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With the recent advancement of imaging technology in the medical field, more sophisticated
information are now at our hand. Application of novel imaging modality into establishing
computational model to simulate the outcome of cardiac surgery is envisioned. Among
various factors, blood flow velocity is one of the key components in establishing the
hydrodynamic model simulating the circulatory physiology of specific cardiac defects.
The novel phase contrast cardiac magnetic resonance imaging (PC-CMR) technique enables
the measurement of blood flow velocity at any point of interests in human. Hence, we
investigated the possibility of PC-CMR in evaluating the hydrodynamics in patients with
Fontan physiology. The study revealed that, compared with normal circulation, Fontan
physiology is liable to have, #1: less cardiac output with higher systemic flow resistance,
#2: more systemic to pulmonary collateral flow volume in association with higher systemic
resistance, #3: more atrio—ventricular valve regurgitation, #4: more collateral flow
volume, which correlated with degree of cyanosis as well as with age at Fontan operation.
Thus, PC-CMR is highly informative in simulating and analyzing the specific circulation

physiology, as well as estimating the outcome of cardiac surgery.
AR EHA
(GHAHAL : 1)
[ERES S R A a  &F
2010 FEBE 1, 600, 000 0 1, 600, 000
2011 FEBF 1, 300, 000 390, 000 1, 690, 000
AERE
AERE
AERE
o Et 2,900, 000 390, 000 3, 290, 000




FFge4y 8y« E R

BHFE DR - WIE « SMRRERFREE S - EBAMELY:
ST R RMELGRE, R SIE, v I L—v s T

1. WFERAES R OS5

DA AR FAT . RFICSE RIPEOR BMETE
WRFIZRW T, &I i 72 ATENRE (1§
BRILFE) %155 728 OB DIETE 23 e
THEET, 2k Mo /L¥F—o R
PIMAOND. DFED ., VDN A L— XTI
MAERTNICE VB ZIEANTR72 EDHL
ERNRICMZTZ0 T35 ERAETHD.
L2 L7 5% < O3 ME Ik FiciTdo
D728, WLIRIEZ MR L7 DI EEE
179 Z LTk v, ko CTERERE D
%, RIS TRNICED 5 25720
FRIZEHEZR IS0, FBEE 2 o Dl & T 68
IZEARMEN R EVIRBREICB O T, RN
THIERE S BARDHEE LTI,

WAEIZ 31T 5 3DCT <20k MRT 72 & D4
LW OFERIL, LR 7R O T e
R L, B 2 L omii 2 b, EREEAL & fif
HroafRE & L7z, DM MRI TlE, JBREOHKRRD
FTMATENRET — % | FRCIpE R, miREo
BREMNARETH S, o T, BRI
FIFOMBEAICH LT, ZHOH LU E#
ETX VT 40— DB T — T VR EEZ A
BDDHFEICED, B DFEM e A TEREfRAT
AT T I L0 BAEE 2 OFE 72 Ok i
BERE - BT — X 2B S kS, &
ST, ZIHDERKRT — % Zfiffr L, TFEH
BHIC#E 4 L TV 5 Computational Fluid
Dynamics(CFD) Z# Wz T 2 b —3 3 (T
IS5 Z L TR, IRERIRIED MATENE A
FHTELAREMENEZ BND. AT CFD
fEATIC LD, YO XD BRI UEEEIET
T F UWEBRINGE & 72 5 0% E B
FHI T E UL, AR DO T —TF — A A Rk
R 9 5.

— 7. HERERELLN|IZX9 5 Fontan Fiff
(3B W T O FRJJRER It 137 o0 7 1A | 3 81 22
T, IRIRRE, ERRIE OHEDOFRIEIZ D72
BATREMEN SR S CE 2, BRI Z W
I R —o A7 LICEAMICE %45
AT H0NEERIX D, (- T, MRI
ZRAWEZY I 2 L—3 g UERITVD, fiigikie
O M ATENRE 2 HiT R 2> & #2428 T & UL Fontan
T pkAE Eo—Bh & 72 D ATREMER BV . %
DOMATENRES I 2 L—3 3 21T 9 X
2255t L7-, F7~. Fontan fEERICHE L2 %
FIETHFD—o & LT, MENMATOEEN
HDHIN, T OERMIZFAMGIZEE L < RIS
#BEW O Fontan B & OBSEIZEI LFEAE72
BEtE 72 STV W MRT % s A L7 Phase
contrast Cardiac MR(PC-CMR) /&= @ Wrm
(2T D i B K OV i B A E S 5 2

LR TE B7-8, PC-CMR Z AV CIENAT %2

EEflb T ENAEEEZLND, £ T,
Fontan it ® BE 2T PC-CMR Z HW T

Mg T2 E& L, fgmiTo=a hae—

NEFHBT LD ENTENITELRD

Fontan P D A& R _EIZF 595 mlgettn

»H5H, LLEX Y Fontan o BT %4

% MRI Z Wi e ffi, =2 b—3 a3

ZEtm L7,

2. WO BER

Fontan i & 2% L MRI Zfgfg L. DliEh
T—TIVRRA R B L A b mATENAE & REAM
EET DI ENAEENMRFT L, S HIZIFZED
F—H TSI a L — g URHREN
BEtd2Z L 2BHET B,

3. WD Ik

[(WF2E 1] [%5:] 4Pl T Fontan Fifif&ic
CMR ZHEAT &4v, [RIREEAC L 7 — 7 LR
A REAT S A7 14 61, #ir=iE 4] C TCPC,
CMR FF DAEMR T Jf 24. 5 5% C. Fontan fff
£ 0 HRAE T 17 R, DIEBDIRVELAN T
% xR E LTz,

[J71£]PC-CMR 12X % ado, IVC, SVC. rtPA,
1tPA DI EN S, Cardiac index ( CI ).
pulmonary flow index( PT ) ( ( rtPA flow
+ 1tPA  flow )/ BSA ) .
Systemic—to—Pulmonary collateral @ &
((SPC : Ao flow-total caval flow/ Ao flow) .
M N Venous—to—Cardiac collaterals( VAC:
SVC flow+IVC flow—( rtPA flow+1tPA flow )).
Ko ONUR Hg 8 oo 44 o0 =B Fp 3 i B ( CAVVR:
stroke volume—Ao flow) ZxR 7=, F7-.
PC-CMR DI, kO T —T MRREIC BT
B deta 226, (RMIEKBUFES (SVRL: %)
KEVREEHERIRE/CT)) . il L& HCHTHERL
(PVRI: 3 ¥ fifi ®h Wk J£ -PCWP) /pulmonary
flow index) # K ¥ 7z, TVRI % SVRI+PVRI ®
fire L=

(#7752 2] [R50 4 BE s THERERV =
WXL F PN E LT U, ARFRRIER CLEER
EAR: 561, I8k 4 B, F7—F : 14,
PLE : 2 f4i) 2 38% , PC-CMR ZHiifT L 7= 11 i,
Y BL SVi4 f, right isomerism heart:2
5 ,PAIVS or critical PS:3 il ,TA:1
f5il, Ebstein: 1 f5il, F FAfriLH JfE 5. 07, 8(2
~29) = THhifT L 7=, PC-CMR (X F i %
19. 59. 6 (3~25) 4E THafT L 7=,
[51E1PC-CMR X GE #1854 1. 5T &2 W THEFT L
720 SPC 1T _EATKREIAROD i & (Ao) - (b Kk
Bk @ ifn 3t & SVO+ T K & Ak o 1 it &



(IVC)) (ml/beat/m*) & L 7=, SPC DfEMNS
Cardiac return(CR) :SPC/Ao # K& 7-, F7-.
i i & Qs) 38 X OV A I i & Qp) &
Qs:Ao-SPC, Qp: (/&4 i ®h ik o> i 3 & D Fn
(rtPA+1tPA flow)+SPC & L7z, F7=. PC-CMR
K OFEIRE O B T —F VRN S, KM H
Bt ¥8 % (SVRD) : (mean Ao pressure—mean
Venous pressure)/Qs, fili 1l % #% HU #5 %%
(PVRI) : (mean PA pressure—-PCWP)/Qp % %
L7,

CR & F#fitd T4, F 7irAi o> Sp02, SVRIT, PVRI,
ERIERIRIE & OBSEIZEE LR L 72,

C.l. ( ml/mim/m2)

5
4 wy
2 od )
y=-0.0535x +4,1207 °®
R?=0.8513
0
0 20 40 60 80

C.I. ( mi/mim/m2)

4 “y
-/ o
b
2 vew
L
v
0
0 20 40 60 80
SVRI { U/m?)
4. WFFERCR

[f55 1] €I & SVRI IZA& DA (r=-0. 96, p
<0.01) % L7z, *FHEHEE O ClIFEI% D
SVRINZEBW T TCPCEE T L VIRV CI #2795
12 &> 7=, SVRI % TVRI & IEDOFERE 23R
W7 (r=0.99, p<0.01) 73, PVRI |Z TVRI &
MR ZZR R0y 7-, CI & SVEDVI B LN
SVESVI 1IAREE 23R8 723> 7=, SPC % SVRI
L IEDOMHEZ R D= (r=0. 67, p<0.01) 7%,

EDVI & AHESITFR D o7,

F 7= .CAVVRIZEDVI & IEDOFAREZ 38 (r=—045,
p=0.04). SVRI & & IFOFERE A28 7= (r=0. 49,
p=0. 03).

(A5 2] SPC IXHHfl 10.8+4.2(2.2~
15.4)ml/beat/m* T » - 7= . CR %
0.31+0.12(0.05—0.43) TH-o7-, £7-. Qs
1% 26. 7£13.7(16. 7—57. 3) ml/beat/m* . Qp
1% 35.7%9.2( 24.3—51.6) Th -7, Qp/Qs
1£1.4%0.5(0.6~1.8) Th o7,

CR & F fihad TR X IE O FARS (r=0. 78, p<
0.01) Z-~ L. F #ffa1 Sp02 & iXA DR

(r=0.54, p=0.05) Z/~L. F {iTF#03 &V VE
BNE E CR D3> 7=,

F72.CR & SVRIIFXIEDARES (r=0. 84, p<0. 01)
Zoax L, PVRI & HIEDFERE (r=0. 55, p=0. 05)
oLz, £, FHFIRE & S EOHEB

(r=0.62, p=0.03)Z~L7=,
fhGm ;- Phase contrast Cardiac MR Z T
AR RIE ML & & B U 7=, Fontan FI7HF
NIEEL . £AMEIOF T 7 —B DN FRVER] T
VAR 1% 125 B B2 J8 1 2 AR i AR 1 1L 37 208 28 2
ST, F T ARBEMGE D 2\ EF] T IR
AP L OEFRIRIE 23 & 22> 7=, Phase
contrast Cardiac MR X Fontan fEERIZ%I9 5
IR NI OB OMMICHE A B2 5
iz,

5. ETrpdgFam L5
(WFFEREH . WHIEHE R OEEENTTEH 12
(=R

SR (B2 1)

(D Effect of ventricular volume before
unloading in a systemic ventricle
supporting the Fontan circulation.
Adachi I, Ueno T, Ichikawa H, Kagisaki K,
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@Alterations in the medial layer of the
main pulmonary artery in a patient with
longstanding Fontan circulation.
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