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Summary

Dynamic CT scanning comprises the rapid repetition of scans with the shortest interscan time
at the same level. We applied this scanning with injection of iodine contrast medium for evaluation
of cardiac output and shunt ratio.

1. Cardiac output

When dynamic scanning was performed at the level of the main pulmonary artery with bolus
injection of contrast medium from the peripheral vein, the dilution curve could be obtained from the
change of CT numbers in the great vessels. Consequently, if total volume of contrast medium and
correlation between CT numbers and concentration of the contrast are known, cardiac output could be
calculated according to the principle of dilution method.

In 22 cases, a CT cardiac output study was performed with combination of a simultaneous standard
dye dilution study. Thus, CT output was obtained (1) from the dilution curve in the pulmonary artery,
(2) from the first dynamic scan among several repetitions, and (3) by the scanning without breath-
holding. When the first dynamic scan showed random CT outputs in each portion of the great vessels,
this scan seemed to be unreliable and another scan should be adopted. Finally, cardiac outputs of both
CT and dye method were well correlated (r=0.82), especially in the cases without breath-holding during
dynamic scanning (r=0.86).

2. Shunt ratio

When contrast was injected continuously from the peripheral vein with constant flow rate, the
early equilibrium of concentration is obtained in each portion of the great vessels depending on
blood flow, and this equilibrium was achieved immediately after the appearance of contrast. Therefore,
if dynamic scanning was performed at the level of the main pulmonary artery following the injection
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of the contrast from the antecubital vein, and CT numbers of the superior vena cava, pulmonary artery
and aorta in early equilibrium phase were obtained, both left-to-right and right-to-left shunt ratios
and Qp/Qs could be calculated from dilution rate of the contrast on the assumption that the ratio of
flows in the superior and inferior vena cava is 3:2.

In 10 adult cases with congenital heart diseases with shunt, the results of this CT method were
compared with O, saturation method during cardiac catheterization. The left-to-right shunt ratio (r
=0.87) and Qp/Qs (r=0.76) of CT method were well correlated with those of catheterization method,
while right-to-left shunt ratios of these two methods showed discrepancy because of the difficulty in

evaluating a small reversed shunt flow.
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Fig. 1. Program of the dynamic scanning.

Original “ 4.8 second’’ image can be segmented into 2 or 3 ‘2.8 second ’’ images.
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Fig. 2. Sequential images of the dynamic scanning.
Contrast medium bolus injected from the femoral vein appears firstly in the pulmonary artery
and then in the aorta. T'wo patent aortocoronary bypass grafts (white arrows) are clearly seen.
PA = pulmonary artery ; AAO =ascending aorta; DAO=descending aorta; SVC=superior vena cava.
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Fig. 3. CT and Dilution curves of contrast medium.

This is the same case as shown in Fig. 2. Incremental CT numbers in the great vessels are
plotted and fitted by Gamma function curve.

S.PA=stem pulmonary artery; R.PA=right pulmonary artery.

C
BOLUS INJECTION DILUTION CURVE
INJECT. DOSE : D

recirculation

contrast B — IR
medium
time / t1 t2 time
INCREMENT.
CT No. CARDIAC OUTPUT : @
MEAN CONCENTRATION : C
— t2
c =S Cdt /(t2-t1)
t1
D=C-Q - (t2-t1)
CONTRAST -
MEDIUM -
CONCENTRATION 2
0=b/ jt Cadt
1

Fig. 4. Calculation method of cardiac output.
Cardiac output is calculated from ‘“injected dose of contrast medium’’ and * first pass area of
the dilution curve’’.

— 977 —



g, MR, o, g2

CT : PA stem CT : PA branch
LAnln LAn'ln
* [
° b * ¢
S e )
54 [ ) ® .. 5t ° :
.
%* o hd
N=22 ¢ N=13
R=0.71 R=o0.77
) dye . dye
o 5 L/min 0 5 L/min
CT : ascending AO CT : descending AO
len l%ﬂln
[ ]
[ ]
¢ ° o e® *
L]
51 . < 5t o
L ]
L) ® *
’. ° . o,
N= 20 N=13
R=o0.68 R = 0.74
) dye dye
0 5 L/min © 5 L/min

Fig. 5. Correlation of the cardiac outputs determined by CT in the great vessels and dye-

dilution.

“PA branch ’’ means the right or left proximal pulmonary artery. CT output obtained from the
dilution curve in the pulmonary artery side correlates slightly better than that in case of the aorta.

CT: PA
L
‘min
[ ]
' )y *
e
5 . ¢
L]
]
* N= 22
R = 0.79
Y = 1.04 X+0.89
dye
0 5 "/min

Fig. 6. Correlation of cardiac outputs deter-
mined by CT in the pulmonary artery and dye-

dilution.

“ CT output in PA” is decided as follows: If it
is impossible to obtain ‘ PA branch ’’ output, “ PA
stem ”’ output is adopted as “ PA output ”’. If both
“ PA branch ” and “ PA stem *’ outputs are obtained,
and these two values are close together, the mean is
adopted. On the other hand, if these two values are
quite different, ‘ smaller one ” is adopted as “ PA

output .
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Table 1. Comparison of cardiac outputs deter-
mined by CT and dye-dilution

dye |CT: dynamic scan dye

CASE |preCT| 1st 2nd | 3rd |postCT,
1 2.97 [*3.64 |*3.71 3.44
2 |s6.98 [¥6.49 [%6.20 7.78
3 | 5.58 [¥e.27 7.25
4 | a4.86 [*4.24 5.04
B |4.37 [¥s.49 |*5.43 [*a.56 | 5.08
6 |s.02 [¥7.09 [*s.38 7.05
1 |4.43 [*5.03 [¥6.44 [*a.52 | 5.14
8 | 3.24 [*3.74 [*4.06 3.43
9 | 4.31 [*a.42 [¥e.16 4.99
0 |2.82 | 2.78 | 3.47

1 3.27 | 2.87 [*3.97
2 |2.76 | 3.53
3 |4.02 [*6.12 | 4.51 | 6.06

| 14 | 3.90 | s.86 | 4.82
9 |[4.58 | 5.71 | 580

16 | 3.74 | 3.93 | 4.26
1 |3.57 | 3.723 [*4.00
8 |3.28 | 5.05| 4.32 | 3.96
9 |[3.67 | 3.67 [*s.07

20 |4.86 | 5.55 | 5.30

21 5.21 | 5.08 | 5.21 | 4.78
2 |a.38 | 5.34 | a.64

% ; no breath-hold L/"'"""

In all 22 cases, 1st to 3rd dynamic scans are
performed. ¢ Cardiac output in PA” is adopted as
“CT output” in each dynamic scan. Dye dilution
study is performed before and immediately after
the CT examination.
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Fig. 7. Influence of breath-holding during the dynamic scanning.
(A): Correlation between CT output without breath-holding and dye-dilution output.
(B): Correlation between CT output with breath-holding and dye-dilution output.
CT output by no breath-holding’’ shows slightly better correlation with dye-dilution output.
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Fig. 8. Influence of breath-holding during the
dynamic scanning: Another aspect.

Both the dynamic scans “ with breath-holding ”
and “ without breath-holding > are performed in 6
cases and tne result are shown in this figure. “ Breath-
holding ” causes some decrease in CT cardiac output.
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Fig. 9. Influence of repetition of the dynamic scanning.
(A): Comparison of dye-dilution outputs determined before and after CT examination.
(B): Comparison of CT cardiac outputs obtained in the first and second dynamic scans.
Slight increase in cardiac output by administration of contrast medium may be apparent in figure
(A), while scattering of CT outputs is seen in (B), indicating poor reproducibility of CT method.
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Fig. 10. Final result of repetition of the dynamic
scanning.

If CT outputs obtained in several portions of the
great vessels are quite different from each other, the
dynamic scan method may be unreliable. Five of 16
cases shown in Fig. 9 (B) are neglected because of
the unreliablity of either the first or second dynamic
scan, and the remaining 11 cases are plotted here.
Slightly good reproducibility and tendency of an in-
crease in CT output by repetition become obvious.
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Fig. 11. Final results of comparison of CT cardiac output and dye-dilution output.

(A): all 22 cases.
(B): 9 cases without breath-holding.

In all 22 cases, the most reliable dynamic scan among the repetitions is chosen for the final evaluation
of CT cardiac output in comparison with the dye-dilution study, and the results are shown in figure
(A). Of these, 9 cases without breath-holding during the dynamic scanning are selected to show the
best correlation with dye-dilution output (r=0.86) (B).
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Fig. 12. Schema showing a continuous and constant injection of contrast medium and

the dilution curve obtained.

The CT numbers in each ROI are in the equilibrium depending on the blood flow volume, if

there is no recirculation.
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Fig. 13. Early dilution curves of contrast medium injected from the antecubital vein.

(A): “no shunt’’ cases; (B): shunt cases.

In shunt cases, the early equilibrium concentration of contrast medium in the pulmonary artery
is diluted by additional left-to-right shunt flow, and the concentration in the aorta shows on early

step-up by reversed shunt flow.
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Fig. 14. Dilution curves in shunt cases.
The early equilibrium concentration of *“ mixed vein’’ can be calculated from the value of the
superior vena cava on the assumption that the ratio of flows in the superior and inferior venae cavae

is 3:2.

a, b, c: early equilibrium concentration of the contrast medium shown in the incremental CT

numbers.

e

2l

riow : E,S,R,
CT No.: a,b,c,
po 2E +0-S _ _a-E
E+S E+S
c= o-E+a-R_ a-R
E+R E+R
. _a-b
LRratlo—gg- a
. R __ ¢
RLratio = E+R - a
_E+S _a-c¢
OP/fas “E+R~ B

body

Fig. 15. Calculation method of shunt ratios and Qp/Qs.
Shunt ratios and Qp/Qs are calculated from the dilution rate of equilibrium CT numbers of the

33 «¢

‘“ mixed vein’’,

pulmonary artery

> and ‘“‘aorta’’ as explained in this figure.

E=effective pulmonary flow; S=(left-to-right) shunt flow; R=reversed (right-to-left) shunt flow;
MV =mixed vein; PV=pulmonary vein; C.M.=contrast medium; a, b, c: incremental CT numbers

in early equilibrium phase (CT number in the PV is

“«

zero”’.).

X 9 EKEAR, IHBIAR, KBHARP OIGIER 24 D 2, EAFAB X UAESRO shunt £ Qp/
B LBToMETE «<wim CT 57 &k», E Qs #RHBZLNTES. RATE—RRICHTE
KERIR & FRBIRO MR E 3:2 LIKET S B’icix 5~10 $rES 370, BFED dynamic
L, BAHIRD, SR, REIIRIML O AR scan QOEGHFEETL, FE O FIHFEEIRER +
Eixtiets CT ERELHhs. Zofiz v SMEzBB ILDLEZLNS.

<, BEMAE» & shunt REHAMT2HELF Fig. 16 302 PR RIBRNES] T O AR
CHAROEE 2 AT, Fig. 15 1R+ 9 HEAK X 5 dynamic scan E{&TH 5. ERF
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L CT #i#ic 31} 5 dynamic scan D&

Fig. 16. Sequential images of the dynamic scanning in a case with a left-to-right shunt.

This is an adult case of ventricular septal defect, and contrast medium is injected from the ante-
cubital vein continuously with constant flow rate. Equilibrium in the superior vena cava is achieved
first, and then the pulmonary artery and aorta are stained with gradual increase in density.
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Fig. 17. Dilution curves of contrast medium.
This is the same case as shown in Fig. 16, and incremental C'T numbers in the superior vena cava

(SVC), pulmonary artery (PA) and aorta (AO) are plotted. Equilibrium in the SVC, and a stepwise
increase in the PA and AO can be analyzed quantitatively.
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Table 2. Comparison of shunt ratios and Qp/Qs
determined by CT and cardiac cathe-

terization
CT CATHE.
CASES | | R | RL |Qppe| LR | RL [Q¢fng
1 76%| 15 %| 3.8 | 77 2 4.2
2 84 o 63 | 74 o 3.9
3 79 15 4.1 73 0 3.8
4 58 17 2.0 | 26 0 1.4
5 40 9 1.5 21 0 1.4
6 70 8 3.4 44 o 1.8
1 73 3 3.6 51 13 1.8
8 38 0 1.6 31 0 1.5
9 52 8 1.9 | 34 0 1.5
10 74 8 3.5 | 49 7 1.8

Ten adult cases with congenital heart disease with a
shunt are examined by both CT and O, saturation
during cardiac catheterization.

IRIIEZHIMNE L FARICE—EREIRRY, D
WCHfBIIR, KBRS ¥ Sh, BimIciR
WELLLRVELBR>TWS. Z0f o LXK
R, FighAR, KBIARPIIC ROI 28¢E L TRwic
EEAA R Fig. 17 <, WEAR, KEHAK
OYIHITH & BeRERIRE ERASRBY 6N B,

2. WREFE

BADEAERER Bl 0B EERA, 9
B 10 fl CRRIRH OO P 7 — 7 VREER I MR
EeRaafnEE ¥ FVv T BH L7z shunt &, Qp/Qs
Lxte U (BHARE BRTE 4 4, L PRRXE 4 4,
DEFREKE 2 4).

#451T L RERIR, MiBhARER 22 b AL Bk Z &
viE T, 4.8F scan % 5~6 EliE Y KT dy-
namic scan # {7 L7z. Slice ®EZ4 i 5 mm,
Y HIx 76% Urografin 20 ml % 5fEFHK L7
LoE, 1#H® scan BFA 3% L D, 4mlfsec
DFEE CH#EIRY O #tEA L. Scan i oRf
HEIERFERA E LTiTbebholk.

3. HRLEZ

DH 7 — 7 VEEOBRREUFIE R (AT b 718)

Ly CT BREIZBIF % dynamic scan DJ5H

DOFELx L TER 10 flo CT gk, Dh 7
iz % shunt &8, Qp/Qs # Table 2 ;R
CT #icid k- TABIRMLAERILE 3:2 LKE
LT CT fE2H ML, FEHALo FIHIEEREA
< CT o> & Bh o BiE, Zh b 0E
WiEx ALKk, Table 2 # 75 7FRE L)
o Fig. 18 Td 5. Fiebb, EAJKH shunt
Rz CT L hFHRIZIWIEERD 25, H
s CT o) BRREVWHRAZRL, Zhid
L TREIRMLARIL ORE 3:2) BPREY 22
LicpgkTaborblhin. Zhicdl, A
EHF shunt R Eo5>&EBKE»hok. Zh
134 B DRERNIZ T K & 72 HEHKE boFIR2L,
CT ¥, OLr7iL bRBRA CT fE% i3
FHFIED bFh e step up ZHVWEH,
ERELRLT oz LARETHS Y. Qp/Qs
13ZEAH T shunt ICHA~HEB I R4 5 25,
chdb ALEFH shunt BOFH o B FELT
w3 LBbhi.

Pk, JFEBUMAY shunt REFHKICI HEY X
W oRiw., PEnXxdic CT iz HED L
IAHEREORTLTLLMR TE 2NV, EkE
oM 4 EMi T %, AW shunt THHE
HosaztbzolhEofmenzs. CT &
B FRARM e & AT, lERERD X
DEMAEEAEORE AL LARY. Z0&N
FEA L LTRUTOEE DT OIS,

® CT §cRBE#RL o FERERH O
»E - FRERLARL ORESSLET, FEIT
3:2 b HHREFWED, ZHRIIBEFRB T
RYERDBNLLARN.

® BifEn dynamic scan o EBRIFEE Tk
reference point 3473 &, /NEDOX O 72 &
BOBE VI T ERAHTERAE 22 2 & h
3, BRAGIT LERICREERIFE N H 5.

® HFra— FERACERTD, EF
KloFh o g—itk, BEFHEISET 5L b LB
D DEBRMEHVES. B YO EEITIE 76%
Urografin JEik #{#f Lic7w», Fig. 19 0Xx 5
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Fig. 18. Correlation of shunt ratios and Qp/Qs determined by CT and cardiac catheteri-

zation.

This is the graphic representation of Table 2.

nEEH o layering 2 EUBAN HoTh,
ZOBRFEIFRBEANS L HICIBDDOIA
{lxolz.

@ Dynamic scan [ o fe & = artifact, par-
tial volume ZHE, scan fr DEER{EIL 72 ¥ D HRE
3, DHHBERHOSBE LFFETHS. EHGLH
o, b¥hle CT EELEFMET 3 HE
D b B REMRN O FIFFEHRE IR IR L, B8
BREV. FHREIEIIFAEBYRBEES LB
%, SR TE BRI Tbihoiz.

Pk, dynamic scan #:xFH L7 CT ick 3
DiHE & shunt REHBEIZS W T R @

FHike bIEBMMTH Y, BETLERLE EA
Kitz85 & Bbh s, J$k CT EEoHE
IZX b dynamic scan HOBEGIFE AR L, R
RGO L WEGBPERICEON B X 52k h
iE, SORRERBESAETSLELONS.

-3 #

B4H o interscan FEE T, [R—WiE® scan %
#YiR+ “dynamic” CT scan g v, Zh
2k % .OHME L shunt BoBEHBEIZ W TR
L.

1. OoEtE

KRIBFARE Y 2 — FERH & bolus FEAL, fifi

— 988 —



INC CT#
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Fig. 19. Layering phenomenon of contrast medium.
Layering of contrast medium in the superior vena cava occurs in a few cases following injection

)

of ““ dense’’ contrast medium.

iR %2 to Wi < dynamic scan %17 213,
CT @& 25, KMEEH T OREEAMR
MG BN B, LIt o THEABANRME &, 15
Flifnrpsrs et CT 2 barhid, #R:
OFEIC Y Y OHHESRH S S, ZokE
A LIER o 5 b, 22 4] T @ AR & Rk
1L, CT AR ORSE 2 RE LIRSS, O
HEZH X1 | H o dynamic scan o JilifhikA
TOFRMEEE A3 0 X <, scan g3
W EEIESERNIEI B I EWn ) fimi sk,
L2 LRILE A ToLAHEIES 2SR KE
l/\i}'—‘ﬁ, % @ dynamic scan DO {EEMEIC X5 A3

bote. ekryicix CT gk L @HFREOHBME r=

0.82 <, scan o JEFRAZILFIDOHE LA,
r=0.86 X Wi RAR L.

2. Shunt 2

KR L Y 2 — FiEER & —EiE TRifeE
AT 5L, FRERE’ TN, KRLFNETIEE

WARIBGES, RNl iR IS U fe SRR A I
d‘é- DI, FEREHEER T LR YR
Hl & FrgtE A L, BhiBhIRiE % 2 Lol © dynam-
ic scan %17 T LEKFFIR, MBI, KEHIR<TO
a0 CT iz Y, L - TR
FiktbE 3:2 LEdhag, REARED S
J1h shunt 2L Qp/Qs EHIEh3. Zh%
RN DR EBHICEA L, 10flTLsF—F 0
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BRMRE R b O LM L. EORE, & % &
A shunt iz CT rinh 7ikic r=0.87, 1) Brundage BH, Lipton MJ, Herfkins RJ, Ber-
Qp/Qs it r=0.76 DX WHHE H -7, AE ninger WH, Redington RW, Chatterjee K,
J i) shunt £ L HETIRIZSoERAE L, b Carlsson E: Detection of patent coronary' by"pass

e oo grafts by computed tomography. A preliminary
F 0> 72 B DIEAE MG 0 HEE S AT b he. report. Circulation 61: 826-831, 1980
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