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Effect of Ischemic Preconditioning for Preventing Ischemic

Injury of the Spinal Cord

Jong Myeon Hong, M.D.*, Che Cheng Ri, M.D.*, Woo |k Song, Jang Soo Hong, M.D.*,
Seung Woon Lim, M.D.**, Geon Kook Lee, M.D.*¥** Seung Pyung Lim, M.D ###*

Background: Paraplegia is a serious complication of thoracic or thoracoabdominal aortic
operations, which is related to ischemic injury of the spinal cord induced by low perfusion
pressure during cross clamping of the aorta. Ischemic preconditioning of heart or brain with
reversible sublethal ischemic injury induces resistance to subsequent lethal ischemia. The aim
of this study is to investigate whether ischemic tolerance could be induced by the
preconditioning of the spinal cord using swine model. Material and Method: The animals
were randomly assigned to three groups: sham group(n=3), control group(n=6) and pre-
conditioning group(n=8). In the sham group, we performed the left thoracotomy only without
any ischemic injury. In the preconditioning group, the swine received reversible spinal cord
ischemic injury by aortic clamping for 20 minutes, whereas control group had no previous
aortic cross- clamping. Forty-eight hours later, the aorta was clamped for 30 minutes in both
groups. Neurological examination was done 24 hours later, then the animals were euthanized
for histopathology and malonedialdehyde(MDA) spectrophotometry assay of the spinal cord.
Result: Statistically significant difference in neurological outcome was observed between the
control and preconditioning groups at 24 hours after ischemic injury. The incidence of
paraplegia and severe paresis was 100% in the control group, and 62.5% in the preconditing
group(p=0.028). There was no statistically significant difference in histopathology and MDA
assay of the ischemic spinal cord between these two groups with borderline statistical
difference in MDA assay(p=0.0745). Conclusion: In the present swine study, ischemic
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preconditioning could induce tolerance against 30 minute ischemic insult of the spinal cord,
although the animals did not completely recover(stand-up or walk). We expect that combining
this preconditioning with other currently existing protection methods might lead to a
synergistic effect, which warrants further investigation.

(Korean Thorac Cardiovasc Surg 2001;34:823-30)
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Fig. 1. Spinal cord ischemia is induced by cross clamping of
aorta just beneath the left subclavian artery.
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Fig. 2. Experimental protocol.
PC, preconditioning; IPC, ischemic preconditioning
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Table 1. Tarlov criteria for neurologic evaluation of the hind
limb motor function

Grade O : no voluntary function (complete paralysis)
Grade 1 : movement of joints perceptible

Grade 2 : active movement of joints (inability to stand)
Grade 3 : able to stand (inability to walk)

Grade 4 : complete recovery (able to stand, walk, run)
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Table 2. Mean arterial pressure(MAP) & heart rate(HR) at 30
minutes of the arotic cross—clamping

MAP(mmHg) HR(rate/min) p-value*
Baseline
Control 75.3:127.3 14551219  >0.05
PC 8721 95 159.7 + 44.2

During X-clamp(Proximal/Distal)

Control 1545 +.13.0/24 4 210+ 42.4 <0.05

PC 1327 + 13.5/26 £3 182 +2538

Reperfusion

Control 66.5 1 29.5 1708 + 57.2  >0.05

PC 6831124 172.2 + 30.8

*This value means the difference of MAP between control
and PC group
X-clamp, cross clamp; PC, preconditioning
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Fig. 3. Ventral homns of the lower thoracic spinal cord. A,
Normal motor neurons in sham group. B, Abnormal motor
neurons with shrunken and eosinophilic cytoplasms &
condensed neuclei in control group. C, less damaged neurons
in preconditioning group{Hematoxylin and eosin staining, under
x100 magnification).
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