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Summary
Usefulness of cardiac computed tomography (CT) in the evaluation of left ventricular (LV)

morphology and function was studied in clinical practice. One hundred and forty-nine adult cases of
various heart diseases were examined by GE scanner with ungated scans covering whole LV and ECG-
gated scans. In gating examination, *long-axial” and ‘‘short-axial” slices were scanned and end-
diastolic area (EDA), end-systolic area (ESA) and “ mean ” area (MA) were obtained in each slices.

1) Withregard to LV morphology, wall thickening in HCM and wall thinning and mural thrombus
in myocardial infarction were easily visualized.

2) LV “mean” volume (LVMV) was easily calculated from the sum of sliced LV volume
of ungated scans. The LVMV was well correlated with end-diastolic volume (EDV) obtained by
LV angiocardiography (LVG) (r=0.91), though the former was somewhat smaller than the latter.
EDV by CT obtained after the correction with MA/EDA from gating examination showed a bet-
ter correlation (r=0.95) and both EDV showed almost the same value.

3) LV ejection fraction (EF) was calculated by exchanging ESA/EDA to ESV/EDV in “ long-
axial ” and ““ short-axial ” gated slices, and “ long-axial ” EF,  short-axial” EF and mean of both
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were well correlated with LVEF of LVG (r=0.73~0.79).

4) LVEF calculated from * long-axial ” EDA and ESA by application of “ area-length ” method
was also correlated with EF of LVG (r=0.68), but these EDV and ESV were smaller than those
of LVG due to shorter long-diameter of LV in CT.

5) LV muscle volume was calculated from sum of sliced muscle volumes of ungated scans
covering LV, and LV mass was easily evaluated from LV muscle volume and specific gravity of LV
muscle. This LV mass was well correlated with that of LVG (r=0.90) and the absolute values

were almost the same.
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Fig. 1. Program of rapid sequential scanning.

Fig. 2. Ungated images covering whole left ventricle.
These are obtained from by ¢ rapid sequential scanning .

Slice positions (1-10) are shown in
“ lateral scout view .

This is a patient of mitral stenosis with left atrial thrombi (indicated by black
arrows) and mitral calcification (white arrow).

AA=ascending aorta; DA=descending aorta; RA=right atrium; LA=left atrium; RV=right
ventricle; LV =left ventricle.
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gated scanning: Rk X 9 7¢ ungated scan T % slice it 6~8 [a]m 4.8 F scan # i data

i 1 scan 12 48 £721% 9.6 HE2E S B0, L L L, ECG R ¥ trigger izx » RR % 10~20
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Fig. 3. Program of ECG-gated scanning.
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Original scan data for ECG-gated reconstruction is obtained by ‘‘ dynamic scanning .
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Fig. 4 icEBE0BEREI & R7.
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Fig. 4. ECG-gated images (angina pectoris).

A-D: A part of original ungated images for gated reconstruction; 1-12: Gated images.

Twelve gated images are recorded between the timing of a R wave and the next R wave
during one cardiac cycle. No. 1 is end-diastolic image of LV, and No. 6 is the one of end-systolic
image.

UG =ungated; ED=end-diastole; ES=end-systole.

z o CT fHEEE 0 0% 2 LA IS IE, smooth-
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ECG-GATED SCANNING

Fig. 5. Summary of ECG-gated scanning.
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Fig. 6. ECG-gated images of ‘‘long-axis’
The ‘“long-axis ”’ images (upper) are of 4-chamber type, while LV is ring-like in

““ short-axis »

images (lower).

SEPTUM

Fig. 7. Distribution of CT numbers in the contrast-medium enhanced image.
Xa=CT No. of the ventricular muscle; Xb=CT No. of the ventricular cavity.
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Fig. 8. Edge detection of left ventricular cavity.
(A) LV cavity is decided automatically by computer.
(B) Edge of LV cavity is smoothed manually.
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Fig. 9. Hypertrophic cardiomyopathy (gated images of *“long axis ).
LV wall is asymmetrically thickened and cavity of LV apex disappears in systole.
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Fig. 10. Myocardial infarction (gated images of “long axis ).
Wall of LV apex is slightly thinned, showing akinetic contraction due to old anterior myocardial
infarction (white arrow). In the other regions, LV wall is thickened by longstanding hypertension.

Mural thrombus is present (black arrow).

CT
LVMV N =35
mll R=o01
500T vy -065 X+93
1004 Zxy
e LVG
LVEDV
o 100 500 |
Fig. 11. Myocardial infarction (ungated image). Fig. 12. Correlation between LVMV (CT) and
LV wall is severely thinned at the apex (white LVEDV (LVG).
arrows) with thin mural thrombus (black arrow). This LVMV=LV “mean” volume; LVG=LV graphy.

is obtained from a case of extensive old anterior
infarction.
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Fig. 13. Method for calculation of LVEDV by
CT.

LVEDV can be calculated by combination of un-
gated scanning and ECG-gated scanning.

TRkHBNB. LiL, Zo program TERL
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it r=095 rxbw» T BiFEE N H v (Fig.
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—fkic LVG T4 5% L, EEREBOERE L 250
HERER 3 & OUHER <@ % 10 mm pysto§

CcT

LVEDV
N =24

mll R=zoes
500
Y =072 X+ 229

100 AX LVG
LVEDV

° 100 500 my

Fig. 14. LVEDV: Correlation between CT and
LVG.
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gated scan OEFEL 2 FHELICRE T 5 HIERTF
BERLEXS.

Ptkok 57 CT-EDV Bk, A5 T, £
EPEER LFRCEONERANLEDRS. L
»L CT.EDV 3 LVG.EDV zgpR7T, &8
2ohEDTHY, CT TRELFH VAL DB
»hE z L, scan B0 SEE| DR {EILIZ Xk Y scan
FICMEHERN THLTW3 Ao b 5 Z &,
BERF iAW 3 ECG-gate i iE Hi i il 3,
gate kORGP & LT data DEEANE
DEEZDPEDEL-EDH, PR/NESLEHH
EhTwaaiElEn»5Z L, —5 LVG b0
EDV 3, +_TE 14 area-length iz X -

Lv

g\ nr

SLICE OF THE
LONGEST DIAMETER

D
GATED SCAN

ED AREA ES AREA

N/

Fig. 15. Method for calculation of LV ejection
fraction by CT.

ExlRER X UWEZSHIcH T3 CT 0EH

Tl HEBEIVRECHEHIATHW3R[EED D
3k, REDEBBREZOLNS.
7283 LVMV & H iz & v L T tilting % »iF 7z

AXIS .
EF ct A
2
50" L4 .. . °
3
S - N=47
R=079
Y=093X+2.5
_ LVG EF
0 50 %
CT SHORT (b)
%| Axis .
EF . AR
Y&
501 S e
/ N =32
R =0.73
Y=084X +74
. LVG EF %
cT 50
MEAN (c)
%| EF . .
501 e
s’ N =23
R =079
Y=108X-61
LVG EF
} %
Y 50

Fig. 16. LV ejection fraction: Correlation be-
tween CT and LVG.

(a): LVEF obtained from gated ED and ES images
of ““ long-axis > slice (long axis EF).

(b): LVEF obtained from gated ° short-axis”
images (short axis EF).

(c): “ Mean EF ” is a mean of both long-axis and
short-axis EF.
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Ko THhi (Fig. 15). = o EF 3 EéilimE, &
#fm T Erh FhRo b 35, EEOBEER T
oR#E EF, &# EF L, RUEFO LVG ©
» EF roxtib# Fig. 16a,b 2574, #HE
r=0.75~0.80 2 T & v, Bl EF 013 5 234868
X Ao fe. ke iC B CER B T, BETESE
BREICLY, EZ0—WEHTOMMBEILTL D
EZE2EOIMEREZ R L snEEX D N, T
nHFEITE K EF L4y EF o 5iE (Fy
EF) # CT itk 5%&%= EF L LTHRALEDR,
¥y EF ¢ LVG o EF ¢ o4z r=0.79 <
% - 7= (Fig. 16c).

WICEZERUWTE T OfLREY, IUEHkiczh
Z#h area-length g% @H L« EDV, ESV %
sKwieh, zhe LVG <o EDV, ESV Lo
*xtie % Fig. 17 1oR4. WE OAHB A X v
%R, zoklg<on EDV, ESV 3 LVG » 53k
BHIAEE D b 30~60% ShEHEMER, 5T
WEABR LD TR Ehrot. ZhiEFy b Y —
» 15° caudal tilting <3 & AR+, WBim
PEZOHEOREMIZZ-TE LY, ERMEHE
HEhTnwaiked Th s H. ik, Z0 area-

CT LVEDV
moCT( area-length )
vs
LVG
1007
N =27
R=077
VG
o 100 200 mi
CT
ml LVESV
CT (area-length)
vs
LVG
100
b N =27
.o R =0.88
e A LVG
0 100 200 mi

Fig. 17. Correlation of LVEDV and LVESV by
CT (area-length) with LVG.

Area-length method is applied to the calculation
of LVEDV and ESV by gated CT images of “ long-

axis *’ slices.

cT
1001 LVEF
% | CT(area-length)
VS .
LVG
50
N =27
R =0.68
) LVG
o 50 100 %

Fig. 18. LV ejection fraction: Correlation be-
tween CT (area-length) and LVG.

This CT-EF is calculated from LVEDV and
ESV using area-length method.
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length #:icx 3 EDV, ESV #{ffioCEH L7
EF 4, LVG ¢ ofafgi r=0.68 L{%<, #id
DBkt 3 EF it R, FIEO% MDY IZ
BREES MEET, ERANLIBbh 2o
(Fig. 18).

METHOD

UNGATED SCANS

Lv
’X /7 LV MUSCLE
SP. GRAVITY
- ‘ SG:1.050
LV WALL AREA
-
LV SLICED MUSCLE VOLUME
= wall area x thickness
.
LV MASS
LV MUSCLE VOLUME ’ MUSCLE XS
=¥ sliced volume = VOLUME G

Fig. 19. Method for calculation of left ventri-
cular mass by CT.

CT

300 LV MASS *
N=18
R=0.90
Y= 0.79x + 38.5
00 * *
2 * *
* . *
* /*
* * .
*
100 4
) LvG
o 100 200 g

Fig. 20. LV mass: Correlation between CT
and LVG.

EEBRER I WEEZHICHT 2 CT 0FH

kDX 9iz, 1~2 slice o gate Hiff % Fuv
7zfe= EF Bk L LT, BEDO L5, #LE
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SHEBERTH Y, —ikicdRE EF, BfmoS
MERELLHIE 72 &, RY—REBIWFEEITOHT
IRE, oy EF 2RAT 08X v
£23%. Bk, CT v oE S
D, FFIIHEHER TOEZNIETPRRE
iz Y, EF gE<EHIh 3 L8 FPHEESh
308, EZRCIZ0EMNEBZLTLLHALNLTRL,
DLAMOBEEDIE Y BKEW. £ fido CT.
EDV ¢z offiftkick 5 CT-EF W THH
L7z ESV i3, EF oi@Eso& 0w, LVG »
LnfEL r=0.80 BENHELMED ORI,
—7%, area-length iz 5 EDV, ESV ¢ EF
OEHIZ, Fr bV —DEBITEN tilting H3F]
Ly, EoEERGWEm L EOohdX ek

a2 M2

ES OR
UNGATE

(1) M2/

M : MUSCLE AREA

(2) MASS RATIO

V2-v2 _ (JE):’—(\/E)?_
Vi-vi (AN ((a1)°

V : WHOLE LV VOLUME
V I LV CAVITY VOLUME

Fig. 21. Parameters for comparison of LV
masses calculated from ED, ES, and ungated
images.
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Sk, FEBMA2ESOHEROEMKEICII WD
nHB<, LVG itk 358k bIOLFIESRKE il
HHEIE 72 L, BE DB B BSER W I AR — 125 T,
EERAkEwEnbh3. CT aifEREHIC

¥2-v2, |V MASS RATIO

Vi-vi
15 +

o
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Lo—yp
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MEAN 1.05 0.98
s D 0.12 0.05

Fig. 22. LV mass ratio.

L VABHCELFELEX OIS, SEIO
EEPREURRET Tz & v reference 372K, Z DREE
KoOWTREBROBRMEETS. i gate g
Tt 72 <, ungate Eiff &4 5 fRI2o VT i, gated
scan 5 icf8 Hh 5 J¢ data o ungate @it &, U
WEH, POOREIEGE v T Fig. 21 iR ¥ 2 A
LRE L. Thbb, s FHE COLHEHEE
W+ % & (muscle area ratio: M2/M1), 5Tk
FrAE#IES & ungate BRI D2 DIEBIL IR T
HY, gating BiE DL 9 KEROHLEEEES
slice HTIX, METRLALERMLTH oM. KIC
EESEEEMALEEL, LEME OIGEY, =
=13 ungate EtgkDEENLE LG OEE D O L
Bt & Fig. 21 iRy BB CRET 2 L LV
mass ratio), JEIEH] L ungate DHEXTII Z DL
#1313 1.0 ©dH o 7= (Fig. 22). Ungate Eith %
BT b, HEHTOLHER L EER LE K
HEhTtnws LBbh, ZoHATEHE Y HEER
BNEEZTNS.
& £

Uk, CT oE=EHEAvcEEWE L HE
FMHiconT, RHEFIO LVG Expbe, REFL
7z. CT ok 2 EEAIE D B & INREIERHE 2,
LVG gL Thie Y X WHRE®DY, K
EDV BH{iconwTRFFICENL T, ThiT
%L, EF 1, fhodE@maREETH5 Rl &
iei~iE, LVG & otEEIEENW 23, 1~2 slice
Do OHEREHOKRD, TOBREORKETHS L
Bbhi. EF oistiEas e, LVG b0t
DLt sy, +5~10% BED ZETH-Ik.
7z CT TREEMFBMEARR DI, R L
DML TUER LD BE L Thic 5 EEHE
parameter DIz, CT IHEEL L ZAFL
Twnevy. ¥7z scan i OMER{EIE L EFAIFER
HBARAIR T, Z ORIEZET bhing, Zhid
LVG b kERIL TH 5. —F, CT Tl
FRAMEPRRR, A=EBER L bIEFBELY
<K, ERLHERSLEELL D O 0LBREFA
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BRFHOLERDD. FiITLHEROHEIE,
ek, BULK, FFBMAIEEL bITRY X Wk
»ied, CT itk 3EHEFBE L FEM» LA
v 2% CT izx 5 EDV, EF Loz A
WHEDAHESEH T 58, CT ick 2.040
HEZEHIZix dynamic scan & dilution # % F|
AUl VEEN2EHERS Y, ZhEBifFET
®RB.

BED L 25, DRBOFBMMEGSEE L
LT, CT idv & ZRESL LI IR 275 T Ao 2%,
L a—FRe RI REFICES, —EORET, £
FIZOWT, HRDX 57, HE»GHEIEILES
ZL DERPEONZRTHEATH Y, 5% scan
Fefl D%EfE & data Boinick v, S5IAS
Iz gated scan {723k 5 I 7o h i, WEE
CTW1 pBR % ok Th R, AERIEE
EkTsboLtHFEshs.

149 plo K EEBRAFIIC GE $l scanner
ERCTL CTRE 2TV, EHEHRE LEIED
KR sERAEERF L. CT REICRERS
5% #,X—+3% ungated scans L “E#” Bk
O ‘il Wim <o ECG-gated scans 237hH
i, gate $E Tt data 75 gate DA ko T
e “ gy T EEEE (MA), EEGEH$R T3
EEIRAYEE (EDA) Lk iimsg (ESA)
Bk

1) EZEREICOW TR, BARELE T 0k
TEE R HEZE © mEEFEM L, BEFEMAR 72 & 3R
SICEEHE T & 7z,

2) k= “¥y” AWK LVMV) gkxés
83— 3% ungated scans o slice FFEOME I L
VEMHL, ThixFHEFOEEER (LVG) kb
R IALHRARYAER (EDV) L Xz RLE
2 (r=091), HEHEFPR/INThHo72. D
lco &, gate gid» EDA + MA ol #HnT
LVMV % EDV ~Z#i+5 &, LVG L o
FEB@EEL (1=0.95), #HHE S ZERLIC

EERES I UEZSHIcH T3 CT OF&

goTc.

3) E=EHFR (EF) 3 “Ed#h”, G4 b
mCo gate > EDA, ESA okl & &fgHIC
BET i vkwoh, “ K" EF, “&
" EF %X om#Eo¥Y EF izhzh LVG
X yskwic EF rrvwjaEERLE (=073~
0.79).

4) “E#fi” gated scan » EDA, ESA i
area-length %M L Tsko i/ EDV, ESV i3,
LVG izx 3 EDV, ESV » sty WHEE &2 7&
FA%, EEE 2 NS, CTHEAENESR
BHiicz > Tz LBEbhi. Zo EDYV,
ESV r vEH L7~ EF ¢, LVG o EF r o4
BixAR+49 < (r=0.68), area-length #:DEH X
BEOLZAERNTRNEZEL ORI

5) #ZEZELk#% »,—F 3 ungated scans D%
slice TOLFHRSE MAL T EROHEFEZK
W, ZhiLGHREL#HT CTOHERR® 3 &,
LVG X sko/fEL X Wigadb v (r=0.90),
HoHE b IIERIC Th - 72.

X #
1) Ter-Pogossian MM, Weiss ES, Coleman RE,
Sobel BE: Computed tomography of the heart.
Am J Roentgenol 127: 79-90, 1976
Lipton M]J, Brundage BH, Doherty PW, Herfkens
R, Berninger WH, Redington RW, Chatterjee K,
Carlsson E: Contrast medium-enhanced computed
tomography for evaluating ischemic heart disease.
Cardiovasc Med 4: 1219-1229, 1979
Powell W] Jr, Wittenberg J, Miller SW, Maturi
RA, Dinsmore RE: Assessment of drug inter-
vention on the ischemic myocardium: Serial
imaging and measurement with computerized
tomography. Am J Cardiol 44: 46-52, 1979
Newell JD, Higgins CB, Abraham JL, Kelley
M], Schmidt WS, Haigler F: Computerized
tomographic appearance of evolving myocardial
infarctions. Invest Radiol 15: 207-214, 1980
5) Berninger WH, Redington RW, Doherty P,
Lipton M], Carlsson E: Gated cardiac scanning:
Canine studies. ] Computer Assisted Tomo-
graphy 3: 155-163, 1979
6) Ritman EL, Harris LD, Kinsey JH, Robb RA:

2

~

3

~

4

~

— 439 —



WEE AR, K, @5

7

8

)

~

Computed tomographic imaging of the heart:
The dynamic spatial reconstructor. Radiol Clin
N America 18: 547-556, 1980

Ritman EL, Robb RA, Johnson SA, Chevalier
PA, Gilbert BK, Greenleaf JF, Sturm RE, Wood
EH: Quantitative imaging of the structure and
function of the heart, lungs, and circulation.
Mayo Clin Proc 53: 3-11, 1978

Lipton M]J, Higgins CB: Evaluation of ischemic
heart disease by computerized transmission tomo-
graphy. Radiol Clin N America 18: 557-576, 1980

9) PG, MEMERL: CT i kX 2 EZBEEDE. £

W L D%, MR L 755 30 255-264, 1982

10) Lipton MJ, Hayashi TT, Davis PL, Carlsson E:

The Effects of orientation on volume measure-
ments of human left ventricular casts. Invest
Radiol 15: 469474, 1980

11) Skicldebrand CG, Ovenfors CO, Mavroudis C,

Lipton MJ: Assessment of ventricular wall thick-
ness in vivo by computed transmission tomo-

12)

13

~

14)

15)

graphy. Circulation 61: 960-965, 1980

Rackley CE, Dodge HT, Coble YD, Hay RE:
A method for determining left ventricular mass
in man. Circulation 29: 666-671, 1964
Kennedy JW, Reichenbach DD, Baxley WA,
Dodge HT': Left ventricular mass: A comparison
of angiocardiographic measurements with autopsy
weight. Am J Cardiol 19: 221-223, 1967

Boyd DP, Gould RG, Quinn JK, Sparks R,
Stanley JH, Herrmannsfeldt WB: A proposed
dynamic cardiac 3-D densitometer for early
detection and evaluation of heart disease. IEEE
Trans Nucl Sci NS-26: 2724-2727, 1979

Robb RA, Ritman EL, Gilbert BK, Kinsey JH,
Harris LD, Wood EH: The DSR: A high-speed
three-dimensional X-ray computed tomography
system for dynamic spatial reconstruction of the
heart and circulation. IEEE Trans Nucl Sci
NS-26: 2713-2727, 1979



