Right Ventricular (RV) Assistance in acute RV
Free Wall Infarction and Chronic Right Heart
Failure with Right Ventricular Free Wall Dynamic
Cardiomyoplasty in Canine
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TxfTole. AEBREFRCIDELRE LT ARERL, BCERGEHVCAIEEEHEED LHHEE (dynamic
cardiomyoplasty) D UESRERMBRE B Lic. $EORBA 2 2BV TLEMB TR L, 5TBIkE ERFBR»DHSE
HEHBICERT 2B 2T CREL, AEEmBEFEL R L. AEHHBEEERC L v BIRE, HBIRE, ASIUEHE,
ERE, DHHE, GEEFEREIABCETL, ARBERYE, POBREIESCER L. aUERTIE, OHBES
BEOWCRLY, BHEFHELCOEAMBS -2 s -2 B, EEEHY 6 BHEEELNMLL L—=v s
(preconditioning) %fT-7c. AEMEEERE, v —=v 7/ LEAEHYREMEDE LIREASScHEE L, Firshiigas
BEOFEHAE L TRBENCHEEL, AEHOFRUMNSIMNEETRECEEL, RBNIEECH -~ EEEmEYE>
IOwRRE L. BEOWW 2 ¢ 1 BT, RKERE 5V, RIBIEE 0.5msec, RBER 50msec ® 4 BEHBMCAYH
BT AL, AEEEC I VET LABIRE, MBRE, GRIEHE, £BE, DALE, AEtEg8REECLAL,
FREALTORROBRE, AERERMELET To2EECH o, HEFEN, FEE, OBHBRFROREARNC X
SZEEBREMRTL, FECLZ2AERECET L, LHBANC L A2EEREOHRELRD. BUEERTRTHEEGTD
PL—= v 2R ThT, —HNCAEEBEEEERE OHHREE T, LECEEhYES T RRET, BEHYOE
AR =2 A=A —% A, BOOHE ] D 1ABTEEHBL I v—=v 2 L. 6 2 ABRBEUER UERHIEREIR &
REROMTBHREOTLEREF L. BRHOBEICL VERE, AFF, OCHHE, FEAFERERCLAL, £REE
R, BEREAE, FOBREZETT2ERCH D, BEMCR - TLOHHRM O OEERBS RN ED bhi
O EE DT BRINC L A OIVERENR A SN, ERINERIE, SSHERMERD LAKFTA2ERCH D ik
REEIRDL >, BREOEATIIAZABIZMCHE LER S MBIEEL, Bl Tuic. BRCERDE
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Key words skeletal muscle, cardiomyoplasty, right heart failure, cardiac assist, transformation

LEFMORE, WRIFAEOMRBICLEDL ST UARIIEK
RELTECEERYE TS, METRAFNERE LT
CHLEBEICLBEAMERIA TR Y, FLEEELAA
BAT OB bk, B EORMEMILIELTW2Y. Th
Dizflba s L THEERD & OB EMENC LA+ 55T
RREFBERTETVS.

BRBEZCHTAE L IH <, 195TERBHER? L ENT
BDY, & OEBIFIE D%, 1985F 4D THKIGHE S hi®.
TORDERIGAOBE TR, HFERIECELFLETH HAD
BEIEHT 2D, K, EOREIH LTLRBIRA
A= Ry ST R R E I L B MR R
VLERTWAR, BMAFBEREN D2\ I EEEORFEOHED

TEY, F1UBRBRAEE B TH AR KR, REIRE K
MAEBRPBEY, CEMBEBEEABOAIECH 2 HOL
AL K EALAE OB BT 5 EML S

I THEOWRTIE, FHOREICHT 28 LW HkL
LTERBELHBCEEMNTERB LA HE 0B
i (dynamic cardiomyoplasty) 12 X %, AMEHO.LEGENRED
AR DBET 21T\, MBS R X B ERICH TR D
BitET-70.

WERE LV HE

Wb LTHBEORRS 22 HAL, BMERCITH, B
SEEIZ 5 THE FAV .

Abbreviations : Ao, aorta; BP, blood pressure; C. O., cardiac output ; CVP, central venous pressure ; ECG,
electrocardiogram ; HR, heart rate; LAD, left anterior descending artery; LADP, left atrial pressure; LDMF,
left latissimus dorsi muscle ; LV, left ventricle ; LVEDP, left ventricular end-diastolic pressure ; LVP, left
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1. aMEOTREFIVCHT DOBHRMIC S B OBRER
R (BMERE)

MlwalsEgmore b a~1iiRT.

1THZ LT D 3T 5T 7.

[ 8 (8 5H), AEEBEFERK L2 ALREERE, OB
WA e ffT s, Fox ¥ 2 BEMTHEELRE LH.

17 (68, HURLERE, OEFEMY KT L 2 KR
TEIRES fUE LB,

ME (3T, AOREERA, ERE, UHERMBRCEE
AT LA HEEEE gy kD, MITEREL R L 75,

1. ABFEETNOMFER

BRI X B OBEEMENZI R Y M A D, TTHLAR
S FARERTAIEXENELT, |, THOUE (KE
13.2~18.8kg) W ZIC, BRIERIIC CHEBMEREEY
YRR L7z, Smg/ke DBy & 3 v (3, HR) OHEIC L 3
FRESE A, Smg/kg/hr DRV P ALY R~V (RERBEE, K
7)) OAHEEECHKEHERE, SENFER Harvard MATHR
%2 (Bodine Electric Company, Chicago, XE) & X % 4 S #KE:
THE L. BIERARER Lo, BEEFDECHE
L, B2wFRT X3 ARBIRE £ T bAEEHET
ERTA2ETCORHROK X 4 - 0K Frer—vhk
(Ethicon, New Jersey, kE) & A\ TRER Lic. (LT FITks
SOKORERBATHTHD LEELEEHHEFELERT

<3 woeks—pe— 6 months—p ¢ 2 hours

K

B, TEBHEIERTD L3 BD.) Bk,
ERTAERSRIIER L oo, ERETERELY BT 215
ERBIROB TR E L, . BEREEC L v
DB Y P v (BERERTE, KK 0.5~
mg/kg DEETHIBL 2.

2. ARBOBMEESIBIC LA LV —=v Y

I, MEBTL, BHEHOEFEBENCR T 5 ES iy
BB+ s, AUTREEROERICEA LT, EEEGD
BUBERABIC X 5+ L — =2 (preconditioning™) %17 -
1.

FL—=vZ0kiE  10mg/kg DEEEY % I v OHERKE,
HEFR TCERE» SEFENT  CREIME M. £k
e T LB MREBIIR S 5 IZBEEIIR D S IR EHCHA
THEINMATA L TRERE L. ToF sHALERGBOE
HI BT (vascular delay®)% 3B B 7. 3EAMHBCHEY
10mg/ke DEFIERER:, BRFER FICERECNMIFLY L, I
TrEr gL, LCEMHEO -2 2 -5 — (Model 668,
Siemens-Elema %I, Solna, Sweden) IZ#§E+ 5 R— > v 774
Y- R HERICEE T, —Ax DK REEH LR
BOMCHEZLAAL. HESHRE7 >V vt Vv o (H#
REERTH) 50mg/keg/ B L. #b0 2 @, BNk
A&, FIIERE 5V, HIBMFFHRHE 0.5msec, PIBUEE 30/
min &L, 2 @MLDEIRBSREY 75/ min B,

v

Group I Efvat;::gan Observation

Group II Vzl‘:;l‘“ Preconditioning %aﬁcmtieozan Cardiomyoplasty | | Observation
&= o N
Collateral Pacemaker Changes of
ligation implantation hemodynamic parameters
$ @

Group II| “aepae™ || Preconditioning || RV free wall CmdiomyovlastyJ

. B

F

Volume load test

Right ventricular function curve

Fig. 1. Shematic representation of experimental protocols in each group. A total of 17 mongrel canines were divided into three
groups. In group | (n=3$), right ventricular (RV) free wall infarction was induced and hemodynamic changes were recorded
for 2 hours. In gorup I (n=6), after induction of RV infarction, cardiomyoplasty was performed by wrapping RV free wall
with preconditioned left latissimus dorsi muscle. Preconditioning means transformation of skeletal muscle into fatigue-resistant
muscle by electrical stimulation. Preconditioning of the latissimus dorsi muscle preceded cardiomyoplasty over a 6 week
period. Vascular delay means the recovery period after collateral vessel ligation. In group I (n=3), Volume loading was
performed to obtain RV function curve before and after the induction of RV infarction and following cardiomyoplasty.

ventricular pressure; PA, pulmonary artery; PAP, pulmonary atterial pressure; RCA, right coronary artery:
RV, right ventricle; RVEDP, right ventricular end-diastolic pressure; RVP, right ventricular pressure;

RVSW, right ventricular stroke work ; SMRVP, systolic mean right ventricular pressure ; sys, systolic
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3. OB O 5

I, DT, AEFERERLICE, 1 20E
W L EEWECH T CREBAR I gMES B L b ¢
V=V LEREHEYBH L, REHOERMAER LSO
CEHA BB L, BEBBIRAGEGEAEGALL
fo. BEHO FREMED LB L. £ 3EEH 3em £
SEI U EBAL & D IR % Mol P B & e U Ao R AR AL
HEmIE 2EERECEE L. KEHRIR LICRT L5
HERER» S AERBECHT CEEERBIC 4 —0K) S
BEL—VREYHAVWTEE L. BELEEAEHOGERTH
L0# 2em REOENMEE, DAY 5B 2 A
w, AR v Sy v — (M-20, REER, B ARG
KA. ERLRFC vy YOS Y—-2REL, HE
ODEE MY AT —E LT, BRABERE (cardiac stimulator
SEC-2102, BAXE, HF) #HA\T, FIBERE 5V, fsEsE
k5[ 0.5msec, FIEHEFE 50msec, D 4 EREFIF CTEHR T O F
BETo7.

4. MATEREDRE

MTBEEDRE I T O L 3 14T -7, KEBBIRK, A0F &
DRE, AEEIRE D EXEIR, EO0F XV EBREREFRE
BEENER T —FA2EAL, BBRCE, Avvrvoyh
F—5 v (Baxter #, California, K H) % Bk E8MW L b 7o
IREERGCTHESA L., BAFREO-DOHKEAR
Z, EAEBIRE D ERIC2.5FOBKIEAD T —F A (v—%
FL Y a=vagvrmw—7EARDT—F/, Baxter #) &4
AL, ThEHCCLHHEBNERXT -7, RV 7T 7V AT

LAD

r— Stimulator

[ 14 puse train
voitage 5V

width  0.5m:
interval 50msec

(A) RV free wall infarction

(B) Cardiomyoplasty

Fig.2. The methods to make right ventricular free wall
infarction and of right ventricular free wall dynamic
cardiomyoplasty. (A), Right ventricular free wall infarc-
tion: All branches of right coronary and left anterior
descending arteries, which supply right ventricular free
wall, were ligated. The main right coronary artery and
posterior descending artery were not ligated to avoid left
ventricular inferior infarction. (B), Cardiomyoplasty: Left
latissimus dorsi muscle was mobilized as a pedicled flap
(LDMF). The humeral insertion was divided and sutured
to the periostium of the 2nd rib. The muscle was directed
into the thorax and positioned longitudinally over the right
ventricular free wall and sutured on to the myocardium.
Ao, aorta; PA, pulmonary artery: RA, right atrium; RV,
right ventricle; LV, left ventricle; LAD, left anterior
descending artery; RCA, right coronary artery; LDMF,
left latissimus dorsi muscle flap.

4 (RM-6000, BAXE) #FH\, MTERE S 2 -2 -4+ 1L
T, L#E (heart rate, HR), BIIRFE, MBIRE, HRE, R
BIRE, £BE, O E (cardiac output, C.O.) #HEL, *
fo, W E ¥ A5 | E (systolic mean right ventricular
pressure, SMRVP) # B L, EF{LEE (right ventricular
stroke work, RVSW) * T OoX® I WEH L1z,

RVSW=C.0.x 10°/HR x SMRVP x 0.0136 X 9.8 (erg/beat)

MATEREDOWET | BB I REEERET, BRERE30
o, 1EsHEE, feb o 2BEREIT, TR CIEERER
BT, BERMEREI05%, ODHMENEEOERGIERER, &
BEERED 1. 2REBICIT -, 18, [#HthEhomiTs
05 2 — 2 —OF{bx LR L.

5. REAMCHT 5 OHBHEKOZR

DB 35 (HAE, 13.5~17.6kg) AT, BBIRKEREY
AOCTHEEREFERER L, £0%% 6 BRAOSE K
b == LIt ERERY B CESE LT 247
W, BEEEN, AEEEE, OUEEfRCERANRRY
v, BEBRBREYRD, AEEEOFM AT - 7. 5mg/
kg DERE Yy £ 3 VTR X BAEA, 5Smg/kg/hr D<v b AL
R — L SR OMER, KEREEE, ATTRRICI 528
HECTEEL, WEEFIRC L, AESRLDAERT
FREROHF —FA5BAL, ¥liBRCEEAY Y3 v
VAF-TFARFBAL, FEE, LEBHEXNELL. ALE
M hAEFI 20Fr ORIEZEHFAE Argyle ey b —$F (HAK
Ve —U oy N, RR) RHAL, IL OV ¥ — AL,
PP EEREFRIMCERBATRREZT -, &8~ vit
(100562 /kg) Lizth, V¥ —N—m L Bmif (~22v
F—, B/, BR) ZEAL, ARIRERLE & ORH &Y AIE
L7gais, AEIGERES 20mmHg % 2 2 555 5050
HMEER2 Y b e - EOR 3 HCI D ¥ TARAN LT,
B ABHERAHIE, RECHELDROLASHTEEY S
Ay b LIABEEHEY RO, AEERERMOL S
MR RS b h ek, HEREKPFELEEAMECET 5
FTCTHENDL VYV — RN~ L. AEDIRERECLD
HEEHEBEERAFR L, ITHROCE LKA LDE
CEBARMBRBRET, AEAHABEEEROGSEERE L R
Hfz. BOWM Lk, LHBEEET, LBEREEOA
FERERRY RoI. HEBRN, HEFEE, LBHBRHE
DERTHIRENRG O L FEEEMROE LR L.

I. OBl RROBSIICET 20 RERDDR (8K K

MROBE A % 55 (12.5ke~19.7kg) AT, LUFOH
HECEMERO A R P ER L.

1. 1 8AF

Smg/kg DY % I VIFE L BEA, Smeg/kg/hr D v
FoSA e R =L SEEEEOHERE, SERFTATRRICL 54
HRBCEE L. SUEREARCERER, £ ToR X
DEEEBRBECERT AR TmEL, FEEHBEFEYE
BLic. RBIZ b V== v 7 Lo WL ST 4 EE A 28
MTHBEL, BRI EEEL 75y 7ELT, #3
BB &R CIBRERAL & » BelEpic R, AR E MBS L.
PR ERFRCATHOFRU & R - v 7 Boy
A ¥ —% 2K AR, BEEELTY A v —~ Dk BT
CEEB LA L. fidFAELTET7 >V vF b Y v a
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50meg/kg/ A% 5 AMIGERS L.

2. 2HAFw

SEMOERBERBAOHK, 10me/kg DBy ¥ 1 v D
HIEHKE:, BRPRTCOEFRMHHE <~ X 2 ~ 5 — (Dialog
748L, Siemens-Elema #) %, TEDRAATH KT D
NR—w T v L. BRGCERSh -y
TN —rbzbhHERLERORER YA —-L LT,
BEOHCHLTL @ 1ICAe, BBCEECRELTHS
EEHERIMEE 5V, BRI 5Smsec T 6 4 B M#I#K
Lz, HikYBEELTE7 VY v+ U v A 50mg/ke/H %
5 HREEFE LAz,

3. 3HAFW

6 7 HE, KBTI, AEHLREORZFCHEEL, K
EHmrBEELECIOCHBLL:. REHCRELTHB -
YU UL Y- BT, BEHEIMIER (cardiac stimulator
SEC-2102, HANE) T, RMEE 5V, FIMFEHEERM 0.5
msec, FIEMHE 50msec, D4 FERRBICT, BEOMCH L
2 1 CEEBERBL, OTEBEOE LR L. O
R A—p—L LCEERE, AE2E, PLEIRE, OHEE,

(A) (B)

Fig. 3. Gross finding of right ventricular free wall following
infarction of the right ventricle. (A), before infarction ;
(B), after infarction. The free wall becomes ischemic and
akinetic after ligation of coronary branches. Bulging of
free wall is observed.

Table 1. Hemodynamic parameter changes by right ventricular
free wall infarction

control after infarction
n=14

mean SD. mean  S.D.

sys BP (mmHg) 154.3 31.2 131.8 24.9 <o0.01

sys PAP (mmHg) 29.9 4.2 245 3.7 <o0.01
sys RVP (mmHg) 37.3 7.2 29.5 7.2 <0.01
RVEDP (mmHg) 5.6 2.3 9.6 2.2 <0.01
CVP (mmHg) 5.5 1.3 6.7 1.4 <0.01
mean LAP (mmHg) 8.6 1.8 7.6 1.8 <0.01

CO. (L/min) 1.77 0.45 1.15 0.28 <0.01
RVSW (x10°erg) 0.300 0.152 0.193 0.070 <0.05

p. p values versus control (before right ventricular free wall
infarction) ; sys, systolic ; BP, blood pressure; PAP, pulmonary
arterial pressure; RVP, right ventricular pressure; RVEDP,
right ventricular end-diastolic pressure; CVP, central venous
pressure; LAP, left atrial pressure; C.0, cardiac output;
RVSW, right ventricular stroke work.

it

AEAFEELNE, HEL, BRTOKEE, IR B O 57
BhRE% ol Le.

4. BRBOMESEBEBSORR

FRDORE Y 4 BEEERE LTI, OBIRE —Eir g
L5 B ER LT, ERE, FEECE Ly BRMCHE
L, BRHOMESHESOFELYRE L.

5. DEHETEREC X 2%

DB ERREY TH 7 = — X (SSD-500, 7 = ##k, ®y)
ERWTT 0. ERHOLrSEEL, HEORMREL
ML, BB OIMBREL RN L.

6. MREIRES

MITEIREHIERBR L, HRIFRE 6 » AR OHE A hee
&, 6H AMMEMESAB Y T o BB e I L, 10%+0
<V v CEZEL, H-E (Hematoxylin-Eosin) ¥ 8%, @&
BEL, AEBREORE, BEGOLER, Hikt%oss
FRE L.

. #EE-EerRist.

NERE 2 EHE L EERETEL, WHH 5 2 BEOWES
{EDZEDOHEIZIL, Student’s paired t test # 17\, 2 EMom
TRREDERE(LO LLERENICIT, 1454 —2—0D, £EA
HEERFEE O T 25 X E(LRLY Z R BE S ROEL AL
et L7c#, Tukey-Kramer 50 THEHE R\, WFhb
5% DEMEUATEHFEEEL L.

&K &

I, BME LT (CENT 2 OHERTOLBERDE

RIRHBETIZ, AREHEFEC L VEERR 3ITRTE
SR UERMREL 7o 7. EARAmEOATFELEMN
MIRERB &L 7.

1. FEHHEFEC L 5ELFLER O M

[HEIHZEb L UEYHRIC LA H hBEFEC L
DMITEREOE LY E 1 R4 WWRT. M4 AREEhEEE
MO BEDOFHEE100& Lzt EOEE(L TR L. Bk
IRFEHAFELE 154.3+31.2mmHg 725 131.8+24. 9mmHg (p<

14
% X
(%)
5 200 - l
Q
g
« ER
]
xx %
§ 100 . / e []F
e /
%2
: 7
Z
&
o o0

sysBP sys PAP sysRVP RVEDP CVP meanLAP C.0. RVSW

Fig.4. Hemodynamic deterioration following induction of
right ventricular free wall infarction. [] represents control
and represents values after right ventricular free wall
infarction. Values are percentage of controls expressed as
mean+S.D.. * p<0.05 versus control; **, p<0.01 versus
control by paired t test. Abbreviations are the same asin
Table 1.
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right ventricular

Simultaneous tracings in ECG, blood pressure (BP),
pressure (RVP) and central venous
pressure (CVP). The muscle was stimulated in 2: 1
synchronous mode triggered with native R weve. Right
ventricular pressure increased significantly with muscle
stimulation as indicated with arrows. Blood pressure and
central venous pressure showed no obvious changes.
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0.01) &=, FBIRINABHAE 29.944.2mmHg 726 24.5+3.7
mmHg (p<0.01) &, FEIAIEIE 37.347. 2mmHg 5 5
29.5+7.2mmHg (p<0.01) ¥ THERET L, GRIERY
E, PLBIREZ T FNR 5.622.3mmHg 5 9.6+2.2
mmHg (p<0.01) & 5.5%+1.3mmHg A% 6.7+1.4mmHg
(p<0.01) , KERIC EHE LI, FAROLELR~DIKHZD
RERMTAHEEREIL8.641.8mmHg » 5 7.6+ 1.8mmHg
(p<0.0l) EEBIZET L. LWHHE, AEHEEL LD
1.77£0.45L/min %% 1.1540.28L/min (p<0.01), 0.300+
0.152X 10%rg £+ 50.193£0.070 X 10%rg (p<0.01) ¥ THEIC
EF L. LDk 3w hAEEmEREC L h OB ERT
BT L.

2. BROABIC I 2808 S 2 -2 —8{kD 1, T8
D i

RS IHO 1Bkt 208K, mE, FEE, LR
EDOERBREC L A2ELERT. LEROREK 2 © 1 TH
MLC, AERFBTERDIREINS L, BRHOREIC
o, RETRT IS CAEERESC LR L. |, [ B
BIFTHEDBENSS A — 2 ~OF LR E 2, £15 2 —F—
DEBEEELDOENT 5 RELROLELER 6 ~1310RT.

1) BHIRILHERAEE

FEFEC I VERCET LBREMEE L, [k
TREDHE2REBET Lc ¥ FHB Lo, THCRVLTLE
BEHOBEIC X H, 131.0426.6mmHg » 5 152.3+30.7
mmHg WHBWK L L (p<0.05), MEECEEEYRD L
(p<0.01). 2B BWThH [ BTRBIRIGERE 2 LR L
EIFEBALAHECEEELTDR (p<0.01) (K 6).

2) FHENRIFEIAE

AEREC L VBRECET LMBRNEHER, 1ok
WTI2REIET Lt 2 TH - 02, [ HTRERGORE

Table 2. Hemodynamic parameter changes in group | and I before and after right ventricular free wall infarction, after
wrapping of skeletal muscle, and 1 hour and 2 hours after the initiation of muscle stimulation

Group I control after infarction 1 hr P 2 hr
n=38 mean S.D. mean S.D. mean S.D. mean S.D.
sys BP (mmHg) 150.1 20.3 132.4 23.7 130.5 26.9 NS 120.8 29.9 NS
sys PAP (mmHg) 30.4 3.9 24.9 3.6 24.9 3.6 NS 24.8 4.7 NS
sys RVP (mmHg) 37.6 8.8 30.2 8.8 31L.6 9.8 NS 29.0 8.9 NS
RVEDP (mmHg) 5.5 2.9 9.8 2.4 9.3 1.9 NS 8.9 1.6 NS
CVP (mmHg) 5.7 1.5 6.5 1.6 6.6 1.5 NS 7.2 1.4 NS
mean LAP (mmHg) 8.8 2.2 8.0 2.2 8.0 1.7 NS 8.1 1.3 NS
CO. (L/min) 1.77 0.54 1.17 0.28 1.02 0.39 NS 0.95 0.35 <0.05
RVSW (x10°erg) 0.319 0.187 0.200 0.079 0.183 0.091 NS 0.182 0.105 NS
Group I control after infarction wrapping 1 hr P 2 hr p
n=6 mean S.D. mean S.D. mean S.D. mean SD. mean S.D.
sys BP (mmHg) 159.9 40.7 131.0 26.6 135.9 20.6 1562.3 30.7 <005 152.9 38.3 NS
sys PAP (mmHg) 29.3 4.6 23.8 3.6 24.9 4.9 29.2 5.2 <0.01 29.3 5.6 <0.05
sys RVP (mmHg) 36.9 4.3 28.8 3.9 34.4 5.6 43.0 9.7 <0.05 40.0 6.3 <0.05
RVEDP (mmHg) 5.7 1.2 9.4 1.8 10.9 2.6 8.3 1.7 NS 7.7 1.3 NS
CVP (mmHg) 5.2 0.9 7.0 1.0 6.9 1.3 5.9 1.0 <005 6.2 1.1 <005
mean LAP (mmHg) 8.3 0.9 7.1 0.8 7.7 1.0 8.8 0.9 <0.05 8.9 0.9 <0.05
CO. (L/min) 1.76 0.28 1.12 0.26 1.03 0.14 1.48 0.29 <005 1.33 0.16 NS
RVSW (x10°erg) 0.284 0.051 0.184 0.047 0.205 0.045 0.385 0.173 <0.05 0.326 0.089 <0.01

P. p values versus after infarction. Abbreviations are the same as in Table 1.
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ZXh, 23.8+3.6mmHg A3 5 29.2+5.2mmHg wwEEC L&
Lz (p<0.01). 1, 2WME bMBICHEREEZR DL (p<
0.01) (K 7).

3) BBHEHE

FEFRC I VFECETLOAZSRMINER, [Hckw
T 2HIET L EETH-7otd, [HETIERHORENC
X b, 28.8+3.9mmHg 725 43.0£9.TmmHg WHEWK LHE L
72 (p<0.05). 1, 2KEIBETCL LICHMBRCEERELRD
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Fig. 6. Comparison of changes in systolic blood pressure 1
hour and 2 hours after right ventricular free wall infarction
between group [ and group . Values are mean=4S.D.
percentage changes compared with values after right
ventricular infarction. ** p<0.01 between 2 groups by
2-way ANOVA followed by Tukey-Kramer's multiple

comparison, @, group I (n=8); O, group I (n=86).
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Fig.7. Comparison of changes in systolic pulmonary
arterial pressure after right ventricular free wall infarction
between group I and group I. Values are mean#S.D.
percentage changes compared with values after right
ventricular infarction. " **, p<0.01 between 2 groups by
2-way ANOVA followed by Tukey-Kramer's multiple
comparison, @, group | (n=8); O, group I (n=F6).

)

7z (p<0.05) (X 8).

4) HEIRKIE

FEHRC L VBB LA LAREERE, 1, 18
EHETTHERCH - 7et, BEREL TR, |
HTERGBOREC X VETHAERERL, L7 38k

PORE, BREC L v AERBERYER LR Lsdh o (7
9).

5) AL ERIRE

(%)
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200 - M

180 - M
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Fig.8. Comparison of changes in systolic right ventricular
pressure after right ventricular free wall infarction between
group | and group I. Values are mean=+S.D. percentage
changes compared with values after right ventricular
infarction. *, p<0.05 between 2 groups by 2-way ANOVA
followed by Tukey-Kramer’s multiple comparison, @.
group | (n=8); O, group I (n=6).
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Fig.9. Comparison of changes in right ventricular end-qia‘
stolic pressure after right ventricular free wall infarction
between group I and group . Values are mean:l:'S'D-
percentage changes compared with values after _rlght
ventricular infarction. There were no significant differ-

ences between 2 groups. @, group I (n=8); O, group I
(n=6).
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Fig.10. Comparison of changes in central venous pressure
after right ventricular free wall infarction between group |
and group . Values are mean+S.D. percentage changes
compared with values after right ventricular infarction.
** p<0.01 between 2 groups by 2-way ANOVA followed
by Tukey-Kramer’s multiple comparison, @, group |
(n=8); O, group I (n=6).
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Fig. 11. Comparison of changes in mean left atrial pressure
after right ventricular free wall infarction between group |
and group I. Values are mean+S.D. percentage changes
compared with values after right ventricular infarction.
**, p<0.01 between 2 groups by 2-way ANOVA followed
by Tukey-Kramer’s multiple comparison, @&, group |
(n=8); O, group I (n=6).

0.9mmHg WHEBEI LR L (p<0.05). TREETIETFTLIL
BERXZTOEEHBE LA, 1, 2KHHRE LEERCES
Iz (p<0.01) (K11).
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Fig. 12. Comparison of changes in cardiac output after right
ventricular free wall infarction between group I and
group . Values are mean+S.D. percentage changes
compared with values after right ventricular infarction.
**, p<0.01 between 2 groups by 2-way ANOVA followed

by Tukey-Kramer's multiple comparison, @, group I
(n=8); O, group I (n=8).
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Fig. 13. Comparison of changes in right ventricular stroke
work after right ventricular free wall infarction between
group | and group . Values are mean+S.D. percentage
changes compared with values after right ventricular
infarction.  ** p<0.01 between 2 groups by 2-way
ANOVA followed by Tukey-Kramer's multiple comparison,

@, group I (n=8); O, group I (n=86).
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(p<0.01) (K12).

8) AEHEER
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Fig. 14. Hemodynamic parameters utilizing muscle stimula-
tion after cardiomyoplasty. Values are mean+S.D.
percentage changes versus control. [] represents values
after right ventricular free wall infarction as control.
and represents values at 1 and 2 hours respectively
after the initiation of muscle stimulation. *, p<0.05
versus control ; **, p<0.01 versus control by paired t test.
Abbreviations are the same as in Table 1.
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Fig. 15. Representative changes of right ventricular function
curve before right ventricular free wall infarction as
control, after infarction, and after cardiomyoplasty. Right
ventricular function curve (O, before right ventricular free
wall infarction; @, after infarction; 2\, after right
ventricular free wall cardiomyoplasty.
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HELERONCIe b, FEBECET 2R L. OHEAH:
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1. BRGEREIC X 5 0FBRo%(L

R 3ILLHVEM 6 H REOBRBGREIC X 5 & mTEE.
Sx—2—DFLERL, RIGITBKGIEREEO TigmEe
100& Lic s EDOFLRERLTVS. BRGEEIC L hiES
IRFEHIELE 90.1+6.9mmHg #5 103.0+8. 9mmHg (p<
0.05) BB LR Lic. HHRIEIERX 31.2+2.8mmHg »
5 42.0+4.8mmHg (p<0.01) KEBER LR L, LHEER
1.46£0.15L/min %5 2.0740.25L/min (p<0.001) HEIC
AL, AE4AEEH0.15510.018 % 10%erg H 50.290+
0.035%10°erg (p<<0.001) LA ZWK L8 L. EEILELS
E, ARIEAPE, POBREIETOHERLRLLNEE

Table 3. Hemodynamic changes by muscle stimulation on
chronic phase

control muscle stimulation
n=35

mean  S.D. mean S.D.

sys LVP (mmHg) 90.1 6.9 103.0 8.9 <0.05
LVEDP (mmHg) 13.5 5.5 13.5 4.9 NS
sys RVP (mmHg) 31.2 2.8 42.0 4.8 <0.01
RVEDP (mmHg) 3.4 1.5 2.3 1.0 NS
CVP (mmHg) 5.9 2.5 5.4 2.3 NS
C.O. (L/min) 1.46 0.15 2.07 0.25 <0.001
RVSW (x10°erg) 0.155 0.018 0.290 0.035 <0.001

p, p values versus control LVEDP, left ventricular end-diastolic
pressure ; LVP, left ventricular pressure. Other abbreviations
are the same as in Table 1.
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ig. 16. Augmentation of hemodynamism by right ventricul-
ar free wall dynamic cardiomyoplasty in chronic right
failure model. Values are mean=+S.D. percentage change
versus control. [ represents values before muscle
stimulation as control. represents the values after
muscle stimulation. *, p<0.05 versus control **, p<0.}
versus control *** p<0.001 versus control by paired t
test. * Abbreviation are the same as in Table1 and 3.
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Fig. 17. Changes of left ventricular pressure and right ventricular pressure during four hours after the initiation of electrical
stimulation. LVP, left ventricular pressure ; RVDP, right ventricular pressure; CVP, central venous pressure.



868 r

FROHE? i EDEENE LN, ThHE BRI b
BRI TS,
BHOREEFADEREE LT, Zhi TICABBIRORES
SHEEYE, SRAOWEL EOREND DI, KPR T
RARAHBEFELERL, ARCLTHRLE LT L.
HEEHEOBEITOVTINIED Starr BP WL IBE, AF
BEAIEER THE B BRI b 2 F O MATEIREIC K & I (LD
ABRENT EL OV ABRBELAIFEORELTELDR, &
EORY FBRERBEIhIEACH 7. L L1975
Sade 57 IXEE BRI RAKRBRTHEO R vV FBED
EEMARELL. i Tan® RATHIREIRC L5 EEH he
BEEL, UM TOEOPBEL R LABELHELT, L
EhfR L W ERERENAEAY FTRECEERFEL R L
TWBERELTWS. ARRTHEEREECHELLTE
TERABORERIAVIEWT, AEEHBCERT 504
RERTAZHEYEVE. ZhIZ X D AREIROE F4rH o m

Fig. 18. Echocardiographical finding showing the efficacy of
cardiomyoplasty.

Fig.19. Gross finding of sacrificed heart in short axis view.
Right ventricular chamber is obviously dilated.
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Fig. 20. Histological finding of right ventricular free wall 6
months after infarction. Vacuole degeneration and fibrosis
are detected in right ventricular free wall. Hematoxylin-
Eosin stain X 200.

Fig. 21. Histological finding of skeletal muscle after electr.i-
cal stimulation for 6 months. No atrophic change
detected in transformed muscle. Hematoxylin-Eosin stain
X 200.
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Abstract

In the treatment of congestive heart failure, electrically conditioned skeletal muscle may be an excellent alternative to
current surgical treatments such as heart transplantation or a ventricular assist device. The feasibility of right ventricular
assistance utilizing right ventricular free wall cardiomyoplasty was studied. A right heart failure model was produced by lig-
ation of all branches of the right coronary artery and left anterior descending artery supplying the right ventricular free wall.
Hemodynamic parameters were measured before and after right ventricular free wall infarction. After coronary branch liga-
tions, significant decreases were noted in systolic blood pressure (BP), systolic pulmonary arterial pressure (PAP), cardiac
output (C.0.) and right ventricular stroke work (RVSW). Significant increases in central pressure (CVP) and right ventricu-
lar end-diastolic pressure (RVEDP) were noted as well. The preconditioned left latissimus dorsi muscle was then dissected
from the chest wall, and right ventricular dynamic cardiomyoplasty was performed by wrapping the right ventricular free
wall with latissimus dorsi muscle. Preconditioning of the latissimus dorsi preceded cardiomyoplasty utilizing electrical stim-
ulation over a 6 week period. Hemodynamic parameters improved with significant increases of BP, PAP, RVP, C.O. and
RVSW. CVP and RVEDP fell in comparison with values immediately after right ventricular infarction. Augmentation of cir-
culatory function was also apparent 2 hours after muscle stimulation. The efficacy of right ventricular free wall cardiomy-
oplasty in a chronic right-heart failure model was also studied. Simultaneous induction of right-heart failure and wrapping of
the right ventricle with unconditioned left latissimus dorsi muscle was performed. A 6-month program of electrical training
of the latissimus muscle was begun 3 weeks after the surgery. Right ventricular cardiomyoplasty performance was evaluated
by stimulating skeletal muscle after completion of the training. Left ventricular systolic pressure, RVP, C.O. and RVSW
increased significantly. Left ventricular end-diastolic pressure, RVEDP and CVP tended to decrease. The augmentation of
right ventricular function by cardiomyoplasty could be observed for at least four hours without skeletal muscle fatigue.
Pathological evaluation revealed right ventricular chamber enlargement and free wall thinning grossly, with vacuole degener-
ation and fibrosis detected on microscopic examination of the right ventricular free wall after ligation of coronary vascular
branches. There were no atrophic changes or fibrosis in transformed skeletal muscle. From the result of the present study, it
can be concluded that right ventricular free wall dynamic cardiomyoplasty appears to be able to provide a significant contri-
bution to right ventricular function after RV infarction.




