Experimental studies for New Clinical
Applications of Left and Right Ventricular Assist

Devices

BEE:jpn

HhRE
~EH:2017-10-04
F—7— K (Ja):
*—7— K (En):
YER

A—=ILT7 KL R:
Firi&:

http://hdl.handle.net/2297/8006




60 SIRKEHSEEEMEE HoTHR B 1% 60-82 (1988)

LB LA O T UBOFT 72 72 BRI e H
OB R OE BB OFF 3
BriR KRR — IRl s (BT D 8 BHHIR)

T ST N |

(FEFI634FE 1 F1 5 HEZAT)

5 e

ELB L UCELEIATOHOFH LWEKRGHE BN L LA EREREMERR0REA T
72, LVAD ZEAR I Fontan By v > b L MOERIC & 25 L LERMERT 7L 2ERL, ZOM
FEREOBRS R B L L7z, ZOfE, (1) Fontan By v >k #{E8 U BHIREIAED £ BEEHICRAZEL 12
%, LVAD BREID A TRMHOBEE#EL (BRI LLD, ( EM%*men@/V/b ElLRk%E
LVAD BRS¢ B0 % DEMENC S ¥ 2 A MITEE OB 3 % ¢ (EBEE L-2), (3)LVAD TRHL &t
5T LERRE L R R L OSBRI 2 ITEI L 120, AEOH EE%&E%M%%E(D HTHHE
EOBREEFMNEERICHA S Z e TEL (ERIEL-3). RVAD EEBHIE, RVAD Ol B L &
B3 >MOFH L WIEREOHBEZERNE LT, MMD&HNV%ﬁ&ébﬁf Z OFER() HFJV i3
EEE S 7  BREIELE  1E CTRRIMGIS R < (EBRBER-1), () RVAD RAELBREL DT~
2 %L TLT, AR REMEET) LIS oMo & D W&%ﬁw#ﬁth (EBRBER-2), QMR R TIE
RVAD % 50~75 ml/min TEXSH L 7z HFJV % DGP 2 kg/cm?, DGF 3Hz @%@'ﬂ#ﬁi’s" B LR
TEBBEHRIL T TR E VRS & e (EEBREER-3). RIAEE LT 20O BRI DEMBEL 24w
25, LVAD EEAR D, 5 45 LEEENSE 200 & KT 3 R T OPRIMATE ET & —H#9c LVAD & 4
WBIEICLD, BRALOEZREEORMAICTE 2 AEMESTRINL, & & ICIPREEEE ERMAL
DFEREr LEBREIHLTHTH S5, RVAD EEEFR L HFJV DFEBIEIZIRE RVAD 2 & 205 -1
RN A AREEE R BT 2 T D I IRIREREE 2 R E T B Z L ST E

Key words #Bh A T.OME, -LiEf4E, Fontan ZU v b,

BHEEY = v MK

E’E"[&‘is

BiEOESMEERER O RE I EE MREOARRER
EEEGC LTz, AR L U CRSMEROBER »I Ik %
VIESIC L BT 5, WIEROMRIZEIER L
FRAUCCLTCHEL, TOX3 B ATLR»SHRT
2 WERI G T B DL 2SR P KREIIRM
IN—wivEv sy (IABP)YRERBAWTER. Ly
LBEEFAEZFEMT 2ICo0NT, s OFEBIERE
BT b I CTERYER PR E b & O BEbLH E B S
BT B X Ok Y, FMBIATLE (VAD) »LE
ko T &,

KT VAD B OBREER L LTHL ShTE
N, Bler—F L0052 0EBEDHOMRE
LT, ZeBRBATLOE (TAH) #HWwa128T
Wiz ot AT ZOBRBEOLENE» S EED
VAD B T w3y, L L, EOMEIA O
(LVAD) ®#& 0B A T.0f8 (RVAD) OREBRHH 5
VIR ThbN TV A I bbb T 20
EREERY R B RS A A~ ONIEY, S 2OM
9, HEIEOWRE s CRIEMN SV, IR HE £ 158
WILERSHED  ORE R EET S L, EELOTe
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Dopamine chloride ; FDA, Food and drug administration ; Fs, Fraction shortening ; HFJV,
High frequency jet ventilation ; HFO, High frequency oscillation ; HFPPV, High frequency
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Fig.1. Proposed surgical procedure for the treat-
ment of irreversible profound left heart failure.
The treatment consists of the RA-PA anastomo-
sis (Fontan’s shunt), closure of the tricuspid and
pulmonary valves, and the construction of a VSD
to unite the right and left ventricles. The
inefficient right ventricle, which is expected to
drive the systemic circulation, is assisted by the .
temporary LVAD.

positive pressure ventilation; IABP, Intra aortic balloon pumping ; IPPV, Intermittent
positive pressure ventilation; LAP, Left atrial pressure; LVAD, Left ventricular assist
device ; MAP, Mean aortic pressure; MLAP, Mean left atrial pressure ; MPAP, Mean
pulmonary artery pressure; PA, Pulmonary artery; PAF, Pulmonary artery flow; PAP,
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Fig. 2. Sequential expected changes in the
systemic blood flow (SBF) generated by the use
of cardiopulmonary bypass (CPB), the ventricular
assist device (VAD) and the natural heart. After
weaning from CPB, the VAD will compensate for
the reduced SBF (area A) by increasing pul-
monary blood flow and eventually stabilizing the
SBF (area B). As the VAD pump flow is
gradually reduced, the natural heart output
increases sufficiently to maintain the SBF
without the further need for the VAD (area C).

Fig. 4-a. A schematic drawing of the experimental
procedure in group L-1. After the Fontan's
shunt and the LVAD were applied, pulmonary
artery was occluded step by step in increment of
0%, 25%, 50%, 75% and 1009% occlusion.
During this procedure, AP, PAP, RAP, LAP, TF
and PAF were monitored continuously.
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Fig.3. A photograph showing the LVAD conduits
inserted in the LA (inlet side) and aorta (outlet
side) of a mongrel dog.

Fig. 4-b. A schematic drawing of the experimental
procedure in group L-3. After the LVAD was
applied, the free wall of the left ventricle was
ligated with ventricular septum. Then volume
loading of the right ventricle was performed.
During this procedure, PAP, RAP, RVP, and PAF
were monitored continuously.

Pulmonary artery pressure ; RAP, Right atrial pressure ; PVR, Pulmonary vascular resist-
ance ; RV, Right ventricle; RVAD, Right ventriclar assist device; RVEDP, Right ventri-
cular end diastolic pressure ; RVP, Right ventricular pressure ; SAH, Single artificial heart ;
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EXPERIMENT GROUP R-1

IPPV

HFJV 1kg/cm? 3Hz~10Hz
HFJV 2kg/cm? 3Hz~10Hz

Fig.5-a. A schemetic drawing of the experimental
procedure in group R-1. The respiratory condi-
tions and hemodynamics were compared between
IPPV and HFJV. The driving gas pressure of
HFJV was either 1kg/cm? or 2 kg/cm? for
different experiments, and in each experiment
the driving gas frequency was increased stepwise
from 3Hz to 10Hz. During this procedure, the
AP, PAP and PO, were monitored.
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Fig.5-b. A schematic drawing of the experimental
procedure in group R-2.

RVAD was applied between the RA and PA. The
output volume of RVAD was increased step by
step (Group 1, no assistance : Group 2, 50 ml/kg/
min assistance ; Group 3, 75 ml/kg/min
assistance ; Group 4, 100 ml/kg/min assistance).
During this procedure, the PAP, RAP, AP, LAP,
PO,, PAF and TF were monitored.

Fig.5-c. A schematic drawing of the experimental
procedure in groupR-3. In this group, the
procedures in groups R-2 and R-3 were combined.
The driving gas frequency of HFJV was fixed at
3Hz.

SBF, Systemic blood flow ; SR, Sinus rhythm ; TAH, Total artificial heart ; TF, Total blood
flow ; VAD, Ventricular assist device ; VF, Ventricular fibrillation ; VSD, Ventricular septal

defect.
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Fig.6. A photograph of the ventricular assist
device made of segmented polyether-
polyurethane (TM-3, TOYOBOQ). This is a
pneumatically driven diaphragm pump, and uses
Bjork-Shiley 23 mm valves at the inlet and outlet.
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Fig.7. The VAD pneumatic driver (VCT-100,
TOYOBO) (right) and the high frequency oscilla-
tion jet ventilator (left). As the drive systems
for LVAD and RVAD are separate, we can use
this equipment for biventriculas assistance. In
addition, it has the back up system for the
disturbance of drive function.
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Fig.8. The pulsatile blood pump (PBP) Model 20.
Originally this system was made for a pulsatile
generator for cardiopulmonary bypass, but is
currently used as the temporary pneumatic driver
for VAD in clinical ceses.
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Fig.9. Effects of LVAD assistance on hemodynamics under pulmonary artery occlusion. The
MAP, PO,, MPAP, PVR, RAP, LAP, PAF and TF were compared among the data groups obtained
at different grades of PA ligation and between control and LVAD assistance. Closed circle, the
value of control; open circle, the value of LVAD group; *, p<0.001; %%, p<0.01; NS, not
significant. All data was analyzed by ANOVA before using the student “t” test. The respiratory
condition was controlled under F,0,=0.21 with a respiratory rate of 20~25/min, and a tidal
volume of 15 ml/kg.
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Fig.10-a. Changes in hemodynamics accompany-
ing the generation of ventricular fibrillation (VF),
under Fontan’s shunt with pulmonary artery
occlusion. LVAD assistance indicates the
generation of VF.
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Fig.10-b. Absence of changes in PAF and TF
after the generation of VF. Open columns show
the values of PAF and TF before VF. Dotted
columns show those under VF. NS, not
significant.
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Fig. 10-c. Absence of changes in PAP and LAP
aftes generation of VF. NS, not significant;
closed circle shows the values of sinus rhythm
(SR); open circle shows the values of venticular
fibrillation (VF).
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EnBoni,

2. EERBEL2
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Fig.11-a. Chages in pulmonary artery flow (PAF)
at the several preload values. Closed square,
PAF of normal heart output (n=9) ; closed circle,
PAF of successful group (n=6) with dopamine
chloride (DOPA) over RAP of 17 mmHg ; open
circle, PAF of failed group (n=3) with DOPA
over RAP of 17mmHg; shadowed area, the
preload range which needed DOPA.
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SIRGEIRREE L ZEE b Rk CH 72 (10-¢).

4. EERBEL-3

1) ALaHBOZE{ (B11-a)

HOEDLHEE R Starling I TEMa B 8,
HEO B BEEES) T & 5 0 HES I SRR X Hras L
TETL T, SEFE 17mmHg DL ETidiER F —
NEYORB ORI SLET, RVEDP7 mmHg
DEDOR (n=3) RFERHOBWINCIHZ TN FHL
EHBRET LELTRL -7,

2) FBEIRIHEIIEDZES) (50 11-b)

EEEH 17.5mmHg 1% T3 £ CARER 201
Tl &, MBRIEERE F§A 65 mmHg ¥ CLR
L7z (n=9), W N —S3 U 26HT2 & #RERA
6EHIE ChA ED&EF T PASPIR ERL, BX 86
mmHg ETELL, LHLEAELTRIEE- TR (n=
3) T PASP O LR UB LT, WIRMICLEER
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3) BELBRRPECES (K 11-c)
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BN —s8 2 VBT i o8, ALFREME-o Rk
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Fig. 11-b. Changes in pulmonary artery systolic
pressure (PASP) with preload. Closed circle,
PASP of successful group (n=#6) with DOPA over
RAP of 17mmHg; open circle, PASP of failed
group (n=3) with DOPA over RAP of 17 mmHg ;
shadow area, the preload range which needed
DOPA.
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(n=3) CREEEERE»MT 2 L ABTELREZR
HEK18.8mmHg £ TEL 72,

4) RV Peak dp/dt OB (K 11-d)

FEE#% 17.5mmHg $ CLHE &3 L RV peak
dp/dt i3, &K 996+ 132 mmHg/sec % THEL . L
HLERUEDOBEBETCRIER K — s Y ERVT
LT ARTOX (n=9) TRV Peak dp/dt O _EFE»H
5% (% & 1T AN

5) % 1 EAERZOEE (K 1l-e)

TRTCORCHEBELFE & HTEML 22528+
6.2mmHg * ml/kg iZ3E L 72BREECIE & A E B b2 2
<7D, REEWMCEBRY— S V2 HMHALTHAE
1 EfEEE ML a»o i,

M EokER» o HEBHEDAD LB EEED
14~18 mmHg & Cl@E - nhil, EFSEVR> 7
BEESAMETHBLNS Z Latbr o, EEMI
BIFANEWIC L 2 b ¥, MRRIEEETE
FRMHBRIGEHE 22 S ERECED S Z LN TE
7z. Lo UAEFE 18 mmHg BL R 3 &g L#Ee
G e A LRI ET L7z,

II. RVAD RB&R

1. EBEER-1

DGP 1kg/cm2BEE 2kg/cm? BED 2 IOV T
ERBIES A ZE 2 %455 PO, MAP, MPAP % HIE L 7:

|
(0] 10
Right Atrial Pressure {(mmHg)
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Fig.11-c. Changes in right ventricular end
diastolic pressure (RVEDP) at the several preload
values. Closed circle, RVEDP of successful
group (n=6) with DOPA over RAP of 17 mmHg;
open circle, RVEDP of failed group (n=3) with
DOPA over RAP of 17 mmHg ; shadowed area,
the preload range which needed DOPA.

(R 12). WAOEEEREL T, BREEBDan
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EEEEE DGP 1 kg/cm?, DGF 3Hz T 6210 mmHg
~, DGP 2kg/cm?, DGF 3Hz T 71+ 4mmHg ~&
{&F), MAP{EF (IPPV T® 12214 mmHg % 5
HFJV E#3:% DGP 1kg/cm?, DGF 3Hz T 86+ 8
mmHg ~, DGP 2kg/cm? DGF 3Hz T68+12
mmHg ~E{ETF) L7z, La LIBT3 DGP 2 kg/
cm? & HEER L C DGP 1 kg/cm? O A WMEBRINEIRI R
i HIRRASAE IR T L 2 BN H - 7,
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Fig. 11-d. Changes in RV peak dp/dt with preload
(n=9). Shadowed area, the preload range which
needed DOPA.
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Fig.1l-e. Changes in RV stroke work (RVSW) at

the several preload values (n=9). Shadowed
area, the preload range with needed DOPA.
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4 T2 50.56+5.8 mmHg 2 L 72 (5013).

2) fifi fn ¥ 4K BT (PVR) 12 Group 1 T 608+ 198
dyne/sec/cm ™ L &n o 72, RVAD DFi s % BBz
EFTIT<eREvERBICLRELT (p<0.01),
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13).
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Y, DRDOFEHEAHELBEL L, £k
Group 4 TREWHEEZ L 2w L HABREBES LMD
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e LB o RBRES LIF 2 0B H B
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4) KRBE (LAP) I8k, 5 0 BRI % < 7 0
BELAHAHICL 2 H R ELRE2E L
9.4£1.5mmHg (Group 1) #» % 16.4+3.2mmHg
(Group 4) N HEIW AL (p<0.01, F13), =
B, Group 2 LLEOFEEEETILER 2 HE I £ 2400
RO L THEB R -3 > 2 BTG L
7z,

5) RVAD Iz k2 A4 BIRME#E (PAF) &
MEAEILO & I EMIME R FER L T, M
WERBANBRLUL, $RERE 2R DERLEZLOO
BEEF — N3 Y HEEIC T PAF IS U 7z & B i i &
(TF) #BAtH¥ %2 2 23T &7 (M13). PAF It
1926 +238 ml/min (Group 1) #* % 2878+ 482 ml/min
(Group 4) £ THEIZMINL (p<0.01), TF L Zh &
EIEEATL 72,

6) FHRENE (MAP) (ZHR N — N3 S AT
T122+£26 mmHg (Group 1) 7 % 182+30 mmHg
(Group4) rHEC LHELL (p<0.01, K 13).

7) Fi10,=0.21 COFIRMBEZESE (PO, 1 90+

ommHg (Group1)# % 38+16 mmHg (Group 4) &
BEERICHELET (p<0.001) 25U (K13).
3. EEAHER-3
IPPV %3488 & LT, DGF # 3Hz & LT DGP 1
kg/cm* & DGP 2 kg/cm? O 2 FEEHOBKEIE T HFJV
FEEIL, THhEBRIER2 LA RVAD £4tH
L7:. RVAD OfEIsi# » HFJV DER BN S0 £ 45
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Fig.12. Respiratory and hemodynamic changes
under high frequency jet ventilation (HFJV) with
increases in driving gas frequency (DGF). Driv-
ing gas pressure (DGP) was fixed at 1 kg/cm?
(upper graph) and 2kg/cm? (lower graph).
Closed square, the value of PO, ; closed circle,
the value of MAP; open circle, the value of
MPAP.

Table 1. Two factor ANOVA table of L-1 experiment
Effect of Factors
Parameter
LVAD PA Ligation Interaction
MAP p<0.01 p<0.01 p<0.01
PO, p<0.01 p<0.01 p<0.01
MPAP p<0.01 p<0.01 NS
PVR p<0.01 NS p<0.01
RAP p<0.01 p<0.01 NS
LAP NS p<0.01 p<0.01
PAF p<0.01 p<<0.01 NS
TF p<0.01 p<0.01 p<0.01
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EARIEZTEEICIODWT ANOVA R L BMERTT>
7 (#£2), AEOBBILREBECERCRD Sz
(p<0.01), WECHEEMIZ L2 HEKCDOVTH,
PVR k PO, 2B i-fho BB ERCREDL O AR
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(4 14),
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LHBELTHERCE» 2 (p<0.00D),

3) BRI E (PAF) 350 HR & A% 2082+ 326
ml/min T#H -7z (& 14). Groupl Tix DGP 1kg/
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10314229 ml/min E W FNH HFREICET L 2 (p<
0.01). FiEtr & RVAD O®BIE % B 77 < icfien
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Fig.13. Effect of RVAD on hemodynamics. The MPAP, PVR, RAP. LAP, PAF, TF, MAP and PO,
were compared with glades of assisted flow. Open square, no assistance (Group 1) ; open triangle,
50 ml/kg/min assistance (Group 2); closed square, 75 ml/kg/min assistance (Group 3); closed
triangle, 100 ml/kg/min assistance (Group 4) ; %, p<0.001; **, p<0.01; NS, not significant ; F,

0,=0.21.
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BEWCEFLL (p<0.01), o THEE LT
F—=FwES D&, DGP 1kg/cm? Tt Group 2
O KF (1887+345ml/min) & DGP 2 kg/cm? T i
Group 2 O I (1797 +385 ml/min) & Group 3 O K
(2149273 ml/min) TH - 7=,

4) ®FMEE (TF) i3 PAF & 3T Ui réhse
R L, [EHROFRMGE T THBE CEBORRSE S 1L
7= (B 14).

5) HBEFE (RAP) 12 RVAD O#ighFikt % LiF 2
12 vy, DGP 1kg/cm? i 11.5+1.3 mmHg 5 %
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TL (p<0.001), RUEREHERICIIHEIC DGP 2 kg/
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1.ImmHg %% 12.9£2.3mmHg ~, DGP 2 kg/cm?
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Bhdiset, MRUUEHEHTZ L CAH R 89 2 22O EE
ORIED 3 D2ORTF-D /3T > A2 & b s &b+
%, FBIER-2 L FERC B HEBIEE (Group 3~4)
TR F =3 v 2 ML 70, ELRews -1
RiFINSDRF & FBFRZ C LAP BB E%E R L 72
oo, KERBEONRMSERIL 1.

7) VHREIRE (MAP) |3 HERBIEEE & L BT
B bICHRBICE@EERLE (p<0.001, B 14), L
2L RVAD BUHIRE (5913) & H L THEETE & &
MAP »HEWEENC H 0, HFJV & & 2 1EBINGIsh 8
2L SRBL Tz, W/ (IPPV) o MAP &EMT
H-72Did HFJV OB 2 & 4 Group 2 &
Group3 DB TH - 7.

8) BONRILEESE ST (PO,) @i 9 x—9—
&9 RERMREE RV, WBETE L b Group 3
ERERELTOULAELL (®14). £7: RVAD #

THEEBY OBFO & 5 1 flBH ik L BURAY I B b e
¥, RVAD IZ & 58K 4« fi{E 8804 HFIV 25T %
HTLOERLZD Group3 £ TR L 5%
BHMRER LI

% %

AT (Artificial heart) D843 Flint % “The
Devolutionist” & v 3 Bl /B9 g1 o T
“Implantation of human blood pump (Total
artificial heart)” #30#kL CTLAde, BE 66 FEOREL
EHATE, KY Demikhov 5 RO ERK
L&A U 72#% 2 © @ membrane pump 2L 72
b3, BWAEDANLUO K I: McCabe & AR HAL
R 2= — D%y 7 #) Double-chambered pump
(Hydraulic power source) %M 2AALETH S,
£ D% Kusserow &3 R AR £ E 8 & L2400
BIA TG (RVAD) OREZAA %2170, FFE2 ) —
FI R0 Zy 7 BWT Akutsu 59T & B R
BV EEEYA O (TAH) OBWiE 24
KBS ITHNT,

LG L U TR ERISE & iz 0 ik Zwart
SN X ZHBIIRE KEB#IRC KU 7L o o8y
=2—7 &AL Roller pump & (FEH) OELDL
NARRAT, THRBERLHNIC LB AN ERIC
WTWLARY 7ORBICE B, DSR2 F 0
BLOBRO BB REIZOUTETEY, FETL
EED VAD 3188 (517 7 5 A8 2 [0, .y
7R 1 HERY) & s 7z 46 BIOEEIRIG FAOH31T b 28
] (60.8%) 5 VAD 2 SEEBLL T2, L LEED
VAD BRABEHATE T, BEBRTEERNI LB
O T EEBZD,

7 F Y ZLEEZERT O Cooley 532 & b R ¢
OTOBEAOHKE & LT TAH 1o & 2 65 BB
BRORTHRA WL, CORSEBHREL Lo

Table 2. Two factor ANOVA table of R-3 experiment

Effect of Factors

Parameter
RVAD HFJV Interaction

MPAP p<0.01 p<0.01 p<0.01
PVR p<0.01 p<0.01 NS

PAF p<0.01 p<0.01 p<0.01
TF p<0.01 p<0.01 p<0.01
RAP p<0.01 p<0.01 p<0.01
LAP p<0.01 p<0.01 p<0.01
MAP p<0.01 p<0.01 p<0.01
PO, p<0.01 p<0.01 NS
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Fig. 14. Effect of RVAD combined with HFJV on hemodynamics. DGF of HFJV was fixed at 3Hz
and DGP was either 1 kg/cm?® or 2 kg/cm®. The MPAP, PVR, PAF, TF, RAP, LAP, MAP and PO,
were compared among the data groups obtained at different grades of assisted flow.

Closed circle, the value of HFJV 1 kg/cm? group ; open circle, the value of HFJV 2 kg/cm? group ;

*, p<0.001; #*%*, p<0.01; NS, not significant.

F,0,=0.21.
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AEERERILIEET s T3, 2RI A L#EE
PELTEESNTOLT L EOEEESIFFTTRIICEE
T NT, #ir s —REOHBIA TOBTI R T &
Hutw, MEBESEES R AERAbEEA TS
AT LEBOEGE—RICE D2 R LIRS
T8h, BREMEERICAE L TEERICLD Stagel: —
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PO AT EERAT = BEHA I — BRI E R © VAD % #Iib
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Stage 3~4 R FES W2 HLHBEEZBEIC L E
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BB A SN T3, Sugita & ZEEMMELE
HALBMEERO 10%L 22w i EHL,
Stage 3 DWE L L T2 M- LETHEREZ
T, ZRICKAFERZEH® & L7 Single LVAD
pump #EBETAET LR 2HEEERL: (K15a
). VSD % 8 L T .0 E % 8.0 16 U 7z Series
Configuration & .0 B HRERBATHTIC £ % — BT ¥ A
292 %47 - 7z Parallel Configuration iZ SEHEOTER
B TEGECR O I LN TR THE - EWMEL T
Vw3, Frazier 5 0EPREEATEL TEZEEHE
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WTHHATLEOB AR T ELEERTOAD
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&5 FMHEM R L, BRALOELBELTEC
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NHERENTWV S, Plerce 53 HLFR%E LRKH
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L OEAL 720 LVAD N2 2 [ oo n s
EEHREANTVS, BEF 53 LVAD 285 L ME
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Hennig 5213 TAH 48 2GAABIHSH LR > 70D
By e 3, ELEY7OATEIPAVERLID
Lo3FEREh, SAH OBE~OHFIEE - 72, BF
SRETROERR R S5 IED T, YFOERLO
LE 260 L S40A4 DE#E S & UERE — Mgk s 1
,¥Z (Fontan By v > 1) 21T\, EEFFD & KEIK
LEELEY FIZTANLSATEEFLVEERL
(B 15-c). COARMERLIEEFRROBRY o EEM
MEEFHE < (PVR X {5 & =8000 kg - dyne/sec/
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Table 3. Staged treatment of profound heart failure, from current therapy to heart

replacement

STAGED TREATMENT FOR PROFOUND HEART FAILURE
Stage 1: Temporary use of VAD for assistance.

Stage 2: Heart reconstruction assisted by temporary VAD.

Stage 3: Permanent use of VAD with natural RV ejection.
Stage 4: Permanent use of VAD as a Single Artificial Heart.
Stage 5: Total Artificial Heart for permanent use or bridge to heart transplantation.
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Fig.15-a. A schematic drawing showing a method
for permanent application of the LVAD (devised
by Sugita). The upper side is in a “series”
configuration, and the lower side is in a
“parallel” configuration.
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Fig. 15-b. A schematic drawing showing a method
for the permanent application of a lafe blood
pump (Jarvik-7) of as a bridge to transplant
(devised by Frazier).
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[BLOOD PUMP]

Fig. 15-c. A schematic drawing showing a method

of permanent application of the LVAD (devised
by Takano). Biventricles are excluded, and a
Fontan’s shunt and the permanent LVAD are
applied.
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Experimental studies for New Clinical Applications of Left and Right Ventricular
Assist Devices Naoki Sakakibara, Department of Surgery (1), School of Medicine,
Kanazawa University, Kanazawa 920—1J. Juzen Med. Soc., 97, 60—82 (1988)
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Abstract

Experiments were performed on 30 adult mongrel dogs to evaluate new clinical applications
of left and right ventricular assist devices (LVAD and RVAD). A new concept is proposed to
save patients who are suffering only from irreversible left heart failure. In this approach, the right
ventricle is used as a systemic ventricle by closing the tricuspid and pulmonary valves, creating a
ventricular septal defect, and replacing the mitral valve is necessary. Pulmonary circulation is
maintained through a Fontan’s shunt by passive flow. LVAD experiments were designed to
evaluate both the physiological feasidility of acute LVAD use after the Fontan’s shunt procedure,
and the function of the RV after ventricular septal movement was restricted. It is concluded that
(1) the hemodynamics in an acute phase could be maintained by the Fontan’s shunt and LVAD
assistance, although the pulmonary artery was occluded by a step by step procedure (experiment
L-1); (2) the hemodynamics maintained by the Fontan’s shunt and LVAD assistance remain
unchanged, even if the natural heart fibrillated (experiment L-2); and (3) in spite of the high
pulmonary vascular resistance similar to the systemic resistance, the right ventricle could maintain
the pulmonary circulation by reasonable volume loading, even if movement of the ventricular
septum was restricted (experiment L-3). Weaning from the RVAD is not standardized because
excessive assistance increases pulmonary congestion. The purpose of the RVAD experiments was
to evaluate the physiological feasibility of combining high frequency jet ventilation (HFJV) for
pulmonary congestion with the RVAD. It was concluded that: (1)a lower driving gas frequency
(DGF) and a high driving gas pressure (DGP) associated with the HFJV suppressed the
hemodynamic parameters (experiment R-1); (2) the respiratory condition immediately worsened
due to pulmonary congestion caused by the RVAD (experiment R-2) ; and (3) the RVAD driven
at 50~75 ml/kg/min could maintain optimal conditions when combined with a HFJV driven by
a DGF of 3Hz, and a DGP of 2 kg/cm? (experiment R-3). LVAD experiments suggested that the
single-ventricularized right ventricle could maintain the systemic circulation with the Fontan’s
shunt and the temporary LVAD, if the function of right ventricle was maintained. In Japan,
where there are few heart donors, this procedure would become a new treatment for irreversible
left heart failure and a substitute for heart transplantation. RVAD experiments showed that the
HFJV is available for the treatment of pulmonarry congestion related to the RVAD.




