Journal of Cardiography 11: 1273-1281, 1981

av¥a—2—WEHY  Measurement of car-
(CT) T& 2 0EBEOHE diac volume by com-
puted tomography

EL % Shigeru WATANABE
IWH EH Zenju YAMADA
A A Yoshihiro NISHIMOTO
HH Fk Hideo YOSHIDA
R EW Nobuhiro MOROOKA
wiE B Osahiro TAKAHASHI
B\a IER Masaki SHUKUYA
EH =W Yoshiaki MASUDA
felE Z=HH Yoshiaki INAGAKI
KU T Yoshiko NAGASE*

Summary

Noninvasive cardiac volume measurement by computed tomography (CT) was attempted in this
study. It was found that non-gated CT images were very close to the end-diastolic images by ECG-
gated CT. Ten to fifteen non-gated scannings were obtained serially from the upper atria to the left
diaphragm in 9 normal subjects and 72 patients (6 hypertensives, 7 aortic valvular diseases, 22 mitral
valvular diseases, 5 shunt lesions and 33 ischemic heart diseases). To demarcate each chamber, contrast
enhancement CT was performed by drip infusion in most cases, but it was done by 46 times bolus
injections at the level of the left ventricle (LV) to visualize LV lumen in ischemic cardiac patients
who had ventriculography.

The volume was calculated by summing each slice’s volume which was obtained from the area times
slice thickness (Fig. 2). The total cardiac volume and the volume of each chamber (LA, RA, RV and
LV) were calculated. The interventricular septum and LV wall were included into LV volume.

There was a good relationship (r=0.90) between the total cardiac volume by CT and that by
chest X-ray (PA and lateral views) (Fig. 4). Each volume by CT in 9 normal subjects was: 353 +30
ml/m? in total, RA: 53+17 m//m2, LA: 54+21 ml/m2, RV: 90+15 m//m?, and LV: 123 +15 mi//m?
(mean +SD), respectively, and an increment of each volume was shown according to the hemodynamic
features of various heart diseases: the total volume was increased significantly in valvular disease (Fig.
5), RA and RV volumes in mitral valvular disease with tricuspid regurgitation and ASD (Figs. 6, 7) LA
volume in mitral valvular disease and shunt lesion (Fig. 8) and LV volume in aortic valvular disease
and mitral regurgitation (Fig. 9). Between the left ventricular lumen volume by CT and its end-diastolic
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volume by ventriculography (area-length method), there was a good relationship (r=0.81) in 17 cases
without cardiac aneurysms out of 22 ischemic cardiac patients examined by ventriculography (RAO

and LAO views) (Fig. 11).

The cardiac CT was found very useful for measurements of cardiac volume, since it is noninvasive

and quite simple yet reasonably accurate.
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{5 L7c#fE 1z Siemens # Somatom 2 (x
¥y VRIS, 2%y i 8mm) Xt GE
B CTIT (2%x+ B 108, =% v iE 10
mm) T, & bISUARBIETRE O FTRERSE 3 R
2%y ThHB. MPAPERELMALEL, K
KA THRIEE S, KBRS E,» S0 EEA
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B, LEEHEET B, KEHoplicERAlD
&3 SEIC & 5 enhancement #1T-7243, I
MR B CARE R £ T LICERI TR, EE)
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CT R3AFEMiozS A 2eEREbELLDAR
»T, Fig. 2-1A &R & 5 RIEEL O K
BER+HCREshTwhE, BeDzT (R

BFWEBCRA Ty VIBERL, IbiEhD
EMET 22 LICX WV AEERET S 2 L 25AEE
TH5. ZOFEITTIME, i ofiLiEg
BoOAEAECERAEATWHWE R, Faidz oF
By OSHALT, O, £0E, &0
BEOREERDI. Z0&Ew, LEEOEHER
T B X BRI & BEHRI LT B 72w, &
BicAWZ25 4 20 R, KLE LV EER
A ULEESOHMB TS LRALTEL, DB
BEhiefazstfllLic. OF O BERETE,
DR LLEOERMSHL MRS R WER L
Pl i, LDERERLZENOLEDOEEIC
MEL, ¥/, DEERELACHHEN LW
HLREELED TLEAKE L. LEOAREA
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(Fig. 2-1B). 73, ¥lic Somatom 2 2k %
ODERH CT 217w, LEOHRBER I REO
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Fig. 1. Cardiac images by the contrast enhanced CT in each scanning level.
A =ascending aorta; RA=right atrium; LA=left atrium; RVOT =right ventricular outflow tract;
RV =right ventricle; LVOT =left ventricular outflow tract; LV =left ventricle.

RAO 38X LAO o2 Fmsh b 35mm v x 7
4 v aiZHgiz L, Dodge & o area-length s
b, EEILERHIARB X OIGERYIAR 25k
7E.
SR TEERE 9 (4512 5%), wmMUELE 6 f
(6117 5%), KBIIRFEEE 7 ] (4922 5%), 8
TR 22 5] (48+13 %), mEifuthCvREE 32 4
(55+11 #) 3 X 0 shunt P0EE S ] (55+12
) THB.

& ES

FlFEBR L LT, KESLBORLD 4 HOMH
HMaktEFT v &2ERKRL, CT Itk 3205 s
WIE LcfEg, CT AEEOAEICE b TIE
BIL7fEz "L, WMEFOHBETEbO TRM- T2
(Fig. 3). o, KM %k D2k OATER
Ex o XmEE s CT ©ffy, zoflEHEz
g L2 L =5, WEREcE r=0.90 o B v R
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1) Volume by CT
A) SUM A

[ s: \ Twidtn
V= {SiSersShxwidth [T
Heart volume, N |
RA, LA, RV, LV NBi/

B) from a slice of B
maximum LV area
V-3 B0t
2) Heart volume by chest X-p
V=0.4xL xB XTmax @ @
)

3) LVEDV & LVESV by LVG (RAO&LAO
area- length method

Fig. 2. Methods of cardiac volume measure-
ment.

1) by CT 2) by chest X-P (PA and lateral views)
3) by left ventriculography (RAO and LAO views).

S=sectional area; width=scanning slice thickness;
D=short diameter; A=area; LVEDV=left ventri-
cular end-distolic volume; LVESV =left ventricular
end-systolic volume.
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Fig. 3. CT volume and true volume in four
heart models.

nHx b (Fig. 4). o, LEEK K05,
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LR THEE L7z, EH o LAERAT Y
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Fig. 4. Relationship between total cardiac vol-
lume by CT and that by chest X-P.

589 ml, fAFHFE (m2) H7zvy 353+30ml (3
Y ERERE) Th o 7.

REIRFPEE, HIERREF TR EL VA
BHICKRE L, ZRAHEARE 2 A0 L (B8R
BRSES gl 1,740 mlm? L IE# 0 133
SficE Lz, MR, RRifEOR SR ER X
DREAREADE DD LODEEEEIA LN DS
7z (Fig. 5). AEAMEO kT, @EED =
nEFg 79 ml, ERHEHHREY 53+17ml <
bote. ZhiTktL, BIEFFEAER X OODEFIE
RIBFETHREICKE L, ELACZRFHERLEE
A L 7B SR IEE R T2 DR BEH Th - 7
(Fig. 6). {iiift oA SRR T 150 ml, fhk
wifEdzy 90+15ml Th -7, fEiEHRER

:k#%ﬁTéAﬁﬁ LB RRIER TH
HICKRTHh -7 (Fig. 7).

ERABRIEER oG 81 ml, (AR L
) 54x2lml Tholeoitxt L, HIEHREE
THREICKE L, T LIl HgRERE D HIC
1x 700~900 ml Dvvbp B E KRR &R TER
L2 b A7z, Shunt PEQE B Ik X 2o A 25
L7 (Fig.8). ZmhEs X OLEPIF &S 0L
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Cardiac volume by CT
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Fig. 5. Total cardiac volume per body surface area by CT in normals and in patients

with heart diseases.

The indication of symbols is shown in the figure. A : mitral valvular disease combined tricuspid

regurgitation.
RA volume by CT (mi/m2BsA)
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Fig. 6. RA volume by CT in normals and in
patients with heart diseases.
The indication of symbols is shown as in Fig. 5.

FAMOLE T, @EHETEY 204 ml, k&
Ebzy 123+15ml Thoznic L, kK
BIRFRE L BIERPARHARETHRICKTH -
7o, Eiz, DFEEE CHEROL L NIEER o
CLEREPEHLELONS -T2, —F, &
EFRIARE Ti3/h s WEm &R L (Fig. 9).
SECERERE Y 1T Bt O3E S 22 4
(DFFBEZE 19 7, PROME 3 ) IConTid, A=
WAL LR, EEEFEIC L 3IUERYE
BB OIERYIAE LB L. CT oo
BEick - TR EENEAR L, Fig. 10 o

RV volume by CT (ml/m2BSA)
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Fig. 7. RV volume by CT in normals and in
patients with heart diseases.
The indication of symbols is shown as in Fig. 5.

T EIMERBIAH L =079 OBER1EH 32,
CT it 3EMNE L <K& L, LHFERY CT
DEZERFHINEAMARERT LbOTRN &
DBRH oIz, —F, HERHSHE L ok#iTix
Fig. 11 ERo = L <, LEHO RV 17 Tk
BEgX y=1.22x—144 , r=0.81 o B\ 1EE
DBH LN, LEEEMHFITIEROL 5 ICH
FEoMEE r=0.63 KT Lk -FkR—F
ZontHohikE=x CT %o 5 b EAWE%
RT R T A Aic area-length g SH L TR
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LA volume by CT (ml/m?BSA)
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Fig. 8. LA volume by CT in normals and patients with heart diseases.
The indication of symbols is shown as in Fig. 5.

LV volume by CT
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Fig. 9. LV volume by CT in normals and in patients with heart diseases.
The indication of symbols is shown as in Fig. 5.

L, EEERCX 3 EERMAH KT S
&, BWEOHE (r=0.63) IFEHRICHLUETL
Twie (Fig. 12). zo—@FL LT, BEAWEHE
PR+ 254 20EECTHY, LTFLLERE
B AMIC—ET B3 L3 nELRWILNEXLN
5.

% ES

FEmpREED 1 othb3 CT AN, O
RERE AR, T Tz 1977 4£ Miller 52
A XIFHOEAY, F7, 1978 4£ Lipton 5% %
human cast <, CT 26EBHLLEER
WMEEDO AR ExEL, r=0998 r&bpHThH

WD H B Z L EREL TS, Fx b, K&
& WoRkd4o0MLETVEERL, #iE
ikicpirs CT FHEIECFBIZEOLHTHE
Wz L REHEIRED b7

IERIZEY < DiTxt LT, S0msec LI 0#BHE
HBESEENSE N, 00X ) LEEIBRERRE
BchHY, BERMCEFIASh T Y. HHERE
ETizhickbabor LT, LHEEHCT &
BTbh T3, Efko MEIC 723 FEPE
D, ERBEFILILE L 0L TLARY
BT9 2 &, RERHE, XHEEgR 2va—
SRR EDORIT, BED L ZARAREIIEAN
IHricBbns.
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Fig. 10. Relationship between left ventricular
lumen volume by CT and left ventricular and
systolic volume by ventriculography (ESV).

There is a good relationship (r=0.79) in 16 ischemic
cardiac patients without aneurysms. But large dis-
crepancy of the volume by both methods is present
in a few cases which seems to be due to a difference
in cardiac phases.

CT i X 5. LAEEORE

LVG (EDV)

ml .

Aneurysm; no
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%o,
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¥y=0.91x +64
r=0.65
n=16
p <0.01

100 200 ml
CT volume by max. slice

Fig. 12, The measurement of LV volume tried
by area-length method on a computed tomo-
gram showing maximum area of LV (CT
volume by max. slice).

The relationship between the CT volume and left
ventricular end-diastolic volume (EDV) is poor

(r=0.65).

LYG(LVEDV) LVG
m
300 mi
L ]
Aneurysm; no
ury n Aneurysm; yes
200 4200
L]
100} {100
y=1.22X-14.4 Yy =0.57X +84
r=0.81 r=0.63
n=17 n=5
pP<0.005 p<0.25
0 100 200 mi 700 200 300 mi
CT volume CT volume

Fig. 11. Relationship between left ventricular lumen volume by CT and left ventricular
end-diastolic volume (LVEDV) by ventriculography.

There is a good relationship (r=0.81) in 17 cases without cardiac aneurysms, but the relationship
is not so good (r=0.61) in 5 cases with aneurysms. The volume by CT is slightly smaller than the

angiographic volume in general.
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BHITH B, HeoHREHEE CT
XIB3BLEBOREEERD L, ERHGTZED
EOWERBBITEL, £, ERPNCLREVE
HTHBRADEELL 2 TNWEZ LR
3. 22T, DLEDX S REiEOLET, XY
HECHRECAEE ExwIERH CT 2Av
TLEEERE L 2.

B X REE L OAME BN T 35
%, 19164£m Rohrer? Lk K »5fThhTH
Y, ZhETCRE-O»OHBERXPREShE. &
B, FHTxZEHR- 71 VoIEEED %Ly Mus-
shoffd X ZFAVWTLAMEEML, CT %icx
ZUARMELB LI, ZofHRE r=090 LB
WHEB 2R L. T oK, DREoFEIEICH
L, CT iy X MEEICX 5 b0 L RER L
nwz rics s, CT kXL EET ¢kl
FZEOEOXBMAETHY, FhZPhORHEEA
BCHEMT B LR TES. LEREOSVWOA
B, A=, EXE0AMERAEIC Simpson’s rule %
FRHT 3 LN REECERE 2ED3 Lnbh
TW3 A, FHRBEEESFEGICE b THH
T, REEEATHARVWEDTHSE. LarL, O
EELBCEREIGAT 3 Z L3RR »2Y, B
ExyAvshTnin, CT iz k 3/KTEHES
BEEEVES ThY, AEMELITI DILED
BLiFBELELZONS.

CT itk 2K DIENABAEICL v, BHLE
BICBIT3RENELE LD XD LMXFETD
-7, FERH CT v ) Ebh o EHER L
LCoFEIC 3RIERS 5 Lidv 2, FREBHM
DB, b5 W IZF—EEF DOBBF D X 5 e tExHHY
REMICEIARTHAH. Ibic, DEEERD
TEEAREEDCl oL LToEERH TR, BF
HRTE R IC & B E L ERE P X 5 E Xt
B2 EEfThh T35, FHr iR CT
o E b EENEARE L EEEREOIUER
5 X OERMIATE L extb L. CT off#
E RO IEENBAR L IRERHIAH OB
T, LDEEOLRVWESE, r=0.81 LHEBEHRW

MRS ZoN, zhix CT & LERERE
NE—EATHfTahiboTRrVWI LEELN
FREBRTREERLEbh 3. REFIERY
B S ETHEIESRLTWBIZLTY, 8
METH 3z L EEL VTS BOBERMEREL
TRt Lo LEbha. —F, LDEEOD Y
&, FHEOBRIHEDS WEH, EEERETLL
FROH BB ERMEREVKREL BB ZLHE
26NB5DT, 5%, ZoRCELTLEMNEE
RTHRITLTHERZW.

PLED X 5 22075 RE ORIE i3 BT O DI
Bloxk b2 33T, 20ERICH BRE
EBRPBL 25 ETCLEETHS. HABTT
w CT itk 2ERE BX OCHBIMROK & & »3ffigh
REDIEEL LTHHATHBZ LERLTRYY,
¥7z, #EE CT HEL LHRHEOES D
HHE, BHROREEFREICT3 LBbh 3.

#* Eo

> CT BiIgEBmAcVIEL RENTE,
BEFELEDOHTHET, Lird, BOMOE
Br 2y TEBHICEREN, o, EAROH
ELELARY. 4E, FREMRBICET30EH
DRIE, BX U X b3V EEEREC
X ALAEHARE L gL, ERY CT TtiLER
HIFHE O 2 CHRERMICERA TS 5 LEbhiz.

2 #

MBI FETHS CT 2EALT, LOR
HRE % Rk, OHERS CT Bl
CT iz X 3 IHRAHMG UL T 3. OF L
LUV b EERIEHBL % TofE E, DR
# 2 % v o 2Egaic 10~15 EfEIT Lz, w8
AR 9, DRE 72 I (BILEE 6, KBRS
BT, BIEREE22, Vv v MELERS, B
MR 33) ThB. FEEHET B,
% OFICERAIATE X 5 enhancement CT
EFITo e, EEEEEHIT L cBLERES
Fizix, EENEY &6 KHARICT 572 bolus
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BRTARCRITE EHECRTA 2BERL,
s 2EEThIEHE S oh 5 (Fig. 2).
2B I VELE(EE, AB, AE, EE)0E
BErllE L. ok, LEFIE EEBHERE
EEBICE DI

CT k3 b2F 0Ll X REE (E
L REGR) Kk 3 zh o B v E
(r=0.90) nHmehi- (Fig. 4). @%94jo CT
X BEREED ) ORI, L2 353+
30mlm?, AE 53+17mlm?, £EFE 54+21
mljm?, % 90+15 ml/m2, 73 123 +15 mi/m?
Thole. Eie, FLBEEBOEIMNIOER DR
BRI L TALNE. Thbb, L2FED
BFRIFBRETHERICKREL, AERITEAE
BERFHAFETL 2 A0 L BIEFKRE L OESD
FxEiE T (Figs. 6, 7), EFEERKRE LY
v v MEDRET (Fig. 8), EZIIRBIRAEE
LEiERAET2ETT (Fig. 9) 2hEhiEio
BB bhz. CT itk 3 EENBAHLES
R DERMAEE BT 5 L, EXER
(ERIRHEL & ZRIRML) 217 - 72 22 il ikl
RED D BUEEE &0 Lav 17 flo Bt
B (r=0.81) »xshk (Fig. 11).

FEBLMAY T f{E 2o b7 0 EEREARD CT i3l
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