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The Effect of Bi-ventricular Assist
Device on Profound Cardiac Failure

Toshiaki TANAKA
Department of Surgery (Section 2), Sapporo Medical College
(Chief : Prof. S. KOMATSU)

ABSTRACT Recently much progress has been made in mechanical support of the failing heart,
ventricular assist device (VAD) is the most currently useful technique. In this report, the effect of
VAD as a mechanical support system on profound cardiac failure was studied experimentally.

Thirty adult mongrel dogs, divided into 3 groups, were prepared for normothermic global is-
chemia (NGI). Ia groupl (n=10), no mechanical support was carried out after NGI, group I (n=
10), leftVAD was performed for 3 hours, then weaned and observed for 1 hour, group III (n=10),
biVAD was performed for 3 hours, then weaned and observed for 1 hour. '

NGI was induced by aortic cross clamping for 20 minutes under cardiopulmonary bypass (CPB).
After the aorta was unclamped, all dogs were weaned from CPB, then VAD was commenced, except
for group I. Data sampling was performed at Pre, CPBoff (weaned from CPB), VAD1h (VAD used
for 1 hour), VAD2h, VAD3h and VADoffth (weaned from VAD and observed for 1 hour).

In group I, all dogs died within 1.5 hours after CPB off. The bypass ratio in group Il was 58.9+
10.1% and that in groupIII was 60.2+16.5%L(Left) VAD and 79.6+10.2%R(Right) VAD. LAP
(mean left atrial pressure) was significantly reduced during the use of VAD. RAP(mean right atrial
pressure) was significantly reduced during VAD, and there was no significant difference between
group IT and group III. RVSWI(Right ventricular stroke work index) in group III was significantly
lower than that in group II. v

RV%SS(Right ventricular %systolic shortening) in group III was sigﬁiﬁcantly higher than that
in groupIl. Pa0, was moderately diminished during the use of VAD and that in groupIIl was
significantly lower than that in group Il at VAD3h.

In these experimental studies, the following conclusions were obtained. Recovery from cardiac
failure in the right heart system was better than that in the left heart system. The effect of VAD
in treatment-of cardiac failure would be to decrease the cardiac performance due to atrial decompres-
sion. RVAD was useful for the treatment of right heart failure, however, overflow may cause
hypoxemia due to pulmonary: capillary leak syndrome.

In conclusion, these results indicate that VAD is one of the most useful systems in the treatment
of profound cardiac failure.. (Received June 12, 1992 and accepted July 17, 1992)

Key Words: Profound cardiac failure, Ventricular assist device, Pulmonary capillary leak syndrome,
Normothermic global ischemia
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WOBERL D BEFAANEIFASHTETHS. Ch

5B DR AMEER 2 b OBER R EF 2 O %
ODEREME> 2 v 7Bl L, TERFES & L CREIRA S
n—=v vy 7B (Intra Aortic Balloon Pumping :
IABP) 2 MTh#t T\ 54, IABP OREF % % 7-EfE
OAREEGC LT, fEA O (ventricular
assist device: VAD) 2MERIGHEN S L 51Kk T
E70, A E T, VAD 2ERIGHE S hTi
WA, T OREIA LD (LVAD) 2z k A & T,
DWThHL (RVAD) ¢k b, WL (BVAD)
DLTRWERHFE S, HOoFDBEREELE
L{RETHBHY. BVAD I, BRXTil, ZEaEHRR
AT & & b i DR % T o bridge use BE L
B L LThBv»on®, AMtbroEE
BREv. SEZEE Y, ERTHTREBRECY 5
AebEF AR AV, BVAD O LREBIZIRDWCE
B 21T - 7.

2 EBRFE

21 HBREFH

HEREM & U CTFIHRE 14.5 kg OB A 30 A
R L. BRELF 4 <v & —1 30 mg/kg, B b-<v
7w =9 x2mg/kg HHERE KERBFEL, Har
vard FE% 2% (model 607) it USHESER & U7,
WTHEBEFTECCLDEYERL, ETXBIRCE
WMET 7 e — 7 (AARER 2251, HXEH
Bk X b Mot R KR 8 Fr NIH » 7 — 7 2 (USCI
5D WAL, o CTLhABIRL » AEN, MEIRR
BICHEHHEL D EERK 6 Fr Berman 5 —5
N (Arrow B) AL Fi, EELRTIVE
EABICELE X Y EERK 6 Fr Berman # 7 —7
AEBALI. BFTOEBERED DK | W OBER
REF (AARNEEE ZA-T9 2, AUB0EEHH
OB RIEDA AT, ~8 U v 3mg/kg BEE, £
SHETEIRE b 14FriéMi» = = — L (Argyle &) %
WAL, &, GOE XD 24FriiMms = = — v (Polys-
tan 8B ThFnk, HLERNICEALL RVAD K
PRI, MFrZEms =2 —1v (Argyle 8D
FEMEIR~EA LKL Fig. D. REOFERFTO 7 —
2R, AR wBHRA L 1E)2E (Radiometer #8)
PRCCESHILHAEIERE, BiRTT20 o/MoLT

FLBRIER ZE

Reservoir

LVAD : Left ventricular assist device LAP : Left atrial pressure

RVAD : Right ventricular assist device PAP : Pulmonary arterial- pressure
Aop : Aortic pressure RVP . Right ventricular pressure
LVP . Left ventricular pressure RAP ! Right atrial pressure

E . Electromagnetic flow meter

Fig. 1 Schema of Experimental preparation

ABIRGER 2TV TR L EER L 2. BEHIIERD
H=a— VRSV (BE & LTH R R
BERMEIL, 40 SRR 21TV EA B L E
L. Rab&id, SAMEREREO LIHE TS
ODFRETD 70% LT, SEHEREE 15 mmHg L LT,
POEHAEBE 10mmHg D& Ui, OfEgho T
Bz, T8 LEPEETEIRELEE L D=
100, IL#E: (RAMBEREEDESR X v LVAD % 3 Bl
TUBEDIER 1 RSB A EE L b o(n=10), 1I#E:
GOERBEBER X b BVAD % 3 BRIMEAT LBEBLEL 1
FHEREEZEELLS O (n=10) © 3 Fico ke
L7z (Fig. 2).
22 {RMBIRS & U'HENDIRERED S
AT Capiox I1-16 (Termo #4) #{FHE L, FIE
Bii~=1t =, ~AAVE—BLIO~) vinEE
MEL, ~=b 27V » MEER I0~36% 12705 X 5 1cHl
Bl HAERIe -5 —F A v 7 (Sarns 80) %
W, WES0mi/kg HE¥E L Lz, VAD 13225 EELE)
CP? on CP% off
OGroup I {n=10) L d

A

AXG 20

CPB on GPB off
v Y
\

QGroup II {(n=10)

A [ A
AXC 20 LVAD on LVAD off
CPBon CPB off
v Y
H H
O Group I (n=10) h s . n
AXC 20 BVAD on BVAD off

L ! A . L :
1] 1 2 3 4 5
hours

AXC 20 : AAo clamp 20min

CPB ' Cardio-pulmonary bypass
BVAD ! Biventricular assist device
WAD  : Left ventricular assist device

Fig. 2 Experimental Protocol
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#3, diaphragm B4 7 (TOYOBO #) &&
20ml DL oAV, EKEIEEEIL VCT-100(TOYOBO
s A A KBS, 90 |/ oFERIMEREIE L,
TRAA N ABRTT 5 7z,

LVADcWAERT, E#ETEHRXEME L,
BVAD €, XbicHBRMm, FMER% Lo RVAD
%iEE L 4. LVAD, RVAD b il ERRE
Hre - S(AARBIEDYEEL, REALIEL
2.3 AFEESLUHZE

BEHEBE G WOLAE WEIRE XBERE,
VAD RER I OLHHETHh, ERIEMEY, Er s
v A5 a—4 — (Siemens-Elema # 746) &ML, %
AREREE (77 FETH MCM-800) cgE#HEL,
Mingograf 800(Siemens-Elema #) i CiEgk L. B

AT OBSBEIIE O 70, BERRET (OBFESLE

SR BAXER ZA-T9) »BEEEVAE =
=y } (AAKREL EGO0IC) B L, 2 AREE %
Mingograf 800 TLER, EEFLFARESELE. B
ARl e (Myocardial segment length) VRIHEFR A
(end systole length: ESL) & J3EF A (end diastole
length: EDL) THIE L. B LH MR %
Systolic Shortening : % SS) %% SS=EDL—ESL/
EDLX100(%) & LCRdt. ZHoOEMEIZIL 8 Fr
NIH # 5 —5 A (USCI ) % £ ' 6 Fr Berman # 7 —
72 (Arrow 80) #H\ 7. ok, ERAOHIRME
PRI L, Mgy Y v 2 EEHER X OERMm 7
AW HIT, MiE» Vv AE%x 3.5~5.5mEg/!, B
IRmEEE 7 (Pa0,) 70~~100 mmHg, REEH A 5
E% 35~45mmHg &7:5 X 5 1ciEfbh UV v sl bk X
W, BRRRE, BIELRELL.

HHEREM A RRBREE LTF — 2 8RE, ~ebyr
fESIL, IBIIBEISeERE e, I, M
VAD Bifats 1 B & & VAD 1158 1 R0 7 — %
FERE L, ERKTH, KEF2— 7RI OEK
DEE, FIUCMHOABHEAELT- .
2.4 HfEtiE

BT R COESETREEREC TR L, B
Lo E I E Wilcoxon U-test L, FEHIDOE
BRI ORIEED oy, Bartlett DX b 58D
BERTV, S48 0%E4 Duncan DL EHEBRE Y H
VY, NESEOBEITA T4 L) v 7ERC L SBRER
RERE D7, Kruskal-Wallis D#EETT -7, £l
KEULTEEEED D & L1,
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3 & R

31 LRHE
CPBETHoLAEE R, FhPXPhBE ([#
87.14+19.4, IIB£84.1+11.3, IIEE80.1£21.0ml/
kg) o I B£53.6+23.1%, I1#£65.0£8.1%, II#¥
55.8+27.7%CH bh, 3HEICAEBE R oh - (Fig.
3a).
32 {EERMHFHRE

18, CPB&TEROoADLHAHEE (Ao. flow)
ZCPBHT IRMTRIBLIETL 32.7£15.5% &
¥ - 7o (Fig. 3a). IIBETIE, Ao. flow & LVAD fi&E
OF0 (total flow) = VAD 1 BT EME D 81.5+
23.9%, VAD3HERITXBMED 74.6£19.3% TH -

(%)
100

SUW
QO Group I (n=10)
O Group II {n=10)
@ Group IIl (n=10)

meanz SD

Pre CPBoff VADIh VAD3h VADoff1h
CPBoffth

CPB : Cardio-pulmonary bypass
VAD : Ventricular assist device

Fig. 3a Total Flow
Note the remarkable decrease in cardiac
output in CPB off. VAD successfully in-
creased the total flow during circulatory
assistance. There was no significant
difference between group II and group III.

(%)
100

4t

L
=

®:L
AR

mean* SD

A\N

Group II Group M

L ! Left ventricular assist device
R ! Right ventricular assist device

Fig. 3b VAD bypass ratio
This figure shows the VAD bypass ratio in
group II and grouplll. There was no
significant difference between the two
groups.
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7o, M#FETH, VAD 1B TREBMED 97.2+38.6%,
VAD 3 BfEICR IBED 86.3120.6%CTh Y, BRIFHIE
BRERL87:. ¥4 VADRKRT 1 BfEclr, HIEcx
HBED 66.3+25.6%, MBETIX61.14£23.5%TH b,
[#o CPBHET 1BRBRELERE (p<0.0D) 5
ExRL .
33 INA/NRE

A2 LR VAD B/ E KBk
RE+LVAD IR E)X100(%) & LTRpiz. IIE
58.9+10.1%, M#BHELVADG60.2+16.5%,
RVAD79.6+10.2% T - 7= (Fig.3b). I Bixfkst
TEERBER: 1.5 B RILIPc & FIFETS Uie.
34 AEDHERE

3-4-1 7%= max dp/dt

7228 max dp/dt (mmHg/sec) (¥, ZEZR & [FE
FLRDE., [ HTIXCPBHET CXBMED50.9+

(%)
100

O Group I (n=10)
O Group I (n=10)
@ Group I (n=10)

[T}
NS NS meanz SD

Pre CPBoff VADon VADoff

CPB . Cardio-pulmonary bypass
VAD ! Ventricular assist device

Fig. 4a LV max dp/dt
Note the difference in LVmax dp/dt between
VAD on and VAD off. There was no
significant difference between groupll and

group III.
(mmHg)
100
*p<0.,01
*% n<{.005
O Group I (n=10)
O Group IT {(n=10)
504 ® Group L (n=10)
mean SD
Pre  CPBoff VADon VADoff
CPB : Cardio-pulmonary bypass
VAD : Ventricular assist device
Fig. 4b mLVP

Note that mLVP was lower in VADon than
VADoff. There was a siginificantly lower
value in the control data than that in
VADon and VADoff.

FLIRESEE

12.4%, IR VAD BHSA 1 B MRED 49.7+
16.9%, IMBEFTI267.3+21.9% &, MEECENERS
Zbhich, VADET 1SR IIB 77.2+26.9%,
IIEE79.1450.2% & FA#ETH - 7 (Fig. 4a).

342 FEHEFF (mLVP)

SEHEEE (mmHg) %, ERFELES L+ OFH
ELTRDI. TORBMEE, 1#80.14+12.3, IIF
70.5+8.2, IIF81.6+22.1C, 3BMEESE
ot (Fig. 4b). [ B CPB#T 1 BERI% 41.8+
5.7 2R (p<0.00D wifid Uiz, IIBEX VAD BHIA
1T 35+7.2 L BFE (p<0.00D A L VAD &
T 1R CIT46.84+7.7 A WBELL TEE (p<
0.00D) wBfET» 2 A EMER 2R Lic, METR
VAD Bifth 1 B 36.7+6.9 2B (p<0.001) i
L, VAD#T 1 BSITI2 45.5+11.6 L BEmEL

{mmHg)

wI%
204
%*p<0.05

L % p<<0.001
1 * NS O Group T (n=10)
Lo O Group I (n=10)
10 NS @ Group Il (n=10)

sk |
J meanztSD

Pre CPBoff VAD1h VADofflh

CPB ! Cardio~-pulmonary bypass
VAD : Ventricular assist device

Fig. 52 mLAP
Note the significantly lower values of LAP
in VADon than in CPBoff. During circula-
tory assistance, LAP was maintained almost
at the same level as control. There was no
significant difference between gruoplIl and

group 11,
(%)

1001
50

O Group I (n=10)

L O Group II {n=10)

NS ® Group Il (n=10)

o mean= SD
= NS
o
Pre CPBoff VAD1h VAD3h VADofflh
CPBoffth

CPB : Cardio-puimonary bypass
VAD : Ventricular assist device
Fig. 5b LVTTI
No significant differences were
between these groups at any time.

noted
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THEEQE<0.0DEMETH DA, BEmEAYTLE.
T, MEMEERERALRE, - .

3+4:3 FHEEE (mLAP)

FHERBE (nmHg) GEFREAHES LE0FEHL
LTkRdDK, TOXNBMEZT FH16.1+£2.1, IIE
16.1+3.2, MIE16.5+2.2 TH b, 3 BHBcEEEIT
Tedso7z(Fig.5a). T #IZCPB T 1 RE% 19.9+
4.8 ~EBE (p<0.05) ML . BT VAD B
B 1 HSIC 15.0+2.4 L AEG RS, VADKT 1
REEC1222.8+4.4 L BFE (p<0.01) w#EmL 7. I
BT VADBIMR 1 BT 15.2+3.9 L A EA» R
¥, VADMT 1BERIT1319.04.2 L HENEM 2D
Joo Fll, MIEMCEAEZIR bR o7 1
Fwkl, I, MECcR VAD KX Y EE(p<0.05)
A ER LA, VADKRT 1EEcit ] B Em
BETHho 7.

3:4-4 KK tension time index (TTI)

ZEZE TTI (mmHg »sec/min) ¥, EZ2FE L EERE
DRIREELE L v CPHREIIRE) X (BHERRD X (L3
BO L LR, VAD 1 BRE-C I B IBE(3379+
436)  46.3+7.8%, VAD 3 BRi] T 43.249.0% & %
LSEAL, VADKT 1 B8 33.8210.4% & I
PEM AR L7 (Fig. 5b). NIE T VAD 1 B oxt
MR (3488+762) @ 41.7+13.4%, VAD3IE: [ ©
33.4+10.4% LFE L HA L, VADET 1B/
36.3+14.5% & eiEm AR Lic, T, MBI
BEEXZ BN - 1.

3+4:5 EE—E{EEMREE (LVSWI)

HEHI-H D LVSW (gm/kg/beat) 13, CFiLE
FEE—VHERBE) X FEDic h o— AL LB E) ¥
0.0136 X bskedre. MtFRMETL, TH0.34+0.08, II
F0.4410.15, HIEF0.46+0.17 & 3B AFEES
DT h o7 (Fig. 6a). [ BECTHEELE &b
0oL, IETRVADIREO0.0620.04,
VAD 3 R5R10.05+0.05 & VAD fifTic X v H%E (p<
0.001) A L, VAD#T 1 BFEITI20.0920.06 &
HBEENEE (p<0.00) EETH B2, #m
EmEZRLA M#dRET, VADIKR0.07+
0.04, VAD3HEFRI0.06£0.01 & VAD Tl X v &
B (0<0.00D) @A L, VADKT 1BE<cIk0.1+
0.05 & HRMEIE~ERE (p<0.00D) KEETED B
2, BWIMER AR L.

3:-4-6 EEBAOEFIUEE (%SS)

REMEG I FE22.943.3%, I18£29.24+11.6%, I
BF31.5629.2% L BRELRD I -7 (Fig. 6b). 3B
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05

*p<0.001

O Group T (n=10)
0O Group I (n=10)
@ Group Il {(n=10)

mean= SD

Pre CPBoff VAD1h VAD3h VADofflh
CPBoffth

CPB : Cardio-pulmonary bypass
VAD ! Ventricular assist device

Fig. 6a LVSWI (gm/kg/beat)
Note the significantly lower values of
LVSWI in the 3 groups compared to control
at all times.

(%) *p<0.02
*% p<0.01
+30 *xkp<0,005
O Group I (n=10)
O Group I {n=10)
@ Group Il {n=10)
i)
It 1 -1 mean SD
— Lt b
NS NS NS
=301 Pre  CPBoff VADIh VAD3h VADoff1h
CPBoff1h

CPB : Cardio-pulmonary bypass
VAD : Ventricular assist device

‘Fig. 6b LV 9 systolic shortening

Note the significantly lower values of %SS
in the 3 groups compared to control at all
times. LV wall paradoxical motion at CPB
off was also seen in group L.
EHLCPBRTER SNBRMECLLEE (I#Hp<
0.001, II#FEp<0.05 II#F p<0.0D) w4 L, IIEf
TIXVAD1 R 13.8+11.3%, VAD3S K [E18.7+
95%LHBFERXTRTHY, VADKT 1ERI9.5+
W AR L ELRFRERD, HBECELEE (p<
0.05) WRMECH 7. MBECTHVADIER5.9+
13.5%, VAD3 BRI 10.2+14.6% L BEIZARETH
D, VADRT 1B 64213 4% LIS TE LD,
MBI L TER (0<0.01) EETH - 7.
35 HOHERE
3-5-1 AZE max dp/dt
#2 max dp/dt (mmHg/sec) 1%, A5 & FKE
gLKkD, IHTRCPBRT CHBED 72.3+
31.6%, VAD B 1 R CIIBEE81.7+£23.1%, III
HLT74.6+27.7%, VADER T1EMc@II &
102.1+41. 1% E EMER 2R o, MEETIR67.1+
R2.2% L FTEBETH -, I, ERCAERZ T
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(%‘) (mmHg)
100’] [ P w1 T
201
504
*p<0.01
O G I (h=10) *%p<0.001
roup I (n= C
L — O Group I {n=10) 104 lr:l_SJ O Group I (n—lo)
NS NS @ Group It (n=10) [ Group T (n=10)
o " @ Group Tl (n=10)
mean + SD
= | = , mean= SD
Pre CPBoff VADon VADoff

CPB : Cardio-pulmonary bypass
VAD : Ventricular assist device

Fig. 7a RV max dp/it
No significant differences were noted
between the 3 groups at any time.

(mmHg)
307
[}

204 NS #p<0.06
O Group I (n=10)
O Group IT (n=10)}
@ Group il (n=10)

15 ) +

| [ * mean =+ 8D
1 NS

Pre  CPBoff VADon VADoff

CPB : Cardio-puimonary bypass
VAD : Ventricular assist device

Fig. 7b mRVP
Note the significantly higher values of
mRVP in VADon compared to VADoff in
group II. In group III, there was no

significant difference between VADon and
VADoff.

b teh -tz (Fig. 7a).

3+5-2 EHEEE (mRVP)

EHARE (mmHg) &, EEFR®ES LL0OFY
ELTRDI., FoXMREE, 1H24.8£5.0, 1IF
21.0+3.2, II#E22.6:5.4 & 3FHACBEEZEIABR
feh o fo(Fig. 7Tb). I FXCPBHT 1 BER#% 22.5+
5.3 L IBIERBETH -7, IE I VAD BIfA 1 B ©
20.5+3.2 LA TH B2, VADKT 1R T
26.41.2 2 FE(@E<0.05)wEmL 7. HIFE VAD
BEIA 1 BER 20.5+4.5 L iziSEMETH D, VADKT 1
BRI 29.746.2 L EM@EM AR L. 11, [IFHE
A EBE L bR o .

353 FEEE (mRAP)

FHABE (mmHg) ¥, EEFRAES L0
LLTRDR. FORBEMEE, 189.2+2.5 I
8.5+3.0, M#E9.3+2.5 & 3HMAEEXALLRY

Pre CPBoff VAD1h VADoff1h

CPB : Cardio-pulmonary bypass
VAD : Ventricular assist device

Fig. 82 mRAP

Note the significantly higher value of mRAP
at CPBoff in groupl compared to groupII
and groupIIl at all time. There was no
significant differences between group Il and
group III. In groupIll, the significantly
lower values of mRAP in VADon compared
to VADoff can be noted.

(%)
1001

504

O Group I {n=10)
A Group I (n=10)
@ Group I (n=10}

mean =+ SD

Pre CPBoff VADih VAD3h VADoffih
CPBoff1h

CPB : Cardio-pulmonary bypass
VAD : Ventricular assist device

Fig. 8b RVTTI
Note that RVTTI is decreased in group IIL

hote (Fig.8a). I B CPBHRT 1B 20.0%
5.1 LEE (p<0.001) i Uiz, IIEEE VAD Btk
1R 10.344.0 S BEIMER 2500, VADKT 15
BT 13.912.5 & X HEino@EE %R Lic., IR
T VADBEIA 1 BRI 8.8:2.0 & WA E A % 3 D,
VAD T 1 BRITi3 14.84+1.4 &A% (p<0.0D) &
il I, MEMclEEZERRbh b7 1
Bz LI, HTEVAD L Y BED®<0.00D 7k
BWAhERL, VADET 1Rk - THEE (p<
0.05) KIEfETH - 7.

3+5.4 752 tention time index (TTI)

#HE TTI (mmHg * sec/min) 3, AEELEFEE
DFEIFEE X b CEHMBINRE) X (RHEEED X LA
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O LU TRz, VAD 1 BRI CIIEE kiR (688 +
209) ¢ 111.5+37.4%, VAD 3B i T 12 110.4%
21.3%, VAD#T 1BRTi3119.0£32.4% & I3ER
ETH -7 (Fig. 8b). IMIFF T VAD 1 B cRBE
(666+254) @ 90.6+23.6%, VAD3K [ T 91.5%
25.6%, VAD#T 1B T1393.3£26.3% & (218 H
BEThHote. I, NFMCEREZ I

3:5+:5 AE—MOULFESFREE (RVSWI)

EEH7- b © RVSW (gm/kg/beat) 12, (FFhH
EE—FHERLE) X (FEH7- Y o—EHELIHHE) X
0.0136 & LTRdFe, ABMETEIE0.09+0.03, U
BE0.09+0.04, IIF£0.0920.03THD, 3EE BT
FETH - (Fig.9a). IHIHERL L LIEEP<
0.005) wigd Lich, N VADIERE<T0.05

0.1

*p<0.05

% p<0.01

#kk p<0.001
O Group 1 (n=10)
O Group I (n=10)
@ Group I {n=10)

mean SD

——
Pre  CPBoff VADIh VAD3h VADoff1h
CPBoffih

CPB : Cardio-pulmonary bypass
VAD ! Ventricular assist device

Fig. 9a RVSWI (gm/kg/beat)
Note the significantly lower values of
RVSWI in groupIIl compared to groupll
during circulatory assistance.

(%)

30
#*p<0.05

% p<0.01

O Group I (n=10)

O Group 1T (n=10)

@ Group I {(n=10)

meanct SD

Pre CPBoff VAD1h VAD3h VADOff1h
CPBoff1h

CPB . Cardio-pulmonary bypass
VAD ! Ventricular assist device

Fig. 9b RV % systolic shortening
Note the significantly higher values of %SS
in group III compared to group II'at VAD3h.
During and after circulatory assistance,
there was a higher value in group III than in
group II.

BEREOTEIAT 50 VAD O LRI 253

0.02, VAD3K:f ¢ 0.040.02, VADK T 18
0.04+0.03 LFERAE & b L, VADKT 1 KRS
TXTBEELEE (p<0.0D) &b Lic. LIFET
1T VAD 1 BT 0.0220.02, VAD3EFRIT0.02%
0.01 EHBECILLER (p<0.005) L L7,
VAD #£7 1 ERICI20.0520.02 ¢, XREE ORI
BHEREEROW T, NEEMBEOKE T3, VAD
AP RIIFECHELEE (p<0.02) EEY & D,
VAD T X 0 1RISEE & 7o 7o,

3:5+6 HERAOEHUNREE (%88S)

% BB IBE30.1+3.8, [I3£35.5+410.9, I &%
30.1£9.1% L BB E R TD Hn - 7o (Fig. 9b). 3BEE
b CPB#®THERBCEA T, UBHTEXVADLE
M116.0+£5.2, VAD3K R 12.2£3.7 L B4 L,
VAD#7T 1 ERIT13116.8+6.9 ¢, WBECLLTE
= (p<0.00D) IIEfETH - 7-. IIE T2 VAD 1 R
19.9+9.4, VAD3KFRI24.1+5.5 X L, VAD
BT 1IRMT20.527.8THY, XMNRBRMEELOMICER
Eixiehr ot ¥iz VAD 3 ERCi, MEHRIIENC
LTHE 0<0.005) cEExRLT:.

3-6 BIIRMEGRDIE (Pa0,) {E (mmHg)

o BAE T, I18106.8427.7, M #96.2+6.2
mmHg & 3 ERETH 5, VAD 1B I I8
111.9+71.2, IIEE81.1+20.4, VAD 2 BRcur IR
104.3+37.3, MIBE56.8+6.9, VAD 3 BeRI-c I II B
73.4+15.9, M EE46.5+2.2 2 HIEMET L,
VAD 3 BRI CRIIFRIFECELEE (<0.00D)
EEEZRL, BEEBREESCT) Pa0, OBERZALD

(mmHg)
150+
T
100+
*p<0.001
4 O Group I {(n=10)
@ Group I (n=10)
504 mean =t SD
F 4 b

Pre CPBott VADon VADoff

CPB ! Cardio-pulmonary bypass
VAD : Ventricular assist device

Fig. 10 PaO,
Note the lower value of PaO, in group III
than in groupIl. There was a significant
decrease in PaQ, in group Il at VAD3h.
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nish - 7z (Fig. 10). F/ MIEHDO 10 fidr 8 Flic, B
B ggrz 1, [REAREDO LABIOREF 2 —
THI D OEIKE D, FIKENE BB IRENL
Lihieh, IBETRALRE -

% =

BEWAITEIR BBV, 1957 4F Stuckey et al*V 2N0EH
WELILLEMRY s v 7DBBLe—-F—RVY 7K
LB EMEREIT » ORI TH 5. DWT, 1963
% Liotta ef al/™® 13w — 35 — RV 72 L0 %
T\, 1965 4E Spencer ef al® (2 LFEENC X BRHD
BRI GRS E Uic, AIB-C1T 1980 SETiBBIA T0
i (VAD) oBfOBKIGHEA R En!, 1980 F X b
1989 4F 3 AKX F Tty 140 MR B 2 57, FOREHER
359 56%, HHFEIL 22%TH - 120, FEEOKESH
REERTEMOF)td bh, MOF 0 FH X VAD %
BRI OBBEFAE L VbR T BT AL %,
AEBRCEHERT AV, EEOBGEOLHEED
RREBEAEEL, BRAEMERET W LT XBIRER
(AXOZTWAELEFTARIER L. i, R
WEIE LTS ERE R VAD O ER L. 20
SO AXCROHABET RS oBEEL XL,
ATP &I 50% LA T Icid 5700, LEFEOREE
BEIFEEL EXE2 5051519, VAD % R ¥R
HREh & Loz, RoOLHEE 180 B/ 4iedih,
VAD OBHEATRATETH B &, TEOFRE LT
L b BRI s e ios, RERE Crire.Lof
Bt b E 2 b TH L. ERERT
%, VADBRENZ X b ALk TLEEDE B icEd
BH R, il TEieBT5IREERETO
IediEZ LR, EBERMIZY 32 LEEFEDR &
W, —AEBER VAD X b ZHEES A
TRy, DEBHREELCE, EEERECLAES
FARBEARNEBELE 2 bhA. HLTE, LE
FEv: VAD BREhE b Ra UE BT R OfE & SERE T
b, WEDRET5Tiiieh ot i VAD BERSE
GEERIL MI#FESENL TR, DHEEOR
PEHELEDLED EMMEEN O EANRLORE &
LThwoldEL2bh5. MiMEEKEFORRE L
TiE, BREMENRE, F/MHEROEERE 2L,
VAD iw & b mEEH o EF Ui ffiictim LTz
VAD #Biic X b BEEA LR LD EE L LR,
EBEEX I VAD BREVE EREA 250D 7o 73,
HIFHC VADRENC X W KB $#F S hik.
fo, RBOBEEOIEE S VAD I2X b RiFiciiEsh

s} LR B G

BLEIRIN, ThbDzEIbh, HLEENT
b LB RLOLEAEDENIC X B LEA~ORATR
BEHRZIBLD0THBE PRI, ¥l y
BRI R ENRMESS R LRBD Hh, LE
~ADFERBRBHIRE DT T, LFREEEED
B LEEE NS, L AUMEITRERPIZEC
DEMEIRRREE R e B ETH - THBELE, B
RON 3\ Il BRiESE, RKBBER A& iThlX
BEOEOMAES 100%RITTE5EE 2. Eb
REERTE, HLFRI D SORELHOEERTRE
OFER L I o fed, AEBRICRIT B LURL, 17
KEIRERIC X W EREh, D oAREI W A EZEDODL
BRI, ELBMOTELAEEELLRS,
Dz, EOLRORBEITE SimEEBOEERSE M
VEEIEZ b, %7, RVADDFERIL h HLR
LOWBIIEHTH L LIRINA. L LASER
1=k 5 RVAD BREfflic ks CikKExX & o LicZ &
b, KA ANAETRVAD RERENT 5 & Ll
B BIR LA, g o ChgaEXE L2 % Pa0, ©
BT2BE, £FORBBMEY XT3 LAVRES
iz, Dembitzky et al'” X RVAD iR\WTIIIMED
#hmz X v pulmonary capillary leak syndrome % &
7oLz &5, ¥ Toporoff ef al'® I1352ERY
CHE LA ATES 100 mI/kg LA L CEEILIE S,
WK EEEML, SRENcnEEE KEXR
Fs X OO M &R i L HE L T 5. i
OHELERTHE, TEHRTLRETRVAD
PEREIT A2 LA E LY. oM OREE AT ORI,
AT TLEOIROEELAEDL DT
DB~ bridge use BELHFER) LT 2o
FRAENEAL WAL D EBbh b,

5 £

D 20 5o LT KERERTIC X 2H.O0TE T A
PPEELL, WEATOR (VAD) 2T %
3BT, LB R YRR L

2) OFER T HOLEEEE, MOBBoFBNED
WAL » b RIFeER 2R L,

3 bk TthELOEEREFTHD, Zhit
EGBMOMOLREDTH EE L bR, LLOEEI
X HIREHEOREINAHEEE 2 b

4 LDHEBPHROCEREREL D b, LERER
Erl2LFEEBEoRI I sb0EEL SR

5) BN sVT, 3 R E e VAD BX
BTRALTAEDREYTRBT LRI A LRI -
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7.

6) HUHPRHTFOLBEEEIRECH -7, pul-
monary capillary leak syndrome % & 7: UL{KEE R I
Ex BT b, VADEECHI» TRERES=
A =BT\, WMEIEKE b E d CEETBL
ERbDHLEELZLN.

7 VAD BEEOAEICRT28BREF B
ThHDHIEWRINADT, LBHEA~D bridge use &
LChzoRAI RIS,

Eillkia
BErkzsepich, HBE, HRMEEE - /IR
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HLCOBEREMICEHIN L ET
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