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Summary

In spite of major limitation in the application of computerized transmission tomography to the
cardiovascular system, it has several unique advantages. The aim of this lecture is to give the recent
advance and perspective of cardiac CT examination. The advantages include excellent spatial and
contrast resolution and obtaining three dimensional images of the heart and the great vessels. Although
CT scanning of the heart without contrast medium provides vague differentiation of the cardiac struc-
tures, with contrast medium injection it gives more precise information. Rapid sequential scanning
with table movement may be useful to give tomographic images covering the whole heart. Since temporal
resolution is improved with rapid sequential scanning at the fixed position, functional analysis of the
cardiovascular system in a slice, for example patency of the aorto-coronary bypass graft, can be easily
examined with excellent accuracy.

ECG-gated scanning provides anatomical information with good temporal resolution, as well
as functional values, such as left ventricular mass, left ventricular volume, left ventricular ejection
fraction and cardiac output. These values obtained from cardiac CT showed a good correlation with
she values from cine left ventriculography and a dye-dilution study.

Thrombi or tumors in the cardiovascular lumen could be detected with CT examination.

Attenuation of left ventricular wall motion, thinning of the ventricular wall and reduced regional
myocardial thickness seemed to be major landmarks for computed tomographic diagnosis in ischemic
heart disease. Cardiac CT examination may give the comparable information with echocardiography
in this field.

In the future, ultra-fast CT scanners will be developed to give the multiple section capacity for
three dimensional imaging and to improve temporal resolution for cardiac functional analysis.
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X# CT mmgo X BEKRLR2->T, &
B X BobebT HREEEEGLETE LN
FHETRRL, Wolch digital LU, 4k
EREBRTZEVWIFHEELSTNS. LES
>T X BMRORETHZBOEEEBHTZZ &
NTEBH 21T, ZHESEE =2 TR MR
RBLLEFTH-oT, HEBELHAY, Wi, EHic
BOTLR2MEE 2R LS TRz LI3AMD
LBYTH3B.

DEFIRIC N T, MR L Fikic, 2Bk
EolbicHFETsb0L LTRERHIFER L
hied, mEMEERE, Lbxa—K, BEEEE
EIELERLERELE L 2oT AW, ZhidE
FEDLEETIE scan I I~5B2ET B0,
DIRMERIC & % artifact LIWGEDO Ry #EL D
Tz &, 1 scan FMINICITH N 3 Bolya 0B
BESEG L2 Ebhinz &, CT ob>Eh
Tea vy b5 R VRBREEE L > TLTOERH B
RALARThEABLELFHEERBITE RN LIT
EET 3. 25V okRERETRT 3 diCEE
CT B&fEshTna 2, £¥X—RicEREShS
CEE->THARNWD, L5EHRD CT %E%
JwvT, dynamic scan, ECG-gate ¥4 Thh
TW30RBRTH B3, Loz CT RBE
En k)i DEERIc BAShTH 3 nEREL,
SEIfLL 72w,

B CT scan %

Z DR &AL R Ly THHIC scan
T5b0Thd. EEAE AT HFkickL
T, BEZEIZEY, 2TrEEosrEn
REIFRE Y FRET sz 8Tt (Fig. 1), X
MR DR 5y, HMBEEWETELES. o
bo b b IWHILOE, i TER Mok
EoRRIgETH B (Figs. 2, 3). RIRMLHEAM
BRI Z2REHIE, chzHTsb-L0
TWFBELWZ LY.

72, DEEOFENONEZOTFEEMBTE
i, ThRRHETHB 0, MIKTHS
OPrOEMNLFETH S (Fig. 4). X # CT o
Fhicar b7 2 Ve R P LBl &
WHZERTE B,

gt oRErEY, BELUBLEORBL H 51
EFETH S, hic@EgRzERL T, O
MEOHBEHE LE > BNEJNBESITRB
L v (Fig. 5).

Db~k oic, Bt CT &b RHFTEE
REELHBThED, TOBERICBA®D S
TERBFETEY, LEo CT REOKFEIK
k<% Eicxs CT BETHDZ LI BN
Th 5.

EEIck3 CT Bk

CT BEERIZHAWDI3 X5 ITR> 7 YHI,
HRTRRSTOARNE D s X BRIRIX
EoEbarvta—s—flAc#llcEsEET
bBLLTHEShE. LALERA T IC-
h, EFAEHATHhIE, BEECXoT X BI%
IREERHEL, —BToBHELZEDSZ L2345
fzo LIeo TREDOMKE, MR L#raSic
RBZEVHFERBLDOTRE, BLAETRT
&R X 5 contrast enhancement 23{Thh 5
koot

DT 3 — FERAZMERNCEALRITH
OO DR EERFT BN TE 20
L, ZhbBE ORBBEETIRVYa VIR
B SRV DT, bolus Zovy LAZEHEA MBS
Blnsn BEREAEAERPAL, LMEE scan
5HERLUTICHRR 5.

1. Conventional scan %

Z o scan i scan OEfEA 10~60 F L 5
EROFETHY, BLHOBEREFATHE D
THELNIEBKRTZ OEHEBR L VW2, LEIE
HHIHES X 0 R BIRE, HEAREME I . i
KILE O PR 0 B & % OREEIFAIN BRER
AN RRE SERY, NBOLERK 21
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Fig. 2. Calcification of the cardiac structure.

Top: calcification of the aortic valve; middle:
calcification of the mitral valve; bottom: pericardial
calcification.

FERIES; OTFED, DEPREIHD &35 Do
JEX BT I Z0FETLFATH .
2. Rapid sequential scan

Z » scan o conventional scan L Fizp
5L Bk, WIS X EOBHAEDL L%
b LIZLT, #xfEo interscan i GHk 4 & scan
ERTZ L TH B ZOFETE L ITHERHNE
RextkiE+ 5icix, 1 scan CHELIERE 2~3 4
FLCHMR T 5 FERL b 3.

&K % bolus RT 2FEEAT S = L& i
T, [F—WE I 1) 5 3R ORI 20 B &

REET 5 ENTE, L - MBS OURIE ek
wheBsz Lt s (Fig. 6).

KEIR, MHEEHR 7 & —7E D5 1< BB & ik
EdhiE, Z oy oAl ES T, £
T OBERERIAIT 21T 5 2 L VS FJEETH 5.

Scan = ki —E OIE THRERER B2,
= OMIIRT kx L Bip - 7 Wi oG 235 5 h,
R TIAW kA scan $ 3 LR TE B, i
WAl R SEICEAL TOREEE I AA—F5 X9
i scan 43 &, DMl DK 0 BRI et B
#wnEeshns (Fig. 7). Rapid sequential scan
HLrHnwas L, scan MREEMEL, RS FEGE
BLOWETHZ ENTE S, DAk
i 1 B 7 ) ORRIRERIIE RV ZhEBR
+ %1213 ECG-gate thz& v 22 i g7 & 7220,

3. ECG-gate £¥

Z oFHiE scan 5% &wic ECG o R %
FECEEEs TR E, R-R HiEx 10~20 %4
L, DHOFHFHZ L o scan data ##Ew ik
L CHiGEHR T 2 HETH 5. [EROWMEICE
B LA SIS U 7ol mitg, % 7o i3 —EB oRg
M oW, 7o & 2 TR IIG & 2y, IR
5z L cx % (Fig. 8). 1o scan T
ZOXHICHEIL WG E S S wicid data K
PARET BT, LEH O scan il Ak v ik
L, FHRic%Bin data #4505 LELRH 5.
= o5HE scan 121, Jik o rapid sequential scan
HErHAW3 L, EREICE < 0BT R 1E s 25
50IEEN L. WH 6~8 @l scan 21T 5.
9ot scan b, DEHHNCIE U et & R
ot data R LHERRT B Z LN TE B DIIWART
»-T, #hiE conventional scan LR L <,
o ORI G & 22 5.

73 gate FARRLEIR ORFHIAAFRET S8 X 2
100 msec FEETH 5. F£i, FEOIE IO
gk z N —+ 5 Wi+~ Tic ECG-gate ik
BIT9 C Lid AR £< 2 Y, data JL
R b EL 22 O TEMANTRL, HB2—ED
Wi 7217 2@ SR E B h 5.
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Fig. 3. Calicification of the coronary artery in a patient with Kawasaki disease.
Calicification of the left anterior descending artery (black arrowhead) and the right coronary artery
(white arrowhead) is noted in slice 1 and slice 6, respectively.
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Fig. 4. Pericardial effusion.
Effusion can be seen in the right, anterior and left posterior aspect of the heart (arrows).

Fig. 5. Mediastinal teratoma.
Mediastinal widening is demonstrated on the scout view. A large mass (T') containing calcified
lesion displaces the heart into the right hemithorax.
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Fig. 7. Rapid sequential scans with table movement in a patient with mitral stenosis.
A thrombus can be seen along the dilated left atrial wall (black small arrows). Calicification of the
mitral valve is noted (white arrows).

Fig. 8. ECG-gated cardiac scans.

The left ventricle is shown to contract uniformly in endsystole.

4 optgEomd (Fig. 9)

HEIRIC & - TR % bolus JA L, rapid
sequential scan {7y, KRIMERRNIC BE L
gk CT fiiz plot L, zh# r B¥E
B, dEEHloimih & & LIcTR #2315 5
5. AN REC T2 CT fEabro
T &, [HHEZRRE L FRMRoOER» S
“HRREEMIRGE” OJFHICHE > TOH IR A E
T & 359, B & B AR SR 1C 3R L T o
L7 CT nitiiaE, [ B i 4T U fc ear

piece @FEARE & L WAHB 2R3, 723, rapid
sequential scan Hi, IEIR{ZIEE T A2V E 9 A8
MRS L7c b o & Y MBI X572 (r=0.86,
Fig. 9). Mg {21k LAviE 9 23 % 0 HER A5
REEZTRLTWB L0 LEbhS. £, ke
OYE S ARETH 510,

5. F LDEAEOELSW

O CT tfEa Wiikith & /5 &AL TH Y,
DA% B8 —5 5% scan &1 - TRHE T
O, LEOFEBERET 2 03 ES b
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BOLUS INJECTION DILUTION CURVE
INJECT. DOSE : D
recirculation
contrast —_— IXR)
medium
time t1 t:2 time
INCREMENT. /
CT No. CARDIAC ouTPuT : G _
MEAN CONCENTRATION : C
- (%2
= dt ta-t1
c Shc ta-t1)
D=C-0Q - (t2-t1)
CONTRAST
MEDIUM -
CONCENTRATION

Q= D/S:TCdt

Fig. 9. Measurement of cardiac output with CT.
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Fig. 10. Measurement of left ventricular volume with CT.

Left vent;icular end-diastolic volume (LVEDV) obtained with CT shows a good correlation with
that from cine left ventriculography.
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&, ZREHEHG» b FREEEHMERT 255X Y
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72D,
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S 4
GATED SCAN

ED AREA ES AREA

N/
er - [E0]

RUERcEZEFLEE S LB bh 5EO
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T3, BRI EZFEHRFICZ oRAEL EH
FhE L.
HF—FNERZ X o THRESEE G » OB
L EEIREAEGR e+ 5 L, CT o=
BEfEE r=091 LAEBIZ I v S, HERHMEAS LY
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Fig. 11. Measurement of left ventricular ejection fraction with CT.
A good correlation is obtained between CT and cine left ventriculographic measurements.
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S HICHBIA X <, e b — @m0 %
WTIEL 7p - 7= (Fig. 10).

6. EEERHEOHESS?
EEAFMGI oG LREE, EEefks ECG-
gate JiTH AN — L THIT 2 03 BEN TRV
W, FiriE i< s H ECG-gate Hifs 7> & SRl
WCHEHT 5 k%

ﬁ&?@ﬁm@aﬁﬁmW% LR, =
Rzt - & b v Wimmk © ECG-gate #kic &
> TESEILEI B X O (UEE I i 2 ko,
ZRIE DTS & Z IR ORISR LRI S
2hHER D ZokikEk v b)) —% caudal

TRERZREIRIC BT 5 CT DJtH

WG 728 A (Rfillri) & cranial (2§} 72354
(i) TR LT, FRERERNR kD B
TENTE S, Rl & a2 b S e s
BRH SR % S U T e S8 SERBR 3R & Je Ssiig il e
) f"—i=7”:!r SRR & o thig T r=0.80 o fHB A
o™, = OB EEEE TS IHERE o RF
i+ Hws z LanTtE % (Fig. 11).

7. LDELHEEOELOY

DA IR 2B TRIE—ETH Y, B
W R O INEIC X - TOLEMHEREZ RS T
LIELT AV, THICOHEBELZRL 3 LEE
BEONS. Z O EEESE D B E L

Fig. 12. Thrombus in the left atrium.
A thrombus is demonstrated along the anterior wall of the left atrium (arrows).
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8. DEEREKOFEES

CT W& Mm% Td 5 DI DEEDE S O
FMRESch s IBE, LIRS BT
x5 L, ECG-gate thzflv % &, JRPTHELED) b
Hiffit sz LW TES. Licd - THESESET) O
B s FEROBHICER 5. £hic
Iz TLEBEE OB ERERICRZ 2 Z L3 T
= DM D 5. MR B R PTEEEE) & O
EREEZAL L TR 5 03XV, T OWHE D )
LELLN—FHORENLBHELI L, WHD
LR B 519 2 Rl BER e Exbh
% 16)‘

X b ICBEEB R, BEALORF IS TEED
FEHAL 23 B A BR IR PR D B ZE O TR E 3 S &5
2TXkw. LaL, CT CREMAMRREN W7
WICIEEER O X O i R RPTREEE S O

ENEETY LR TERVEERRDH S, OO
EHOShG CHRMLERBLED LT 5RAR bR
EhTna®, ERELLECBEIC LA TL
5.

9. LE - LEBEEMERYY

fE CT THEBLLTNI LI T TIREL
WEINLTHS. & boBEGRZE T3 D
WELHEOME L R#HTsz &£ BT & 5 (Fig
12). Rapid sequence scan #, ECG-gate 3T
conventional scan ¥ X Y & ZWKE 23m L4 %
E5>THY, Smm BEOLOEMBETES

BB K Al

1. FE, BEHK

CT 35, DECIEREHARICTSZ AT
x%. AREEETRHIRBSLBZ2LETHSE T
L bRIENRTRTHS L, A=ETL - L bRl
IhrES 5 DETH B Z LT iz T moderator

band OFEEIC L > TEREDNS. LEFFEO
MBS TE 2006, Z OJF [ AEIR I

FL Z LT X o T OB F T [~ D[RR AN 2
iy, ALROIEREMBEZ LnTE S (Fig.

Fig. 13. Right heart enlargement (atrial septal
defect).

13).

2. EBROIEK

ERREDBOMTE DS - L bEEBIZH-T, 7
DRI h B &, RN 2 505 T 5
5 ’C“I—‘]ETABT“&)%) LizhoTERMNIER L
et CT Ik ->T &< Hli 35 2 & a3
iech s (Fig. 14).

3. EEOHK

R OIRO P TRERMITAEL, € OIEK
¢l0TMPHFHMKH‘ET5.LkﬁOT

D2 PR 3 IR T IS < (Fig. 15).
4. DEAIER
DAEoMkE LT <, ZEH S < & 5 I

ozliicy CT 3l Ths. ZZTREREN
HigEEplE LTV HiFs. Gated CT ic k-
TR EE~, IEIC AR ~ZhZ hALE
RE2BLELIREVMELEZDZ LT, HDRE
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EEINDDOTHHZ L, BREICMNDOHZ S0
THhsdZ LAY, FEEEDS U S LT
+ (Fig. 16).

ZDIED, LEIEOBHENE O W LA e
FEIR A B U T RE ) 2 AR L 7.

5. DEREZEDT

CT BEEMIOES, BITZOLMMAND
), EEoRFESEHOFMGICERTH 5. £
FERENRIERL L, DA X 2 BEE 0L 722 <,
L JRETEEER) O & 4 5 b DI T HEI I
ENFELTNS & W 2 5. HEERAESmEE
U, BEEMRR OTR%E #7c 1 e R+ (Fig. 17),
Z 0 X 9 R EE OHEIIE O BB R v
L, kot CT ob- b EELT5L
ZAThD. 1217, KE=EpEE T hypokinesis #

FREFIRIC BT 5 CT ORI

Fig. 14. Huge left atrium.

T LI ER4y 7S, CT ok akinesis ichx 57 &
ORERES. LaL, BEEOOESIC X 5%H)
LW o R AERESS Z LN TE B ARk
OFRAEERT LD LN XD

6. A-C bypass graft*®

BAfE L Tw3% A-C bypass graft (3 %
bolus ¥z AL, [Rl—& < rapid sequential scan
BT 2, KBRS Y S h 5 o L RIRFHICESE
Eha. b LEZELTWAHE I graft £
MfELTWBDTHEERRW. LB T,
graft 2\{EfES % Wi © scan LG 2AH6H
5 biEEo graft IPFELTWBRLEEXTIN
(Fig. 6). = oJix #INWEBIIRIE 2L O 55
Wik s L 95% ofiEE R+, CT ThfFER
SEH &R B 213iE 100% o specificity &3 x T
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Fig. 15. Left ventricular enlargement.

Fig. 16. Myxoma in the left atrium.
A large space-occupying lesion with irregular surface is shown to move between the left atrium

and the left ventricle.
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Fig. 17. Left ventricular aneurysm after myocardial infarction.
A thrombus (a black arrow) is demonstrated inside the thin infarcted area (white arrows) of the

left ventricle.

1

® -0
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Fig. 18. Hypertrophic cardiomyopathy.
Marked myocardial thickening is demonstrated both in enddiastole and endsystole.
The left ventricular apex is shown to be obstructed in endsystole.
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Fig. 19. Double-outlet right ventricle, discordant atrioventricular connection with over-

riding of pulmonary artery.

Rapid sequential scan with table movement. Both great arteries arise from the right ventricle and
the aorta is located anterior to the pulmonary artery, which overrides ventricular septal defect (arrow).

Atrioventricular connection appears discordant.

.

7. IEREE

DMFTBEIE DIE TOMEE D PERIC o0 T R
BN D Z EFIRART2DS, OFEE & 7R3 BT
AE, JRRPHOFEMHL 242U % 5 - MBLOE o
Zhricix CT 3UREHTH 5.

NERBLCMHAE IC B TN £ B D o0 IE
JE2 ECG-gate #fTh A< THLHIETE3TR
&b, gate BT ULHEI 0 2205 o Nl
972 & ORI —EHANRIC 72 5 (Fig. 18).

8. EXMiEER

CT B Tl EE, O, KM 72 LN

OfE o FHEZEMAZIERI R B & 22742 % 0 T,
FERML B~ O O REMED A U % 13 244K

DIFFEEVWZ X 9.

D5 & B VT DEO PR, DPNIEERIC S 5 KiE
&mm#éckdﬂﬁﬁbéL/ﬁ%mﬂﬁﬁ%
FATF IR 2 KEIR & IFEIIR & o FICHiH 5
LRTE 5.

Fallot pugcix A sIEKIC X D DEPFEASER
CATICES &, KBRS EHIE o LI B
T5D0bn5

@iim %%@ﬂm%ﬁ#é%fﬁu&b*

, RIWIR & IfiShAR o #0 FLALIE B 45 o0 S 2§54
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+30REHETH S EALEOHEMBERRL
£ =|IzH 5 moderator band i k » TLEMKE
¥[FE L, rapid sequential scan T table %
BT, KMBELLEOORYEY ZFEEL 2T
hiER bR, ZOFHEIC X 3EELAROR
b scERETHS (Fig. 19). LarL, BR
HIYER T X B IR & i 5 &, MR
B, BRISMEEL bicRiERVL, AHRHICR
Wi REEABEV DT, BuulE, WERELERL
R 72 v
FHBAREASY, TEEE BRI D% & o ifiBhAR
&, EAMBIROEICRISZ EDBHY, 0
BiCbERT B L I
LERoREIC X > THOME, KXY, B
oREE B Thid NIBLO RER FHTH
5. (E, SROBETIC ZIS0F YRTH S
2, INEOMRREIESRLITVEEERS .

bV

DloEIickiF s CT oz, HFx0M
HOTRICE S CREHEMA T

CT o¥ < hicRENRIE, ZERSMERERIC O
TRE S bRATELERRL, ToMEERED
L CHbodER & P 2 F ECRERTAE, DE
BoBW, A, Mzt oREB L oBICERL
Zr e . L L, DEBOERZE L L
TERSh 50T BiC BRERFHERLZT T2,
HeEETE OIS, HiRETHhB. LikdtoTCT A
DESRoOREEN 1oL LTHEREAET B 1o
i, FOREZDEFBISXDIENTE S
ZhhroTns. ZORRAEORMEZERT B
»izix, CT OF/KORETH 5 RHNEEDE
ERVWHICHEIRT B2 REEICR-TL 5.
it rapid sequential scan, ECG-gating, 15
#lo bolus AL EIC X - T Fm 100 msec
RO MREEY BT, EEORPTEEES), K=
Eoffr, 758, BHE, LR, ORbRel
DETELEE X CHEBL, BRMFMICHL 2
T L®IEALE. & bic A-C bypass graft off

EEBEERIc BT 5 CT ogH

OB AV SR TN T, Hx O
<4 95% o accuracy F;L7z.

UL, 38, MRES), mificES <RER
NohnbEEEATHT, ZoXRSIiE &mE
CT mER I ED DR TS, FhbIC X SR
SREOCHEVHFF S D,

E2 ®

wEaBaEsicisd s X CT osAikk>2» T
B an s AEKRD 3, CT 2 bix o
NbpzLLEETHSE. T ORI O HTLE
CT nHRLBECONWTRRBZ L THS.

CT iz ZEMNeee, RESMEEITCh
Twaz, D KiLFO=REFERIEEL
priichs. O CT iz &ER2ZLTLS
BIXZzoOLEHEEE#HET LR TEDITLE
b, EEAEERThE X VARLEREES
Lichks.

Rapid sequential scanning ¢ table Z &2
FRix, DRk b sEiEGREES DITRIL
. —7, table #[EE L7 % % T rapid sequen-
tial scan %17 5 LN MRELMEL, ZOWTE
T3 1) B HRERIMRIT 2 FTREIC T 5. 2o 1 ik
aorto-coronary bypass graft oBE7E® FFEL A
Sz, LALBERBITI LA TES.

ECG-gate o scan TIBEFMOEEN L 2o
T, BEFHEERAEOh B L L biT, BRI
R A—F, 2B EELHE, EERR, E
EERHE, DHHEAREPENTES. hbo
D CT ©Bbhs 72— 2 X EEEF, &
FERREIC X BE L TWHEENT S .

DIUERNEO e EEs CT tk(Rilic
& 5.

EREES OB, OEEEOFE#RL, RPFTEE
Lo BEgix EmtEiEED CT ok b
mEETH 5. O CT 3z offgicisvy T
Ta—FEHETE BERERET 5.

3k, #EE CT »B% S hhid ZRIERR
D-»DEWBERENFREL Y, Fi, RS
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