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S 722000 & 5 gR & L7z, WERITBEL6H, i
4BIT, FAILIORY H647% (44.6+14.45% ;
Py L RHEERZE), IGHARIE 4 5 A5 5304 (F
HI6E 2 5 ) TH 5. iR NYHA STl
E3F, MELMB, VE 3B (F#3.0+0.56
E) T, LRBIIEPERAETH - 2. WETE
FIEHIC L 5 REIIRFA Y TEIL, Sellers 43HIN
1660, VE 4 1T 3 Blic BRE O KENRF PR,
1Bl RENEEF AN NS G EED.
uB, BERERIC CTEREDREIEDLNL
EFITEFNTwEv, ARDKERIIE) 7=F
P4, FBNE 46, B LABER 26, K
BYIRAIEMREE 1B C, o 9 Blic D TR
HSEH & A T IR IS T3 R ICRERE
T A 6Tz, OHR#EEIE, modified St.
Thomas & # EEMK D & DIEITIEICERS L, ice
slush i= & % topical cooling ##H L 72, 204
1961 Ak BIRF BEAT T, Moo 1 B4 KEDR
HEEMTH -7z, FRLAZALFOEHIL
Omniscience #12%1, Omnicarbon £ 3 #, St.
Jude Medical % 4 #I T - 72.
1. CHERERR 5 it
FElAT—TNREEMETL ~ 75 H(63.8+
45.1H) IZHEATL 72, ELEERIIARISHII0
ET40~50mln80%T > X4 7774 > % HE)
EAZEEICTI5~20ml/sec TEAL, #RI60=2
< D35mm LI E B EE CElsR L 72, I
72 A7 4 Wi &) YHPS6500 S 7— 7Lk
EF—-FUHEL 2T LERAWCESERRG
ESfEMEEROL., EEFEIT Dodge®?,
Kasser'L D Fgic# L TEH LAERE LT



994 it

V'=0.78TV+7.82 i, &5jcarta
— % — (YHP9845B) 8 L U572 £ 4 ¥ — (9874
A) 2 FHESK RN B L7 dv/dt i
B & Z DE|AME Max dv/dt (ml/sec) %K
7z, EER>7THRLE U CESIBRRLIAHER
# (EDVI . ml/m), EERMHERPERGE K

(ESVI; ml/me), 1 [El38H 4 % (SVI; ml/
best/m:), BEHEE (EF; %) #Keviz, 78
Wi s L CRAPO MR ERESE (D/L) %,
& 5T AR X L C A B S e

(mVef ; circ/sec), F#MNELE(4D | %),
FHIEEICEAH B E (MNSER ; volume/sec)
%, L CHSREEE L CRIR D dv/dt Bk & 0
Kbz Max dv/dt #HW2W, 4, HEK
# (D/L), Maxdv/dt DIEHE L L TEBIR
ERENEE A TLRAY T— T VRELHITL,
EERIZREZ2HT, »POEEERICCLE
R Y A (R (AL e o) AV AR
2. EZ.OHOFEFFHE ;&

BR.GTRE, ABIIRGEMTERAZ GRE2 L
Silverman E#EHC TES LEHLE # IR L7z,
BAR% 7272 5122.5% glutaraldehyde = TEE
%, BAKL, = RCOEETEL TER7ay 7
# e L7z, Ultramicrotome (LKB #t $2088)
I2TH£7 vy 7 k1) semithin section % EH,
B R4 ¥ ° T malachite green, toluidine
blue, basic fuchsin i & 5 ZEY& % HifTH%,
SMENEFMBEEE 2 TXTN7 2y 7I2D
WL 72, (% fibrosis DREEE % EEEL
T2 72 £EHEIZ DWW T, perivascular fi-
brosis, perimycial fibrosis D&% 0405 3 +
IEHE L, EERLLHER Th B perimycial
fibrosis I2 2V Tl 2f5ICETEL, £0A5t A%
JeEE A 27— (LM-Score) & L7, Kiz, L5
RN 7 1y 7 12 -2V C ultrathin section %
g5 L, uranylacetate, lead citrate Ik 5
FiferiTyv, ETFEMEE (AZSH-300) i
5,000~10,000{ENEE% 72y 7FE205
g1, LHHENOBEMEEELY FER
16§ % 7260, B ODIRIE L 72,08 DRI B
BiET 2 BbNERD6EBOIRFIZOWT
BMEL, KEPOFECEL TR T—bL 7.
@ myofibril »H¥ZE B4k, @ mitochondria

MR

DBLIZ DN TR 025 6 +i2, 720 MR
7IE, @ MAROREX, ® EMENEMEE
*, ® EUHMEOUEILELE2 025 3 iz
Bicza7—ftlL, Z0&HE2zEHA 27—

(EM-Score) & L7, % BREENHEICBE
HOEBPAL WL DT, 3IADBREZNE
BoLTHELL:. BEB L UEHEEZHR
3 5. BE 1 3EHE T, £/ T3 myofibril iz
Kizdiz 7o ZHnEN Y B b v (Score 0),
mitochondria DWEEEL & ( RIZNTW 50,
—¥Ric crista DELN, matrix DIRBILHELD
LN (2+), MBARESEEWE DA
#\va, L72h'> TEM-Score iz 2 TH 3, BEE
1 A8 T3 myofibril DEEENKI - MR bDH*
Ao, ZELIEEL T3 (2 +). mitochon-
dria i crista ® 3%, matrix DKBILHZER
Eh-> T3 (34). MIBREE, BARDEE
K, BB DRI\, L722%> T EM-Score
25 TH5, EE2IIREEET, LRAITHR
HEIZTRICECHI LT Y, perivascular, perimycial
& b fibrosis # @7\, T b LM-Score
120 TH 5. BEE 2 H4li3 perimycial I fibrosis
el b, 72 perivascular i L BED fi-
brosis # 3%, LM-Score i3 TH 5.
3. EOHERE & EELEERG L ot

MRTY T—T VEEL LB LNIFEE, EDV],
ESVI, SVI, EF, 4D, mVcf, MNSER, Max
dv/dt, (D/L) & LM-Score &1 EM-Score
EDBBERRE L2, Maxdv/dt ¥ 16IT, %
72 EM-Scoredfhod 1 Bl TEL LT \nizd,
ZOIBICET 2 REL198 TIT - 12,

7z, WUHERE & OB RS L DBERERT
3728507, EM-Score o thT b Hic I eI
BELCTw3LBhbND myofibril D%

(Myofibril-Score) (= LM-Score % ngkL.l»
FllE L 2 DMBENEEE #AE L2237 —
¥ 7% b b, Myofibril-Score+LM-Score (LAE
Myo+LM-Score) & iRz EERERER & % 5t
e, BEL 7%,

& R

1. E O #8k
MWAIZEBEN L AT A 75740 — LN E



AR Iz B} 5 MRS E(L & SRR X nE 995

27—Vt 2 u%RY
BEH]1 AESLEHESFAS (B EM-Score2, £ : EM-Score5)

BEE 2 EZEOBHEEE (x50 £ LM-Score 0, 4 . LM-Score 3)



996 i

LNTLBEENHRREL DL TH- 72,

EDVI i3181.9474.8ml/me & AL THY,

EEHE (70£20ml/m) ®ick ¥ o Tnio
X 2BINATH 72, ESVI L EHEIZ86.3£42.5
ml/mEWRLTED 1 HlnzHIEH&HE 24+
10ml/me) ¥4z & & % - 72, SVI $97.5+41.0ml/
beat/me & 8440 LTV 724 EF, 4 D3 & 254.1+
9.3%, 28.3x7.2% CREMKTL WL, 2
mVcf, MNSER & %&#1.0630.27circ/sec,

2.04+0.43volume/sec TRIBEICIKETH - 7.
Max dv/dt REER D =& < 1B CRIETRRETH
- 72 H777.9+581 .3ml/sec Th 1) FEEOBRETL
72 IEERN576.84112.6ml/sec i b L HIETH
F 72, PEERM (D/L) 3% L
EDVI riEnE#HHEE%ZmRL, EF ¢3RN
BETRTESHNTVEH, DA RERT
DRETTIZ &R EDVI Sk L TWwaicd

27z,

rélj it

Db b T, WERKRA(D/L)IE1.70£0.23T,
FHEORFI L IEERENL1.6010.122 %228
T, R EF ¢ IFELHEEEES N -
7.
2. EE.LHERE

FEEIZ L, (GBI IRK - OTRE
L B LN, —Eici3 myolytic %Zkd
sz, LM-Score i3 025 5 +icarfi L,
0 2%, 1+ 541, 2+ 28I, 3+ 5%, 4+ 4

x2 LHAIT—

LM-Score 0 1+ 2+ 3+ 4+ 5+
£ Ol H 2 5 2 5 4 2

EM-Score 2+ 3+ 4+ 5+ 6+ 7+
i B B 6 3 1 7 1 1

£1 O
R OE B E %

EDVI ESVI SVi EF 4D r.nch MNSER Maxdv/dt (D/L) Maxdv/dt (D/L)

mé/mt mé/m nf/beat/m % %  circ/sec  volume/sec mé/sec mé/sec
1 109.7 50.3 59.4 54.2 27.7 0.88 1.71 479.2 1.47 507.5 1.65
2 142.2 71.2 67.1 47.2  22.2 1.26 2.68 575.5 1.41 718.0 1.56
3 174.7 81.5 93.2 53.3 23.4 1.08 2.47 1156.9 1.84 714.8 1.76
4 177.2 77.8 99.4 56.1 30.7 1.23 2.25 724.8 1.45 630.0 1.64
5 225.6 117.3 108.3 48.0 27.7 1.51 2.62 1387.0 2.04 670.0 1.53
6 266.3 151.8 115.1 43.1  21.0 0.71 1.30 624.8 1.49 433.0 1.88
7 330.7 141.1 189.6 57.3 29.4 0.93 1.81 1031.2 1.87 426.0 . 1.56
8 92.3 27.6 64.8 70.0  41.1 1.62 2.75 412.5 1.77 576.7 1.71
9 147.0 71.0 76.0 52.0 27.2 0.96 1.83 431.3 1.52 566.8 1.76
10 78.2 33.8 44.4 56.8  29.7 1.27 2.44 370.9 1.75 525.5 1.85
11 215.9 70.5 145.3 67.4 37.7 1.19 2.13 754.6 1.96
12 246.5 141.0 148.6 60.8 30.8 1.09 2,13 1152.7 2.02
13 138.9 49.1 89.8 64.7 37.9 0.91 1.55 407.4 1.75
14 177.0 67.9 109.3 61.7 34.5 1.21 2.18 416.6 1.39
15 294.5 139.6 155.0 52.6 26.4 0.93 1.86 2801.0 1.47
16 52.9 28.2 . 24.7 46.0 21.3 0.75 1.65 230.0 1.52
17 253.8 148.7 105.1 41.4 19.4 0.69 1.46 694.0 1.94
18 128.7 81.1 47.6 37.0 17.1 0.79 1.71 448.0 1.77
19 151.4 50.3 101.1 66.8 40.8 1.44 2.36 682.0 2.00
20 234.0 126.9 107.1 45.8 20.1 0.80 1.83 — 1.60
Mean 181.9 86.3 97.5 54.1 28.3 1.06 2.04 777.9 1.70 576.8 1.69
+SD  +74.8 425  +£41.0  £9.3 7.2 £0.27  £0.43 45813 40.23 #1126  +0.12
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Max dv/ dt
(m#/ sec)
2800 -
2000
Y=—1824X+12128
r=-—0471
(P<0.05)
1500

LM- Score

M1 LM-Score & Max dv/dt & »REH

Bl, 5+ 2BITEL2.541.5ThH -7z, (E2)
Riz, BEETLHMERNZEET 2L, LHE
T myolytic ZZ kL% L 234 TlE, thick
filament »*{§% L thin filament D& & % - T
w7z, 141 EM-Score #1% &5 N7 A0 - 2 Al
DI OWTHEEL TA S L, BHEEEDN
2-HERLEEDDIOIBETH, PHEES
Bl, BE1IFTHVHI6Blic T A L DELE
88872, mitochondria DZEfbiz 2T, D
i, Bk, crista WELN, matrix OKATLL
Rot, BEIS, $FEIF, SE6HTH
NEI8BlICE L 2 886, BB ICEELESH
Sl ol MICEARORK 15, MENEE
16l, EEWEORE 2B, EHER
BManEKRIZES % - 72, EM-Score 1 2 +
PHT+HizaAL2T 64, 3+ 361, 4+ 14,
5+ 7#, 6+ 14, 7+ 16T, FH4.3+1.7
Tho1z, (F£2)

(D/L)
Y=-0.08 X+1.90
r=— 0567
® * (P<0.01)
2.0 °

o)
1,
3l

LM-Score

B2 LM-Score & (D/L) & BEE

3. IRIAGEERE & S AR - DR
EM-Score & fliHiZACBEERETERE EDVI,
ESVI, SVI, EF, 4D, mVcf, MNSER, Max
dv/dt, (D/L) &ici3EELHBEIIRES LN
otz £72, LM-Score X, EZEUE D
BrR3ARLHEBIEIELN LD - 22 5REE
Max dv/dt &2 ¥y =—182.4x+1212.8 (r=—
0.471, P <0.05) (H1) o, FREEFRELEX
# (D/L) &1d ¥y=-0.08x+1.90 (r =—
0.567, P<0.01) (M2) nEFELADEKEHE
BEATEEe &7z, Myo+LM-Score i3 EDVI,
ESVI, SVI, mVcf, MNSER ¢ 38 %& %c4HE8
P& Udroiz, L»L,EF &3y =—3.15x+
66.61(r =—0.574, P<0.01), 4D &gy =—
2.55x+38.29 (r =—0.577, P<0.01) nEE
LRNEBMHEEZEN. (3. 4)

% =3

—MRENCAR T, AIGFHRRESHERET L2
HIERBELZEOL OB ML EZ O
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EF
(%)
Y =—3.15 X + 66.61
r=—0574

(P<0.01)

70 °

40

0 1 2 3 4 5 6
Myo + LM-Score

3 Myo + LM-Score & EF & B

4D
(%)
Y=-255X + 3829
r=—0577
(P <0.01)
o ®
40

0 1 2 3 4 5 6
Myo + LM-Score

X4 Myo + LM-Score & 4D & DBH#E

KEEASTL D, ZDRHESEEORLKE
WEBHNO—DTH, Dodge b™MIEZREY
5 ARTIZIEE® EDVI 70+20ml/m iz 5 L
T197+64ml/nr & 90% LA EDFEFIHIEE EL E
BRLIEBELTEY, FBBEDESITL 204
NIEH)3181.9+74.8ml/mr TH - 72, ESVI, SVI
IZOWTHRETH - 72, FRBEHEIZIART
BIFE LD W HRAET LT3 & Dodge 5l
LT 5509, 2R D ARFTTHLBRERTL
TEN FOMMOPEEREE H L bTHEICBWT
LERETH - 7z,

VEERRIC B L TR 7 o F5EEL, iR
B4 %4 o0 (BEEHT, Max-dp/dt % &), E—
FHEEGLVEEHEINE L0 (dV/d & ),
IR BT A A e B L72L 7 (1/3FF,
Max dv/dt % &) @ JHENICKINEINE A, T
L5 DYSRAAEE & ik & DOFFRIIBIEMII
¥ 7788 & A 7 v, Hammermeister'® & {3 Max
dv/dt ZHREEE T L WIEETH B LB T
B, E¥EETIZ503+17Iml/sec S #EL T
LH5°ARBTCOHFIIRVWTWS, AREIE
WIREZITREE (FCiRE) RIETL Twa e
DEREH L (19722, B )3 ARBETIE dv/
dp PEME S & VEHBEET T2 L ®EL W
3. —F Taylor? 2 ARDEZLGHNOFERILE
WEBELTBIERD—REALW, FED
BETHLARBETH Max dv/dt 12770.31+566
ml/sec THFETHET L 72 EEFEH76.81112.6
ml/sec » HEZET % { k& L CHERRBIZART
NTwz &L 5k, £/ NYHAIL-VED
FEFITH NENER X DENA LN o12Z
& b ERAREIE & LSREE % BT AR L D
X% v 7HHB0H, 7213 EDV Z&ick
DRHELSUELDPSBENRT 2 ET LETH
5,

AR E s HERE (D/L) i, &Y
OEABELIKE 2 DI ONTEORRITH
AEFVTL DL, IWEHEREI AL 51
FRREREIIRE B EBRNTEY, F/2EF &
A DOMHBEBRICH B kN Tw5, LaL,
EHORE CIRITEARS (D/L) L &R EF
DT E LFELMHBERRIEIRD L Lk -
2. TNRDWTRBERT 2 L 5 ICFERTT
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7 {MDEF, 32 b b.LEOfibrosis 4 &7
HELIEETIUENDH DI EOAMEICL
RE2 N7,
ESOEHRESEL 5 C A0 : DBEIz
DWW TCHIEELFEGEOBET YR 3 1,
b EAERE & DBREIIC DT ORER LRES
iTh T\ %9 Schwarz &%, workover-
load DRERLICEWTIZEZ 5 < focal cell
destruction D#HEFR & LT fibrosis At &k
~NTwv3, Oldershow &®{I558InA S & 424
HARICBIT 3 fibrosis DIEEEZHRETLAS T
1260%, A R Tix40%!z fibrosis #5586 5 1,
ZTORELARDENHZP - 12 BT 3,
EEHEDS RO TIR67% DEEHHT LM-Score
2L ETH -7, £72, %0 fibrosis iz, L5
SRz B L 324 0 (difuse fibrosis), & E
2= 5 4 (perivascular fibrosis), %
RAICH <RI 3 L 7 (perimycial fibrosis) %
Y, R LT RED S 5, fibrosis DIEE D EHEIC
DV UTEREERICHT 5 fibrosis DEE % %
TR Y%fibrosis & L CEL, Ba .00
HBEZKRETL T2 L DH %>, Fuster 5213
MR DF#£ic %fibrosis A7k E BT 3 L #HE
LTHN, Oldershow 524 ARKIFA S Oy
#HOALR mortality & %fibrosis & DBE %
WEL T 5. %7 Sunamori 529/3M S FEH
2BV T %fibrosis 31% LL_E Tlafitgo L4881
AETHEEHELCED, HENEHWIIMR
2B Wiz %fibrosis & i AMHEN EF - FS
B, #nonERE L NBICENHERZEH
THEY, $72%fibrosis 14% LA E TIIME D8
BIITRETH 5 L HEL Ta5. LrL, Krayen-
buehl 523 AR - A S#EHLIC B\ TH%fibrosis
EFBREGEEN o EHBEL B, B
Ro—%# A%\, FHIL fibrosis NIZEICE
L Tit, ZEAL4kT fibrosis #EE L TL 9
E, FNERIZEI N LAENERVLED
KEIDE L Yz BEINTL 7 BIAY
»Y, %o fibrosis DIEEICHTTEHRE, E
Blic L 02 BEE BT LI R LEWS
EFLIFLITRERL .. F/-FE( fibrosis
BEZ%TETLLHNEMEZF Y EM-Score
EAbE TR BT 2 ErREEL L2

128, perivascular fibrosis, perimycial fibrosis
NIEEH TN F N Score TEHL, EHEHZ.O
BHEFX TH B perimycial fibrosisic 2Tl 2
EICEE L, 2£n45ta% LM-Score & L TH
BTL7z. 2R, MR IIMEEZ RS TH
- 727%, E5REE Max dv/dt &, F7-KiEE
DIIEFH(D/L) L BEE L ANEE2EH L.
L# L, EM-Score * DRIz EELHE 2R
Dl o1z, Lizd-T, SRk LNEERE
BB 2 EEOHRIREE - BEBAITIGIE B
HEDERIZL > THREEN DT XL, 2D
BB fibrosis DREEIC L2 L 2 A KREWT
EDREE R LT,

KT EM-Score B L Tix, Maron %29
HIRERF B BIZ 3BT mitochondria NZEAL,
Z ® 9 streaming, myofibril D &LiLY & & Fah
LTH 9, Mz Perennec 5%, # £V, Madrazo
LW L@ E® LT3, Maron Hi2 %
JKR % relative chronic ischemia & sE~XTv»
5, EHLARICEZLZ T3, FIZIZART
IFHEE KL coronary flow DI THRIE
LTwaEEZLNLED, HBBRELULETIIE
FITZEL, HNMICELROTRRI B 55
Zois, EE, ARTIZ—#EcHELREN
HBEFE L 0 LEME), S, PlEL &
HIRL T3, FLFHNEFENLBETIES
#:#13 & mitochondria DML TEr 72, &L
HEOKTE? b ELBERBHERIC BT EM-
Score * #itg.CHERE X DM E, BHPLMR
FEBIC 5> T EM-Score & it D2 iR I kGRS
FOROBFELROEFEREEZHEL TWa,
Zoft, Ex OUFEREIERE & LR MLEME & DB
HEERE LRSS D 505 Wb IERE
LR MED ISR, UMERE & fibrosis & v &
Iz, FNFNIEL L 2IERET L 223N T
Wi, LA bIEo.OHEREE BEL Twa 3
DB B, FITEE, BRI OHEED
EWHE & DEB O fibrosis DEENWEIC &
STHREINTHBDTII L whrEEZ, Zh
b EHAL T, WRINZERREEE & thBRES
L7, EENOHETRH—DERTEEE - &
FErBonsfarb sy, Tnbiab
4T Score b9 2 Z & HUEETH - 12, BEl%k
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PHORLHNENEENEREEZ LS
Myofibril Score ##H 1, Z#iz LM-Score
#hn 2 T Myofibril Score+LM-Score & LT
Flig B2 kA TE T,

% DFER, WHILHRFIC S VT b INAERERE
THDBEF, 4D B FELHBEHELAICT
% Z EHCE, myofibril DEERIL L E
fibrosis NIEEIZ A RIC B W TEHR.OEEE

(EF, 4D) tFHELEELZAET I LIRS
nN7zr*z2 5,

HELD, ARDEERL RN 5 HIKRERE-
FERERIR G IE  fibrosis DR &, IUEREIR
myofibril N2k L Or fibrosis NMWH & Bk
2BFRA S 0, ARICEBIT BEHRREEEE & 0
BRT L NBEEE SANL OERMICHERLE
e EZ B,

#

k3

AREFZXF & L CESLHOMBEET
b & MRl HEEE & DB E 2 RET LU TR R %
=7,

X

Moo

1. EM-Score & fiiRiZ-CERERETRIZICIZ A
Fr g [ o Y (RAS R A

2 . LM-Score (3355848 Max dv/dt - FER8$g
EIERM (D/L) *3AELXANERMHEE2
BTz, -

3. Myo+LM-Score i3 EF, 4D rEEL
BEnEHREE L FD,

4. AREGITITIIRRE - BEHIGIE  f-
brosis NIEE &, IHEREIT myofibril DL
U fibrosis NW#H & BELBEKEIDH Y, AR
BT 2 EHELEEE & OHIRT & OBE £ A
L7,

WBEE2Z ISk, HEEERRMEZERY
L7 BEFA BERCRETIHBERT L
o, EHEEEEEEER B T RBEEDHER, &
B ANSEET 212 o>, BREE TS - RHEHL
RS OF BT T,

B, ARXOBEEO I E51H B AERSEY
SRETRERERL.
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Ultrastructural study of left ventricular myocardium
in aortic regurgitation :
Correlations with preoperative cardiac functions at rest
Hisashi TsuJ1
Second Department of Surgery,
Okayama University Medical School,
Okayama 700, Japan

(Director : Prof. S. Teramoto)

We collected tissue samples from the left ventricular myocardium in 20 patients with aortic
regurgitation, examined the correlation between myocardial ultrastructure and cardiac func-
tion at rest and obtained the following results. The extent of fibrosis in the myocardium and
ultrastructural changes in the myocardial cells were respectively expressed in LM-Score and
EM-Score. Furthermore, the myofibril changes expressed by the EM-Score were added to the
LM-Score (Myo+LM-Score), and each score was calculated and compared with the parame-
ters of cardiac function. There was no significant correlation between EM-Score and parame-
ters of cardiac function. LM-Score was correlated with Max dv/dt at r= —0.471 (p<0.05) and
with endodiastole (D/L) at r=—0.567 (p<0.01) significantly, showing a negative linear
correlation. Myo+LM-Score was correlated with EF at r=—0.574 (p<0.01) and withA D at
r=—0.577 (p<0.01) significantly, showing a negative linear correlation. Among the cardiac
functions at rest in patients with AR, the morphologic and diastolic parameters were closely
related with the extent of fibrosis, and the contractility was closely related both with a change
in myofibrils and with the extent of fibrosis. Thus, the cardiac functions at rest in patients

with AR were correlated with the myocardial factors.



