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Summary

Using cardiac computed tomography (CT), the “mean” volume of each cardiac chamber and both
ventricular masses were calculated from summation of a sliced volume by ungated scans obtained
using rapid sequential scanning covering the whole heart.

1. Estimation of a normal value of each chamber’s volume was attempted in 20 patients with
ischemic heart disease and with normal heart function. The “ mean ” volume of the right atrium
(RAMYV), right ventricle (RVMYV), and left atrium (LAMV) was 22.3+6.5, 40.3+6.5 and 28.7+
8.2 ml/m2, respectively.

2. In 54 patients with valvular heart diseases, each chamber’s volume obtained by CT was com-
pared with the grade of tricuspid regurgitation (TR) estimated by ultrasonic Doppler technique or
the grade of mitral regurgitation (MR) by left ventriculography (LVG).

The RAMV (2344119 ml/m?) and the RVMV (101 +39 m//m?) were markedly increased in
patients with severe TR (grade 3 to 4) (p<0.01). The LAMYV (487 +231 ml/m?) was also increased
in patients with severe mitral regurgitation (grade 3 to 4) (p<0.01).

3. In 46 patients with valvular heart diseases, the LVMV by CT was well correlated with end-
diastolic volume (EDV) obtained by LVG (r=0.92), and the LVEDVs by ECG gated CT and by
LVG showed a fairly good correlation (r=0.95).

4. CT examination was performed before and after surgery in 17 patients with MR or TR for
evaluation of the change of chamber volumes.
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The mean reduction ratio (MRR) of the RAMYV after tricuspid annuloplasty, the LVMYV after
mitral valve plasty, and the LAMYV after left atrial plication was 44%, 41%, and 60%, respectively.
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BFLoic

CT oMESERA~ OISR, FECEmAR &0
fEEIRIC L BR TV 22, FE @ rapid sequ-
ential scan, dynamic scan, ECG-gated scan »
R L L bic, DBEORRLY, EELRERH
7# (LVEDV), Z=ERHE, LHHHESOHM
Y, DEETOE T AVOhE L) ICR o
T& R,

L 4Rk scan g5 5 %, rapid sequential
scan ¥, x4 interscan time T scan D
ELAMS, scan I kiZ table 23 —@EME
BT b0 T, ERAOSEEAZHRATH
iF, EREl LB EE v - 3ERAF L
5. &5 h BRIz~ LR ORI E SR T
HY, DACIIEYNOE S PRV, TEER
KR ITENEBE S h, BEHSh 388 Rk
2, EHRKRMARICENESELOLS.

CT <, MAOEHEETABEEOME
TR bR B, LIEERGO XS ICLho
SEE S E G SR 3 H IR, KRRIC
RAEEELRIBEHORHICE LI HETH .

T4 TABFFEIC 8T, rapid sequential scan
EVBohsEmEOFEEMAL, HOE -
DEOLERIC I T 5 EHAK (MV: mean vol-
ume) 7 6N TLELFHFER (mass) ER,
L LTHRBRBCBW TEFOHFTORE L&
DFE - DEOFHE L OBRIZ oW TIRAT L 7.

MREHUICHE
b4z 1981 48 10 § ~1982 42 8 § £ <ic CT

BE 2T S hizDRBEF O 5 5, CT RE
BILMEELB SOBEE F 77 —RE®Th

hiz IR B 54 4, BltbURE 20 6Th
5. ERBERBERO > B 17 i, #iEK1 »
AEiEE CT REFHITSH TN 3.

A LBz GE #8 CT/TX; scanner T,
rapid sequential scan ¥ scan time 9.6 ), in-
ter scan time 6.5 #, slice §§ 10 mm, slice [
W& 10 mm <7V, EEHF (76% Urografin 80
~100 ml) o&EEAZPA Lz (Fig. 1).

BoncEg (Fig. 2) » o £HimEo AHREMN
BLT, thZhEHEL L T o AREEAR
(RAMYV), HEFHEH (RVMV), EREFHAER
(LAMV), £=¥7#H5HE (LVMV), EELHE
B (LVmass) (Fig. 3), 7 b0z LX#AR (SVC)
TR#IR (IVC) omEf&kwic (Fig. 4). SVC,
IVC 3c& 33 ARARBICENE Z 5 2R
D, FLELLLEEEATERMEAM L.

R BFBIE IR T 5 FRYHORER, KBRS
BAgEARE (AR) i RBIRERIC X v, fEiEHRHS
A& (MR) i3 EEERICELY, ZRFHGRL
(TR) 3 BEHE K77 —HiIckY, BORO 1/4
~4/4 LY.

BRLELUICER

1. B EEEI-H1+ 5 4-chambers’ volume
(Fig. 5)

itk E 20 FliconT, DFEECELY
DR EZRTEFEES, EERIIZThae
Bbh s ERFHERDSN O FREEE T L,
EREVHRM=22.3+6.5ml/m?, FELHRHE=
40.3+6.5 ml/m?, EELEHEFH=32.1+8.6 ml/
m2, FREIREFE R =1.05+0.39 cm?/m?, T K
IRbiE R =1.74+0.46 cm2/m? ThHolz. DD
b EBEHAFICHE L CRRE oMIE SRR
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Fig. 1. Program of rapid sequential scanning.

Fig. 2. Ungated image.

CONTOUR

This CT is obtained from a case of mitral valve disease. Both atria are enlarged.
RA =right atrium; RV=right ventricle; LA =left atrium; LV =Ileft ventricle.

(MR) % &0 L T 7AER & & A T oo, MR
#H LA 10 flliconTHELELLEZ 5,
28.7+8.2ml/m? TH - 7-.

ThETO LMEEZG &5 WEHE Tiab
5 1~ BoALH &0 ARRKAR 541+
6.4 m//m? (Graham)®, 1~11oZE0H % B
1o ZERR R AR 41.6+64.81 m//m? (Arcilla)®,
U4~70 o IELH & v - LR KT 35+8.7
ml/m? (Murray)?, p A< DA SEHFEARMZAH
81+12.3 m//m? (Gentzler)® 7 ¥ L Mg+ 5 L,
SEGI O BRI B X OBBRECER S D 2V
TiEd 35, AWgeo CT ok SLHRR O

26, HEAR, AEAFITIEEEFHEERLT
W3 EtEbh3. EEARCHEL I RES
WEH, KELVRLPREHCEHEATH AT
REERD Y, EBEAFHO EFfEE RAMV Lz
FRE R L 5 L Ebh 5.

2. HREEEEEIZHIT B 4-chambers’ volume

1) ZLAHEAREI B 5 4 FELEERK
(Fig. 6)

HEW K77 — BT L e SRRHEAS
(TR) & 3Bicor iy THBETHER L OBEE A
%L, TR (=) #f 46420 m//m2, TR 1~2/4 3¢
91437 ml/m2, TR 3 ~4/4 j¢ 234+119 ml/m?
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UNGATED SCANS

CHAMBER AREA

MUSCLE AREA
- -

SLICED CHAMBER VOLUME
= CHAMBER AREA - THICKNESS

SLICED MUSCLE VOLUME
= MUSCLE AREA - THICKNESS

- -
“MEAN” MUSCLE VOLUME
CHAMBER VOLUME = Y7 SLICED VOLUME
=Y SLICED VOLUME -

VENTRICULAR MASS
= MUSCLE VOLUME * S.G.

Fig. 3. Method for calculation of ‘“mean”
chamber volume and ventricular mass by CT.

TR 3~4/4 Bt &bt L oflic p<0.01 nFEE
NE» bhl. Eic BmMELEER & o i
TR (—) # < p<0.05, TR 1~2/4 #< p<0.01
DEEENED bhi.

2) ZhFHAPRLEICB T B2 EELHAH
(Fig. 7)

TR L ARFHEELOBE®E * # 5 &, TR
(=) g 59413 ml/m2, TR 1~2/4 # 6315 ml/
m?, TR 3~4/4 # 101+39 m//m? ©, TR 3~
4/4 gE L B L o i p<0.01 DFEEHRD
bhie. EmtEOEBERE o Bliciz TR 1~2/4
BT p<0.05 oFEEVED DI

3) =RFHSREIR BT 5 E - TREIREH
(Fig. 8)

TR & bREGIRETEEL 0 BE2 A5 L, TR
(=) £ 1.17+0.41 cm?/m2, TR 1~2/4 g 1.55

+0.42 cm2/m2, TR 3 ~4/4 # 4.52+2.39 cm2/m?
<, TR 3~4/4 Bt L it & offic p<0.01 0F
EBEMNED bz, BMMEORER L 0 B,
TR 1~2/4 #7< p<0.0l oFHFENREHLL
Tz,
TR & FREIRETEE L oB#E i, TR ()
# 2.10+0.48 cm2/m?, TR 1~2/4 # 2.51+0.65
cm?/m2, TR 3~4/4 # 5.03+1.39 cm?/m? T,
TR 3~4/4 gLt L ofic p<0.01 nFEE
BE» bhie. EiEESER & o Miciz TR
1~2/4 #t< p<0.0l OFEEFR® bl

4) RIEREEFRRCB T I EEEHEH
(Fig. 9)

EEER (LVG) X viHiiLe MR % 3 #ic
S TEETHAERL oB#EE» 5 L, MR (-)
g 160+109 ml/m?, MR 1~2/4 g 191+129
ml/m?, MR 3~4/4 7 4874231 m//m? © MR
3~4/4 B LBt L OfIC p<0.01 OFEZHE
»bhic. Bt RER L oflicik, MR (-)
BRLU MR 1~2/4 3L b @EiERREE &
BLTWBERAZLE S Ekew, p<0.0l 0FE
ENED LT

3. EETHAN EERKANAR EEOHER
=%t 3 CT LESERER

1) CT Ki3EEFHRRLEEEEREICX
3 EREARYARK (Fig. 10)

fllEg s 46 flicown T, CT TRk EEF
BRB L EEERIC L VRO L EENRAHIAHE
(LVEDV) tof#Ez#5 &, CT TR EHAEMH
Bk OB, EFEL RO EEIERER
ALY VIEWERZ L 52, W#EE r=092 &
BWwiEER L.

2) CT LESWERKIC L 3 EEERYAK
(Fig. 11)

B D ERTEH R & £ EBIRR I BH~ LR
F5biciz, EEWEOERNREL R 5WHE
< gated scan Z{T\, K &I EME L L
EARNEEOL ZGFHCHAE L EZMERT L
LTHWw3? (Fig. 12). zo Xk 5ic L Tkoi 2
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Fig. 4. Rapid sequential images covering the whole heart and great vessels.
AO=ascending aorta; SVC=superior vena cava; IVC=inferior vena cava.

MONFRAMAE 2 40 flic o Thlgd 5 &, ¢
=0.95, Y=1.01 X+13.3 ofE2ns 0, WiZic
3R TIHWEZ R L.

3) E=LpERE (Fig. 13)

FEEHEED ik L LTt Rackley &0
WL, L LTESEBYIC X Dk 55108
HAnbhTEROW, UL LERALAEEKEZTR
FHEG, 7T 7 & OOPEHNTRE 208 2 SEG], OFF
RE7R &, ZEZURE D IE AL K & 7R 3 fil i
TOFEE RS 3 ARABEYE ELZLRLTY
7o. CT TRABmEOMEL VRO Beviczh
b OARERE 03 72 < U EE L 0 FH I AR IS L
ek Bbhbhs.

Mo e SREIE 3 — 7 18 fflicowvwT CT &

TG TR I EROFERE ik 5L,
=0.90 &, FWFEHICEWHEIES v,

4) EEOER  ARTH5H (Fig. 14)
I 2 AMO N2 FIT X Y EEFZ 2 4>
L, AR 3~4/4, MR 3~4/4 2B+ 2EMN* %5
HAMHRE, KBIREAE (AS) 2F ¥ B IEH & 4
ﬁwkbf FEEOHER - EEVHRL &R
Ft L7z, AREARE CEEERE oSty .O
fiﬁ%wmféwf,Tﬁ%ﬁ%)kw%&@
FICHEZEN R - 7203, EARE T 1.0k
OEMEER LIz, oD EITE 1T 5 AT ofE
BERPES B EIT, WA T A =2 =TS
tEbhB.
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RAMV RVMV LAMV sSvcC IvC ,
2 o
50 by .
. .
.
> ' .
40 ° . ° . 2
: : ; t
» .‘ .
30 . s € . *
H 3 : .
| . I
20 .. : % 1
] H
3
10 H .
N 20 20 20( 10). 13 20
MEAN 22.3 40.5 32.1(287) 1.05 1.74
sSD 6.5 6.5 8.6( 82) 0.39 0.46

Fig. 5. 4-chambers’ volumes and cross-sectional area of SVC and IVC normalized for body
surface area in patients with ischemic heart disease.
RAMV=RA mean volume; RVMV=RV mean volume; LAMV=LA mean volume.

- - RVMV
RAMV 7p (o TR '"%4 TR3 Y4 ml TR  TR1-%4  TR3-%
L
M2 .
200
400 .
°* 0O .
200 . : 100 .
L] : { :
L) . .
. . . &
o8t ABEE
2 : '
L] o *
ad : .
v .
0
N 13 31 10
MEAN 46 91 234 °
s D 20 37 119 N 13 31 10
Fig. 6. Correlation between TR and RAMYV. MEAN 59 63 101
Severity of tricuspid regurgitation is evaluated s D 13 15 39
by ultrasonic pulsed Doppler technique and then
classified into 4 grades. Fig. 7. Correlation between TR and RVMV.
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svcC I vce
ey RE TR 13V TR TR"Z4 R3S
2
84
R
.
. .
:
o .
s
3
. .
al . .
.
.
. ¢ .
21 . g : ?} <
. , .
3 | . X
$ 4
[+]
N 12 14 9 12 14 9
MEAN 117 1.55 452 210 2.51 5.03
SD o4 042 2.39 048 065 1.39

Fig. 8. Correlation between TR and SVC and IVC cross-sectional areas.

LAMV. MR (-) MR12/4 MR 3 Y,
|
'%21
800 . LVG
b ML
soct ¢ .
. J 400
L] - s L]
° .
400 .
. L] . o
L) O
. .
200 - S
i "‘F : 200
. oo ge® .
z . % ..
-‘ L] o8 oo
o] .“.u‘
f.
N 18 19 16 s N= 46
R=0.92
MEAN 160 191 487 Y= 1.22X + 23.6
s D 109 129 231 ° 200 400 ML
Fig. 9. Correlation between MR and LAMV. Fig. 10. Correlation between LVMV by CT
Severity of mitral regurgitation is evaluated by and LVEDV by LVG.
left ventriculography (LVG) and then classified into An oblique line in this and the succeeding figures
4 grades. indicates 45 degree line.
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LVG
ML
400
200 o e .
{ .
3
r .
S N =40
R =0.95
Y =1.01X+133
CT
o 200 400 ML
Fig. 11. Correlation between LVEDVs by CT
and LVG.

UNGATED SCANS

Lv

g\y [r

-

SLICE VOLUME
= AREA % THICKNESS

-

LV MEAN VOLUME

= 37 SLICE VOLUME

-

LVEDV
_ LVMV '
CF

GATED SCAN

Lv

1000005nr

-

ORIGINAL DATA

= LV “MEAN" AREA
(UNGATED)

A

ECG-GATED
RECONSTRUCTION

=> ED AREA
L 4

CORRECTION
FRACTION(CF)

3
— | [MEAN AREA
ED AREA

Fig. 12. Method for calculation of LVEDV

by CT.

CT

300

2001

100

0o

N=18
R=0.90
Y =0.79X+38.5
. LVG
100 200 300 g

Fig. 13. Correlation between LV mass by CT

and LVG.
AR (-)~2/4 AR 3-4/4
MR (='~2/4 MR 3-4/4 AS (+)
AS (=) AS (=)
.
H
1.5
Y
.
Y S I
T
- s
.
. .
0.5 .
0
N 17 11 9
MEAN 0.87 0.82 1.35
S D 0.15 0.18 0.24

Fig. 14. Ratio of LV mass to LVMV.

AR=aortic regurgitation; AS=aortic stenosis.
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RAMV RVMV LVMV LVMASS

pre post pre post pre post pre post

)
200 200

100

o TAP «TAP o MP

Fig. 15. Changes of RAMV, RVMV, LVMV and LV mass before and after surgery.
pre=preoperative; post=postoperative; TAP=tricuspid valve annuloplasty; MP=mitral valve
plasty.

MVR oOMC M P LAAC (+) LAAC (=)
pre post pre post pre post pre post pre post

y 4

800 (
600 ¢
400
9

o LAP

200

V==

~ N

|\ L

o
MEAN N 5 10 7
( pre-post )
~ pre 44 35 45 44 37

Fig. 16. Changes of LAMV before and after surgery.

MVR =mitral valve replacement; OMC=open mitral commissurotomy; LAAC=LA appendage
closure; LAP=LA plication; MP=mitral valve plasty.
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4. 4-chambers’ volume DF iR I= &I+ 2 HE:

Ffgig < CT REZ BITL, FOFELED
REB KD B TS FEESR 17 filiconT,
Z DRBOFMHIE TOELEHfE il T
ATz,

1) ZLRHARWAETEN & HEEHEHE Fig. 15)

e TR 3/4 TABYHAR® K&, =R
FREmETENT (TAP) 27 -2 3#lci), AER
I FY U% offi/hER L. Ly LEEGEN %
fThleholplT b 10~30% DfF/ &R LI,

2) ZRAFHAETENT L A B THRHE

FEEVPHERIBEN 21T 3 flcEy 18
% DHE/NERLIED, WRERE ITbRhrokp
TbH# 10~20% fE/h L7z,

3) (HIEEMRN, ZEGIBRNT, IR
LEEVHER, EENGHER

AT MR 4/4 L SHEE 2358 < RiERIRHT
(MP) %17 -7 3 flTid, EEFHEFITEH 4
% DFENEIRLER, HigHERM (MVR), &
HEIBHT (OMC) ##E1T LT d # 10~15%
OFFNER L. ERNFERIEYT 5 LH#
BTIERLALE T Lighote. UL o BI%i
Schuler o kKBRS AL O FHFRTH TOEH
LEEOELOBEL I —EHLTWnB2,

4) EEMEEN, EOEHSIN L EETYAM
(Fig. 16)

MVR, OMC, MP # L ¢, £ 35~45% ik
BEEYREOFE/INETR L. WRIEENPEKRTE
FEREERT (LAP) 21T L7c 3 #lTix 3 60%
O#ENE R L. La L ZELEREH (LAAC)
ZBL T, 7o kB 0ERB ARG RS
B%, fTouhrokBEOZNEITEY 37% &, W
FFORICER R D - T,

#

CT ciithknoHEE- Az WmoMmE

roTRD B, FEWCHEES LOEHOE
HiZ@ L 5#Ths. LaL CT T ungated
EHROME X v R b h 3 FHEHE MV) i1, %

DEIZR T 3HHERLEHE (EDV) B8 LXUOELE
B BBRAHELY bIhSWERZ LD, &
DE « DEORELELO ki) 12 i f 05
BT, CT iy 2 EHAHOEH 2R
Atz BoNEEICE, ZhE oL iEs
DERBERBIVEBRIZERD B, ETRAL
BELALNER, —IF, FOE - LEOBBX
ZOEFHEEZRLTWS LEDbh 3.

EeRBEREHTO, RURORE & FLED
EARE L OB T, FRMELXKRENEZLEAHED
HEInRE LW ERAZFED bh .

EeFNEIE TO, LOF - DEFHOEILOR
TR, ThhiFMmtick - TABOEIc
ENRED BRI

Uk, EBMMICESICITX 58T, FHiE
ORFLED, HFLE - LEOAER IOLHE
BE2EMT35%L LT, CT o rapid sequen-
tial scan % fjv 7= 4-chambers’ volumetry |34
HALtBbhs.

® #

CT #fvy, rapid sequential scan < .[MEL
k% H#—+3% scan ¥F7v, B dHh B ungated
BEHEMEST LIk Y, KFLE - LDEOFY
2E MV) BIOELBEOHERELEML, K
DR E BT,

1. BmMECESR 20 fliconT, BRLZO
FLE - DEO PHEEO EEEE Koz &tz
%, HEEHAR (RAMV) 22.346.5 ml/m?, %
FIEHEHE (RVMV) 40.3+6.5 ml/m, £EEY
5F% (LAMV) 28.7+8.2 ml/m? Tk - 7z.

2. FlEgkE 54 fliconT, CT X oRoe
AL, BEE N7 —ECHML = LU
(TR) of2l, #XukE=xER (LVG) X v it
L fhiE syt (MR) oL gk 5L, TR
3~4/4 B3 RAMV 2344119 ml/m?, RVMV
101439 ml/m? L FE#4 (p<0.01) B EED
bhic. i MR 3~4/4 iz LAMV 487+
231 mljm* LFE2 (p<0.01) #ABED LA
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3. FERE 46 fliconT, CT X vskwi
EEEHEE (LVMV) B X OEZERKRHAH
(LVEDV) & LVG X yswiz LVEDV ik
H4ak, Bon r=092, r=095 LEHT
BWHEEAE B bz

4. HlEgEE 17 filco FiEi o BT,
ZRFFERERENT (TAP) 2Tbhi 3 flTo
RAMYV o #5 /I R 13 F 3 44%, (B8RRI
(MP) #fibhic 3 flco LVMV of/hgix
i 1%, EEMHER (LAP) »fTbhic 3 4
<» LAMV of/hRa £ 60% & EF X
VK& /R ER L.
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