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ERGREI XA F I v 272y FIILD
OSBERIBIRh R B 3 5 ZE BRI P 5T

SRAFELHABEH—RE (G ELEFHID)
®mOB B X

OBBE, ATDRCRbH2EELCTEOHEERE LT, HEERBEAWAF LW ERREO IRk T5 2
LEEME LTEBPERY T, EEHOREMNROAXHEL, tOBERNES DX h T seHEREEEL, -
W BB LCHERET A2 E45 3 o 7%y FRERERLE. A BT, ALLDHTEOEBRBELTRL, #1573
7R, FIZTERLL., ALDHERS, B0 2 @ 1AMT, FIMEE 5V, HBUFSKERE Imsec, FBEE
200msec D 6 BRFBIZ TEFHERB L, HENRBHEBIC LD £4 53 » 7%, FRERH S, FIRETHRO 0TEE
HBHN T 7. EEHFAMCL VEFEREECETL, AZNMBETERC LR L, b 0EEHMERREARD L
hic. ¥io, KBIRIEHIE - HE, BIUCEHXBROKEOEE L LAIRD LN, ALEREOLL LT, LfELE
ELTORMBLER TH 7. B BHTIE, ALDHTRAELELAL*IEHE T X TURL, £145 3 » 2%y FETER
L. ALOMEE#EC, BE0MC2 @ 1 RMET, RMEE 5V, FIFHERE Insec, RBHER 200msec © 6 EFBRIFC
CEEHERBL, REAEEEBIC L 0 &1+ 1y 7%, FRIRRIE S, FIBMIEo nTEHBNRNET >, LEH
FIBOZ X 0 KBHIRD IMBHIE - FHE, BIUOEHABIROLKECER L LENB LI, ILEFEXERCETL, A
B X - CHERELBERDDENESh:. AWRIERBBBHE X1 >3 o 7%y FI L DLBERDEODDTOR
EThHDH. BYMTHEOHENEShIH, i, MKREDEMIIFLAF$ v 7y FRARE B LEACLEDORT
B h MR EEORKRENEVET, BREEDOERCEANEAI T » FREETHZ L Bbhi.

Key words skeletal muscle powered dynamic patch, circulatory assist device, latissimus dorsi

muscle

196748 X 0 BRERIGH OBt S Wic LB R 12, BEELTE
DHAPHERLE LTHEEF LWRERYFRT TE . LM LEE,
For—ARPIEHICE 2 5 ZEAHEAORBH S EDO &
2h, TTRBAMERHEIRTE Y, BEEXEEEL£<LD
BERRERERY L >TOHORERTH B, Fhoxms
T AARBA T OB LR S e, i, BREls L 080
LEMHFERCIIMENEIhTVE,. ZhbitfbokERE
ELTEHORRBOMEIWE B Lo OMBE ORI AEE X
NTETCS.

B, [KEH2 OIS E AT OB R L BSRRIC
LD DBRERBI R 1T 5 OB B (dynamic cardiomyoplasty)
X, BE AR T200815# 2 CHRBRBRA LI hTVv 524,
BRARIER ORBIC AN TMATBREOBEE L TLRERRD
—BE R T e, Fi, BB XBIRCE & 135 KBk
BB (aortomyoplasty)™® %, BRI CHREA v 7 {E
BT A EHEBOE (skeletal muscle ventricle) & & 2 B &
B EORBMARDEAREIATHIH, WiFhiF
BmTBRORE L ENHMBEON S & b2 iFhHL:
HEERF 2.

R THE A H2HRA, PR TFETH 6 HXE

*ITEER, BRBORBHRERMCHATE FNER
THRBEBYEZREL, BONM X AF L LIy 2%,
FOREBEE LTHAL, FOBBRRBHHRICOVTRIE
ﬁ’)‘fc.

HREB LU HE

| . RBEME SUHEEE
ERBYIIEE 12~23.5kg (T 15.7kg) DEBOREA =
ISTER e, By % 3 v 10mg/kg (SHBEE, | O
ARSI L D FRBREALZITV, KEREE T IC Harvard A
T 2% (Bodine Electric, > =, XE) V., ©420H,
30~40ml/kg/[EDFEFER T IZFE W& T Lic. BRBOMER
11 Smg/kg/hr D2V b UL E 2 — L (KA AR, HR) O
IRESEITV, BHRERRRE Lish -7,

I. BREHERESTA+ Iy 7)8y FOER

1. B HIRE
EREHYREEE LTHW. REHOosE:, ER %
# 10cm BB L, ETEREHOEREBHIRS & Ol
FRAE LI, BEEHIMHEH Sem HEK L EREAFESR

Abbreviations : .AoF, aortic blood flow; AoP, aortic pressure; CMP, Dynamic cardiomyoplasty; DPP,
dynamic patch pressure; ECG, electrocardiogram ; HR, heart rate; LAP, left atrial pressure ; LDM, latissimus
dorsi muscle ; RAP, right atrial pressure ; RVP, right ventricular pressure
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Lo EREE L. IMBIIRY S O MEIMTIZ TN TRELK. K
EHEMERBTHEE 208 6em B oL S ARl
2RDN—Y Vv IIBEREBEL, BRHIBAL L (K1),

2. ERETIHERHIREIEE OIER

BRI ONNED 2 RABCFIE 35700, HESERE» >
EEHOBERES TEFIALCRET5EB Y H - EBEER
Lic, BB 1DODKY) ¥=— A< e —X (BElE) -t Fhiy
BT520073AF, 78y v bk, HROHEBESE

Stimulator

Respirator

LDM Actuator

Fig.1. Schema of dissection of the latissimus dorsi muscle.
The proximal portion of the left latissimus dorsi muscle
was harvested through a longitudinal incision in the left
axilla, taking care to not injure the feeding artery. LDM,
latissimus dorsi muscle.
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Hook
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BN h_e - XRHECHETES L5 TRER L (M
2). REO— LRI LS EME % 7 =4  THE
BEL, URRZFOEREG - CRZEELE. <r— X 3AH
HOBDUE T 2 A L, BT oOIREK THE/
L, BRHOMBFRIZIZECORACTHETS (K 3). <

Hook
\

Hows
Cylinder 1 Bellows Uylinder 2

o the dyvmmme patch

Fig.2. Photograph and schema of the linear actuator. The
acutuator consists of a bellows supported by two cylinde-
rs. The self-retaining bellows can move unrestrictedly
with linear traction of the latissimus dorsi muscle, and the
configuration of the bellows can be retained on its own
during muscle relaxation. LDM, latissimus dorsi muscle.

Cylinder 2

Felt strip

To the dynamic patch

Fig.3. Mechanism of the actuator. The bellows expanded and contracted in concert with muscle contractions. (A) During the
diastolic phase, The latissimus dorsi muscle is relaxed and the bellows expands by itself. (B) During the systolic phase, The
bellows contracts as the results of the latissimus dorsi muscle stimulation. LDM, latissimus dorsi muscle.
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Fig. 4. Right ventricular dynamic patch (RVDP). (A) Outer
side. (B) Inner side. The dynamic patch consists of an
elastic outer shell with a polyvinyl chloride tube and a
flexible latex balloon. The shape is oval and hemispheric
to fit over an excised right ventricular free wall. It is
covered with a wooven Dacron prosthesis and lined with
glutalaldehyde-pretreated autologous pericardium.

Dynamic patch

Stimulator

Fig.5. Left wventricular dynamic patch (LVDP). (A)
Diastolic phase. (B) Systolic phase. The dynamic patch
has a rigid plastic outer shell that consists of a flexible
latex balloon with a polyvinyl chloride tube. The plastic
shell was shaped like a hemisphere so that it could fit
over an excised left ventricular apex. It was covered with
a wooven Dacron prosthesis and lined with glutalaldehyde
pretreated autologous pericardium.

B

Dynamic patch

Fig. 6. Canine model of the dynamic patches. (A) Right ventricular dynamic patch (RVDP). (B) Left ventricular dynamic patch
(LVDP). The actuator was sutured to the proximal portion of the latissimus dorsi muscle. The other side was fixed to the
anchoring pole. The actuator was connected to the dynamic patches, that were implanted in the right ventricular free wall or

left ventricular apex. LDM, latissimus dorsi muscle.
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g — XOBEIELEM 60ml LELER 16ml © 2BERF
Bl

3. FAF 3 925, FOER

ALERANSy FOBRE, EROBLEEFEET V0 LE
DEEHBEVRTOBLER LTRHARL L, AEMHEEKICY
T BEALERRM K, BB Y7 AR < FER Lz
BERY -7 v X7 e v ATIEDOHAICK 8mm DL %

Actuator

Pencardium
Plastic shell

Dacron graft Dynamic patch

ventricle.

Fig.8. Implantation of the right ventricular dynamic patch.
The right ventricular free wall was excised under
cardiopulmonary bypass, and the dynamic patch was
implanted.

BLT, 279y 7 ABBAR AL - vEBEOFT DTS
B, EAF I o 2Ny FRRIEBBHAR- M (F2 - EEL
o, BAAZ0.9% 77 AFe FTRAE Lt ACOB
BifbtaZlwih, ALY MK EEEE L5 12L
7o, K& X2 80mmx35mm THE 6.3ml O D& 75mmX
35mm THE 55ml OHOD 2EELIER L (M4).
EQOZEH .y FOBRIE, ELBLLURMOBLER LY

Dynamic patch

Fig.7. Mechanism of the skeletal muscle powered dynamic patch. (A) When the latissimus dorsi muscle relaxed during
diastolic phase, the bellows expanded by itself and the balloon contracted, which helped draw blood into the left ventricle. (B)
During the systolic phase, the bellows was contracted by the latissimus dorsi muscle stimulation and this induced balloon
dilation, therby causing aortic blood flow to increase. Ao, aorta; LA, left atrium; LDM, latissimus dorsi muscle: LV, left

Fig.9. Implantation of the left ventricular dynamic patch.

The left ventricular apex was excised under cardiopulmo-
nary bypass, and the dynamic patch was implanted.
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BIRE Lic, BBERRVERRSFAFy 7BRORRBE, 5
Ty P ABBRE AL~ v EEIHFLDTHB., X1+ 3y
7%y FITILEH LicF o — 7T REREL, EROESALFELT
ALz, BLER Y F LRI, 2y FRAMUIICIZY —
TvEIre v ALEY, BERMN0.9% 720705 e ¥
TUELAEOOEYESE L. A2 ILER 38mm, X
20mm ¢, HEW 7.5ml ThH-7c (K5).

4. BREBEBIAAF I v 7y FYAT A

LFROERES HERGBBHEBL M- 3 v 7%y 7R
85mm DRYE=—NF . -7 TEFL, BERHBERHLS+
Ty 7Ry FELI (R6). BERERBEBELF13 37
Ny FHEO=FNF-HEHE L LT, ALEATIIRER Y,
EULZEATREBRREKREHL L., XEBOKF LXK 7127
T. BRBIEC X D ERHEEBEENO~Nr —X2URME L,
GEYEENLTHEAF S » 7y FRIEZRBILECLD
DEARTOLHARFRAIRAIOMED (co-pulsation) PRI X b,
FEERBPYRENELHERD. i, BRBHEE GRELN
B - XRHCORACTCHRL, £17 3o 2%y %M
P&, MBOEBFTWEETS.

5. ERGREHTE

ERFHFABREBIESEEXRERARERE (multi-
programmable stimulator, SEC-2102, BANXE, EHE) v A
W, BEOHREEO 6 ERRBE 2 1 1T, RIBEE S5V,
TR R Imsec, FIBERR 200msec & L7z, 2AKD 2 v
vIRBERIELBEEIIALBESE L.

M. BHEGERESAF I 78y FICSBOBEERBIHRD

BE
HOBEERMEIZR

B4 TICE Ve, &SRB T EREHTALE O &% #I%
L, BERBRBEEY | TRV EE L. RICESERE
OB CHEBL, TRk EHRLLE. 25~ vk
(0.3mg/kg) Lctk, ATOMO®EMBEEIT» 7. LT XBIIRICE
mE%, EFABRCBELELHEAL, EBCRESVEFFa—
TEBVWIE., ETRBIRETF - v/ LT, BEEAEREL
. ALDHZ-S 4 + K~ 7 (Bio-Pump, Medtronic Bio-
Medicus, I % 78K Y A, XkE) L BEH A T (Menox
AL-2000, 75 v, KR) #AVv, BS54 I v 7BIH
300ml T, FLEEY v & ¥ 150ml, 256% 747 3 v 50ml, fH
fu#F 85ml, ¥k VU v s 15ml WCHERE L, BEEEE
(28—30C) WC EITABINRZ MW L, OHRER (15ml/ke) %
FEA LTI 28, HEEmEEL AR S S EREE
FCHSERL, 3—-04Y SR L YROBERREICTEA
FEy 7Ry FEBELL (K8). DBROESLER LA
PR % Sl Lo, ERESHBCCACOHRELL. @
BIRR % 293427 T o, ATOMEELELL.
FAF 3970y FLERBREEELER L, ATLIRER
E# L h ERORMEEAL, BBRRET - oK, RREK
TLlL7.

2. ELERERBIZF

B S TEE Ve, ALBREAF I v 2Ry FORELRA
B, ATOM T KBIIREN L OB R#ER (15ml/ke) AR
TOEEXBL. ZO0BORRLAEFAERENE T4
BL, 2210 b128t 07 A M FE3 -0 RV =F L VR
DTy NLARBTEAF I v 7, F2BEE L (K 9).

1%

OEADZES Bk LABIIREN 285 L%, ENESNK
CTHDORZRE L. MEERE2 Y 32127 BT -1
®, ALUDIRZEIE LIz, £45 3y 7%y F L BERTEREE
BrERL, ALDWEHER X 0 BHRHEMLsL, Ky
%Eﬁ’i’ﬁohi&, ERERT L.

. RIEEE

K%&L?ﬂ\f}%k\ﬁ_ WEEB X, L (heart rate, HR),

K By Ik FE (aortic pressure, AoP), & FE E (right atrial
pressure, RAP), /FEFE (right ventricular pressure, RVP), %
B (left atrial pressure, LAP), &4 + 3 v 74y FHE
(dynamic patch pressure, DPP), KBIIRILHE (aortic blood
flow, AoF) TH%. AoP, RAP, RVP, LAP R FxhFh L7k
Bk, AOUE, ALE, EOBREEBE LT — 7 A THE
L. DPP %, #1453 9 7, F LERBREBEBOBH

—THENDEE= 2 -2 A LTHELL. ¥/, AcF i
BEBNZ v Yy b 24 aMm¥ e (T101, TRANSONIC
System, -4, XKE) ¥ ETARBRCEZFELRNE L. E
F- A BIUOMBEDRETIZIEF » vEALEY 57 (T-186,
Siemens-Elema AB, VA J, AY = —Fv) ZHWI.
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Fig. 10. Pressure tracings recorded with the right ventricular
dynamic patch at a rate of 1: 2. (A) Records at a paper
speed of 25 mm/sec. (B) Records at a paper speed of 5
mm/sec. Latissimus dorsi muscle stimulation significantly
increased right ventricular pressure, aortic pressure and
aortic blood flow. Dynamic patch pressure tracings
demonstrated a suprasystolic right. ventricular pressure.
AoF, aortic blood flow; AoP, aortic pressure; DPP,
dynamic patch pressure; ECG, electrocardiogram; LAP,
left atrial pressure; RVP, right ventricular pressure.
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Table 1. Mean hemodynamic results of right ventricular dynamic patch

Stimulation HR Systolic AoP Diastolic AcP Mean AoP RAP Systolic RVP Diatolic RVP  Mean .AoF DPP
(beats/min) (mmHg) (mmHg) {mmHg) (mmHg) {mmHg) (mmHg) (I/min) {mmHg)
Off 137+£3.6 78.1%2.0+ 45.3+3.3 56.2%2. 6-1 14.3£1.07 41.0%1.54 6.0£0.7 0.73+£0.13+ 0
-k % ok * L 13
On 137+3.6 91.3+3.4- 47.7+£2.1 62.2%1. 8-’ 9.6+0.4- 55.6%+2.1- 2.1+1.1-4 0.97+0.17- 84.1%+4.2

Each value represents X + SEM (n=7). *p<0.05, **p<0.01.

HR, heart rate; AoP, aortic pressure; RAP, right atrial pressure; RVP,

right ventricular pressure ; AoF, aortic blood flow : DPP, dynamic patch pressure; off, before stimulation of latissimus dorsi muscle (LDM);

on, after stimulation of LDM.

V. $EHREOREE

TR R FHELRERETHRRL, FMmMITEHESS A —
2 —W B L CE#KBHHIBATE T Student’s T BEXHET L7,
RBERRS RUTEHEEED ) LHELL.

54 -

1. BRERES A+ I v 718y FITLBELBERDDER

EF, F4F 39 78y FEEET, AL D OB A
WAHETH-tc. ATDOIBER®, T 106168 4 (45~180
) ORBEBREYT, T ELBERBYRENE SR,
PBROHOERIITH 744128 T, YRIBRNLEERL
6.79% TH 7.

K100t < , BHRHRIBMC L Y AcP, RVP, AoF BEREIC E
F Ui, ¥ 7 DPP X EHBHIMERICII ¥ 841 £4.6mmHg %
TERL, BWwASMIE (65.6+2.1mmHg) % L@l » T~
1.

= 1 ERBRIBEE coFUEMOE(LER L. HR
FEZERDD AL o, KEBIRNMHE R 781120
mmHg # 5 91.3+34mmHg ~, ¥ 7%, KBRFEHEIZ
56.2+2.6mmHg 75 62.2+1.8mmHg ~BEB LB L. A2
IFERIEL 41.0+1.5mmHg A5 55.6+2.0lmmHg ~EFEIC
B L7, AoF 12 0.73£0.13 I/min 5 0.97£0.17 I/min ~& &
B LR L7, RAP i3 1434+099mmHg » & 9.57+0.37
mmHg ~EFEIET L.

I. BREGEEST A+ I 78y FICEDELHERDDHR

E6l, 453y 7%y FEEER, ATLNAM B OB 2]
BThote. ATOMMEERE, ¥ 2101604 (48~4904) @
REERET, ToRELRBHRAE LN, YROHD
EBIIFY 6.9+1.0g T, PRRIINEEER L 103+£05% T
@O'ﬁ:.

Hllom< , ERHFBIC L D AcP, AoF BEEBICERL
7o, ¥7z DPP (3B iR IMERIC I 19745 lmmHg ¥ Tk
AL, BCABRIEHE (1121+4.8mmHg) % EE - Tw
. RO EBRHENMECIBELD, ZhBMBDOES
T E B 7.

R2CEBERDGIBAE TOENEEDOELETT. HR kF
BREIRDbhish o, KBRMLEIX 91.6+3.2mmHg
b 112.1+4.8mmHg ~, %7, KEBIRFHE L 65224
mmHg 7 5 73.0429mmHg ~FEW EH L. AoF i3
0.77£0.1 I/min »5 0.9240.1 I/min ~:19.5%FZc LR L
7z. LAP B EBHFBOC L 0 17.94+03mmHg 225 166+
0.4mmHg ~ L HBIZET L.
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Fig. 11. Pressure tracings recorded with the left ventricular
dynamic patch at a rate of 1: 2. (A) Records at a paper
speed of 25 mm/sec. (B) Records at a paper speed of 5
mm/sec. Aortic pressure and aortic blood flow increased
remarkably when the latissimus dorsi muscle was stimula-
ted. Dynamic patch pressure was usually higher than
systolic aortic pressure during systolic phase, and negative
pressure was observed during diastolic phase. Left atrial
pressure significantly decreased during stimulation. AoF,
aortic blood flow; AoP, aortic pressure; DPP, dynamic
patch pressure; ECG, electrocardiogram; LAP, left atrial
pressure.
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Table2. Mean hemodynamic results of left ventricular dynamic patch

Stimulation HR Systolic AoP Diastolic AoP Mean AoP Mean LAP Mean AoF DPP
(beats/min) (mmHg) (mmHg) (mmHg) (mmHg) (1/min) (mmHg)
Off 147+2.3 91.6x3.2+ 52.0%+2.1 65.2£2.44 17.9£0.37 0.77%0.14 0
Ak %%k Fook *k
On 147+2.3 112.1+4.8- 53.4+2.1 73.0£2.9- 16.6+0.4-' 0.92+0.1- 197+5.1

Each value represents ¥ + SEM (n=8). **p<0.0l. HR, heart rate; AoP, aortic pressure; LAP, left atrial pressure ; AoF,
aortic blood flow; DPP, dynamic patch pressure : off, before stimulation of latissimus dorsi muscle (LDM) ; on, after stimulation

of LDM.
ECG
100~
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O
<< £ sof
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‘%
|
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Time of muscle stimulation (sec)

Fig. 12. Hemodynamic changes during the first 30 min (1800 sec). The deterioration in function took place slowly, and the
muscle power retained was enough to cause the hemodynamics to improve. The mean systolic aortic pressure decreased from
124 mm Hg just after stimulation to 112 mm Hg after 30 min. The mean aortic blood flow decreased from 0.97 to 0.92 1/min.

AoF, aortic blood flow ; AoP, aortic pressure; ECG, electrocardiogram.

BlifT MR Eh T iotedd, K304 RS L CHefT L e diss
R CHEBBIFE IR & A SR Lish -7 (K12). &
TEHGESOEE LR, KEOERGRIMER YT - 8%
L THhORBI T, FOMEIIEBRK TR E CE AT
7.

% %=

8 1B OUBBE MThh Th S28EMEB L, EEL
FECHT 2 DBBHEOEBREAIE S LV AL 2T CE
o, Livl, RIS E Fr—~TREOMEZ X h, BRTRE
DEFTEHPFITHTH B, —7, BBHALOHRLRLBRI
ATDESEFEE L R LBRICEOBRBIZA - fodd, i

BRI L 2RBRECEBRE TH 28Dy 57V —EEDM
BOLDERMERCH 2E5 &2, FocRAERR
RTEHLCOBERBIEE LT, Bieto DciEs -
LIt EOBRBOIEFIR LI iERmMERS 5.

BIRB LIz BR G EREHEL LTV RmOERY
WEIX, 19594 Kantrowitz 5" 23T » 7o, #5112 E OEBEY
O E IR TITABIRIC S & M7, S % fo iR 55
Wa T, BEOKBIRA Y Y VB TEY i ERRE 28
oo DB, BREY BV AEREEELR G ORhBEYT Eh
et WERLBWERBRY D LEh . 19664 Termet
LY 3B TAEHEEETIHEL, LfERET L hBhic
FETHBERELL. LrlL, BROBLEY L BERESH
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W LB TRROIS, BREDHRIF+4THY, =
hEOMRER—RFMEh TV, BRBYECEBRENO
WEEBEKELEFES LD, BEBESHBC E » BESE
BRGAMEF RGN THZ LAELMCIRTHS
ThsH. ZOFRHORERERBC & %I 2 e
1%, 19694F Salmons S IiE% b, AR « DALY - B
AFEERRFT D RN ST ER. T, BRBOREESC
BE+AHE " bERCTbh, BECTREIIhE L
o Thb.

BRI L HERAORMOMEKREIL, 198575 v 2D
Carpentier H®1Z X o THE I hic. ZhITRWTBSIREED
LZEBRLUTCHE LEZNBCEED 2 DS S 2 M0, &
BR—AA— A - TRBULEEIEIT > FEThh, B
TI20061LL EDOBBERBAIDBAIMIT IR TV EY. ZDvh
5 LB (dynamic cardiomyoplasty, CMP) X, SRy REE
Btk DIRERAEL O EHRE S BB M OB IE T-OMB EE LA 0 B s
ERFEMBRE LT, = a—=— 7 DEBSBEIEOK
EY QDAL LA EMAREROWAD i & 0 RIFIL KRS
RR#|E X TWB. Carpentier Hi% CMP D 5 4 FR M
0% LmEL, BUHREDORETT - BN OFEREOSE
EHB L TERLESHRRDAZEXTFH LAY, Lrl,
RIEWL OOEBEAE AL TWA I L bEETHE. OFH
BOUBLOWTORERIFH—IATELT?, BEDLZA
BREITHARET - 2 REOREIZ—BOER»HDRTH
59 ZOREELTEZLRBZ &L, BEHOLE~ORE
EHEDREETHDHZ &0, 2T DRIEBREOEMAM
REBANEL, HIEEOBICKIED 5D HBMENEE X h Ty
HIEMBIREAEIMICBES LTS Ly, KGO
BABTGER IR TORVERKEWERbRS.

SUHFE, BEHXFIAL-BRME L LRk
CMP offic, KBIRCE#ZLES+EE 4T 5 KBRS BT
B4 (aortomyoplasty)®™™ =2, [KEH CTIER L= BREBOE
(skeletal muscle ventricle) % F 7= TEEBHEN™ D 7¢ ¥ DEERY
WEIBE L TR T3, LhL, KBRSBIHRGCE
BHLEBIZ LTS, 027 =X A 5808F BSOS
(counterpulsation) 233\ TWB Ll &, MITEEDSKE I IT
BEERARDD, iz, CMP & RBINEE 2524w &M
THZEMBL BHARBHAERES Lk -T 5. &5
EERBOETIIATY Y MBI EET B b M FR O
BT by, SEEBREA TR S [, Fmkons
Bt sz Lixiliskic . 20X 51 bk Lo B BRI Mk
T, WTFhLMTEE EOFERE LEhciiligito R s
EL RN FEL RS X VWORERTHS.

A>3y 7%y FOBEAITI96046E Kantrowitz B i i
BE D, MIATOE (auxiliary ventricle) & MEh, 196641
RERIGHAIAL®. ZOALLEREAF 1 5270, 70
WE LTERICEG SR BT, 19764 Kantrowitz A&
LB L 2 RBIRE A 2 v 250 F9 TH O, D
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Abstract

The overall purpose of circulatory assistance utilizing a skeletal muscle is to develop the most efficient device with
greater clinical potential than previous methods. The present study is the first successful experiment in circulatory assistance
using a skeletal-muscle-powered dynamic patch. A new actuator was developed which used linear traction power from the
latissimus dorsi muscle (LDM) to transmit muscle contraction energy directly to the dynamic patch. Proximal portion of the
left LDM was dissected through an axillary and was reattached to the actuator. Two pacing leads were placed on the LDM.
The dynamic patch was lined with autologous pericardium to decrease the incidence of thromboembolism. In seven dogs,
the right ventricular free wall was excised under a cardiopulmonary bypass and the dynamic patch was implanted. After
termination of the cardiopulmonary bypass, the LDM was stimulated using synchronous 33 Hz bursts of impulses.
Hemodynamic studies were performed during the acute phase. LDM stimulation significantly increased systolic aortic
pressure (78.1 versus 91.3 mmHg, p<0.01), systolic right ventricular pressure (41.0 versus 55.6 mmHg, p<0.01), and aortic
blood flow (0.73 versus 0.97 1/min., p<0.01), and significantly decreased right atrial pressure (14.3 versus 9.57 mmHg,
p<0.01). In eight dogs, the left ventricular apex was excised before implantation of the dynamic patch under a
cardiopulmonary bypass. After removal of the cardiopulmonary bypass, the LDM was stimulated using synchronous 33 Hz
bursts of impulses. Hemodynamic studies were performed during the acute phase. LDM stimulation significantly increased
the systolic aortic pressure (91.6 versus 112.1 mmHg, p<0.01), the mean aortic pressure (65.2 versus 73.0 mmHg, p<0.01),
and the aortic blood flow (0.77 versus 0.92 ml/min., p<0.01). Left atrial pressure decreased from 17.9 to 16.6 mmHg
(p<0.01). The results suggested that the skeletal-muscle-powered dynamic patch is useful in the treatment of refractory heart
failure in ischemic and congenital heart diseases. This hybrid circulatory assist device has notable clinical advantages
because of its remarkable efficacy in assisting circulation and the possibility of avoiding thromboembolic complications.




