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ocular motor deficits in parkinson's disease

Correct final eye position towards a brief target flash was attained without visual feedback. Brief corrective intervals occurred after hypometric saccades. 
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OCULAR MOTOR DEFICITS IN PARKINSON'S DISEASE II. CONTROL OF THE SACCADIC AND SMOOTH PURSUIT SYSTEMS by OWEN B. WHITE, JEAN A. SAINT-CYR, R. DAVID TOMLINSON and JAMES A. SHARPE (From the Neuro-ophthalmology Unit, Division of Neurology, the Play fair Neuroscience Unit, Toronto Western Hospital, and the Departments of Medicine, Ophthalmology and Anatomy, University of Toronto, Canada) SUMMARY We quantified the horizontal pursuit and saccadic function of 14 parkinsonian patients and 10 normal subjects matched for age. Eight patients had mild, and 6 advanced disease. Ocular motor deficits were more marked in patients with advanced disease. Saccadic reaction times and postsaccadic refractory periods were prolonged. Peak saccadic velocities were significantly reduced. Slow saccades may be caused by inappropriate coactivation of opposing ocular muscles. Multiple step, hypometric saccades were abnormally frequent. Correctfinaleye position towards a brief targetflashwas attained without visual feedback. Brief corrective intervals occurred after hypometric saccades. They are attributed to internal (nonvisual) efference copy feedback of eye position errors. Frequent square wave jerks were also a feature of Parkinson's disease. Smooth pursuit gain was lowered in all patients while tracking sinusoidal targets at frequencies from 0.25 to 1 Hz. Pursuit gain was uniformly reduced at all target velocities at each frequency. This decrease in gain indicates that dysfunction of the gain element, rather than abnormal drop acceleration saturation is responsible for impaired smooth pursuit. The results indicate that Parkinson's disease damages structures involved in the regulation of the saccadic and pursuit systems. We infer that nigrostriatal pathways, known to be damaged in Parkinson's disease, control the latency, velocity and amplitude of saccades, and the gain element of smooth pursuit. INTRODUCTION



Parkinson's disease is a syndrome of disordered motor performance attributed to abnormal dopaminergic systems in the basal ganglia. Studies of limb motor function have demonstrated prolonged latencies and bradykinesia (Evarts et al., 1981), inappropriate coactivation of agonist-antagonist muscle pairs and abnormalities of stretch and shortening responses, impaired predictive capacity and abnormalities of long-loop reflexes (Evarts et al., 1979). These deficits are translated into the clinical features by which we recognize parkinsonism of any aetiology: tremor, rigidity, akinesia and bradykinesia. Reprint requests to Dr J. A. Sharpe, Toronto Western Hospital, 399 Bathurst St., Toronto, Ontario M5T 2S8, Canada.
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Ocular motor functions lend themselves to quantification of motor performance, relative to limb movement, because of the accessibility of eye movements for recording and the ease with which single movements can be accurately repeated. The balanced agonist-antagonist muscle pairings, low inertia of the globe and the relatively constant viscoelastic properties of the orbit permit analysis of neural control mechanisms. Despite these attributes, few studies have quantified the function of the saccadic or smooth pursuit systems in parkinsonism. In a qualitative oculographic study Corin et al. (1972) observed 'cog-wheel' pursuit, hypometric saccades, gaze impersistence, subnormal optokinetic reflexes, impaired vergence and defective vertical eye movements. Shibasaki et al. (1979) and Teravainen and Calne (1980) recorded an increased frequency of saccades during pursuit but they did not measure smooth pursuit. Shibasaki et al. (1979) described reduced saccadic velocities but did not correlate velocity with amplitude. Quantitative study of saccades has found increased latency of self-placed refixations and hypometric saccades (DeJong and Melvill Jones, 1971; Melvill Jones and DeJong, 1971; Teravainen and Calne, 1980). The relationship between saccadic velocity and amplitude was reported to be normal. We report a quantitative study of the saccadic and pursuit systems. We examined horizontal saccadic latency, accuracy and velocity to predictable and unpredictable target motion. Smooth pursuit gain, the ratio of smooth eye movement velocity to target velocity, was measured during horizontal tracking of sinusoidal and constant velocity targets.



METHODS AND SUBJECTS Descriptions of the subjects and equipment used were detailed in the companion paper (White et al., 1983). Briefly, we examined 14 parkinsonian patients and 10 control subjects matched for age and sex. Eye movements were recorded by photoelectric infrared oculography and data were stored on magnetic tape. After data were digitized off-line at 200 samples/s for computer analysis, the full system bandwidth was 0 to 100 Hz. Calibrations were performed before and after each paradigm. Subjects were seated with the head stabilized by chin, frontal, parietal and occipital supports. Saccadic System Targets for saccadic eye movements were light-emitting diodes (LED) arrayed on a stimulus arc, radius 114 cm, with the subject seated at the origin in order to eliminate changes in vergence (Sharpe et al., 1979). Target position was controlled by a microprocessor. All paradigms were performed in darkness. Frequent verbal encouragement ensured alertness while saccades were made under each of four conditions. (1) Predictable target steps. The target was stepped from 10 deg left to 10 deg right at predictable intervals greater than 2 s. All saccadic responses to at least 50 target steps were analysed in each subject. (2) Unpredictable amplitude target steps. The target was stepped 5, 10, 15, 20 or 40 deg left or right at predictable intervals (3 s), in pseudorandom directions and amplitudes. Large target steps always crossed the centre so that angular displacement never exceeded 20 deg from midposition, the limits of the linear range of the infrared system. Saccadic responses to target steps (n > 150) were quantified for each subject. (3) Unpredictable amplitude target flash. The target was stepped in
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unpredictable directions and amplitudes as in condition 2, except that when the original target was extinguished, the new target was illuminated for only 40 ms and then extinguished for 2 s (fig. 1E). The LED was then reilluminated and became the fixation target. Since normal saccadic latency is approximately 200 ms, the brief target flash ensured that subjects made saccades without visual feedback. As in condition 2, saccadic data from at least 150 target steps were analysed for each subject. A Target
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(4) Unpredictable time target steps. The target stepped from 10 deg left to 10 deg right at pseudorandom intervals ranging from 300 to 2000 ms. This paradigm made the time of target shift unpredictable, but amplitude and direction remained predictable. We recorded for 4 min in each subject. Fixation time was designated as the period from the instant of fixation of the target until the target stepped again. Fixation time was measured to differentiate between prolonged latencies to target steps and a prolonged refractory period after refixation, before another saccade could be generated. Refractory delay and initiation delay could both be construed as saccadic akinesia, but quite separate mechanisms may be responsible. Fixation stability was observed in all patients and quantified in 8 patients while fixating a stationary LED target for 3 min. The frequency of square wave jerks was recorded. Smooth Pursuit System Subjects were instructed to follow a laser target (0.25 deg at the retina) projected from the rear on to a screen 170 cm from their nasion. Target movement was achieved by reflecting the laser beam on to a galvanometer mounted mirror and was controlled by a microprocessor. Target motion was 20 deg peak-to-peak. Ambient lighting was maintained at a low level. 1. Predictable ramps. The target moved in predictable directions and velocities. Fixed intervals between each ramp also made timing predictable. Ramp velocities were 10, 20 and 40 deg/s. We analysed responses to 80 ramps at each velocity for each subject. 2. Predictable sinusoids. The target moved sinusoidally at constant frequencies of 0.25, 0.5 or 1.0 Hz. Peak-to-peak amplitude was 20 deg. Peak velocity was 16, 31 and 63 deg/s, yielding peak target accelerations of 25, 99 and 395 deg/s/s, respectively. The sinusoidal motion elicited a large range of target velocities with low acceleration demands relative to ramp targets. We analysed all responses to 25 target cycles at each frequency for each subject. Data Analysis Digitized eye position data were displayed on a graphics terminal simultaneously with a differentiated velocity trace. For target steps, cursors placed on the target channel defined the time, direction and amplitude of target motion. Cursors on the eye position channel delineated the onset and termination of each saccade. The peak velocity was measured from the eye position trace between 2 cursors, 10 ms apart, at the segment corresponding to the peak of the differentiated signal. For pursuit paradigms, the target movement was marked and the cursors were placed on the eye position channel at the onset and completion of all smooth eye movement segments. A computer program divided sinusoidal target motion into segments of approximately uniform velocity, and selected time-locked smooth eye movement segments; pursuit gain was then computed for a range of velocities at each target frequency. Statistical analyses of all data were performed using the nonparametric Mann-Whitney U test.



RESULTS



Patients were divided into two groups, mild and advanced, on the basis of severity of rigidity and bradykinesia, and the duration of disease, as described in the companion article (White et al., 1983). Saccadic System 1. Predictable target steps and 2, unpredictable amplitude target steps. Protocols 1 and 2, in which target timing was always predictable, are considered together since
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latencies and saccade metrics did not differ significantly for any individual subject between the two conditions. Normal subjects and patients often made eye movements before target steps, whether or not the amplitude and direction of target step were predictable. These anticipatory movements towards the expected goal were of two types: either saccades, or smooth eye movements which had velocities less than 1 deg/s. When the direction and amplitude of target step were unpredictable (condition 2), subjects frequently made errors in the direction of their anticipatory movements but persisted in attempts to predict. Anticipatory movements, having negative latencies, were excluded from latency data. Patients with advanced disease had significantly longer mean saccadic latencies than normals (P < 0.001; Table 1; fig. 2A). There was a wide intrasubject range of saccadic latencies even for mildly affected patients (SD + 80 ms) compared to normal subjects (SD±40ms). B
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