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[Abstract] Obstract Purpose “One-stop” CT myocardial perfusion imaging (CT-MPI) was compared with
cardiac magnetic resonance (CMR) to investigate its application value in evaluating patients with severe coronary
artery stenosis. Methods Fifty patients with coronary artery stenosis==90% of at least one major coronary arteries
comfirmed by coronary angiography (CAG) in the department of cardiology in our hospital, who referred for
coronary artery stent implantation were prospectively enrolled. All the patients underwent “One-stop” CT-MPI
within a week before surgery, among which 22 patients underwent CMR examination simultaneously. The
postprocessing software Ziostation2 was used to obatin and compare the perfusion parameters of patients with
normal and perfusion defect myocardium. including blood flow (BF), blood volume (BV). peak time (TTP), and
mean transit time (MTT). Pearson correlation analysis was used to compare the correlation of relative perfusion
parameters (defect/normal myocardium) between CT and CMR. Bland-Altman analysis was used to analyze the
consistency between CT and CMR in left ventricular (LLV) function parameters measurements. Results Compared
with normal myocardium, BV and BF of perfusion defect myocardium were significantly decreased, while MTT and
TTP were significantly prolonged (all P<C0.05). The rBV, rBF, rMTT and rTTP were medium to high positive
correlated between CT and CMR (»=0. 685, 0. 641, 0. 871, 0. 733, respectively, all P<C0. 05). Bland-Altman
analysis showed that 95% (21/22) points were within the 95% limits of agreement (LoA), suggesting the LV
function parameters measurements between two methods were highly consistent. Conclusion “One-stop” CT-MPI
can simultaneously obtain the information about coronary anatomy. myocardial perfusion and LV function. It is of
great value in the evaluation of patients with severe coronary artery stenosis, with shorter scan time and less
contraindications compared with CMR.
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Table 1 Comparison of CT-MPI perfusion parameters between

perfusion defect myocardium and normal myocardium

(x*ts,n=50)
Perfusion Normal
defect ; t P
. myocardium
myocardium

BV/(mL/ 17.348.2 24.44+9.1 3.293 0. 001

100 mL)
BEF/(mL/ 252.5+36.4 363.1+41.4 3.979 <20.001

(100 mL » s))
MTT/s 13.443.4 11.14+2.9 3.698 <20.001
TTP/s 20.1+5.6 17.3+5.1 —2.573 0.012

BV: Blood volume; BF: Blood flow; TTP: Time to peak; MTT: Mean
transit time
2.3 CT-MPI 5 CMR-MPI g3} # i S # L&
CT-MPTFICMR- MPT# i Il 4 3 i 8451 (]

E 1 CAD B CT-MPI # S %E. EEHRREE BV(A) BF(B) T .MITC) . TTP(D) K (B EEFX)
Fig 1 Pseudo-color maps of CT-MPI perfusion parameters ina CAD patient. BV (A), BF(B) decreased, MTT(C), TTP(D) prolonged at the

corresponding perfusion defect area (white arrows)
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mL/m? f1 SV(—21416.99) mL/m?; H 95% B (=
X 8] 53 3 Ky : EF(—28. 68,10.61), EDV(—71. 64,
19.74),ESV(—44.89,32.39) f1SV(—54. 30,



KUBHE S iU CT O JLHE A VP A S 0 20 Ik o B3 B R0 35 v A o T ML

&
&

881

Artery

=== Normal myocardium

Perfusion defect
myocardium

Artery
Normal myocardium

=== Perfusion defect
myocardium

B 2 CMR-MPI (A) .CT-MPI(C) — 3 & 70 HILRT B2 . BT 18] B2 17 72 3 i SRR (E #D)  TIC B R E RV AL MR (5532 E (B) 1 CT & (D) FE{R
Fig2 CMR-MPI(A), CT -MPI(C) imagesconsistently showed perfusion defect (yellow arrows) in the myocardial anterior and anteroseptal walls.
TIC showed the MR intensity (B) and CT value (D) of perfusion defect myocardium decreased
%2 CI-MPL# CMR-MPL 3 EESH R A DINES LR (x£s.n=22)

Table 2 Comparison of relative perfusion parameters and left ventricular cardiac function parameters acquired from CT-MPI and CMR-MPI (x*

s,n=22)
CT CMR t P

Relative perfusion parameters

rBV 0.76+£0.15 0.79+0.16 —0. 650 0.519

rBF 0.64+0. 21 0.60+0. 21 0. 720 0.475

rMTT 1.2440. 32 1.1140. 23 1.552 0.129

rTTP 1.16+0. 14 1.2940.18 —2.760 0. 009
Left ventricular cardiac function parameters

EF/% 40. 66+16. 15 48.55417.72 —1.543 0.130

EDV/(mL/m?) 141. 59£65. 21 167.53461. 39 —1.359 0.181

ESV/(mL/m?) 90. 68+61.58 95.61467. 46 —0.253 0. 801

SV/(mL/m?) 50.92+15.9 71.93413.76 —4. 684 <Z0. 001

rBV: Relative blood volume; rBF: Relative blood flow; rTTP: Relativetime to peak; rMTT: Relativemean transit time; EF: Ejection

fraction; ESV: End-systolic volume; EDV: End-diastolic volume; SV Stroke volume

1.00f BV . 1.00 rBF . e 1.50 rMTT 1.50f rTTP
0.90f i o . a 1.40 1 40l L
o0} _0.80 _ _ .
& : oo & . E&1.30 &1.30f
Z0.70} © 2 N AT : ;
= o =0.60 . = = | *
00.60' i &) e ©wl.20 vl.20 u . °
I r=0.685 T 1.10f ° 1.10f " o r=0.733
0.50 P<0.001 0.40 \ N r=0.871 o, ° P<0.001
. ST P<0.001 “?
040 o | : L 020l : : : . 1.00f . b . Loopm . . .
040 060 0.80 1.00 2930 0.40 0.60 0.80 1.00 100 1.10 120 1.30 1.00 1.20 1.40 1.60 1.80
CMR-MPI CMR-MPI CMR-MPI CMR-MPI

Bl 3 CT-MPI#1 CMR-MPI 1834 # i S 4 X (n=22)
Fig 3 Correlation between the relative perfusion parameters of CT-MPI and CMR-MPI (n=22)
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Fig 4 Consistency between the left ventricular cardiac function parameters of CT-MPI and CMR-MPI
3 i (LA S i A0 /0N 5 2 000 S A PR I A ek ) 4
TR

SEE AR By K A RS 5RO LR Il VIR BE R 4 T
PIA R JUk B R e SR I L 1l E I R TR R SR
HAT RN AR KA. W CCTA AL KR 5 Jik ik
wLoAT 2w R A, Wik, %44 CT,
CMR., — 4 #& & . 31 K ( two-dimensional
transthoracic echocardiography, 2DTTE) 1 8.5% 1
K5 & HL W )2 B /2 (Single-photon emission
computed tomography, SPECT) 2z v Wi #h }% L) I
A o ) T 2 A T 4% 52 48 B IR B Bk AR T
(percutaneous coronary intervention, PCI), X} &
FHRIF A WBE A HAE K. b B E AN D
TR WA A A R T B IR 2% L B — i
il 558 5 e IOk St ) o0 UL T KO T RE AR 0 19 K A T
Bt . SPECT J& H i vPAh O WLHE 1 1Y 4 b5
HE A28 ) 43 B AR R S R A v B T
I R 1248 FH s 2DTTE f8 7 A PF Al .0 ik 2 g {H 5]
15035 W2 22 L v BEARUERAE & s CMIR X L BE 4 4
153 BE A s X0 WL I iR B VT A E B R A
Gt T R I R T 0 S T T RE I E
FHF Bt oA WF 58 26 #5 CMR 1B 0 ILTE 1 B0 T
RESH— B TR S H AR

O HILTRE 3 2 1 98 DA 5 k0 A RS 4 SR AL 7E B
20 1 DO R AT ) B A2 5 S /N DU H O LR 2L
b AR B O ILGICOE 2R D) RE B0 LIS PR . RN Z T
L3 5B Y IR O WU G AS B S R
B0 UL BV OBF W3 BEAR, MTT, TTP
B E FEAC X AT AR Tl DR B A S O A3 1L
Bt U It o Jmy 35 O JUL L 98 2 9 20 o 0 S A0 B S

I X B )0 e 3% Ak O ILES 18] ZE K, ST S X
T WU HE 1 Sk 0 9 12 B, CT-MPL I
CMR-MPI 2 Wi &L e AL, {3 H i JC A 5T L
BHIE RS WHEBRR A 7 BB T A
FBE R 2 57 X S B4 (B 1) 52 ] L AR BIF 5 SR A
X R 2 B QO 3 R At 0 WL/ 87 0 LD 85 4
Ky 7 2RI FpE T S 80 — B0t . TR R L. K
[Fi) Fofr 88 0 2 % (R) 52t b ~ s B AH OGPk (e 0. 641 ~
0.871) ., AW 7% B R H B9 J5 &b B ER A4 . CT Al
MRI 5 5 2500 2 ) e B[R] 3 AT fig o =3
FTINAS S H0R 2 A G i S R, AN RN R
AR RE WXL R — ., A CT Al
CMR JUr I 3 St gt o0 WL B4 08 3 S 80U 5 1E % 0 WL
WAE G 22 5. XS SRR LA LU T R R OF
il %t HE A SCBRAE A JE R P T A PR AN A
V. MmO S AR A, KARA 507 2 i i #F
SEUERH . CT 5 CMR 45 19 220 D) e 2 B[R] 52 505
WEAHFE (r=0.702, P<{0.001) , A< #ff 5% IR ik — 25 4F
S H AR L DI RS A B Ar . (HA BRI,
CT 5 CMR |45 rTTP.SV 2 %4 4 it % 5 X, X
Al g5 CMR EMRA L0 3835, 0 LY A0 45 G
718 5V T L S BOPE ) O WILPY L A R B kL
I AEFE—E 22 MG, EAh  REA R 3/ L5 Ab B 5k
fFrp CT . CMR #E 8 2 BT 5 J R[] 45 #85 7T fig
Mo HZ AP,

CMR A A5 0 JETE 25 F 0 15 B E 0 o B
RER R  HAR A I ] i ek ik o R e A R A
I 15 B L R HfE DA AZ 4 B B A CMR A 4y, 3 4R
ok, GEARBEM A CT 8 i T K, H CT B AR



6l

KUBHE S iU CT O JLHE A VP A S 0 20 Ik o B3 B R0 35 v A o T ML 883

JEE TR G A A D A Iyl 2 PP AR O 0 Y
e TBL, R, TR DL & CMR H 3 4%
SRRE (e A AR L ¢ — 3l 2 CT-MPI A B J2
S TRT VA O U gt 00 R ) RV 000 0 T . B 2R ALY
“ 3 A CUn T K 0 LE A - R SR AR 4R B
A A #1002 mSV, A B 5T R 80 kV,
200 mA 1% 5 i 7 # A 2 [ 2 R E AN B A
CCTA fil CT-MPI A5 s 1 9 A 72 3 3/
7 2k P T b o 85 X6 b 551 3k 06 e ] A
“— 3 X" CT-MPI SE-45 ED {2 3. 3~3.8 mSv, {0
e 3 AR ) B L CT-MPT 7E — S0 R 5 58 3 Cln e
JE V2R AE LA L 45 AP AT AT A — R

AR5 B A - DAL G A e Tk T A SR B
= 5k VKO 78 A B 50 WLTHE 1 S0 Dy e 2 1) AH DG M 1
WF9E s @il Z A5 B U5 %k QFF AN . 7E4 IR 1
WF5E b G RREAS B I 40 AR W) 43 % 1) 6 ik e 75
FRE [ ISP ISR S 40 AR S5 R A B0 Bt 7 B R
— D CT-MPI 5 CMR-MPT A 2%, DL S — 3
A ”CT-MPI 78560955 8 5 I PR I2 W 36 97 B3R 2 1
Jei VA 7 T A A 1

Zi 13 27 CT-MPI % BE — vk 43 4[] i
T OB PR3 IS Bk e ) o0 WL A R 2 0 T g
W, I HAE F T 4T CMR 6 25 14 15 3 56 4k 3h Ik gk
75 B NI RIS W R 17 VA P2 A5 B 2 AU B
HLA R 14 I PR L FH i 55

2 % x #t

[1] RENKER M. BAUMANN S, FULLER SR, et al. Imaging
Coronary Artery Disease and the Myocardial
Cascade Clinical Principles and Scope. Radiol Clin North Am,
2015,53(2):261-269.

[2] FEGER S, RIEF M, ZIMMERMANN E. ez al.
satisfaction with coronary CT angiography, myocardial CT

Ischemic

Patient

perfusion, myocardial perfusion MRI, SPECT myocardial
perfusion imaging and conventional coronary angiography.
Eur Radiol,2015,25(7) :2115-2124.

[3] CURY R C, ABBARA S, ACHENBACH S, et al. CAD-
RADSTM Coronary Artery Disease-Reporting and Data
System. An expert consensus document of the Society of
Cardiovascular Computed Tomography ( SCCT ), the
American College of Radiology ( ACR) and the North
American Society for Cardiovascular Imaging ( NASCI).
Endorsed by the American College of Cardiology. J
Cardiovasc Comput Tomogr,2016,10(4) :269-281.

[4] SHARMA R K, ARBAB-ZADEH A, KISHI S,

Incremental diagnostic accuracy of computed tomography

et al.

myocardial perfusion imaging over coronary angiography
stratified by pre-test probability of coronary artery disease
and severity of coronary artery calcification: the CORE320
study. Int J Cardiol,2015,201:570-577.
[5] PONTONE G, ANDREINI D, GUARICCI A I, et al.
Value of Stress Computed

Incremental  Diagnostic

[6]

(7]

(8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

With  Whole-Heart
High-Risk
Symptomatic Patients Suspected of Coronary Artery Disease.
JACC Cardiovasc Imaging,2019,12(2) :338-349.
FEGER S, SHABAN A, LUKAS S, et al.

averaging for four-dimensional

Tomography Myocardial Perfusion

Coverage CT Scanner in Intermediate- to

Temporal
analysis of whole-heart
computed tomography perfusion of the myocardium: proof-of-
concept study. Int J Cardiovasc Imaging, 2017,33(3):371-
382.

DEAK P D, SMAL Y, KALENDER W A. Multisection CT
Protocols: Sex- and Age-specific Conversion Factors Used to
Determine Effective Dose from Dose-Length Product.
Radiology.2010,257(1) :158-166.

E BREAM, w4 fumishAS CT O IUHE A BUR A O
WUBR I 12 W (4. I PR A 2 4% 75,2015, 34 (1) 1 41-45.
PENAGALURI A, HIGGINS A Y, VAVERE A L, et al.
Computed tomographic perfusion improves diagnostic power
of coronary computed tomographic angiography in women:
analysis of the CORE320 trial (coronary artery evaluation
320-Row
angiography and myocardial perfusion) according to gender.
Circ Cardiovasc Imaging,2016,9(11): pii: e005189[2019-03-
29 ].  https://doi. org/10. 1161/CIRCIMAGING. 116.
005189.

WA B, A, F O IEREE IR 5% R 2 A fr O ILRE
SR AGAEIN 56 0 9 0 UL BB ot B X B AT 0 LGS S AR AR,
2016,35(5) :373-377.

HAMADA S, GOTSCHY A, WISSMANN L, et al. Multi-
centre study of whole-heart dynamic 3D cardiac magnetic

using multidetector ~ computed  tomography

resonance perfusion imaging for the detection of coronary
artery disease defined by fractional flow reserve: gender
based analysis of diagnostic performance. Eur Hear ]
Cardiovasc Imaging,2017,18(10) :1099-1106.

BAMBERG F, MARCUS R P, BECKER A, et al. Dynamic
Myocardial CT Perfusion Imaging for Evaluation of
Myocardial Ischemia as Determined by MR Imaging. JACC
Cardiovasc Imaging,2014,7(3) :267-277.

HUBER A M, LEBER V, GRAMER B M, et al.
Myocardium: Dynamic versus Single-Shot CT Perfusion
Imaging. Radiology,2013,269(2) .:378-386.

XWSCEE, oK, EWE, F. Z R CT O JUHE 6T B i P O
JUESS 9 L FE AR (. o I B 2 AR BR L 2013,29(1) £ 38-41.
RIEF M, CHEN M Y. VAVERE A L, et al. Coronary
Artery Disease: Analysis of Diagnostic Performance of CT
Perfusion and MR Perfusion Imaging in Comparison with
Quantitative Coronary Angiography and SPECT-Multicenter
Prospective Trial. Radiology,2018,286(2):461-470.
MEINEL F G, WICHMANN ] L, SCHOEPF U ], et al.
Global quantification of left ventricular myocardial perfusion
at dynamic CT imaging: prognostic value. ] Cardiovasc
Comput Tomogr,2017,11(1):16-24.

KARA B, NAYMAN A, GULER I, et al.

Assessment of Left Ventricular Function and Myocardial

Quantitative

Mass: A Comparison of Coronary CT Angiography with
Cardiac MRI and Echocardiography. Polish J Radiol, 2016,
81:95-102.
PPERISINAKIS K, SEIMENIS I, TZEDAKIS A. et al.
Personalized assessment of radiation risks from the one-stop-
shop myocardial 256-slice CT examination. Int J Cardiol,
2013,168(6):5267-5272.
FUJITA M, KITAGAWA K, ITO T, et al. Dose reduction
in dynamic CT stress myocardial perfusion imaging:
comparison of 80-kV/370-mAs and 100-kV/300-mAs
protocols. Eur Radiol,2014,24(3) :748-755.

(2019 — 04 — 16 Wi F 2019 — 09 — 15 &)

EEE I



