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Fig. 1 Eye movement records of representative subjects and a smooth-pursuit model. A-C are eye position and velocity records

of a normal control (A), patient with spino-cerebellar degeneration (SCD, B) and Parkinson’s disease (PD, C) during single spot

motion in a ramp trajectory at 10° /s (target position). Horiz

ontal straight lines on eye velocity traces indicate zero velocity. Ver-

tical straight line indicates spot motion onset. In A, * indicates smooth-pursuit, - indicates saccades. Saccades are indicated only

during spot motion at 10° /s (also in B, C). Saccade velocities are clipped. Vertical dashed line is drawn to compare smooth-pur-

suit maintenance velocity ( 1) in different subjects (A-C). Initial smooth-pursuit velocity before first saccade after spot motion

appeared in normal control (A, {4 ) and PD (C, {} ) but not i

n SCD (B, ). D, a schematic top view of visual field and foveal pro-

jection field in space during target motion. E, saccadic eye movement of SCD. Records in B and E were obtained from the same

patient. F, a simplified signal flow diagram of smooth-pursui
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Fig. 2 A simplified flow diagram by Allen and Tsukahara?, major pathways for smooth-pursuit, memory-based smooth-pursuit
task and a revised signal flow diagram of smooth-pursuit. In A, the cerebellar hemisphere and basal ganglia are involved in
planning and programming voluntary movement. The premotor cortical areas and motor cortex execute movement and signal
the spinocerebellum of the ongoing commands. The spinocerebellum monitors actual output and corrects for errors that have
occurred or compensates for impending errors in the commands for movement? (also, Kandel ER, Schwartz JH, Jessel TM. Es-
sentials of Neural Science and Behavior, Fig. 299, Appleton & Lange 1995). B, simplified major pathways for smooth-pursuit®.
FEF, frontal eye fields; MST, medial superior temporal cortex; SEF, supplementary eye fields in macaque brain. Open arrow-
heads with dashed lines indicate a smooth-pursuit loop between the FEF and the basal ganglia through the thalamus (adapted
from Cui DM, Yan Y], Lynch JC. J Neurophysiol 89: 2678-84, 2003)?. C, memory-based smooth-pursuit task® ~ 7. Briefly, a station-
ary spot appeared, the monkeys fixated it (1. fixation). A random dot pattern was moved (2. cue 1), the monkeys were required
to remember its color and the movement direction. After a delay (3. delay 1), a stationary pattern was presented (4. cue 2). A
cue 2 color matching that of cue 1 instructed the monkeys to prepare to pursue a spot moving in the cue 1 direction (ie., go). A
cue 2 color different from cue 1 instructed the monkeys not to pursue (ie., no-go). After a second delay (5. delay 2), the monkeys
were required to perform the correct action by selecting one of 3 spots based on the memory of cue 1 motion direction and the
cue 2 instruction (6. action). The monkeys were rewarded for correct performance (7. action completed). D, a revised signal flow
diagram of smooth-pursuit? ®. Briefly, an efference copy loop (Fig. 1F) is revised to include signal processing for visual working
memory, target/pursuit selection, movement preparation and extra-retinal motor command (Barnes and Collins, ] Neurophysiol
2008); movement preparation includes priming of spots to be pursued for efficient smooth-pursuit initiation (dashed lines). Impair-
ment of movement preparation (but not visual working memory) in PD most probably reflects dysfunction of the pursuit path-
ways with open arrowheads in B? %, Impaired visual working memory in cerebellar patients may reflect dysfunction of the cere-
bellar feedback signals from the dorsal vermis, lobules VI-VII and caudal fastigial nucleus, to the SEF (not shown in B)? =7,
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Abstract

Cerebellum and eye movement control
—Neuronal mechanisms of memory-based smooth-pursuit and their early clinical application—

Kikuro Fukushima”, Junko Fukushima®, Norie Ito”, Hidetoshi Takei”,
Kunihiro Ikeno”, Peter M Olley”, Susumu Chiba®, Nobuyoshi Kobayashi®,
Kiyoharu Inoue” and Tateo Warabi"?

YClinical Brain Research Laboratory, Sapporo Yamanoue Hospital
“Faculty of Health Sciences, Hokkaido University
“Department of Neurology, Sapporo Yamanoue Hospital
“Department of Radiology, Sapporo Yamanoue Hospital

Recent studies implicate the cerebellum in cognitive functions in addition to its well-established roles in motor
control and learning. Using a memory-based smooth-pursuit task that separates visual working memory from mo-
tor preparation and execution, monkeys were trained to pursue (i.e., go) or not pursue (i.e., no-go), a cued direction,
based on the working memory of visual motion-direction and a go/no-go instruction. Task-related neuronal activ-
ity was examined in cerebral and cerebellar major smooth-pursuit pathways. Different cerebral and cerebellar ar-
eas carried distinctly different signals during memory-based smooth-pursuit. In the cerebellum, prediction-related
signals (visual working memory, pursuit selection and movement preparation) were represented in the vermal
lobules VI-VII and caudal fastigial nucleus, whereas the floccular region (flocculus and ventral paraflocculus) con-
tained predominantly execution-related signals. This task was applied to patients with cerebellar degeneration
and idiopathic Parkinson’s disease (PD). None of the PD patients tested exhibited impaired working memory of
motion-direction and/or go/no-go selection, but they did show task-specific difficulty in generating an initial
smooth-pursuit component, suggesting difficulty in smooth-pursuit preparation. In contrast, most cerebellar pa-
tients exhibited impaired visual working memory in addition to difficulty in preparing for and executing smooth-
pursuit. These results suggest different roles for the basal ganglia and cerebellum in smooth-pursuit planning.

(Clin Neurol 2012;52:1001-1005)
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