU SR E f 50T, P SOeC JIL Ry A T DI
AT i el N ES 2 0 o e I E v v e 1
REVEAR BT O FER B IR B

JRAE FFRer S MPT [RIRE Sz 0 LD BE 215 5L
BT JE AN R) , i iz AR A 27 10 O s ) 4
AL G # A% R ABB E E R e, PR, AR
F B AE LB FFR I A BESRAFAE 15 MPLET 3RS0
WLIZ 2l 43 B NI 1 A B X et o FR A R R
JIE 5% 14 (major adverse cardiovascular events, MACE)
AT

1 X&MTTE

1.1 %

B34 2011 43 H—20154F 12 AFFE LT
FRER R o IASRHE : DI RIER%SE CAD i1 T CC-
TA, SR S A 72 (R s A 2R i 40%~70% )
B 32 K L i A8 AR (RS T B AR % 40% ~
70% , HoAts 6 78 B 7 4 <40% ) ; @352 MPL A 2 (171
far+#2) , F R PR G A IR Rl <3 4~ H s @i s
ToRloeRE , HATREEE A . HERRbRE : OREEAT IS T
AR ;QCCTA BUR TS ANH 2 FFRed A
12 %

1.2.1 CCTA#%%

FHH % i Siemens 2 B AR CT HL#% (Somatom
Definition, Siemens 2 &) , f5[F ) . Fr A £ 4 K 2 A
S min & R ARASER H 0o 2R bk R S X L 7
L % iz (370 mgl/ mL, Ultravist 23 7 , 7 [ ) | AR 4 i
T DI AR50 E 70 o S i ek
J#(3.0~5.0 ml/s) , % T Bolus tracking &%= . H

T E BT 120/100 KV, [ S0 L BRI
PEUE T M 32.0 mmXx0.6 mm, Pitch 7 0.20~0.43,
HBHCRIE 0,75 mm, AR B3OS,

122 MPI# &

A BB A0 H 47 MPL, $A ) MPLR H
WRAF 25t es , 28 B KRR S S KR TR FH 2G5
TN 140 pe/kg, 3 min 5 EIKES " Te-H A Z S T
J 5% (MIBI) 740 MBq, 60 min J5 171 195 KRR AE
T AL E8 A Siemens E.CAM+ 353k SPECT, D0
KR BEAENT THEREEMEAS S o BT T 1 REME
18R FATE  Brg  d at , A5 B K- A o
FRBBZER . B HATHRS MPL E# EARE T &
JRFE K 5 " Te-MIBT 925 MBq, 90 min Ji 170> H, [&]
I EUERAE , RUECR A B A P53k ) £ 4o (AR o
123 BHothEie

FFRe (B It « 18 UG ot i 4 1 — A A
fil 3L FHLER2F T 51 (Siemens ¢FFR, 3.1.2 i2)
TG A8 T3 2 em AL A FFRo(E . W01 321 N £
AR W DA f G g5 8 R . Y FFR<0.8 i IA
RA LRI, 144 BA 24 CCTA &5 148
BHE T HEA T &

BEHLREAE 22 253 H7 « {8 Siemens 2= H 3K
(Coronary Plaque Analysis 4.3.1) %f BEE HE 17 & & 47
Br, i1 145 B 24F CCTA 256 () FAG R EE DR pE4 70
2 T INAS A B AL RE B R A R ARl A
PRAR B SRR IR B A0 B B A RR | B T B e A
B LR 4 SRR R R A A BEHARL (L 1) o

MPL FZ 43 B« il FH 5 5 3 3 1] 4% SPECT
(QPS) A 437 0 ULTEE 2 RIS, AR A0 5 RO DE P 25
(American Heart Association, AHA) 17 7 Bt E4miE
PO, D NUE E PR b v - 043, LR EEIE 5 1
O BR VAR ;2 4%, Th BV 5 3 43, EE BTG s 4 47,
IV st o B SRS TR 17 4 B AR gk
8 24 A7 far A1 45 (summed stress score, SSS) , SSS 5 i
1 E > (summed rest score, SRS) AHIE 315 B4
2 (summed difference score, SDS) , f2 i SSS & SDS
25PN E 1 SSS < 4.SDS < 2 N IE W, 4<SSS < 8,
2<SDS<4 N FERETIHAI, 8<SSS < 12 .5<SDS<8 Wy
P EERE T IIG , SSS=12.SDS > 8 S H FEFE TR

K H EMORY K2 T HAL A TR 43 BT 4
AR I 5 WA i BA AT ot A A7 B [ BR 94 22 (standard
difference , SD) f14 5 (band width, BW) (&2)
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Figure 1 Schematic diagram of plaque characteristics and fractional reserve flow measurements
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H,78% RSO B T AR s /KPR B AR AR MR AR
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Figure 2 Diastolic histogram
A mBED T3 DL A 1 58 i p A A H Y]
MBI L, PLMACE AR REDTZ S, E2A5 O IR
PESE T ARZAE O IUFE AR B (CCTA S MPLJS
60 d) Ifiliz EHA
1.3 %itFhk
K SPSS 23.0 BT AL B . IR

30 , A7 IR 25 0 A B3 BORE R 2 B 1 22
(x £ )R, AT (980 [M(Pas, Pos) |
P, W2 [) HE R FH W 57 R A ¢ A6 56 3 Mann -
Whitney UK. THEHRHUEU A 43 L3RR, i
F Fisher K HiAG 30 50 -RO7 A S0 E AT A, SRHIAZ 1K
Z TAESRAE (receiver operating characteristic, ROC) i
2 BT B Y ouden 48 BV A B DL B (L, IF-3R15-4%
A MACE FZWIRE. P <0.05 2R A5eit

2 &% B

2.1 —R&MEL
80 45 & b v H. s T 5¢ il B 15 & 9 A 5T o
AEHS (64.20+9.82) %, Hirk 5 48 3l , A2 f% 52 (LAD)

I A8 58 1] (72.5% ) , 72 Bl Jie 32 (LCX) 9% 28 5 ]
(6.3%) , A5 TR B K (RCA) 728 10 911 (12.5%) . Bt
Vi) 53.5~63.0 4~ H H v bt it ] 58.3 4~ A |, B
BRI 1141 (13.8% )t B MACE, B 17 i 1 1 i
TR, BREIMESNP <0.05), MACE 2 ficg 4
20 OO BRZE) ZEM RIS TR IR B et S B T T 3%
MG 2E 257 (P> 0.05)
2.2 MACE ®va B Z ey B E 5

FFRcr B e ik BEHRREAE 2R 22 43 B X% MACE 1Y
TN EL L3R 1, 22 9 W i 245, Horf FFRe BEER
K BEHEARFR ARG A BB AR A £F B AR
TEPL R A 225,

i 2 2 A] i, SSS=4 4] ) MACE & R K F
SSS <4 24 (16.67% vs. 13.23% ) , SDS=2 4H 1) MACE
KA R T SDS < 24H (22.22% vs. 11.29%) ,{H 25 5+
WG E (P> 0.05),

TEFA AL 23 B 5T MACE £ T30 A0 i 20 B o (55
3), i HURZS &7 5K 1 SD K2 BW 7E 9 41 7] 7 25 5+
(P <0.05), i BoRA T Ui A 6 far RS T W4/
&K SD I BW 7E MACE 20 F11 6 55 14 2 1] 241 ¢ B
B2EFHP>0.05),
23 MACE®"aRZ8 % B A5

% [H % [0 230 47 & 8 FFR<<0.68 & MACE [
M7 fE B8 I F [OR=10.67 (1.59~71.52) , P < 0.05] .
MBREHK B B SR AR5 PR T £ i Bt
HOR B B AT 9k 301 SD L BT sk 3 BW iR
MACE Byt 7 fa ks (P > 0.05)
2.4 ROC &5 Hr

BAARFBEOT MACE W e LK 3 K3 4,
TEARRL AT B SRS T &I SD X T MA CE 1)
O M A e (87.5% ) (BLFE S M AR (54.8% ) 5 1M
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Table 1 The predictive value of FFR¢r and plaque characteristics for MACE [M(Pss,Pss) ]
EiEta Xf R ZH (n=69) MACE Z(n=11) P1H
FFRe 0.87(0.76~0.93) 0.67(0.51~0.79) 0.001
BEYA B (mm) 22.55(11.95~38.50) 47.45(30.38~55.10) 0.004
M4 BAF (mm*) 385.92(166.42~663.09) 695.22(427.35~890.17) 0.354
H@Hf’m‘ (mm*) 150.04(75.56~256.79) 243.83(166.91~363.94) 0.084
BEH SRR (mm”) 232.14(120.81~366.02) 430.72(265.44~527.18) 0.027
AL BEHAAFH (mm’) 25.57(10.09~92.88) 61.83(49.59~95.26) 0.123
AR5 A FEHAAF (mm*) 149.23(105.39~307.28) 331.04(21.62~57.50) 0.021
B BEHAFR (mm?*) 19.70(6.80~41.40) 33.34(21.62~57.50) 0.071
L AEBEHAA R (mm”) 139.66(90.48~276.71) 284.32(201.50~360.56) 0.023

F2 MPLOALEES #T3T MACE BBME
Table 2 The predictive value of MPI for MACE

[n(%)]

E M MACE4(n=11)  XHRZA(n=69) P1H

SbS =2 4(22.22) 14(77.7) 0.24
<2 7(11.29) 55(88.71)

SSS =4 2(16.67) 10(83.33) 0.75
<4 9(13.24) 59(86.76)

FFRer S BEH K 3 %750 MACE (8 S50t B TR
F (518 70.0% .75.0% ) ABFE SRR X B - (43-5)

H82.6% .69.6% )., ROC HHZk T FL AR, FFRe M2
BEHL K X MACE B9 1500 47 {6 4 0.80,0.81, SD A&
BW A FUI A E R 0.62.0.56,

3 i

WS CCTA FRAG Y FFRe  BEH & RAFE S
MPI 345 1 SSS . SDS AHA 7 Hr S5 A7 A, 7 #r
BATX CAD 23 & 4= MACE By PN AL BE . 45 3%
B, FFR B BEHAE R AE X T MACE () 0 2L AE
& T MPL,

it

£3 A5 MACE BIFUME
Table 3 The predictive value of phase analysis for MACE

X HEZH (n=69) MACE 4 (n=11) Py
R SD 8.72 +2.40 13.26 + 8.10 0.12
i B 4E 5 BW 25.00(19.25~35.75) 29.50(25.00~36.00) 0.29
i EE K SD 11.67 £ 0.99 16.14 + 8.50 <0.01
iR &R BW 3437 +4.27 39.38 = 14.29 0.04
AT A 91 SD 75.25 + 6.60 75.30 = 10.10 0.99
AT IS4 91 BW 25.00(21.25~35.25) 29.50(23.75~36.50) 0.89
M EF I SD 12.31(10.49~17.49) 13.27(10.49~18.37) 0.78
T ET TR BW 7137 £ 15.12 65.11 +24.41 0.48
A 100 7 B 100 = ¢ 1001
801 80 801
= 601 = 601 = 601
’éﬂ 40 g 40 ! L
201 201 201
04 04 0

90.81;D:FFRe: [ ROC [k T HiFR 4 0.80.,

0 20 40 60 80 100
1007514 (%)

) 20 40 60 80 100

100-4551£ (%)

20 40 60 80 100
100455214 (%)

0 20 40 60 80 100 0
100-F5 (%)

A FREVIRAE N EF IR SD 1 ROC ZE N AU 0.62; B: #f EURA N EF 7K BW 19 ROC #HZE F ATUN 0.56 5 C: BEHLK 1Y ROC il 4k T i FL

E3 MPIK CCTA S X1Hiill MACE B ROC &
Figure 3 The ROC curve of MPI and CCTA for pridicting MACE
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&4 FFRer ERKBEBEHE K 48 6L 53 47 %t MACE BIB9S i
2 HE
Table 4 The diagnosis efficacy of FFRcr, plaque charac-
teristics and phase analysis on MACE

FEbR AT EL SO (%) 5k (%) HERE (%)

FFRer 0.68  70.00 82.61 0.80
KB 32.65  75.00 69.62 0.81
B B AR 41324  62.52 78.64 0.74
AL BER AR 21582 87.53 60.72 0.75
FAEPEYATL 187.81  87.52 58.93 0.75
R EATIIIBW  36.00  75.13 51.61 0.56
HEATIKIISD 1286 87.52 54.83 0.62

FF CCTA Bds i N T8 683K 45 FFR el o
PR RS A 3R B SR T BE A4 A B BT R . NXT
FRFFE L R R, gt 4.7 F R BE VT, FFR.=<0.8
H MACE =HF & A= 255 (HR=0.92) , 11 FFRer IE %
ABEFTC 1) & A IR AR T 0 IUISE . ASTFSE
Pk T CCTA B HAE 40%~T70%1 CAD 5%, 554k
TS FAE CAD BRE FER T/ 2 I E T, 28
T FFRaMIMME . 45K W], MACE S04 40 i35
¥ FFRe (A 0 B0 T ISR 4, 31X 5 S8 i i B o2 45
W3 XA HE A FFR.<0.8 I, T i UL 20 ity
RAEDIREPESR N, A S 7 AR 2O, 51 &
MACE"™, [Ai, 76 AR Z 3 g e 250, kK8
MACE 20 " BEBRA i BB R FEURT A 55 Ak B e f
FUR 3 = T IO 4, X ] R 5 B He 67 fap 16 K
BEH A 0l SRS Ak i o3 22 | BEHRTE B ik 7 BH 28
M4, 5% MACE A ",

PIERFSE 260, MPLAE CAD XU A BAg —
FEME"™ Yao %" HFFY K BH, SSS & Tl o0
i HE MACE & A= A7 fE e &, 770 2 DL B A
B, 5 SSS<8 11 B # A e, SSS > 8 B9 AT MACE
RAREERR . AR EREMMACE FHAY
ToFF 4 a] SSSH 2 A B B 25 5, (H SSS=4 41 1Y
MACE % 4= R KT SSS < 4 4, ix 1] fig 5 REA & 45
AN IR AR AE R BB AR SSS M R R IR
I, AL HT R SD B BW SR AN IA PR A2 5
BRI B R, 1IEH A MPLTA
SR — A PR 28 TR 10, A 2 =iz
B[] A 0 BB AR A P S 7 A DA AH 3 55 LSRR,
SD J¢ BW fH B @3 >0, AP oE 45 R s , Pidl
NBEAE WA 1A SRS 2 A A RS SD & BW {H
BITCH i 25 5 AR AT sk P AR ER RS TT SD
K BW BA W 22 5 (HR: S AR, HE I T e

EPIKTIRE S A
JEA

CCTA K MPT &2 Wi ek Lo i H 5 v, I R
T NEA AN, 5T R, S LA B FFRCTAE A
S FRUETEN HA ML 8 71 2% 8 LR B AE I, MPL 5
FFRe 12 WHAEH R AH 24 (68% vs. 70%) ,{H FFRe F4L
I S T MPL(91% vs. 41% )™, AR A3 BT A4
N = TAEGVE AR B AW # RS T &5k
HH SD {1 MACE A9 S0 & T FFRer M BE B AR
TIE, (ER SRR ARG, PR O A Y U Ak e A, 2%
18 SRR AN K A 7 e ks A8 A B v (] sf o T
2 e AR AT AT JE IR 47 1 P R A R 5 S S5
DIREAN A B A 5E H MACE 20 ) 735 1% L
Bt T IO R4, 33X P RE S P BURIA /BT s 5
PERBAR AR A

ARWFFEAFAE—E S PR . B 5, AR5 o (] ot
PERIF T HLREA S A/ DN, 10 75 OREAS | AT S 1 00 56
TE. HK, & G BEH R I A AT, Rt
MACE =4 At 7T g 9 A P R ARAR IAEBF 58
5 AT P oK 52 4 HEBR T BE A7 78 10 2R
ARG A S BT 45

25 b AR BR S FFRe S BREHRRR R S 80 5 3
T MPT [EIG B E 7 43 B BAR A 43 A7 AH H g, & 3R
CCTA A5 12405 MACE FO TN REAL T MPIL,
(&%)
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