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Correlation of Effective Temporal Resolution
and Accuracy of Volume Ejection Fraction
on the ECG-gated Cardiac MDCT

Yun Shen'’, Masahiro Jinzaki?’, Kozo Sato®,
and Sachio Kuribayashi?’

Purpose: ECG-gated cardiac MDCT offers many cardiac clinical
applications. The goals of this report are 1)to introduce a
new concept of effective reliability (ER ) from effective tem-
poral resolution for the evaluation of ejection fraction (EF)
and evaluation of image quality (1Q)of coronary arteries, and
2)to show the correlation of ER and the accuracy of EF with
different cardiac reconstruction algorithms and different
rotation speeds.

Methods and Materials: To assess the accuracy of EF, helical
scanning was performed with a gated cardiac MDCT (GE
LightSpeed, 8/16 slice)on pulsating cardiac coronary phan-
toms (0.5 and 0.6 sec rotation speed for each 50-110 bpm,
5-bpm step). We define effective reliability (ER) from effective
temporal resolution (%) as follows: ER=(1-TR/HC)x100;
TR: Effective temporal resolution, HC: time of heart cycle
in each bpm.

Results: From the results of the EF measurement and calcu-
lated ER, high accuracy was obtained by using optimal scan
conditions (optimal rotation speed and cardiac reconstruction
algorithm)in a wide range of heart rates (heart rate<90: EF
& ER>81%; heart rate<110 bpm: EF & ER>73%). Results
showed that the calculated ER is closely correlated with the
measurement results of EF based on the phantom experiment
(R2=0.901£0.075; Max: 0.994, Min: 0.738). Optimal recon-
struction thickness can reduce total image number for the
evaluation of EF.

Conclusion: We concluded that the ER is useful to evaluate
EF accuracy and the IQ of images of coronary arteries.

Research Code No.: 206.1

Key words: MDCT, Cardiac phantom, Ejection fraction,
Function, Temporal resolution
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Fig. 1 Pulsating cardiac phantorn and key advantages.
A: View of pulsating cardiac phantom.

B: Motion shape of phantom with three phases. x-axis is time and y-axis is volume.
C: Shift model and irregular model of heartbeat. x-axis shows cycle numbers of heartbeat, y-axis shows

bpm.

A
e

The real heart wave with fast pumping, fast filling, and slow filling phases can be incorporated by using the driver se-
quence, and the variation in patient heartbeat or irregular pulse can be designed by using different driver sequence cycles.

B L UEH6HBE OB 87 — > % 3R T X 2 KRB
., ZOT77 PLADOKEREEHD 1 DI R b VR EE)
TH5IETALRESETVEY, FEREETIIRVER
DL D % (Fig. 1B: three of fast filling and slow filling,
fast pumping) 2 BT 2 Z LAWEETH B, X512, =D
772 FAIBWT, LR OBIMIE, SR <
2 Y, B OFKIZIERHE (two phase: fast filling & fast
pumping) IZiED Z L2k 5,

FZE SNz OLBEIRE 7 7 ~ b 4% I\ T, EFOE
2179 . N AIVE v F120.275:1, 120kV, 0.5s/300mA,
0.6s/250mAZ M § 5. MHEFOHKIE 8 x 1.25mm (GE
LightSpeed Ultra) & 16 x 0.625mm (GE LightSpeed Ultra 16)
WKEZELTwa. LMEIET 7 >~ b 2008 %50~
110bpm |ZHHE) & 4 (step Sbpm), FHFNDLIEEIT L
TO.55/r £0.6s/rDWTJ; DIFEETAF ¥ » 2475, 2. T
WS 3 DOLMEHER 7 V1) X A (CHR: SnapShot
Segment; MSR-2: SnapShot Burst; MSR-4: SnapShot Burst
Plus) |2 & 5 E{EFEHER 217V, BFEZEHAIL, SE2hme 5 m
BE & DM % A IR+ 5.

DERHMEETH HERIER DR EFHVTEHT L LATE
5.

EF (%) = 100 X (ED=ES)/ED-++swsssreereusuessness (1)

( EF=(ED-ES)/ED: 37.2% (0 bpm)

ED: 235.2cc(LV)+13.0cc (Coronary)

Fig. 2 Typical example of ejection fraction (EF)mea- A
surement.
A: Volume and 3D image of ES phase. B

B: Volume and 3D image of ED phase.
Scan mode: 16x0.625 mm.

Z Z°C, EDIIEIERNY], ESIZNGHERMITH S, Z0L0E
BRET 7 > b ADOESONAAM0% & 7 H, EDIZ90% I 7%
5. WEBIE LT, #kREE (Obpm) D & X OEFIiFig. 2T
AEN, 37.2%I127% % (ED: 235.2¢cc; ES: 147.7cc). —H,
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Fig. 3 Two cardiac reconstruction algorithms.
The cardiac half-reconstruction algorithm uses a single sector and information from
one ECG: the multi-sector reconstruction algorithm uses multiple sectors and infor-

mation from multiple ECG cycles.

HWEHOMRIEFIZCTIC & 2 0ERRE 2 FFET B8, LB
TS A Wi E 212, AEEBREREICL-oTHL—A
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ik o TR B 77 7 (Simpson) i & 9 FiEAHRH
T3,

72, Bl AEFTORL L ERB % BT 572012, X
DEFHTEFDIEHLEAT) ZEFTRTH 5.
E]:.‘“m{%) =100 x EF}"EFubpm ........................... (2‘)

- T, HIERIETDH B0bpm®D & & DEF,,1£100% 2 7%
5.

. LIRS RESBEER 7T X LY

MDCTLJ: % UIBEIR C O Mg R 21T ) £ &, EBCT
ERL & 912, ECGULEMIEM) 7 — b AF v RIS
TRTHDH, LHBIDEEE RABRIZHIZ 5 720125 S
N7 O F AW FRE R 7 v ) A 403, FIEOA%
H ®cardiac half reconstruction (CHR) & /1« @ L H U O
multi sector reconstruction (MSR) @ 2 ff#i43% % (Fig. 3)
4. CHR (SnapShot Segment) IXECG7 — F A ¥ v » f§fig &
180° + 7 7 » 455 (¥ 3 53 @ 2 [OlfiR) D 7' — % 7 & WifR
BT o n—7HEBR TN T) AL lAaShEs I b2k
S TEBRSNZOZ LT, MSRIZEE D LR A 5 [F
MHTH IR HEEAEOT— 7 2L, Thbz
MAEDE LT & THERET— % (180°+ 7 7 Y A7) %

TR 1747 A 25 H

ER L TWADT, CHRE ) EVEFES LA T 5 (kK
CHR® 4 f5C, 0.5s/rD¥4r1263ms). %3, MSROEERS
g, FHRICH S ARkt Y BIC X > THIRE h
o, RRFEICBWTIE, Kk 2 2 5 ThHMSR-2
(SnapShot Burst) &, itk 4 2 ¥ T#% %5MSR-4(SnapShot
Burst Plus) A3 & 417z,

3. ERHRFE S ARRE & BIEFEE

Brp 2 - PR (OIA%, WIgmREE, PHER T Vv
o) X L) CRHE S N E AR AR I dFig. TR L, B
05 (bpm) Td 1, bl L IR 7GR (TR) Td
5. MSR-4DFEFEEHFHAEIC B VT, LHAEBIZE - T
0.5s/rhSE BRI REE 2 R L, & A\ 130.6s/r7% 5 R ] 431
WA RLTWAZ LAHERTE S, —F, CHRIZR R 5.0
N3 LT F DR R iR 43R EE (TR) i —E Td 575,
LD { T2 BN TRREIFE (THC) 23 < %2 1), CHR
T & N7 ER R 418 B8 (TR) D # & A5 ATIY IIE < 7
D, WEEECHEREDHEATFHESNE., 22T, IO
5 9 OB DRR BT L2359 B W 45 5 O AT E O FE A
5 L &I HMSHEEE (reliability) & LT T D &) ICEHT 5.

ER(%) = (3)
KB ITBWT, ENEESHETHLTREFRHTLO

T, 2 CHEIEEE (ER: effective reliability) L IERZ &
27 5. HIEIRIETH A0bpm® & & DERIZEF, & [F L100

100 % (l——TRfTHC)
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Fig. 4 Effective temporal resolution (TR)with different gantry
rotation speeds and reconstruction algorithms.

The solid lines show results of the cardiac haif-reconstruction
(CHR)algorithm; and the dotted lines show results of the multi-
sector reconstruction with maximum 4 sectors (MSR-4) algorithm.

Fig. 5 Effective reliability (ER)with different gantry rotation
speeds and reconstruction algorithms.

The solid lines show the result of the cardiac half-reconstruction
algorithm (CHR); the dotted lines show the results of the multi-
sector reconstruction with maximum 4 sectors (MSR-4)algorithm.

Static state (0 bpm); TR: 250 ms; ER: 100%
(EF: 37.2%; EFnor: 100%=EF/EF popm)

o BNy

MSR-2; TR: 191 ms(105 bpm); ER: 66.58%

:
H

CHR; TR: 250 ms (105 bpm); ER: 56.25%
(EF: 21.3%; EF o 57.3%)

MSR-4; TR: 84 ms (105 bpm); ER: 85.30%
(EF: 29.4%; EFnor: 79.0%)

Fig. 6 Three-dimensional (3D)image and the results of measured ejection fraction (EF)and calculated effective
reliability (ER) with different cardiac reconstruction algorithms.

A: Result with static state.
B: Result with cardiac half-reconstruction (CHR).

C: Result with multi-sector reconstruction with maximum 2 sectors (MSR-2).
D: Result with multi-sector reconstruction with maximum 4 sectors (MSR-4) .

Scan mode: 16x0.625 mm.

The cardiac image quality and accuracy of EF and ER were improved by using the high temporal resolution cardiac reconstruc-

tion algorithms.
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Fig. 4133 (3) il % L Fig. 512 % 5. #lilid.odm%
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OFFH 53 ##RE (TR) & 8 LT, Fig. 5T/REN TV ACHR
DIGHEMEEE (BR) &, ORI pE, BRI
LTw{,

Fig. SO 5075 £ 912, 5% 205G BV TRl
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T, 81.2%LLE, 110bpmF TTH, 73.9%LL EOEMEIE
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NIZFEREHPE (ER) & ERFFRI SR (TR)  F L H 5T
W5, #fkIEAKREE (BF,o, ER: 100%) & 1 LT, CHR, MSR-2
EMSR-ADIET, W RREDYHE L & b 12, EFWmEERD

HARERERE $o65% £33 5



S

— 100

£ 9

[&]

£ 80 oo proes .>1ilf_(_0 es‘f{) MSR-4 (0.5s/r)
& l-..._::-..(.: S -""'lﬁ__ 1“\\

g 70 LS ST T i
S CHR (0,69 CHR(055/)
o 60 . - [
N 50 i i,
E T~
£ 40 . L L L L 1

S 4 55 65 75 85 95 105 115

bpm

Fig. 7 Results of ejection fraction (EF)with different gantry ro-
tation speeds and reconstruction algorithms.

The solid lines show the results of the cardiac half-reconstruc-
tion (CHR) algorithm; the dotted lines show the results of the multi-
sector reconstruction with maximum 4 sectors (MSR-4)algorithm.
Scan mode: 16x0.625 mm.
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F, 110bpmEFTTD, 72.9% LN EOEFOUIERHELEHT 2
ZEDHERA SN, CHRE ), MSR-4D139 AL 1) #\VEF
HEAGREDSH B = L HHER E N7z, MSR-4IZBWT, W
B (bpm) DHANHE - T, EFDHIEREACHRD K 95 (ZH.
FMIZHIEL TV DOTIER L, 0L EOERRH S
BeE OMIEDH D Z EHEZ BN, 75~90bpm D HFEL
I2BWT, BwEEERE (0.5s/r) THRON/EFL Y, LA
TE A EE (0.6s/r) TRONFZEFDIZ I AL ) BWE %
A5 AR SN, Fig. SOEREENE (ER) D& F
LT AL, EHIIZ L —HT B I LRSI

2. (DERHEROBITERSE & EHEERE & DIER
FTARTOLIE(50~110bpm) 12 DWT, R B -
WRGEMFIZBWT, BB SN FERERE (ER) J:“Jé!%d)rﬁil

EAEFE (EF o) O LB (32 D7 © difference) [¥Fig. 8 TR &
NTWaE., TRTDAFy VE&HIZBVT, i) L {—
S kﬁ‘&'{é‘” M7z (i O ¢ 3.78 +2.52%).

EF D5 & FERE IR & ORIBIIEHR % & /09 12 FE
T AR, Fig. ol eoohi, LBI30.5s/r, CHRD
EEORRELRL, HMEIIEHETH O N EREEE, Wi
BUIEFOMIERER, 0.9938 L) IEH 12 BVHIBIAHERR &
7z, TRIZTRTOF—7 2fiiofz b & @*Hlﬁj%f&%ﬁi
LTwa, ZNTh, 0.8675L ) BB HERD S
=

FNEFNDAF ¥ &t & ORI Table 1 1I2F &
HENTWVD. 0.901 £ 0.075 &) FEFITEHWHEBIREDS
foh, EA L2 EMEEE (ER) & IV CURRE (EF) Dl
ERELFMT 2 LPETHLILERLTNS
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Fig. 8 Difference between the measured ejection fraction (EF)
and calculated effective reliability (ER) with different gantry ro-
tation speeds and reconstruction algorithms at all bpm (50-110
bpm).

It was shown that ER has a good correlation with EF (for all cases:
3.78%+2.52%).

Correlation (EF vs ER) in 8x1.25 mm mode
< =
X 100 =5
> =
= |
2 60 —
8 ’
D
iﬁ 40 1 I 1 ) 1 )
40 50 60 70 80 a0 100
Correlation (EF vs ER) in the all data
100
& =
-E 3 e G#
3 80 e ar e
e
@ - _‘-‘ Lt il
‘% 60 i ,«-f’:# *
£ .
i 40 1 w 1 L ! !
40 50 60 70 80 90 100
Fig. 9 Correlation coefficient of ejection fraction (EF) A

and effective reliability (ER).

A: The results of correlation (R2=0.9938)between EF
and ER in the cardiac half-reconstruction (CHR)and
8x1.25 mm mode.

B: The resulls of correlation (R2=0.8675)between EF and ER for
all data (different scan modes, rotation speeds, and cardiac
reconstruction algorithms).

Good correlation coefficients were confirmed (R?=0.901+0.075;

Max: 0.994, Min: 0.738).

3)/DERHHROBITERSE & BB X 7 1 RE & DR
Table 2 (£57% 5 B A 5 1 AETOEFOHIERE R %
LT3, Table3lZIZCHR TOHE L 2 (HETOEFDHE
BERL, (OB (50~70bpm E T) 1245 T, 45%
OWPIERE DLLAFER SNz, FUIHLT, AF74 R
EDZALIC & ZEFDRIERENDEEIL, W T2 HHRE
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Table 1 Correlation coefficient of ejection fraction (EF)and ef-
fective reliability (ER)under different scan conditions

Table 2 Results of ejection fraction (EF)with different recon-
structed slice thicknesses

Correlation coefficient 0.5s 0.6s 0.5s & 0.6s 0 bpm ED ES EF
8x1.25 mm CHR 0.994 | 0.994 0.625 mm 190.91 121.93 36.13%
MSR-2 | 0890 | 0.936 1.25 mm 190.92 121.97 96.11%
MBRE || 0792 || 0950 v.872 2.5 mm 198.66 127.02 36.06%
16x0.625 mm | CHR 0.983 | 0.987 5%
MSR-2 | 0.852 | 0.936
MSR-4 | 0738 | 0.932 0.880
Al 0.808 | 0.910 0.868 Table 3 ‘bH:’:;L;Its of ejection fraction (EF)with different bpm (heart
0.625 mm ED ES EF
(0.2%)TH2Z LIFEBRENT. 50 bpm 184.09 133.25 27.62%
—75, Table 41357 2 A 5 14 ZAETD / 4 XDl 60 bpm 183.69 134.52 26.77%
ERRATREN, FHRA T 4 AEOMMNE £ b12, HL 70 bpm 182.08 134.03 26.39%
<7 A XD (>40%) 13 HER X 7, f 4.5%

zZ =

LCEREBHICBT2.0BOBHKCEETH L2012,
Frx v TORVE) 2 —LF— 5 %BL1-DI2, BEOL
HEE 7T —7 VB E v F (helical pitch) & DFEIMITETH
5. EvFOLIHE L TERST X254, Kl
T=FDREVEL, BRELZKLT -4 2185 2 EHT
EhwvE L HiZ, banding artifactZ £ 45, WEOLHIL
BB BEEZONG, By FR WA TEL L, BE
DHHE (DOSE) Z BN 2%, AF v L itBAMIR S T L
FH)LICRA, MUBEBHET VY XL12B0T, il
HEITLE, DA ECANY ALY v FHBERI T ND,
[ C.0da% (bpm) 128\ T, FEAMIZ, CHR, MSR-2&
MSR-4DINEIZ, L H/PhSvAN) B Ey FAER ST
5. RESNIZERESTE & EPSOEFOMIERE RS, i
H OB (Fig. 8,9, Table 1) IXCHRDHEAIZHAT, MSR
DHEIDLTILDOHLLTWAE., FOMEL 2004
BET-TUBHE Yy F Lo (FY vy 7OHW) 2k
5bDEEZLNL, SRIOEFOMEIZ, §XTHAF v
YEMIIBWT, MDCTTERBIED —F /NS VA1) H
VE 9 FTHH02I52 TS, 2RI hbLT, L
ML >T, MSREERITAE X2, 20Xy v Tk
CAGENH LD, ThEE2HIC, MSRO+®Z ¥ BD
HERELIT>Twa, Lal, RESNEDEHEED
RILT B 2 TR P RFEIZZDOE v v TORE LR L
W, BWZ AL F vy TERELRG, oS na)
ANEy FORTEHBEENT:,

1, —2D¥# % phase D A T OEBIR D FAG & 5\,
EF & (3 U .U BERE D 78 BT 12 123875 10 ~ 20 phase A4
THAHDT, 1 phaseld200fLDOW{E L H2 5L, LHEHED
FH D 728 D —%ER (10 phase) (21d, 2,0008 D {2 A5
2%, —F, FEWAZ4 A2F%F 1 »E— F(16x 1.25mm)
ILOEBACHEETH LB AF v VML & b1,

4

Table 4 Results of noise (SD)reduction with different recon-
structed slice thicknesses

SD (Noise) CHR MSR
0.625 mm 25.49 25.89
1.25 mm 18.33 19.99
2.5 mm 12.98 15.46

| 49.1% 40.3%

I A ADIREIZ S IEF AN TH 205, SRMSMHENE, &
HIN TV LEBIROZE B (22 ST B —Fiu
A% ¥ »E— F(LightSpeed Ultra 168412, 16 x
0.625mm) ZRMT 5 DH M TH 5. 72, MDCTIZH
WL, TEBIIRFS T & W OB RE D S A T b T W B
DT, Axx AL, @H, ~FHAAFXv E-FTHS
16 0.625mm AR T A Z L2 2. 5o T, LoBERESH
DIZHIZ, 7 A ZAOMER, & BEFE DR D 7012, BEn
A 7 A4 AWEOFH HEORFIIEETH L. K
[EBWT, 0.625~2.5mm D HH{EE ORI L - T,

EF DI 5E HEFE130.2% (Table 2) &\ 3 4T X 2|3 L
129516 4 7%, 10 phase TO L& OHEL S 2,00085* 5500
BECTHIRRT 2 Z EATAREIC e B DC, (ESRESELZ 1252
7 PR O S DRI EETH L L E 2 5N,

] A

MDCTIZ & 2 LERHEE A 13 Ld & 3 2 0B AE SR 0 21k
FIEOME 72012, ARFZRIZE 2 B0 - P4 (030
B, [BEEEEE, FHEEC T VDY) X L) TES L B R
(S L2 BRI SR O RS BE 12 5% AT T 2T
L, SERNEE OGE T H SR L EANE S DA %
A L7z, B BO0B IR B\ TR 7 [ s e %

AR &L Hi65 % #53
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HAT5ZLIEoT, MWEMEEREER) EATLILD
TR &7 (90bpm £ T, 81%LL L 110bpm T, 74%LL
). —F, EBOEFOHIEIZB TS Fol 250 - K
MRS L, BWIBELET AR5 N7z (90bpm F
T, 81%LLE ; 1100pmE T, 73%LLE). RESNIZER)
EHERE (RHEAE) & EPROEFORIER T (FHIHE) & olbig %
7w, M#EERL—FT 52 LD MRS (T OHET
® Adifference : 3.78% + 2.52% ; FHBIFRE . R2=0.901 +
0.075 ; Max: 0.994, Min: 0.738). & 512, MHEREIEIED
B (0.625~2.5mm % T) i24f > T, EFDOMEREIL0.2%
EWHERTELIIEEMTHT LI EPMHERSN, £
M2 & 2T, 10 phase TOEM{GEDOEELD 2,000875> 55004
FCHIRT A Z LT HETH B Z EMMERS NI,

ANfFE %8 LT, EFDOHEERR & FREEE (ER) Oy

L3 % 239

IZBWT, ol - FREE2EHTH2 LT, &
W R e 2 T A 2 EI2 k5T, MDCTTOE W
THEZH T2 PRSI, £/, EFOMIERSE L
ERNEER T RIE L OBV Eh I EIC L
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