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Monitoring of Pyramidal Motor Evoked Potentials in the Rat

Yong Gou Park, M.D.,** Sang Sup Chung, M.D, *x Kyu Chang Lee, M.D.,**
Joon Che, M.D.,*** Jin Woo Chang, M.D.,** Jong Hwan Kim, Ph.D.'
Department of Neurosurgery, Institute of Brain Research,™* College of Medicine, Yonsei University,
Seoul, Korea
Department of Neurosurgery,*** College of Medicine, Konkuk University, Seoul, Korea
Institute of Paralysis Research,! College of Medicine, Wonkwang University, Iri, Korea

for preferential activation of & pyramidal cell layer of the motor cortex. The PMEPs. recordad in the upper

lovels of a neural axis (madulla and C7) were composed of short latency complex waves and a long latency
positive wave with a large amplitude and prolonged duration. However, the PMEP recorded at the lower level of a
neural axis {T8) only showed the long latency a large positive wave. Conduction velocity of the short latency wave
was approximately 1.1 m/sec. Judging by the conduciion velocities of these waves. it appeared that the short
latency-wave compiex originated from direct activation of pyramidal cells in the motar oortex (D-wave). The long
latency-wave seemsd to be evoked by Indirect activation of the pyramidal cells (Fwave). This view was further
supported by the serial depth recordings of PMEPS in the meduila as wall as by the field mapping of PMEPs in the T4
spinal cord. PMEPs completely disappeared following the acute leslon of an Internal capsule, indicating that these
waves originated from the motor cortex rather than the brain stem nuclei such as the reticular nuclel.

P yramidal motor evoked potential (PMEP) was recordad in ral using the specially designed stimulating elsctrods

KEY WORDS : Motor soretx - Stimulation - Spinal cord recording - D-wave - l-wave - Motor evoked potential -
Pyramidal Tract.
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CORTEX

Fig. 1. Schematic drawing of an electrode used to preferentially simulate pyramidal layer of the cerebral cortex in the rat. The
pointed tip of electrode was inserted into the cerebral cortex perpendicular to the cortica! surface so *hat the round area
gently contacted the cortical surface. The round area of electrode was the anode in cortical stimulation.
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Fig. 2. Representative recordings of PMEP monitored at the two levels of the spinal cord(C7 and T8) during stimulation of hindiimb
area of mator cortex using the electrade shown in fig. 1. Varying stimulus intensities ranging from 0.2 to 4 mA were used.
Stimulus intensities used 1o eveked PMEP are shown on the left. The same convention was used for the rest of the figures.
The PMEPs recorded at C7 are composed of short latency positive-negative-positive complex waves and a long latency
large positive wave. However, PMEP recorded at T8 shows the only long fatency positive wave.
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Fig. 3. The PMEP recorded in another rat showing identical features to there seen in Fig. 2.
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Hg. 4. PMEP was recorded in the pyramidal tract of medulla at 12.
3 mm posterior to the bregmalinteraural coordinate : - 3.
3mm). The hindlimb area of motor cortex was stimulated
with varying stimulus intensities ranging from 0.2 to 4 mA.
The PMEP was composed of short latency positive-negative-
positive complex waves and a long latency large positive
wave which was similar to the PMEP recorded at (7.
However, the conducticn delay between short latency
wave and long latency wave was shorter in the medullary
pyramid than that menitored in the C7 spinal cord.
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Fig. 6. PMEPs produced by stimulating the forelimb and the
hindlimb areas of a motor cortex are compared. Two dif-
ferent stimulus intensities were used. Nate the different am-
plitude scales.

Table 7. Conduction velacity of short latency positive negative-

Estimated Latency of 1st Conduction

distance  positive peak  velocity

{mm) {msec} {m/sec)
Cortex — Pyramid 14 1.1 12.7
Coretx - C7 42 3.8 1.1

T8 +\f-_--
25wV
Sé 20 msec
L

Fig. 5. Comparison of PMEPs recorded at three different levels of
the spinal cord.
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Table 2. Corduction velocity of long latency negative wave

Estimated Latency of Conduction CT by* Latency
distance negative peak velocity sScev delay
{rmmy} (msec) (m/sec) {msec) {msec)
Cortex - Pyramid 14 12.2 1.15 1.62 10.58
Coretx - C7 42 16.7 2.51 4.86 11.84
Cortex - T8 . 70.5 200 3.53 8.16 11.84
C7~-T8 285 33 8.64 - -

*Conduciion time was estimated by dividing conduction distance by conduction velocity obtained between C7 and T8
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Fig. 7. PMEPs were monitored in the. medullatinteraural coordinate @ —3.3) using a tungsten microelectrode by gradually ad-
vancing the recording efectrode toward the pyramidal tract as shown in A. The largest amplitude of PMFP was monitored
when the tio of the recording electrode was in the pyramidal tractirace 1, B). The motor cortex was stimulated by a single
square pulse of 1.5 mA amplitude with 0.1 msec duration.
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Fig. 8. To find the pathways of PMEP in the spinal cord, intracord monitoring of field potential was made, using a tungsten mi-
croelectrede. Asterisks*) indicate the locations where the recording was made. Fach arrow points to the trace of field po-
tentizl recorded at that point.
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Flg 9. PMEPs were recorded in the pyramidal tract at C7 before and after the internal capsule lasion. Hindlimb area of the mator
cortex was stimulated. With the exception of stimulus artifacts, hoth short and long latency waves disappeared immediately

after the lesion.
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