Study of the Usefulness of Cerebellar Evoked
Potentials as a Monitor for Spinal Cord Ischemia
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Fig.1. Experimental system in experiment 1. Animals were fixed on a stereotaxic apparatus under mechanical ventilation with oxygen.
Settings for the stimulating and recording electrodes varied according to the SEPs, MEPs, and CEPs groups (Fig.1 shows the setting for
the CEP group). Recording, recording electrode; Reference, reference electrode; Ground, ground electrode; Stimulator, stimulator and

stimulating electrode.
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Fig. 2. Experimental schedule of experiment 1
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Fig.3. Typical waveforms of SEPs, MEPs and CEPs. SEPs
consist of an initial positive peak (P1) followed by a large
negative peak (N1). MEPs consist of an initial sharp negative
peak (N1) followed by a sharp positive peak (P1). CEPs consist
of an initial negative peak (N1) followed by a series of three
positive and two negative peaks. The potential difference
between N1 and Pl is defined as amplitude, and the time from
the stimulation to peak of N1 is defined as latency.
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Fig. 4. Experimental system in experiment 2. Animals were fixed on a stereotaxic apparatus under mechanical ventilation with oxygen.
Settings for the stimulating and recording electrodes varied according to the SEPs, MEPs, and CEPs groups. A 2Fr Fogarty catheter was
inserted into the femoral artery to induce spinal ischemia. To control the proximal arterial blood pressure at 40 mm Hg during aortic
occlusion, a catheter connected to an external blood reservoir was inserted into the left subclavian artery, and the blood reservoir was
positioned at a height of 54 cm measured from the level of the animal's body. To induce spinal ischemia, the balloon catheter was inflated
with 0.05 ml saline, and the blood was allowed to flow into the external reservoir. Recording, recording electrode; Ground, ground
electrode; Stimulator, stimulator and stimulating electrode; Fr, french size.
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Fig. 5. Experimental schedule of experiment 2. MDI, motor deficit index.
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Fig.6. Typical changes in the waveforms of SEPs, MEPs, and CEPs with an increase in the sevoflurane concentration. MEPs almost
disappear af a low concentration of sevoflurane (0.5%). CEPs almost disappear at a concentration of 2.5% sevoflurane, SEPs persist at a
concentration of 3.5% sevoflurane.
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Fig.7. Successive changes in the amplitude of SEPs, MEPs, and CEPs at different concentrations of sevoflurane. The data are shown as a
percentage of the control amplitude. Significant difference is present between SEPs group and MEPs group; between SEPs group and
CEPs group (P <0.01). Values are X = SD. @, SEPs; A, MEPs; O, CEPs.
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Fig.8. Typical changes in the waveforms of SEPs, MEPs, and CEPs under aortic occlusion for 5 min. The shaded zone represents a period
of aortic occlusion. MEPs disappear immediately after aortic occlusion. CEPs and SEPs are attenuated gradually, but do not disappear.
CEPs are attenuated to a greater extent than SEPs. All waves recover after reperfusion. CEPs recover following the recovery of SEPs. The
MEPs are the last waves to recover. Each wave interval is 1 min.

Table 1. Motor Deficit Index (MDI)

. L Time from reperfusion (hr)
Aortic occlusion time G
- roup
(min)
3 24
SEPs (n=7) 0 (0-0) 0 (0-0)
5 MEPs (n=7) 0(0-0) 0 (0-0)
CEPs (n=7) 0 (0-0) 0 (0-0)
SEPs (n=7) 6 (5-6) 6 (5-6)
10 MEPs (n=7) 6 (5-6) 6 (5-6)
CEPs (n=7) 6 (5-6) 6 (5-6)

Data are presented as median (range). SEPs, somatosensory evoked potentials; MEPs, motor evoked potentials; CEPs, cerebellar evoked potentials.
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Fig.10. Typical changes in the waveforms of SEPs, MEPs, and CEPs with aortic occlusion for 10 min. The shaded zone represents a period
of aortic occlusion. MEPs disappear within 2 min after aortic occlusion. CEPs and SEPs are attenuated gradually and CEPs disappear after
the disappearance of MEPs. The SEPs are the last waves to disappear. SEPs recover immediately after reperfusion. CEPs recover after the
recovery of SEPs. MEPs do not appear after reperfusion. Each wave interval is 1 min.
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Fig.9. Successive changes in the amplitude of SEPs, MEPs, and CEPs with aortic occlusion for 5 min. The black bar at the top indicates a

period of aortic occlusion. The data are shown as the percentage of the control amplitude. Significant differences are present between each
group (P<0.01). Valuesare X = SD. @, SEPs; A, MEPs; O, CEPs.
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Fig.11. Successive changes in the amplitude of SEPs, MEPs, and CEPs with aortic occlusion for 10 min. The black bar at the top indicates a

period of aortic occlusion. The data are shown as a percentage of the control amplitude. Significant differences are present between each
group (P < 0.01). Values are X + SD. @, SEPs; A, MEPs; O, CEPs.
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Abstract

Paraplegia due to spinal cord ischemia is a serious complication of thoracoabdominal aneurysm repair. In order to prevent
this complication, somatosensory evoked potentials (SEPs) or motor evoked potentials (MEPs) have been clinically used to
detect spinal cord ischemia. However, SEPs are sometimes false-negative or positive, while MEPs require strictly controlled
anesthetic management. Therefore, a novel monitor with high sensitivity and few limitations is desired. Cerebellar evoked
potentials (CEPs) are electrophysiological activities that are recorded on the cerebellar cortex by peripheral nerve stimulation,
and the signals ascend through the ventral spinocerebellar tract that is perfused by the anterior spinal artery. These
characteristics make CEPs suitable as a monitor for spinal cord ischemia. This study was designed to clarify the usefulness of
CEPs as a monitor for spinal cord ischemia. In experiment 1, the effects of inhalational anesthetics and muscle relaxants were
examined. It was found that 2% sevoflurane did not have any effect on SEPs, while MEPs disappeared even at a
concentration of 1% sevoflurane. At 2% sevoflurane, the amplitude of the CEPs was reduced by 90%, but was still
recordable. Pancuronium did not have any effect on SEPs and CEPs, but strongly inhibited MEPs. In experiment 2, the effect
of spinal cord ischemia was investigated. Animals received a 5- or 10-min aortic occlusion. Consequently, MEPs and CEPs
promptly responded to spinal cord ischemia, while SEPs showed a late reaction. On the other hand, SEPs and CEPs recovered
within 20 min of reperfusion, while MEPs recovered later (5-min occlusion), or did not recover at all (10-min occlusion). The
animals that received a 5-min occlusion recovered completely, while all animals that received a 10-min occlusion showed
severe motor dysfunction. In summary, SEPs were resistant to sevoflurane and pancuronium, but were less sensitive to spinal
cord ischemia and failed to predict paraplegia. MEPs were easily inhibited by a low concentration of sevoflurane and
pancuronium; however, they were very sensitive to spinal cord ischemia and were able to predict paraplegia. CEPs were
relatively resistant to sevoflurane, and were unaffected by pancuronium. Similar to MEPs, they were very sensitive to spinal
cord ischemia, but could not predict paraplegia. In conclusion, CEPs might be a useful monitor for spinal cord ischemia, but
not of motor function.



