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(1) TAREBREECLZIMAFTERICTESOHEEERRBRL L, FIFTRBEERITETH-
- WRHEERERERIRE TH- 4%, HfEEFOEE (MROA) GLBEAICh
EoTHEAP L, URBEERCELS LS.

(2) hydralazine chloride 5 (= & 2 #ARFERIC TAHHAHEREM, MROA L&
FREEREGINBEROARDS L, BRBIRETH 1.

(3) B - REAFSRESCEMFTAHNEIENL, BHEEEELS L. MROA tEE™
EBERFEHICELS L.

MR 27 2 BAFBSOMITIHEDISHRE tOBFEIREN, BELBRERRELT
LTEELREERbNT. (Frk 3 10 F22 HERA)

Effect of Loading Reduction on Cardiac Hemodynamics in
Experimental Mitral Regurgitation

Yosuke Kawahara

To assess the effects of loading reduction on cardiac hemodynamics in mitral
regurgitation (MR), 13 anesthetized dogs were studied.

1) Preload reduction by inferior vena cava stenosis resulted in a significant
decrease in regurgitant volume due primarily to a decrease in the mitral regurgitant
orifice area (MROA) . Forward stroke volume was unchanged by preload reduction.

2) Afterload reduction by intravenous hydralazine chloride infusion resulted in
a significant increase in forward stroke volume and total stroke volume. Regur-
gitant volume was unchanged by afterload reduction. MROA and the pressure
gradient between the left atrium and left ventricle were decreased only in the late
systolic phase. Therefore, regurgitant volume was unchanged.

3) Both preload and afterload reductions resulted in a significant increase in
forward stroke volume and a decrease in regurgitant volume.

These findings indicate that loading reduction plays a significant role in the effect
of vasodilator therapy on clinical MR. (Accepted on October 22, 1991) Kawasaki Igakkaishi
17(3) : 215—223, 1991
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¥REHFE
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® Cardiac hemodynamics
@ Afterload reduction

KEWREBEH L7, w~Y AR XD
iz -8, ALBCHEBRZESEL, &
BR—y 2L Ba1201ca v b u—
WU Tz, BIRERESIEO - O KEREIR X DN
N—HT—TNEBALUTREIRICEE L.

MR A& 0E 2 Y15 URREBERC BER 2 Yl
THIEWLDERL.® 9 T REIIREE 2
FBEL 7o, FEICERTES A0 —7 (H
AXER, MFV-1200) %*355 UKEIRIMTE
PRIEL 7. E0EE HEE R O HREO.OPIBEE
WC—XONFEETHAEER 7 VA VEEEL,
ultrasonic dimension unit (Mediland Inc.,
UDM-5) 20 LU CEEGMESHE L 12. KB
RLFEREE» S5F1H 1 BHAME (forward
stroke volume ; FSV) %5#EIL, AZEEHHE
& D Gibson ¥£® 2w T£ 1 EHHE (total
stroke volume ; TSV) %25HHIL7z. #iE
(regurgitant volume ; RV) =TSV—-FSV,
it 3E (regurgitant fraction ; RF) =RV/TSV
El7.

DREEL VEERIK, BELELYVEENIY
4 7uaFy NI AF 2 —% (Millar #E5D) %
BA, GRBRERE VEAKX LT A F 2 —3
KA T —TNVEBAL, EELEREE, £%
E, EEFE, KREREZEEL /2.

LEKEE CENFELER 2 HALER R
VIS5 7%ALTYxy b« A v r7E SRS
(BAEESRL, RIJ-5608) LicE#100 mm DR
XD HE CHREFRISR L, FHEEMIX 5 LD
BHETKRD 7.

LSRRG IME DT (total systemic resistance ;
TSR) 2UTORXLVKRDT.

g REIIRE (mmHg) X80
TSR= FSV X120

EiE A YR OEBE (mitral regurgitant
orifice area ; MROA) % Gorlin & Dexter @
AR I DEHL .

MROA=

RV /RT
0.31 X (LVSP—LASP) mean
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& 5 [ BHRHEIE F R D T (MROA time
index ; MROAI) % Yellin 5 D752 2T
DFo k> wEHL, EENHEHCBT 530
msec Z & D MROAI OFRHZELEZRD 7.

. (TSVi—FSVi) /RT
MROAI =531 % (LVSPi—LASPY)
RT : regurgitant time

LVSP : left ventricular systolic pressure
LASP : left atrial systolic pressure

X B F R

1) DHEEEESL20CEEL, 50%IC
MR {E&HT O MATEREFETAE (REIIRE, £FB
FE, EEFE, EERRAEE, EEE8E, K
BIRIMFR) ZHIE L. I OB S CREIRID
WER L VRO -HTAAHE &, AEEEE X
DRD7z 1 EFFHHES—ZX L2138 OWT MR
PEEIL 7. (Fig. 1).

2) MR E&tL, MITEIBOREL 72205
B MTEIRBEEELHEL, cheokar b
o—VfEE LT,

3) HTEFTEBERO.LIIMITEIRE 2 RETT 2
BT, TREIRN O/ SV — 123 ml 0%

Fig. 1. Schematic diagram of experimental
preparations
Abbreviations : AO=aorta, LA=Ileft
atrium, LV =left ventricle, PA=pulmo-
nary artery, RA=right atrium, IVC=infe-
rior vena cava

FEAL THIRERE X B U, 200% 1 fTEIRE
SEIEEEIE L. BIERTRIZ SV — I3
B X g7z,

4) BANBEEEEOLIMITERE2®KETT 5
HRY T hydralazine chloride (H) 0.4 mg/kg %
BIRPNEES L2002 M TEIEEE TR 2 HIE L
7z.

5) AR O.OIMITEIRE % M5 3
5 HHT H %5 T TFRER SV — > 2R S
T CHIGERE R, 2052 I TEIRERETE
BEEEIEL .

BB, BEEWEIL paired T test AW, #
FHERNCIE S BAT ORBEBRETEE2AD :HBE
WEEEL.

b5 2 (Table 1)

(1) 2 b o—VEOmiTEEe

ERYIBTIC & D MFiEE37.9+4.2% D MR 28
fEElx 7z, MROA 13UiERI%E 30 msec DHF A
T29.5+£2.6 mm?*T, ZOBIGETH, #H
D TER L 72, BERE®RZE I 60~120 msec
DRF L CEINTHEIML , % O IZRERFI 1 M
U IHERHC 1338 IR L7z (Table 2).

(2) HRTAFERE O MITERE

ERBE & AEINRARAE AR (P<0.001)
BT U 7. IGEHREIRE & R MEEDTIIZ
Lo Tz, EEIERRIAE, DHERE R

B2 (P<0.005) A LTz, HfiE & iEIR
BAE(P<0.005) B (&%) L, BIGHHER
TETH-> 7. EHHERFEEIC(P<0.01)#E
L. EBERETL, fiAHHEIFRETH
> T2t D L BERE AR 132 F Mo 7z (Fig. 2) .
B RFEIE A2 i O E A (MROAI 13 2 YAE A
PELCaryruo—VZEUIZIE—EDER D
S>THBIWNTH-I-(Table 2, Fig. 3). &
BE—AEFEEREIZ270 msec DR THDH > b
O —VZ LA U T2 98 2 W BAS OB TS
% T¥H-7- (Table 2, Fig. 4).

(3) BRAFERRE O MITERE

EEIRAIAE, DHEHREIRE, RIEME
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Table 1. Effect of loading reduction on cardiac hemodynamics in mitral regurgitation (MR) dogs
control rgéilcot?gn control ?;3?1128?)?1 control %?%}ﬁz
SBP (mmHg) 136.2+10.6 131.1+7.4 || 142.3+8.6 | *129.9+7.6 || 142.6+8.8 | 1137.2+8.6
LVEDP (mmHg) 9.4+2.3 | %% 6.4+3.1 || 10.3+2.4| t 9.3+2.4 9.7+2.5 | T 8.6x2.5
LAP (mmHg) 10.3£2.1 | #* 8.4%+1.4 | 10.6%2.7 9.9£1.9 9.7+1.2 | * 8.9%£1.0
EDL (mm) 27.1+2.9 | *24.9+3.4 || 27.0+2.6 26.1+3.1| 27.0*+1.6 24.8%£2.0
ESL (mm) 19.8+2.7 | t 16.7+2.8 || 20.9+1.4| * 17.0+2.0 || 20.9£1.8 | * 16.9£1.9
TSR (dynes-sec*cm™) 8156274 7991311 || 8094319 | #k 68401258 || 7960406 | * 7163532
FSV (ml) 10.3+2.4 9.7£2.3 || 10.3%2.1| * 12.3+1.8 9.8+2.3 |#* 12.6+1.9
TSV (ml) 16.5+2.1 | t 14.1+£2.6 |- 16.1+2.3 | * 18.0+1.9| 16.3*+2.4 | 1 17.1x2.2
RV (ml) 6.2+2.3 | * 4.4%2.0 5.8x1.1 5.7£0.9|| 6.5+1.6 |#k 4.5%1.6
F (%) 37.9+4.2 | % 30.2+3.6 || 37.9%£2.0| 1 30.9+£1.6| 38.8+5.0 | * 26.8+3.2
Abbreviations :

SBP=systolic blood pressure, LVEDP=left ventricular end diastolic pressure,

LAP=left atrial pressure, EDL=end diastol length of left ventricular transverse diameter,

ESL=end systolic length of left ventricular transverse diameter, TSR =total systemic resistance,
FSV =forward stroke volume, TSV =total stroke volume, RV =regurgitant volume,

RF =regurgitant fraction.

Table 2

during ventricular systolic phase in loading reduction

#%=P<0.001, * =P<0.005, t=P<0.01

Dynamic changes of mitral regurgitant orifice area and atrioventricular pressure gradient

MROA (mm?) AVPG (mmHg) - MROA
t control preloaftl ! control preloe.ld control afterlqad
(msec) reduction reduction reduction
30 27.5% 2.6 22.3+3.1* 30.3+ 7.5| 21.3%+ 8.5 28.9+ 2.2 30.6x£2.5
60 26.3+ 3.1 19.0£2.9** | 102.6+11.4| 96.0+20.7 24.9%+ 2.5 25.8+3.1
90 21.0£ 1.6 13.8+1.9* 120.5+10.6 | 113.4%14.5 23.0+ 1.4 21.4%£1.7
120 18.6+ 1.7 13.0+1.2* 111.8+13.5 | 112.3%16.5 17.6+ 2.4 19.0£2.9
150 15.3+ 2.7 7.6+2.4** | 108.6+£10.6 | 92.6+ 8.1 15.4+ 1.1 13.2+1.3
180 11.6+ 3.0 7.1+3.3* 64.1+ 7.3 | 67.3+11.9 9.8+ 1.4 8.0+1.3
210 9.7+ 0.9 4.1£0.8** 48.2+12.7| 39.6* 8.3 9.6+ 1.3 5.1£0.7*
240 6.9+ 1.3 4.0+0.7* 11.4+ 7.2 | 21.0% 4.6 7.4+ 1.3 2.4+0.8*
270 5.1+ 1.0 2.1+1.1* 7.3+ 5.2 20.7t 5.3* 6.1+ 1.1 2.5+1.0*
AVPG MROA AVPG
preload& preload&
t control af(tlerlqad control afterload control afterload
(msec) reduction reduction reduction
30 35.6+ 8.2 24.1+ 6.6 27.5+ 3.1|24.8+ 1.7* 31.4+ 7.0 27.3% 6.1
60 112.7+11.3 | 103.5%:7.5 25.5+ 1.9 19.4+ 1.1* 118.5+ 5.4 | 99.5+10.4*
90 108.4+19.1| 111.6* 4.3 24.9+ 2.3|18.0+ 1.9**| 120.6x 7.1 | 92.3+14.5*
120 117.9+13.1| 110.7+ 9.2 18.8+ 1.9 |17.8+ 1.2 103.94+10.8 | 98.4+16.0
150 61.1+11.5 52.6+11.3 13.9+ 3.1 |12.6%+ 2.4 73.6+11.0| 60.7+ 8.1*
180 41.4+13.1 11.7+ 4.4** 13.0+ 1.8| 9.8+ 1.2* 29.5+11.2 | 25.8+11.4
210 30.6+ 7.3 13.2+ 6.7* 8.2+ 2.1} 2.8+ 1.9* 28.7+ 8.0 12 8+ 7.2*%
240 18.4+ 7.2 2.9+ 4.5*% 5.1+ 2.2 | 2.7+ 1.9* 11.6+ 8.3 7.8+ 6.1
270 19.7+ 8.1 8.6+ 7.3*
Abbreviations : MROA =mitral regurgitant orifice area, AVPG=atrioventricular pressure gradient
*+»=P<0.005, * =P<0.01
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Fig. 2. Effect of loading reduction on car-
diac functional curve in MR dogs
Abbreviations : FSV =forward stroke vol-
ume, LAP = left atrial pressure, P =
preload reduction, A =afterload reduction,
P+ A=preload and afterload reduction

EhRkzhzhnaE (P<0.01, P<0.005,
P<0.001) EFL 7. EZIGERBERIERIC
(P<0.005) A L7eds, SERRIIZEIIZELL %
ol 2fHErEiAHEERER I (P<
0.005) #Ehn (BKE) L7, MRERTETDH
-7z (Table 1) . EEFE IR CRIAHHEIX
BEINL 727z DB RE AR 13 _E T~ 7z (Fig .
2) . MROAI ZUERTEAD & i o Tida >
Po— EEHR L, 210 msec DA DOIGEEHA
DHBEEW/INTH- 72 (Table 2, Fig. 5). A&
E—/EE FHZEH 180 msec LA DIGEEZIID S
BHEWET L (Table 2, Fig. 6).

(4) Hi - BAREREOIMTERE

ERE, EEHERERE, DGERRERE,
KRIEMEEST X Zh T BRI (P<0.005, P<
0.01, P<0.01, P<0.005) 1€ FL7:. A=k
RAE, IERERIERIC(P<0.01, P<
0.005)JFEA L7, MiE & HHmEFFER I (P<
0.001, P<0.005) BA L, AiAHAEE L 2HH
HIFEEC(P<0.001, P<0.01)#&hnckzE) L.
EBEREOEKT LHiAHEEORIMC X 0 LR
g LA ~m» - 72 (Fig. 2). MROAI &
BEMEREZZ L b KIGEHEBC RS LT
(Table 2, Figs. 7, 8).

(5) BBAHRORIAHEERVHFED

Wik (Fig. 9).
Hi BB AT A T B I E THRE X

WA U7z 7z O MFRIIWA (BF) L7z, BRaw
EEPREE 1R A E LB U S R IR A T
WD (ShE) Uiz, B - AR 1XHT
FHHE I LSRR I U 7 e R
FEIEA (BB L.

£ 23
WAz 8125 MR OM{TEIREC BT 25

Rz iE, 1922453 Tz Wiggers & Feil 235EERHY
MR R&ZHWT, #REIIREIROMLAEIC L >

CTHERL, HREORSIC L > THILIZED

HEND 5 1P 19734F Chatterjee IZERE MR 8
FhcigiE 2R 5 L CEERRIPEO TR L&
KBRS OWE 2R, BARBEEOERMT
BELE L 72,1 |x b RIAERICIT 2 ARIED
BRAMEEHREL TE.90,

BMERICB VLTI MR 72 AW TRHA
BRI MATEIELE L L OFEIIHA S 1
2971019 H DD Z DIEFF OB+ L3z
v, % 2TEEITERN MR R2ER UL
B—EDOFMH T CHI « AW 2 Zh £ 8
HIEL, MITEREDELDOESR L ZDBFIZD
ERRETL 2.

1) HiETERERE

& alH] B FTERER I XRT A TEE I RETH
o e SHRBR I UHRENMET (KE) L
Jz. Sasayama, Yellin i& MR RIZ nitroprus-
side 25422 2L D, B - BEHOERE
2{To7:8 25, FiAAHERIZEML STHRER
UHHRRIZBAD LIz 23 19 55 i3 arERIe
EBERELEZENE DET L DEEME
BRERBTETh-oHKEEL, #RERS D
B, EENBEOHE/INIFES MROA O AT
L 2A[EEEL D B EHEEL .

MR i BWTHTE X, DHH—E T TIE
EHERZDFEFHIR L MROA & O THRE &
ns.

Z & CEEF T ARTEERC S RE D 5
2RFEBAT2ENT, PEHCBT 2
MROA & BEMERZE ORERFHIELZRE L
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Fig. 3. Dynamic changes in mitral regur-
gitation orifice area (MROA) during
ventricular systolic phase in preload
reduction
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Fig. 5. Dynamic changes of MROA during
systolic phase after reduction afterload
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Fig. 7. Dynamic changes in MROA during

systolic phase in preload and afterload
reduction
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Fig. 4. Dynamic changes in atrioventricular

pressure gradient (AVPG) during ventri-
cular systolic phase in preload reduction
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Fig. 9. Forward stroke volume and regur-

gitant volume in loading reduction
Abbreviations : C=control, A=afterload
reduction, P=preload reduction, TSV=
total stroke volume, FSV =forward stroke
volume, RV =regurgitant volume

* =P<0.005 * % =P<0.001

7z. HIAFEREC IFERERZITLTDH
> 7253, MROA 3£ 2@ Ta > tu—
WEREBE—EDER > THA LIz, §REE
WiEZ EDL, ESL L b BEH/NL:. 3742b
b Bl B R IS R E A T 28R, &
FENREOHE/IMZFESD MROA DAL 2bDL
Bbniz.

Yoran iXfEMEFETRZ2HE L T MR X 2{/E&
L nitroprusside 2#5.9° % & ¥ 2 HZ NI
4L, norepinephrine ##%59 % & EFEBT®K
EIIEIML 7208, MMEREA LIzEn) P
MROA BAETH % LKE T % & norepine-
phrine B SEEAFE IIEMT 2 13T THB &
2L, HHEIED O MROA OHE/INZH 5
AJREME IR Lz, 3 S OHERRIEER I MROA ©
R L REHEIL 72 D TR B WD, Z Ok
BBl THc OfE@mI—HT 5.

2) BARBRER

B AMEREC N RE 32 <, B
HE ML 2. BiAHAEEOHEMOERIZR
HIMEEFR OB RIC L2 b Bbh,
KDEAEIC—ET 5 2D

S, ¥REBPRET I2HFTHLBEEME
B3 & 0 MROA 1, 2> b u—Vc b LIEES
HITOAMET L7z, Lo LIUEERCB T 2 E

RO MROA I, 2> ba— iz BWTHHE]
oDz L THS P IEETH -
7z. 2O Z L ISR OREIHERTAD S HHE
WELTWEZ L ZEPESRN. EThIER
EHBBRBCS T2 ERIATCORRE L
MROA OETIZ L 2 HREOBA I, MHFE
DHEHED SHARZ EbThRbDITES.
DT OBAHMEBVEETHHHERIEE X
B L sholzbDBbhi.

Gleenberg % X E iE MR iZ x§ L T hydral-
azine 5 U7fER, BRARBRICHVERE

A3EA LRI EIEEML 22w 0 iR

CEL TR L DREREBL DL, 6 OWFE
BEERGI 2R E L7c e D IDHBS TR ETH Y,
& S ZHTAAEE &SRB DOREICE LA T —
TV & BEFERE L EEEREER VI T:D
SRENEUAIREEDSH 5 . F EERRES
BEB R (EIE i O A KA L2354 < FOERE L EE
XNEFBESENT W8, FIIEEID
HEDAPETRICHIO» b Lty ERE
TRESHE O IWIEFIBEE L 72 EToBE 0%
BThr>.
3) Hi - tRATTERE

B « AR R ERICHE U 2 L HRE IR L
B AR E I USRI ZBAIET L 7.
ZOZ L FARMIMEEITOMEMES &, MROA KU
BERESRZEOIEREZE L TOBMPICd LD
bDLBbhl:. El0HEEHERLELEAE
BEH L, B - BRAR T ZTHEAICER L 7235
LU, DEEEOREB IR OEETH 72,
DI 3L OW|EY RIIUDH LT IHKT
DA XS 5 balanced vasodilator (i « #
B & bR B IMEIRSE) OEnZR%E
HOUIHREVZ LS.

Bogenhagen & MR X2 angiotensin 5. &
UABEBIBIC L 2HEBARET Y, |l - BEWH
PRI R AHITFAMERED LiE
BN 72 8w L IS IR E E M ERE
BRET L T nds, St OINIERHINE
EH OO A% 53 MROA Ok K HFIL T
ZERRD, Hi - RATHEROMEIEAL IS
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T AR EZEBFE OB S MROA OffFE
INCEBEBREDE LI
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B, &, B - BATEREE & b SRE LD
(ThE) LIz OWRICIIEESTED Sz,
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WHRMP OERTH - 72, B - B EERE
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BEORA LHTAHEEORIMMBTED s iz,
WREORD IR LEETH-7:. LLEMR K
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AREINTz. KETOAEFEFDOE L 2 IMTH
BRSO L 2 OF2SEICEL 28I
BRDGIZB O THLERBHEEZONS.

¥ & .}

KEH) MR RZ1EELL, NV —2 2 HWTT
KRRz %E Bz, HRECTRATEZ

X

(B17& 35 19D

NZNHEEL, BERRFOIMITEIBEE DR
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1) BTEEERIC T, @LHEHEERES L,
HIAHHERTETH - 7. EEMERZRR
ETH-1zh, MROA Z2IHEICH 725 T
YU, FRBIERCEY &) L.

2) BAEERIC T, 20mHE A HE
B3I 72. MROA » EXFE®E IIEES
HOABA L, BREIFETH- /.

3) Hi-BAEMERICT MROA tEEMER
ZIXBA L, BiAHEREIEmL, SRR IR

- () U7z, LERREREROSE b ET 2 Hi

LB HEHETH- 7.
MR 12 B 1) 2 A TR O.DIMITEIE DR &
Z DEFEIRENT:.

FEio bz e, MRk %5 - 1) IBER
REBRBAE RILBRERCFEEOER2ETLLED
W, BEEESWZWER REREEEEEE, i
i 2 I U, KRR W 2u AR ES
LB B#H LT,
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