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OCULAR MOTOR DEFICITS IN PARKINSON'S DISEASE III. COORDINATION OF EYE AND HEAD MOVEMENTS by OWEN B. WHITE, JEAN A. SAINT-CYR, R. DAVID TOMLINSON ««(/ JAMES A. SHARPE (From the Neuro-ophthalmology Unit, Division of Neurology, Play fair Neuroscience Unit, Toronto Western Hospital, Departments of Medicine, Ophthalmology, Psychology and Anatomy, University of Toronto, Canada)



SUMMARY Eye-head coordination was measured in patients with Parkinson's disease as they made horizontal gaze shifts in response to predictable and unpredictable target steps and to targets moving smoothly with either constant or sinusoidally varying velocity. Patients preferred not to move their heads for both large and small amplitude gaze shifts. Both eye and head movement reaction times were prolonged. Saccades were hypometric and, frequently, slow. Head movements were also slow, hypometric, and varied in amplitude for target shifts of a given amplitude. Compensatory eye movements (CEMs) that normally stabilize gaze direction during head movement varied in gain from zero to greater than unity, and often drove the eyes off target. CEM abnormalities occurred most commonly in patients with abnormal vestibulo-ocular reflex (VOR) gain in darkness. We attribute these abnormalities of programming combined eye-head saccades to dysfunction of striatonigralcollicular circuits. Smooth gaze pursuit gain, the ratio of gaze velocity to target velocity, was lowered in patients while tracking sinusoidal targets at 0.3, 0.5 and 1.0 Hz. Some patients could track these targets with the head fixed but not with the head free. We attribute this to abnormal suppression of the vestibuloocular reflex. The results indicate that Parkinson's disease impairs motor programming of coordinated eye-head gaze saccades and disrupts normal interaction between head movement and the VOR.



INTRODUCTION



Rapid gaze shifts with the freely moving head are achieved by saccades coordinated with rapid head movements. Like saccades, the peak velocity of these head movements is proportional to their amplitude (Zangemeister et a!., 1981). Head movements are considerably slower than saccades and continue after fast eye movements have brought the target onto the fovea. Gaze direction, defined as the sum of eye position in the orbit and head position in space, is stabilized by the generation of smooth eye movements in the opposite direction to head movement. These smooth Correspondence to: Dr Owen B. White, Experimental Neurology Unit, John Curtin School of Medical Research, Australian National University, Acton, ACT 2601, Australia.
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eye movements drive the eyes from the eccentric orbital position achieved by the saccade back towards the midorbital position as the head aligns with the target (Bizzi et al., 1972; Zangemeister and Stark, 1981). The compensatory smooth eye movements (CEMs) are normally generated by the vestibulo-ocular reflex (VOR) (Bizzi et al., 1971) but on occasion may be preprogrammed (Kasai and Zee, 1978; Zangemeister and Stark, 1981). During pursuit, the head provides a platform from which smooth eye movements are generated (Gresty and Leech, 1977). Head motion causes vestibular smooth eye movements in the opposite direction, which drives the eye off target. Thus the VOR must be cancelled in order to maintain the target on the fovea during headfree pursuit (Lanman et al., 1978). Patients with Parkinson's disease have impaired saccadic initiation and accuracy, low smooth pursuit velocities, hypoactive VOR and impaired visual suppression of the VOR (White et al., 1983a, b). Kennard et al. (1982) found that parkinsonian patients tend to avoid head movements during gaze shifts. When instructed to move their heads, the initiation of head motion is usually delayed until after onset of saccade. Our study was designed to analyse ocular motor function during rapid gaze shifts and during pursuit with the head free to move. METHODS AND SUBJECTS Six patients with idiopathic Parkinson's disease and 1 with posthypoxic parkinsonism, all of whom participated in previous oculomotor investigations with the head fixed (White et al, 1983a, b), were studied. Criteria for clinical assessment have been published previously. Briefly, tremor, rigidity and bradykinesia were graded from zero (absent) to 3 (severe). A score of 2 or more for each of two signs, or a score of 2 for one sign in addition to a duration of disease greater than 5 yrs, was sufficient to classify a patient as having advanced disease. All patients were fully mobile and independent. Four patients had advanced and 3 mild disease (Table I), according to these criteria. The mean age of the patients was 56 yrs (range 39-74); 5 were men. Their results were compared with those of 5



TABLE 1 . PATIENT INFORMATION 'ase



Age yrs



Sex



Severity



2



58



F



Advanced



3



63



M



Advanced



4



52



F



Advanced



6 7



75 39



M M



Advanced Mild



II 12



67 44



M M



Mild Mild



The rap v L-DOPA trihexiphenidyl L-DOPA benzlropine mesylale amantidine Trihexiphenidyl amantidine None L-DOPA benztropine mesylate L-DOPA None



Case numbers identify patients who participated in the previous studies of head-fixed oculomotor control (White et a!.. 1983«. b).
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normal subjects (mean age 51 yrs; range 42-65; 3 men). All subjects had the protocols fully explained to them and gave informed consent. No patients were demented as determined by neuropsychological criteria. Horizontal eye movements were recorded by infrared reflection oculography and d.c. electrooculography (EOG) simultaneously, as previously described (White et a/., 1983a). EOG was used to measure eye movements beyond the linear range of the infrared system (±20°). Head movements were recorded using a lightweight helmet connected to a precision quality potentiometer by a torsionally rigid cable. All data were stored on magnetic tape for off-line digitization. The full system frequency response was 0-100 Hz after digitization. Compensatory eye movement (CEM) gain (the ratio of smooth eye movement velocity to head velocity) during active head movements was compared to the VOR gain (the ratio of vestibular smooth eye movement velocity to whole body rotational velocity) recorded during passive whole body rotation in darkness in the same patients (White et a/., 1983a). Targets for gaze shifts were light-emitting diodes arrayed on a stimulus arc. The head-free pursuit target was a rear-projected laser reflected from computer-controlled, galvanometer-mounted mirrors (Sharpe et a/., 1979). All tests were performed first without and then with instructions for subjects to move their heads. Saccadic gaze shifts Predictable target steps. The target was stepped from 30° left to 30° right at predictable intervals greater than 2 s. Responses to at least 40 target steps were analysed for each subject. Unpredictable amplitude target steps. The target was stepped 5°, 10°, 15°, 20°, 40° or 60° to the left or right at predictable intervals (3 s) with direction amplitude varied pseudorandomly. The largest amplitude steps were centre-crossing. Responses to more than 100 target steps were examined for each subject. Head-free pursuit Ramp targets. The target moved predictably at constant velocities of 10°, 20° or 40°/s from 10° left to 10° right, with 3 s intervals between ramps. Twenty-five ramps in each direction, at each velocity, were analysed for each subject. Sinusoidal targets. Smooth pursuit of sinusoidally moving targets was measured at frequencies of 0.25, 0.5 and 1.0 Hz with peak-to-peak amplitude of 20°. We analysed 25 half-sinusoids at each frequency for each subject. Data editing and analyses were carried out with a PDP 11/23 computer using interactive programs as previously described (White et al., 1983a, b). Significance of results was evaluated by using the Mann-Whitney U test.



RESULTS



It was a striking finding that none of the patients chose to move their heads unless continuously encouraged to do so, regardless of the amplitude or velocity of the target movement. There was no difference in results between the patient with posthypoxic parkinsonism and patients with idiopathic disease. Normal subjects moved their heads through varying amplitudes under the same circumstances, without instruction. With instruction they made full amplitude head movements with each gaze shift. Thus all data reported here refer to protocols in which the subjects were instructed to move their heads.
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Saccadic gaze shifts Normal subjects. Two patterns of eye-head coordination were observed. When target steps were predictable, the eye and head movement usually started almost simultaneously towards the target; mean latency for both was similar (Table 2). Head movements sometimes preceded eye movements. Once target foveation had been achieved by the saccadic eye movement, a CEM stabilized gaze position in space while the head continued to move (fig. 1A). TABLE 2. EYE AND HEAD MOVEMENT LATENCIES (MS± ISD) FOR PREDICTABLE AND UNPREDICTABLE AMPLITUDE TARGET SHIFTS Predictable target steps Normals Patients Unpredictable amplitude target steps Normals Patients



Eye



Head



260 ±60 350± 140



280 ± 50 380 ± 90



270 ±40 310 ± 140



330 ± 40 430 ±120



When the amplitude and direction of target steps were unpredictable, normal subjects still attempted to anticipate target shifts, but less frequently. Eye movements (mean latency 270 ms) led head movements in these normal subjects by 60 ms on average (Table 2). Again, CEMs were generated with the eyes returning towards the primary orbital position as the head moved. The end point of saccades made when the head was moving was difficult to judge due to the flattening of the eye position trace. We used the point when eye movement velocity, obtained from the computer differentiation of the position trace, returned to zero, to determine termination of the saccade and thus measure saccade amplitude. Head movement amplitudes varied at each target amplitude despite encouragement to generate head movements actively. Target shifts of 60° were used for the predictable amplitude and direction protocol, thus generating the largest amount of data at a single amplitude. For these target shifts, the mean amplitude of head movement was 37° (SD 13°). Peak head velocity increased with increased amplitude of head movement (fig. 3c). Patients. Saccadic gaze shifts were frequently composed of small slow head movements having gradual onsets and terminations. Patients most frequently attained the targets by using multiple hypometric saccades (fig. lc, D, E,fig.2B). When the target shifts were predictable, eye and head movements tended to coincide, both at prolonged latencies (eye 350 ± 140 ms; head 380 ± 90 ms; Table 2; fig. 1B). When target movements were unpredictable in amplitude and direction, saccades led head movement by an average of 120 ms, again at prolonged latencies compared with normals (Table 2). Saccade latencies were similar to those recorded in these patients with their heads fixed (330 ± 85 ms). These differences were not statistically significant when the whole patient group was compared with normal subjects; however, patients with advanced disease had the longest saccadic latencies
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500 ms FIG. 1. Examples of head-free gaze shifts to targets predictable in amplitude, direction and timing, A, normal subject, B, mildly affected patient: note the high gain CEM and small corrective saccade. c, severely affected patient: multiple hypometric saccades take the eye to the target. Head movement occurs in the absence of CEM s and is responsible for gaze shift. D, severely affected patient: note the high gain CEMs, in both the eye and gaze traces, taking the eye off target and necessitating corrective saccades. E, severely affected patient: hypometric saccades and low velocity head movement, F, normal subject: this exhibits a reduced VOR gain during the final stage of a large gaze shift so that gaze shift is completed by head movement alone. Upward deflections signify rightward eye, head and target movements.



and frequently made no head movement at all, despite forceful encouragement and despite the fact that they had not foveated the target. The small slow head movements made by patients were too variable in amplitude for calculation of significant differences in peak velocity/amplitude relationships
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500 ms FIG. 2. Examples of head-free gaze shifts to targets moving pseudorandomly in direction and amplitude, A, normal subject, B, patient with advanced disease. Note the long latency to head movement by comparison with normal subjects. No compensatory eye movements are generated and a large part of the patient's gaze shift is achieved by the head movement alone. 800 "oh 
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