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Study on the Short—-Term Hemodynamic Effects of Experimental
Cardiomyoplasty in Heart Failure Model

Yoon Seop Jeong, M.D. *, Wook Youm, M.D. *, Chang Ha Lee, M.D. *%
Wook Seong Kim, M.D. **, Young Tak Lee, M.D. **, Won Gon Kim, M.D. ***

Background: To evaluate the short-term effect of dynamic cardiomyoplasty on circulatory
function and detect the related factors that can affect it, experimental cardiomyoplasties were
performed under the state of normal cardiac function and heart failure. Material and Method:
A total of 10 mongrel dogs weighing 20 to 30kg were divided arbitrarily into two groups.
Five dogs of group A underwent cardiomyoplasty with latissimus dorsi(LD) muscle mobili-
zation followed by a 2-week vascular delay and 6-week muscle training. Then, hemodynamic
studies were conducted. In group B, doxorubicin was given to 5 dogs in an IV dose of 1
mg/kg once a week for 8 weeks to induce chronic heart failure, and simultaneous muscle
training was given for preconditioning during this period. Then, cardiomyoplasties were
performed and hemodynamic studies were conducted immediately after these cardiomyoplasties
in group B. Result: In group A, under the state of normal cardiac function, only mean right
atrial pressure significantly increased with the pacer-on(p<0.05) and the left ventricular
hemodynamic parameters did not change significantly. However, with pacer-on in group B,
cardiac output(CO), rate of left ventricular pressure development(dp/dt), stroke volume(SV),
and left ventricular stroke work(SW) increased by 16.7+72%, 9.3£32%, 16.8£8.6%, and
23.1+9.7%, respectively, whereas left ventricular end-diastole pressure(LVEDP) and mean
pulmonary capillary wedge pressure(mPCWP) decreased by 32.1%£4.6% and 17.7%9.1%,
respectively(p<0.05). In group A, imipramine was infused at the rate of 7.5mg/kg/hour for 34
+2.6 minutes to induce acute heart failure, which resulted in the reduction of cardiac
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output by 17.5£2.7%, systolic left ventricular pressure by 15.8+2.5% and the elevation of
left ventricular end-diastole pressure by 54.31+15.2%(p<0.05). With pacer-on under this state
of acute heart failure, CO, dp/dt, SV, and SW increased by 4.5%1.8% and 3.1£1.1%, 5.7=%

3.6%, and 6.9*t4.4%, respectively,

whereas LVEDP decreased by 11.714.7%(p<0.05).

Comparing CO, dp/dt, SV, SW and LVEDP that changed significantly with pacer-on, both

under the state of acute and chronic heart failure,

augmentation widths of these left

ventricular hemodynamic parameters were significantly larger under the state of chronic heart
failure(group B) than acute heart failure(group A)(p<0.05). On gross inspection, variable
degrees of adhesion and inflammation were present in all 5 dogs of group A, including 2
dogs that showed no muscle contraction. No adhesion and inflammation were, however,
present in all 5 dogs of group B, which showed vivid muscle contractions. Considering these
differences in gross findings along with the following premise that the acute heart failure
state was not statistically different from the chronic one in terms of left ventricular
parameters(p>0.05), the larger augmentation effect seen in group B is presumed to be mainly

attributed to the viability and contractility of the LD muscle. Conclusion:

These results

indicate that the positive circulatory augmentation effect of cardiomyoplasty is apparent only
under the state of heart failure and the preservation of muscle contractility is important to

maximize this effect.

(Korean J Thorac Cardiovasc Surg 1999;32:224-36)

Cardiomyoplasty
. Muscle transplantation
. Heart failure
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Table t. Stimulation Protocol for muscle Transformation
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Interpuilse interval(ms)Burst

Time No. . on ppl'ses in.a burst ’ Multiplicity of synchronization frequency(Hz) Pulse width
Week 1 4 1:7 31/32.3 0.75 ms
Week 2 4 1:6 31/32.3 0.75 ms
Week 3 4 1:5 31/32.3 0.75 ms
Week 4 4(7) 1:4 31/32.3 0.75 ms
Week 5 4(7) 1:3 31/32.3 0.75 ms
Week 6 4(7) 1:2 31/32.3 0.75 ms

* EKS-445(Moscow, Russia) was used for the above stimulation protocol
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Fig. 1. Effect of muscle stimulation(pacer-on) on circulatory
function under the state of normal cardiac function in Group
A. Asterisk(x) indicated p<0.05 versus pacer-off data.
Abbreviations are same as in Table 2.
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Fig. 2. Effect of imipramine infusion at the rate of
7.5mg/ka/hour for 34£2.6 minutes on circulatory function in
Group A. Asterisk(+) indicated p<0.05 versus data obtained
jest before imipramine inipramine infusion. Abbreviations are

same as in Table 2.
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Table 2. Hemodynamic parameters

g2 4]
1998;32:224-36

Group A Group B
Normal AHF CHF
Off On On Off On

HR 109.0+13.9 108.2%+11.7 106.2+12.9 1052119 112.6+15.4 112.41+13.7
MRAP 4.8+0.8 6.01.0 50+1.2 6.0x1.6 6.8L£1.9 70£12
sRVP 252%19 25.0%2.7 236x13 23.8*+1.5 24.4+1.7 23.8%x1.3
PAP 232+22 224+24 226*15 220*1.6 232%13 216+ 1.1
PCWP 54£0.5 54 1.1, 6.610.6 6.00.7 7.8X1.6 6.4+15
sLVP 109.0+84 110.6+8.3 91.8x8.1 912%7.5 1022£7.7 103.0%£7.5
LVEDP 8.0t1.6 82+0.8 122+1.8 10.8+1.9 12.6+2.3 8.6X1.9
MAoP 89.4+11.7 90.0x11.4 78476 79.0x74 87465 88.216.8
CO 38104 3.7+04 31203 32+03 3103 3.6%£03
dp/dt 1973.6+199.4 2062.0+118.2 13152109.4 1355.6+100.9 1395.2+73.0 1524.4+81.4
SV 34.8+42 344138 29.4+3.0 31.0%=2.7 27.5+£4.0 31.9*36
Sw 50.7%£8.6 50.6*+6.0 33.8£5.7 36.0£5.6 35564 435172
SVR 1823.5+350.8 1845.3£391.3 1912+294.0 1821.9£306.4 2137.91376.5 1840.8+268.7
PVR 384.31+53.8 369.4£69.6 421.3+45.1 395.6+29.3 404.0£34.2 344.41+51.7.

* AHF, acute heart failure induced by imipramine

* CHF; chronic heart failure induced by doxorubicin

* HR; heart rate(beat/min), mRAP; mean right atrial
mean pulmonary artery pressure(mmHG), mPCWP; mea

pressure(mmHg), sRVP; systolic right ventricular pressure(mmHG) mPAP;

n pulmonary capllary wedge pressure(mmHg), sLVP; systolic left ventricular

pressure(mmHg), LVEDP; left ventricular end diastolic pressure(mmHg), mAoP; mean aortic pressure(mmHg),m CO; cardiac
development(mmHg/sec), SV; stroke volume(mL), SW; stroke work(g.m),

output(L/min), <|/de; rate of left ventricular pressure

SVR; systemic vascular resistance(dyne. sec. cm-5), PVR; pulmoanry vascular resistance(dyne. sec. cm-5)

110

% of pacer-off vaiue

LVEDP sV SwW

co dpict

SVR

Fig. 3. Effect of muscle contraction(pacer-on) on circulatory
function under the state of acute heart failure induced by

imipramine in Group A. Asterisks(x) indicate p <0.05

pacer-off data. Abbreviations are same as in Table 4.

versus

dp/dt, LVEDP, SV, SW, mPCWP7} +<jstA] 3=
T} (Figd) ©) Aol AolA7] FujEE AF33lHy Co
16.717.2%, dp/dt 9.3£32%, SV 168+86%, SW 23.119.7%

Z7}s}3, LVEDP 32.1+4.6%, mPCWP 17.7£9.1%

, mPAP
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% of control value

LVEDP co

mPCWP dp/dt SV SwW

Fig. 4. Effect of doxorubicin injection with the amount of 1
mg/kg/wk for 8 weeks on circulatory function in Group B.
Asterisks(+) indicate p<0.05 versus data obtained before
doxorubicin injection. Abbreviations are same as in Table 2.

69+22%, SVR 134148%, PVR 18217.6% Z4s}ich
(p<0.05)(Fig. 5). & Al H4 A& Aeist 25 B vt
A ARA Aol Buld 5o 0lgk Hosta Wil %
< ¥w3telS 9 CO, dp/dt, LVEDP, SV, SWe| L& BellA
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130

% of pacer-off value

co dp/dt mPAP  mPCWP LVEDP sv SwW SVR PVR

Fig. 5. Effect of muscle contraction (pacer-on) on circulatory
function under the state of chronic heart failure induced by
doxorubicin in Group B. Asterisks(+) indicates p<0.05 versus
pacer—off data. Abbreviations are same as in Table 2.

CO(Umin)

4.5

3.5

25 r

AHF AHF CHF CHF
(OFF) (ON) (OFF) (ON)

Fig. 6. Comparison of the augmentation difference of cardiac

output{CO) by muscle stimulation. CO was more significantly

augmented in chronic heart failure(CHF) group than in acute

heart failure(AHF) group with pacer-on (p=0.049).

= OFF; CO at pacer-off state, ON; CO at pacer-on state

* Y-axis represents CO(L/min)

o] ZA| H3}slAthp<0.05)(Fig.6-10).
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T AHF AHF CHF CHF
(OFF) (ON) (OFF) (ON)

Fig. 7. Comparison of the augmentation difference of the
rate of left ventricular pressure development(dp/dt) by muscle
stimulation. dp/dt was more significantly augmented in
chronic heart failure(CHF) group than in acute heart
failure(AHF) group with pacer-on(p=0.009).

* OFF; dp/dt at pacer-off state, ON; CO at pacer-on state
~ Y-axis represents CO(L/min)

LVEDP
(mmHg)

18 e e e i e e e e S ————

16
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Fig. 8. Comparison of the augmentation difference of left
ventricular  end-diastole  pressure(LVEDP) by muscle
stimulation. LVEDP was more significantly augmented in
chronic heart failure(CHF) group than in aucte heart
failure(AHF) group with pacer-on(p=0.007).

* OFF; dp/dt at pacer-off state, ON; CO at pacer-on state
« Y-axis represents CO(L/min)
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Fig 9. Comparison of the augmentation difference pf left
ventricular stroke volume(SV) by muscle stimulation. SV was
more significantly augmented in chronic heart failurg(CHF)
group than in acute heart failure(AHF) group| with
pacer-on{p=0.033).
= OFF; dp/dt at pacer-off state, ON; CO at pacer-on |state
= Y-axis represents CO(L/min)
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Fig. 10. Comparison of the augmentation difference of left
ventricular stroke work(SW) by muscle stimulation. SW was
more significantly augmented in chronic heart failure(CHF)
group than in acute heart failure(AHF) group with
pacer-on(p=0.009).

« OFF; dp/dt at pacer-off state, ON; CO at pacer-on state
~ Y-axis represents CO(L/min}
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