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The Experimental Study for Myocardial Preservation
Effect of Ischemic Preconditioning

Chong Kook Lee, M.D.*, Il Hwan Park, M.D.*, Sang Hun Lee, B.S(c)*

Background: Decrease in cardiac function after open heart surgery is due to an ischemia induced myocardial
damage during surgery, and ischemic preconditioning, a condition in which the myocardial damage does not
accumulate after repeated episodes of ischemia but protects itself from damage after prolonged ischemia due to
myocytes tolerating the ischemia, is known to diminish myocardial damage, which also helps the recovery of
myocardium after reperfusion, and decreases incidences of arrythmia. Our study is performed to display the
ischemic preconditioning and show the myocardial protective effect by applying cardioplegic solution to the heart
removed from rat. Material and Method: Sprague-Dawley male rats were used, They were fixed on a modified
isolated working heart model after cannulation. The reperfusion process was according to non-working and working
heart methods and the working method was executed for 20 minutes in which the heart rate, aortic pressure,
aortic flow and coronary flow were measured and recorded. The control group is the group which the extracted
heart was fixed on the isolated working heart model, recovered by reperfusion 60 minutes after infusion and
preserved in the cardioplegic solution 20 minutes after the working heart perfusion and aortic cross clamp, The
thesis groups were divided into group I, which ischemic hearts that were hypoxia induced were perfused by
cardioplegic solution and preserved for 60 minutes, group I, the cardioplegic solution was infused 45 seconds
(1), 1 minutes (I-2), 3 minutes (II-3), after the ischemia induction, 20 minutes after working heart perfusion and
aortic cross clamp; and group Ill, hearts were executed on working heart perfusion for 20 minutes and aortic
cross clamp was performed for 45 seconds (ll-1), 1minute (I1-2), 3 minutes (liI-3), reperfused for 2 minutes to
recover the heart, and then aortic cross clamping was repeated for reperfusion, all the groups were compared
based on hemodynamic performance after reperfusion of the heart after preservation for 60 minutes. Result: The
recovery time until spontaneous heart beat was fonger in groups |, 1I-3, Hi-2 and 1I-3 to control group (p<0.01).
Group i1 (p<0.05) had better results in terms of recovery in number of heart rates compared to control group,
and recovered better compared to -1 (p<(0.05). The recovery of aortic blood pressure favored group lII-1 (p<
0.05) and had better outcomes compared with II-1 (p<0.01). Group Ill-1 also showed best results in terms of
cardiac output (p<0.05) and group Ill-2 was better compared to 1I-2 (p<0.05). Group | (p<0.01) and I3 (p<
0.05) showed more cardiac edema than control group. Conclusion: When the effects of other organs are
dismissed, protecting the heart by infusion of cardioplegic solution after enforcing ischemia for a short period of
time before the onset of abnormal heart beats for preconditioning has a better recovery effect in the cardioplegic
group with preconditioning compared to the cardioplegic solution itself. we believe that further study is needed to
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find a more effective method of preconditioning.

(Korean J Thorac Cardiovasc Surg 2004;37:119-130)
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Fig. 1. Modified isolated working heart model. The rat
heart was cannlated via aorta and left atrium and
maintained in a thermostatically controlled chamber
(Heart Chamber). In Langendorff perfusion, Ty, Ts was
opened Ty, T; closed, perfusion fluid entered the
heart via the aorta from the aortic reservoir located
100cm bove the heart. In the working model, taps T,
and T3 were open (T4, T4 closed) and perfusion fiuid
entered the heart via the left atrium from an aterial
reservoir 20 cm the left ventricle ejected perfusion via
the aorta and an elasticity chamber (pressure cham-
ber) against 80 cmH,O hydrostatic pressure to the

EKG aortic bubble trap. The overflow of the aortic bubble

AORTAPr trap is aortic flow rate. The coronary perfusion exited

TeEMP into the heart chamber and was collected for mea-
surement of coronary flow rate. The entire perfusate
was thermostatically maintained by coil hear system
of oxygenator at the temperature required for the
studies. Simulated bypass with ischemic arrest would
be achieved by closing taps T+, T2 and Ts. Infusion of
cardioplegic solution would be achieved by opened
tap above aortic cannula.
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Table 1. Recovery of heart rate after reperfusion
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Recovery heart rate (beat/min)

Baseline
Group (beat/min) . . . . n
5 min 10 min 20 min 30 min
Control 320.0+5.7 278.5+5.2 2785+52 278.0+4.4 276.8+4.6 7
I 321.8+5.0 225.5+10.9 22554109 22374112 221.5+10.6 6
II-1 323.8+6.9 275.8+10.8 2758+112 2742+13.6 273741338 6
-2 322.5+4.6 263.8+6.4 263.7+6.3 263.0+6.9 262.3+74 6
-3 320.2+5.8 243.8+7.3 2438173 242.0+7.6 241.3+79 6
-1 3102+7.6 2902+9.7+ 1 290.0+9.1* T 294.7+9.2%1 299.0+9.8% 1 6
-2 314.0+8.9 272.5+72 272.3+8.6 2717492 271.5+8.7 6
13 318.0+4.7 248.8+14.2 2483+ 14.1 24324142 24214143 6

All data are shown as the meanztthe standard error of the mean. Control values measured were preoperative hemodynamic data.
[=Preconditioning of perfusate 95% N,+5% CO, bublling after pO; below 50 mmHg; II-1=Preconditioning of aortic closs clamp after
45 sec; II-2=Preconditioning of aortic closs clamp after 1 minute; II-3=Preconditioning of aortic closs clamp after 3 minute; III-1=
Preconditioning of aortic closs clamp after 45 sec on the 2 rate; IlI-2=Preconditioning of aortic closs clamp after 1 minute on the 2 rate;
[11-3=Preconditioning of aortic closs clamp after 3 minute on the 2 rate. *p<0.05 Control vs comparative group; Tp<0.05 Group 1I vs

Group IIT.
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Table 2. Recovery of peak aortic pressure after reperfusion

Recovery aortic pressure (mmHg)

Group Baseline n
(mmHg) 5 min 10 min 20 min 30 min
Control 110.8+5.9 103.7+5.8 103.3+62 102.5+6.1 101.0+5.7 7
I 108.5+5.3 86.0+2.4 85.5+5.7 84.2+5.6 82.5+6.1 6
-1 113.5+57 108.0+3.6 107.7+35 107.0+3.3 105.8+3.0 6
-2 112.5+6.0 98.5+3.4 98.0+3.6 972430 96.3+3.3 6
-3 1152+8.1 92.0+5.2 91.0+4.3 90.0+4.4 89.2+3.5 6
mI-1 124.0+8.5 120.5+7.6%" 1212+7.8%" 121.5+7.1+" 120.8+7.9%1 6
12 115.2+9.0 101.6+4.5 101.2+3.9 101.6+4.1 100.3+5.1 6
11-3 1147472 96.2+5.4 96.1+5.4 95.2+5.6 942+5.6" 6

All data are shown as the meanzthe standard etror of the mean. Control values measured were preoperative hemodynamic dat:
I=Preconditioning of perfusate 95% N,+5% CO, bublling after pO, below 50 mmHg; II-1=Preconditioning of aortic closs clamp aft
45 sec; II-2=Preconditioning of aortic closs clamp after 1 minute; II-3=Preconditioning of aortic closs clamp after 3 minute; IH-1
Preconditioning of aortic closs clamp after 45 sec on the 2 rate; III-2=Preconditioning of aortic closs clamp after [ minute on the 2 rat
III-3=Preconditioning of aortic closs clamp after 3 minute on the 2 rate. *p<0.05 Control vs comparative group; Tp<0.05, Tp<0.(
Group II vs Group IIL

Table 3. Recovery of aortic flow after reperfusion

Recovery aortic flow(ml/min)

Group Baseline n
(mi/min) 5 min 10 min 20 min 30 min
Control 36.0+4.8 282+6.3 282+6.3 272459 262153 7
I 33.0+32 13.0+2.6 125+2.3 115428 11.3+32 6
11 34.0+4.0 275+2.1 273+2.4 268+2.1 26.5+2.3 6
-2 36.7+3.7 178429 183+1.9 193133 19.3+3.3 6
-3 37.0+3.8 18.0+4.6 17.2+39 162+4.8 152+4.0 6
II-1 36.0+3.1 33.0+5.5% 320+5.1% 31.5+6.1% 30.8+6.4 6
112 36.8+3.7 263+45" 260+4.4" 248+42" 23.5+4.2 6
II-3 358+35 173425 17.5+2.3 17.0+2.3 15.0+5.0 6

All data are shown as the mean=+the standard error of the mean. Control values measured were preoperative hemodynamic dat
I=Preconditioning of perfusate 95% N»+5% CO; bublling after pO; below 50 mmHg; II-1=Preconditioning of aortic closs clamp aft
45 sec; I[-2=Preconditioning of aortic closs clamp after 1 minute; IT-3=Preconditioning of aortic closs clamp after 3 minute; III-]
Preconditioning of aortic closs clamp after 45 sec on the 2 rate; III-2=Preconditioning of aortic closs clamp after | minute on the 2 ra
I1I-3=Preconditioning of aortic closs clamp after 3 minute on the 2 rate. *p<0.05 Control vs comparative group; Tp<0.05 Group 11
Group IIL
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Table 4. Recovery of coronary flow after reperfusion
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Recovery coronary flow (ml/min)

Baseline
Group (ml/min) . . . . n
5 min 10 min 20 min 30 min
Control 153+29 142+39 142439 137+39 13.8+4.0 7
1 153£3.3 11.8+2.0 115423 11.3+1.8 11.0£1.9 6
-1 157+2.3 155120 13.3+2.1 150+1.8 147422 6
112 162%3.9 14.5+3.1 142+2.4 13.7£25 132126 6
1I-3 15.8+3.1 143+£22 13.7+39 142+£26 145423 6
II-1 17.0+£2.3 16.7£2.3 16.5£2.6 17.2+4.0 17.6+4.3 6
-2 16.5+2.6 162+2.8 15.0+2.9 15.0£2.8 14.8+2.7 6
1I1-3 16.2+3.1 143+28 14022 13.8+2.3 13.5+22 6

All data are shown as the meantthe standard error of the mean. Control values measured were preoperative hemodynamic data.
I=Preconditioning of perfusate 95% N;+5% CO; bublling after pO, below 50 mmHg; II-1=Preconditioning of aortic closs clamp after
45 sec; 1I-2=Preconditioning of aortic closs clamp after 1 minute; II-3=Preconditioning of aortic closs clamp after 3 minute; III-1=
Preconditioning of aortic closs clamp after 45 sec on the 2 rate; III-2=Preconditioning of aortic closs clamp after 1 minute on the 2 rate;
I1I-3=Preconditioning of aortic closs clamp after 3 minute on the 2 rate.

Table 5. Recovery of cardiac output after reperfusion

Recovery cardiac output (ml/min)

Baseline
Group (ml/min) . : . . n
5 min 10 min 20 min 30 min
Control 51.3+6.0 423+8.3 42.3+83 40.8+8.1 40.0+7.6 7
I 483455 24.8+42 23.8+4.1 23.0+4.0 223+45 6
-1 49.7+4.9 43.0+3.4 428435 42.0+3.6 41.1+39 6
-2 528+6.7 34.0+4.6 333+3.7 343453 342+52 6
113 52.8+4.4 323142 313+4.2 303453 29.7+4.6 6
-1 53.0-£2.8 49.6+6.0% 48.3+6.1* 48.7+9.2% 48.5+9,1* 6
12 533+5.4 408+6.5" 40.5+6.6" 3854637 36.8+6.4 6
HI-3 520+3.0 31.7+2.5 315+2.1 30.8+2.1 30.1+1.9 6

All data are shown as the meanzthe standard error of the mean. Control values measured were preoperative hemodynamic data.
[=Preconditioning of perfusate 95% N;+5% CO; bublling after pO, below 50 mmHg; I-1=Preconditioning of aortic closs clamp after
45 sec; II-2=Preconditioning of aortic closs clamp after 1 minute; II-3=Preconditioning of aortic closs clamp after 3 minute; III-1=
Preconditioning of aortic closs clamp after 45 sec on the 2 rate; ITI-2=Preconditioning of aortic closs clamp after 1 minute on the 2 rate;
MI-3=Preconditioning of aortic closs clamp after 3 minute on the 2 rate. *p<0.05 Control vs comparative group; Tp<0.05 Group II vs

Group III.

7] gkSkrH(Table 4).
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Table 6. Water content of the heart after reperfusion

Group Wet weight (gm) Dry weight (gm) Water content (%) n
Control 1.41£0.15 0.20+0.15 859+1.2 7
| 1.37+£0.19 027+0.14 803+1.9" 6
-1 1.35+0.05 0.17+0.02 878113 6
11-2 1.38+0.16 0.1810.11 87.5+1.7 6
II-3 1.35+0.18 0.24+0.13 82.1+1.8* 6
1I-1 1.37£0.17 0.18+0.14 87.0+25 6
1-2 1.36+0.16 022+0.14 83.8+22 6
I-3 1.371£0.04 0.2240.02 844112 6

Water content=[(wet weight-dry weight)/wet weight] X 100. I=Preconditioning of perfusate 95% N,+5% CO, bublling after pO, below
50 mmHg; II-1=Preconditioning of aortic closs clamp after 45 sec; TI-2=Preconditioning of aortic closs clamp after 1 minute; II-3=
Preconditioning of aortic closs clamp after 3 minute; III-1=Preconditioning of aortic closs clamp after 45 sec on the 2 rate; III-2=
Preconditioning of aortic closs clamp after 1 minute on the 2 rate; III-3=Preconditioning of aortic closs clamp after 3 minute on the 2

rate. *p<0.05; Tp <0.01 Control vs comparative group.
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