MRI IC & 5 EEAEDOE T
—Modified Simpson #%IC & & kG —

MNoOIE B, OB
H &% th, Rk &
¥ o £, 0 B
= B, K B

W oAt ot =

X

B, & B OE 7
— &=, B I B
E =L E W =
B, 2 B R B

REF R EEERFEEHAR
H EAEFE S R AR R

SARBEAE

1. 3o

Magnetic resonance imaging (MRI) %, (»
BENRIAREEOE A X D HB ¥ 2 LoRmE
RIZHIGHAREE R D, HE, Bl A -V
TEMOFEFEIC LD v A EBRIZBHETE S LS
272 o 72Y, &7z, MRI X FEBRMMAY TERZHF % 0
BHevd, LrvEROWHE2EETCE20T
EEOREM%ZEREICIEZ 2 Z EDHRETH D,
FEERE (LVV) shHhiciz &y BN SEo—
DEEZOND, ZIT, LEEY A MRI %
L, MR OFAFEL 124 > 54 > DLBERERRT 7

07 hEBWT, LVV 28H L, Z0OREIC
DWTT 7> b AEER (FF5E1] B X URERE
ERERE UIARES [(WF5E 2] LEERE % itk -
U7BRRITSE (52 3] 21Tk o7,

2.0 B

(B581] 77> b 2EBR
FEIZEAED SFBRE TS AF v 7R N VICTE
1z 100, 200, 300 ml DA% AL THES L 7=,
(e 2] BEEECBT2HKE
WRIBEHEE IBIT, BE-F, %« 14, ¥y
FER LR (22~421%) THB.

F——F

cardiac cine MRI, left ventricular volume, single-plane modified Simpson’s rule

method, biplane modified Simpson’s rule method
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R
[(Wf52 3] ERIRHTSE

PSR IR (B O ZEEE 12 B, BROIE 6 #1,
AEKEL U ERE 1, S u S TRENIRBERE L 1
Flo&s 20 BT, B 1841, Z 26, FHEHR
58 % (39~697%%) TH2, 1B, HLEEEY
% 6 H ALNIC MRI A 217748, ZORICHE
BEEn POERGEHHERR I UIERIZER

1 Double oblique technique % V> 7z = 7K
FREES & VEEEERMEOTRE
%
FPLEEELTH S D LBbh s HRERDD
LESTHRERE2HREL (B1A), DWTE
EDLARER L KEIRAREIE T % 8 2 RHLITTE = &
gL, EEAEREWE IV EHE2HE(K1B).
Z OERETRE D LRE & EIEFEREI R L&
3 EEBEERBHEIGICE (K10 28T, 2
DOEE L THE LR & HigARmBh R ES L

L.
3. 4 %
(1) MRI 0%

HEEELT0.5 7 AT BEERPRILEA X
— Yy 7RE (HZ MRT-50A) 2HWw/:, /¢

o B

e L

Wiy

el

o

|

R (]

FEACEEESIEIGIWER (K 1D) 2872, 2wT
ERE R (AEAFRENE) 28579
12, (BRI 0 LS TAZ RN ER
TrEEEMG (M1E) 28T, ZOE#MKRLET
EEOHRLEAZEOTLEED & O 72 WiTH % RE
UL ERRIENE I & D Siki 72 £ 2 ACE R BT
@ (" 1F) 2B, FHCZOEEKFERENE
F (0 1G) TLARED & EIE il % 8 5 ik
Wi EEREREEE2REL 2 (K1H).

19904 6 A25H
(T470-11)

ZAEAH
BlRIEE R

FHIE SR A BT » #£1-98 BEYRREEERNFEFHNR MAER
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VAR flip angle 30 £, TE 22 msec, TR
50 msec @ field echo (FE) ° rephasing 12 &
V2 hD w7 A3 A X 128X128, A 7 4 XAE 10
mm &L, (fFE1]DO7 7> b AEBRTIINE
m% 4 [0 LERFERE THRE L 72,

(#4522 ] E COMFERTIRIMERS 4 b
L2 8 ED LEMRENET, osMtiz [F
1] tRE—E Lk, LERFABIERE»S 2
msec AL THIL, T¥ RR HfED 80~85 %
K7 13~16 3EI L 7o SRERARHARE E LT 18K
HE®AL, URRRHEIZ, REEMLE
LOEH RIS, R~1Ts R 2 5HEL,
IhEEEIZMRI &Y A2 FR L TEENENR
N TV —hE LT,

BIE ORE T LERIERIRET, B1icRT
Lo, EEREMERZ S & ICESFER2TH
W HS S EREZ Wi E 2 #{% 3 % chain oblique
(double oblique) #FExEF: 7z, fE>TIDHE
TREFOWHENLERME» SHEN TV TY,
HRRCEORERZ>ND,

Z @ FE L THMAR L 72E%1Z, TE 20 msec,
TR OHAENCHTE T 2.0 EXFH spin - echo
S W

3

e S,
o

A, SE¥EIC & BHRERAKRHAL

2 True Simpson ikIZ & 5 EEABOEH
SEHIC L DIERARM (A1~8) UUEERM (B
1~5) DLREH» & LESS % TOAEGEkEm

MRI (7 & 2 EAFEOE H —Modified Simpson 1 & & HEf —

(SE) HRICE D=V w7 A% 4 X 128 X128,
A7 4 AJE 10 mm, JIEEE 2 BT, FEEFR
& HEATA O 72 2 R mhlT T & Bk U 7. Gk
HHIZORE» 5 LELE TLETHN-TE 3
I e~11EEEEL: (K2).

(W52 3] DEEERMZE T (Fi%E2] Tk -
72 FE & L [ABED /5T MRI 281G L 7-. Sl
LW 2 R T % SE RIZREME BT 01772
bixinoiz,

(2) MRIW &3 LVVOEH

RxoBFELIAYIA4 D LVV EH 70
Z M3 E b Billiie @ axis i (2% % A% A
EIREL, Efh(a)  EEh(b)» o LVV=(1/
6) Xzab? DX 5K %), Dodge 52 D @
area-length % (A EE# (a) L LEDHERE S »
558N (D) % b=4S/7a & L TRD, £E % [lER
BEREEREL, LVV=(1/6) X zab? DX 5
K %), Chapman 5% @ @ modified Simpson
% (RETRAEEZBEAKR L IRET T, K3
127" 9 & 912 single-plane TIZE & 0.5 mm %
T, biplane DA HEE 0.5 mm AT OFEMHE
B. SERIC & 2 AR =M% Wi

1

v Br s

BT, EENE%R v —A LT true Simpson #%2
IO EEFEERHEL L.
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"
*EAELCHREZ2EHR T2, FFEREKIT
WEH) D3 DDAETLVV 2EHT 52 &8
ARETH B, @ DHE, BEE0.5mm T &
DIV —ADE, L 2 EREOREE ()
THAT 270 T, E&13(0.5/n) mm £7% 5,
@D, @ TREZREEBAKEREL TV ST
DEENENZE L EF LSS IR EEES
Ev, Lo T, RIFFRTRERLHGAEI
b LR EEESE W £ T3 B modified
Simpson &% AV 72,

(e 1107 7 > b AEBRTIIBEE,SK &
WHOE G (K 4 A) TKROEENZ bV —AL T,
single-plane modified Simpson 12 & D ZKDE
BrERL, 72, K4A T 2 ERZME
(X 4 B) THRDE®F % b v —A L CHIHTE 2 A
> biplane modified Simpson 12 & D KDE
BErEHL .

(W52 JOEESE COMETIE, EXRER
W b L < REFEAEREHECS T, 2
b 2 NOBRBFMIEOGRECLY, L

4V =nrh (AXB)/4

v =— (zAla. + 5 —AJBJ>

3 Chapman 5 ® modified Simpson %
L EEFEOER

5 2 FE MR & 13 {RER T, single-plane TIREZ

0.5 mm UL FO M (A=B), biplane DFEIZE

% 0.5mm ATFTOHEMAE (A+B) ’EF&E?’AT1$

BrEHT 5.

RERH B EEf IR R CEAERM L,
LEAREA L AR IOEBH ET N7 v 7 R—v
XD BEFICEENES -2 (B5),
single plane modified Simpson %% T, @

EHIERIAE (LVEDV), @ E=IUERY
”éf; (LVESV) #EH L7, %72, BAWKE
RT3 EEBEE R & A E KRN I
BWT, FEBRICHIEREAL & IUERAOEG ET
EENEER b L —A L (K 5), biplane modified
Simpson %12 & v, @ LVEDV, @ LVESV %
BHILU Tz, & 512, SEFEIC & 205K 505
R F T OYLERAR L & WHEAR A O 7c 25 FEEhirE O
FhzERIZOWTEZENES bV —2A L THEK
REHL, 274 A 10 mm 28#) H b TH
FErRD, BAERTLVV 2EH LT (true
Simpson %, K 2).

(B2 3] Tk, AEEERBME & EEKF
E#IWTE 12 8\ T single-plane modified Simp-
son iz & @ LVEDV, ® LVESV,® LVEF
REEL.

M4 k77> ba GkOA-TREHAEDSREA
TS AFy 7R V) ORI

I 100.0 200.0 300.0ml
A WSS &% 133.8 263.0 400.6 ml
A B#ERAWZBSHE 98.3 195.3 297.6ml
SS i : single-plane modified Simpson ¥

BS i% : biplane modified Simpson %
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HEARARHA

R AR

EEEEREME  AEACFREEE

5 Single-plane 8 & U biplane modified
Simpson #EIZ & B EEFEOHEH

EwEEEEREENE, ACEERTEREERZ
AT, RERARH (B L IGERM (TE) OB L
TEENEZ NSy 7 R—LIZED b —2AL,
ArCbL<IZBEDDMEA¥E Tsingle-plane
modified Simpson 2 & 0, @ EZILERERE
(LVEDV), @ EZWERIAM (LVESV), @
EXHIZR (EF) #EH L7z, Z 7z, biplane modified
Simpson &2 &V, OQLVEDV iZA:B» 5, @
LVESViZC Dy sEH L7,

(3) EEE®

(#5923 | DEERRFFE T, 8 & L TR
OINEEFRREE 2 AL, RAO 30 Bz T
ERA| 24~30 ml % 6~10 ml/sec DHETEE
WWHEAL, 30 27 /sec TEEEE 2T,
ELMO angiogram projection system (ELK
CAP-35B)IC & 0 ¥ ARARZ2ITR », AR
U720 EM A SFICHRARHA & HEAREA % RE
L7z, DWW T digitizer LTI 4 bRVICEDE
ERNEE DL —AL, LRE» & EIEAREH L

xR T 282 £ERE - L, micro com-

MRIC & 2 £ EREDEHE —Modified Simpson 12 & 45T —

puter (SONY SMC-70G) # w7 X#FEHH
BT A7 A (S5/E) TEE 1lmm DA T4
A %A Eh single-plane modified Simpson
FWCE D LVV BXULVEF 28H L 7.

4. fE 5
(fgE1] 77> b LB

RDZEFED 100, 200, 300 ml DA single-
plane modified Simpson % Tl, Z #1211 133.
8, 263.0, 400.6 ml T, biplane modified Simp-
sonETIRFN 721 98.3,195.3,297.6 ml TH
-7z (K4).

(e 2] REEEFICST 2HE

/e EE RN O single-plane modified
Simpson #E» 51& 57z LVV i, true Simpson
Ero/oN LVV £ y=1.097 x—8.450,r=
0.947 DEFE (p<0.001) ZEMAHER =L 7 (K
6A).

e E KRBT O single-plane  modified
Simpson % 65 65172 LVV 13 true Simpson
EPL/ONTLVV & y=0.850 x+4.216, 1=
0.927 DAE (p<0.001) ZEMEERL (K
6B).

Biplane modified Simpson %2 5& 517z
LVV i3 true Simpson &0 6867z LVV &
y=1.024x—6.536, r=0.974 D B & (p<0.
001) ZIEFEREERLY (K6C).

(W52 3] ERRHFSE

(1) RAOEZEEF LEZEEREMED

MRI2» 6/ 617 LVV, LVEF I2DWw
T

AEEFEBEREIEO MRI »25E& 5172 LVV
X RAOEEBE»SF 6N LVV & y=0.
864 x+5.966, r=0.907 DEE (p<0.001) 7
IEME%RZD T (KM7A), £/, LVEFiZy=
0.835x+6.523, r=0.822 DHEE (p<0.001)
R IEMHE RO (K 7B).
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y=1.097x-8. 450
r=0.947 (p<0.001) n:18

75

Lyv(rs)

y=1.024x-6.536
LYV (BS) r=0.974 (p<0.001) n:18
150
(mh)

75

LYV (TS)

0 7 150(m!

6 Single-plane ¥ X U biplane modified
Simpson (BS) # & true Simpson (TS)
I & B EERBEONILL
A EEEEEEEE (V-LA) X517 % single-
plane modified Simpson % & true Simpson
(TS) ¥iC & 2 EEREONL

(2) RAOEZEEE £ AZ/KFREM O
MRI 5B 67z LVV, LVEF IZ2Ww
<

EEAEEEHEO MRI » 56/ 617 LVV
X RAO EEEH» 6 & 6l LVV & y=0.
788 x+4.136, r=0.901 DEE (p<0.001) %=
TEAEEAEZD 7z (M7C). %72, LVEF 3 y=
0.816 x+9.801, r=0.938 DEHE (p<0.001)
R IEAREZ RS (K T7D).

350

150(m/) 0 75

B

LV
(H-LA)

150
(m1)

y=0.850x+4.216
r=0.927 (p<0.001) n:18

LVV(TS)

150(m/)

B : EEAFREWTE (H-LA) X8 J 3 single-
plane modified Simpson i% & true Simpson
(TS) B & 2 EERBEDOXILL

C : Biplane modified Simpson (BS) i & true
Simpson (TS) &2 &k 2 EZFEDOXILL

5. % &

(1) LVVEHIZE T BMRIEAMMDFED K
LVV i3 UHEE 2R T 2 E TR b EERER
D—o2ThHY, BROBTREEERY, LT
O, BT =N F T T T 48RP &
DEREIESNTWS, Lal, IReDHEIR
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v=0.864 x+3.966
r=0.907 (p<0.001)

MRI n:40

300
fm/)

150

300(m/)

v=0.788 x+4.136
£=0.901 (p<0.001) n:40

MRI
300
(m/)
®
©
150 ®
& e
@ @ °
&
s ©
- ®
® LVG
]

0 150 300(m/)

7 MRIWZIZEZFEBLVEERHE L
FEFR L Oxtk
A I RAQ EEEE L AEEERMMHE MRIICEL
DEERBEDORLEL
B : RAQ EZER L AEEEREME MRIIZ&X

FNEFNEENS L UFE EOMERIFET
5.

EEEZIX LVV EH O gold standard & &
NTE7H,BMHTLrbEFRIEZLELL,
20~30 ml DEBERBAARTH S, £z, —
Bz BG A I RAO 30 B, LAO 60 BT
bh, EEOESHEWOLEZTWDE LRIRS
2,

o —XIZFEEIMA T, real time IZH& A

%)

MRI 2 & 2 EEAEOEH —Modified Simpson i & 28 ET —

v =0.835 x+6.523
r=0.822 (p<0.001) n:20

LVG
L)
0 50 100(%)
D
¥ D816 X - 9LR0]
MRI F2 0932 fpeon0on) 020

oo {

30

0 50 100(%)

2 EEBREE (EF) DXt

C : RAQ AR L £ R AFEHIE MRIIC X
2 IEERBEDNLL

D : RAQ EEER L EE/KFREHEIFE MRI I X
L EERHE (EF) OXfLL

B s NEREEREIZE VY, &g, TR,
fiEREHE CREFSR#E R bDH 5. M
E—FEIZE S LVV OEHIIEE  OEMFER
RERDE Y L, 2 21T asynergy 28 T 2L
FEETREEE IRV, HE LT 1 —KMTRE
FLREE LB CIEMICHET 5 Z SI13EL <,
EZEOREEZIEZIC WECHENES.

LT =Ny Y F I T 7 4B A count based
FERCHERZ I BNITETDH LD,
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B OE
MRISEE, BUELAR 2 & OBEMELRHENLETH
209,

(2) MRIW X3 LVV OB

MRIWC &5 LVV OEHIZEEL TiZ 3Tz
ROIREN D 51010 28, FEENEL, Lo
BTV —F VICERIRIC A A fE 72 Fikia iz,
Z &1Z chain oblique % IV TE S /- IERER
EEESHE»S LVV 28H LR EIRIZEA
Exv, AREFFETHERA L 72 MRI 2£E (MRT-50
A) ¥ chain oblique BTHIO R A FIEET, EFE
AEEKEREES L VEEREERENE %
Bohd, 22T, 2hosOWELTLVV 28
W 7ur 7 6RE L. AT0r T LI,
@ axis ¥, @ area-length %, @ modified
Simpson EIC & D LVV 28 H T2 Z L2 AJRE
ThoH, O, @ TIREE % [REAEHE & AE
LTV 3728 asynergy i & D EEENEENZE L <
B LI GE W I EEENMEY, B LEED
B EREICEHAIT 212135 L O TR AEN
H %278 T true Simpson 2 L D EH T2 D E
MrEbnsd, ZOHETRATA AELES
THNET 21T, LD EMER LVV 2EHET5 2
EMTE L1417 93, Z D512 I EREICRFR 2
B, \EHROMNE D —FHICD S WE O
JEZENELZS =27 VT —AF 258N
bbb, LichoT, A74 ABREL T 51
RADH D, 1T & A L DORFFEILI6ID TIF X 5 A
AEIZ10mm THE, AT74 AERRU% 51F
2% B9 12 13 @ modified Simpson ¥ i3 true
Simpson FEIZB L IF7 08, L OFEFKE L O
modified Simpson % T, A 74 AE% 0.5 mm
DUTLHELLTHBDT, HBMNEHEREER
BrREHTEEz20N5,

(3) (M5 1] 77> b AEBICOWT
EREOKRE WS (K4 A) OEEIWTE T single-
plane modified Simpson &2 & D FEEEH T

br, URBAFML -, M4AICEZT 2H
BO/NS WRENE (K 4 B) b5 T biplane
modified Simpson £ THFBE2EH T 2 LIZIFTE
MICEHTE:, 207 7> b 2O EEINT
EBEARICEL, AELELL B 28481
1% single-plane modified Simpson % T3 [EFE
BREEEEE TE 2\, biplane modified
Simpson ¥ T3 EEETE 28 MHF S RET 2 D
TIEMICEBrEHTE &2 o7,

4) [HFE2] BEBCBTA2BMEIcOWT

a) EERBWEHOFREICDOVT

Modified Simpson % Tl A= EEME % IE
HICRET DI LNRVEETHS, BAlT
T FE BRI D OERFEREE T 1R L&
92\ 3 chain oblique (double oblique)
EEFES THRZIEFE L, BROCEESEE
REWTE & £ EREWTE 2572, BECIE
LIEITIEEIL T2 0T, IEERE L IERER
TEERWABE L T2 RN H 25, K
ECILENF R THEREE B Z 5o 0
T, PRERARHA & HERIA D AERE# O hRI 7%
fIECHEHRES Nz L Bbi, BEIdhn
cEzZohic, BEDL I3, o FETH 2
DL 2MBNCHS RMOMEZRETHY,
I REOHEERbN S,

b) SE 12 & % true Simpson EIZ DWW T

EHRT DEEDEE 2 EHICFHAIT 21213
true Simpson EIC L D EH T2 OHHEE L B b
NBDTSEFEIZLY AT A ZE 10 mm DIUE
RHA EHEERAR IR A2 B ER 2 Wi T 2 33 5 L, true
Simpson &I & D LVV 2EH L, ZhzHELE
L T FE %D HE{& L T single-plane modified
Simpson ¥ & biplane modified Simpson i% %
RWTHEsNI: LVV ESFEARET L7z, 20 R,
M & b true Simpson i & RIF2AHENE S
REREBEEOTWAELEZ s,
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(5) [HF5E 3] ERIRWIFEIC DWW T

EE R MBI FNZ i3 D ARRZE 2 ¥ D & 51T asyner-
gy BT AERLE TN T LDT, AR true
Simpson IETITRINRETH LM, TDIHIC
i3 10 mm A7 4 ATEZ 6 ~11 WIEDOIERAM
B L OUERIAD £ = 568 SE %18 2 L EH
HO, 1EMAUEEZETOT, SEIINRZHE
BEIZL L0, BREITIE T sbahroT:.

KHZRTIE—WED b L —ATEEARET,
) —F VAR IZE L 72 single-plane  modified
Simpson EXZFAWTLVV 28 L, ZOKE
2 DWW TEEEER & MERE Lz, ZOf
#, single-plane modified Simpson %% fi\» T
Behz LVV 8LV EF REZEEOMRE &
C—BL, LEHFEZSUHRRAICEVTHE
OBV AEEBbhl, ZOFETIRIR
KHRE IERAD 2 ERO L —A%2B IR
POTHERKLIEER2 S OLBEEEER O
LVEDV, ®LVESV, ®@EF, @ —EfaHE,
G LPpEER ) PBELBoNns, ZLT,
EEACEEGRE » 5872 LVV b AEEER
HIWTE 587 LVV b AR S & RAREICE
HETX 22 EMNRENTLDT, FKEWEHKIA2DH
ZIBEWIE—WEDO Y A mETHRT LTS, £
DOEHE» S LVV #BHT 2 2 EnAETH 2.
PAIE X D single-plane modified Simpson #1&
fEL L —F UREICELCERRBEEE X
sz,

6. % &

MRI iLEER 2 LE L, EEAIDOLEER
BAOEELrEETHILEN L, AEEER
BN B L OEE AR FEEMAL SRS IR S
N, single-plane modified Simpson #%#5 & U}
biplane modified Simpson i£1Z & D ZEE T,
EEHEHREEE L CEH LA, UED XS
CAREREET, BELEI V- FURAEEL

MRI T & 2 EEABEOEH —Modified Simpson %12 & 21857 —

THERIGHETRTH 2 tEZ 6N, 5%, &
EHEEEE, IV —F X HBNREE
WEE(D edge detection D F7iE7% ¥ DEAMBHFEIC
L0, ol AEAEN MRLICE D
WEHTEREIC R B Z SRS NLS,

X |
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MRI iZ & 3 EEFZEDOEH —Modified Simpson %12 & 2 #Et—

Evaluation of left ventricular volume by
MRI using modified Simpson’s rule method

MasaHIRO OKAMURA,! TAKESHI KONDO?
Naoko ANNO,! TosHiYA FURUTA!
KazuyosHl SAKAKURA,* HIRosHI KUROKAWA!
HiroruMl ANNO,2 Tomizo URITANT?
HitosHi HISHIDA,' YOsSHIHIKO WATANABE!
Yasusalr MIZUNO,! MUNETAKA SUGIISHI®

' Fujita Health University, School of Medicine, Department of Internal Medicine
tFujita Health University, School of Hygien, Department of Radiological Technology
Toyoake, Aichi 470-11
3Sugiishi Hospital

The conventional contrast left ventriculography (LVG) has been the gold standard for
estimating left ventricular volume (LVV), but it is an invasive technique, and volume
overload must be caused by contrast medium. The true left ventricular (LV) long axis may
not be obtained by LVG in routine right anterior oblique (RAO) projection. MRI, on the
other hand, is noninvasive, does not require contrast medium, and permits to obtain the
true LV long axis sections. Thus, MRI seems the ideal technique for estimating LVV.

Acculately to estimate LVV, we have developed the on-line programs for calculating
LVV by single-plane (SMS) or biplane modified Simpson’s rule method (BMS), and have
applied these programs to the water in the bottle with the elliptic short axis plane, normal
volunteer and patients with various heart diseases.

In the water phantom, the water volume calculated by the BMS was more aculate than
the SMS.

In nine normal volunteers, multiple LV short axis sections in each end-systole and end
-diastole were obtained by ECG-gated spin echo MRI, LVV as standard was calculated
by true Simpson’s rule method (TS) on these images. Then both vertical and horizontal LV
long axis sections were also obtained by ECG-gated field echo (FE) rephasing cine MRI,
LVV was calculated by the BMS or SMS on these images. The BMS or SMS significantly
correlated (r=0.974, r=0.927, 0.947) with TS for estimating LVV, respectively.

In 20 patients with various heart diseases, both vertical and horizontal LV long axis
sections were obtained by FE cine MRI. LVV (r=0.907 and r=0.901) and EF (r=0.822
and r=0.938) calculated by the SMS on the vertical or horizontal LV long axis sections
significantly correlated with the coventional RAO-LVG, respectively.
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In conclusion, the MRI using our on-line programs would be clinically useful for
estimating LVV and EF.
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