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ABNORMAL OCULAR MOVEMENTS IN PARKINSON'S DISEASE E V I D E N C E FOR I N V O L V E M E N T OF D O P A M I N E R G I C



SYSTEMS



by O. RASCOL,1-2 M. CLANET, 23 J. L. MONTASTRUC,1 M. SIMONETTA,2'3 M. J. SOUL1ER-ESTEVE,2 B. DOYON3 and A. RASCOL3 (From the Department of 'Medical and Clinical Pharmacology (INSERM U317), 2Otoneurology and 3Neurology (INSERM U230), Centre Hospitalier Universitaire Purpan, Toulouse, France) SUMMARY Quantitated automated electro-oculographic data from 45 parkinsonian patients were compared with those from 30 normal control subjects. Patients were selected with idiopathic Parkinson's disease without other associated neurological disease or dementia; 20 had never received antiparkinsonian drugs and in 25 such treatment had been stopped for at least 2 days. Saccade latency, amplitude and peak velocity, smooth pursuit peak velocity, optokinetic nystagmus (OKN) maximal and mean velocities and vestibulo-ocular reflex (VOR) suppression by vision or imagination were significantly altered in patients, whereas VOR gain in darkness was normal. Alterations of saccade latency and smooth pursuit peak velocity were more severe in the more advanced stages of the disease and saccade latency directed towards the symptomatic side was slightly delayed in hemiparkinsonian patients. Saccade amplitude improved 90 min after a single oral dose of L-DOPA. These results suggest a possible dopaminergic control of some ocular movements. INTRODUCTION



Qualitative oculomotor abnormalities have been reported in parkinsonian patients for many years (Corin et al., 1972). Quantitative data have been presented in a few recent studies, but conflicting opinions on several aspects have been obtained. Some authors, for example, found that saccade velocity was preserved (DeJong and Melvill Jones, 1971; Teravainen and Calne, 1980a, b; Shimizu et al., 1981; Bronstein and Kennard, 1985) while others did not (Shibasaki et al., 1979; White et al., 1983ft). Shimizu et al. (1981), although not measuring the vestibulo-ocular reflex (VOR) gain, suggested that this might be adequate since they observed that gaze in their patients was very stable during head movement. Conversely, vestibulo-ocular function has been reported by Reichert et al. (1982) and White et al. (1983a) to be altered. As pointed out by Bronstein and Kennard (1985), methodological differences can explain some of these discrepancies: first, in all except studies (DeJong and Melvill Jones, 1971; Gibson et al., 1987), the tests were performed while most patients were under treatment with various antiparkinsonian drugs. Other studies provided no data about the treatment (Teravainen and Calne, 1980a, b; Shimizu et al., 1981). An effect of antiparkinsonian medication Correspondence to: Dr O. Rascol, Laboratoire de Pharmacologie Metlicale el Clinique, INSERM U317, Faculty de Meclecine, 37 Allies Jules-Guesde, 31073 Toulouse Cedex, France © Oxford University Press 1989



1194



O. RASCOL AND OTHERS



on ocular movements cannot therefore be excluded and may explain some of these conflicting findings. Secondly, it is likely that the severity of the disease influences abnormalities of ocular movement (White et al., 1983Z?; Bronstein and Kennard, 1985). In some studies, the clinical status was not detailed (DeJong and Melvill Jones, 1971; Shibasaki et al., 1979; Teravainen and Calne, 1980a, b); in others, only mildly (Bronstein and Kennard, 1985; Gibson et al., 1987) or only severely affected patients (Teravainen and Calne, 1980a, b; Shimizu et al., 1981) were studied. This heterogeneity could also lead to differing results. Thirdly, the number of patients in several studies was rather limited, often less than 10, and differences between patients and controls were perhaps too slight to be significant in these small groups since variances have proved to be rather large in parkinsonian patients (White et al., 1983b). Fourthly, some disagreements might also be due to nosological differences. In recent years, more attention has been given to the diagnosis of pure idiopathic Parkinson's disease while in older studies some other extrapyramidal diseases were not as clearly distinguished from it. Moreover, in addition to the Parkinson's disease, some of the published cases also presented focal lesions which could interfere with ocular movements. These reasons justified the reappraisal of oculomotor function in parkinsonian patients. Moreover, this work provided the opportunity to study some aspects which had not been extensively investigated before, such as optokinetic nystagmus (OKN) and the relationship which may exist between electro-oculographic data and (1) the laterality of the disease, (2) the severity of the disease, and (3) different features of the disease (e.g. tremor, akinesia, rigidity and stability). Furthermore, it must be remembered that ocular movements are often chosen as a simple but relevant example of general motor function (Robinson, 1986). As the effect of L-DOPA in parkinsonian patients may be striking, it was thus of interest to investigate the effects of L-DOPA on the quantitative parameters of different ocular movements in Parkinson's disease.



SUBJECTS Subjects A total of 45 patients (29 males, 16 females, mean age 60.5 ± 9 , range 4 0 - 7 5 yrs) with idiopathic Parkinson's disease were selected as the experimental group. All patients underwent full neurological examination by one of the authors (O.R.). Subjects with a history of head injury or neurological disease other than Parkinson's disease such as cerebrovascular disease, otoneurological pathology or neurosurgery (including thalamotomy) were excluded. Absence of clinical evidence of intellectual impairment was verified by a neuropsychological assessment including at least a Folstein mini-mental scale and a Benton visual retention test. Of these 45 patients, 20 had never received treatment with antiparkinsonian drugs; the other 25 were currently on antiparkinsonian therapy (dopaminergic as well as anticholinergic medication). In these 25 patients, the antiparkinsonian treatment was stopped at least 48 h before clinical and EOG tests. This temporary drug interruption was arranged in order to perform an L-DOPA test because of difficulties in adjustment of drug therapy, as proposed by Esteguy et al. (1985), or after informed consent for the purpose of the experiment. No subject was taking any psychoactive drug. All 45 patients were evaluated clinically for motor impairment by one of us (O.R.) according to the Hoehn and Yahr (1967) classification and the motor examination of the Unified Rating Scale for Parkinson's disease (URSP) (version 1, 1984;
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TABLE I. MOTOR EXAMINATION OF THE UNIFIED RATING SCALE FOR PARKINSONS DISEASE* 1. 2. 3. 4. 5. 6. 7.



Speech Facial expression Tremor at rest Action or postural tremor of hands Rigidity Finger taps Hand movements



8. 9. 10. 11. 12. 13. 14.



Rapid alternating movements of hands Foot agility Arising from chair Posture Postural stability Gait Body bradykinesia or hypokinesia



* Version I, Fahn el al., 1987. Each item was scored from 0 to 4.



Fahn el al., 1987). This scale (Table 1) allowed us to quantify global (items 1 - 1 4 ) , tremor (items 3, 4), akinesia (items 2, 6 - 1 0 , 14), rigidity (item 5) and instability (item 12) scores. Thirty normal volunteers (19 males, 11 females, mean age 5 8 . 5 ± 6 , range 46—70 yrs) were selected as controls. No statistical difference existed between patients and controls considering sex ratio and mean age. All controls were free of any known pathology and denied use of psychoactive drugs. If hypnotic drugs (such as benzodiazepines) were used, they were stopped 2 days before the tests. In order to eliminate educational bias, we recruited individuals with a wide range of social and cultural backgrounds. Half of the healthy volunteers were recruited from retired employees in various capacities in an aircraft company; the other half came from people working in the hospital, totally unfamiliar with the EOG technique. Informed consent was obtained from all patients and controls before the study after full explanation of the experimental nature of the project.



METHODS Eye movement recordings Eye movement recordings were made with a Pathfinder II (Nicolet Biomedical Instruments) and the automated electronystagmography package. Electro-oculographic (EOG) recordings were obtained using silver/silver chloride electrodes placed near the eyes, recording the summed horizontal movements of both eyes and the vertical movements of the left eye. Calibration (10° eccentricity) and EOG data were registered in total darkness, the subject following an illuminated target (Nicolet LT 100 lightbar stimulator). The Pathfinder II provided linear recordings over a range ± 2 0 ° ; a.c. EOG amplifiers were used, with a long time base (time constant 15.9 s) and a band width of 0.01 —40 Hz. The sampling rate of the computer was 100 Hz. Only horizontal eye movements were analysed. Random saccades (fig. 1). Patients were asked to follow as rapidly as possible 28 target jumps moving in a random amplitude sequence (6—32°), a random jump interval and a random direction. Three parameters were analysed. The saccade latency (or delay) represented the mean time (in ms) from the target jump to the start of the subsequent saccade. The saccade accuracy, expressed as a percentage of the target amplitude, was an indication of how closely the amplitude of the primary saccade followed the amplitude of the target jump. These parameters were calculated from the 28 saccades. An analysed data graph displayed the peak velocity against the amplitude of the 28 saccades (see fig. 1). A quantitative indication as to how well peak velocity versus saccade amplitude compared with normal was given by the peak velocity performance index. For that purpose, the mean amplitude and mean peak velocity were computed for the 5 largest saccades to each side. The peak velocity performance index gave the ratio between this calculated mean velocity and the mean velocity for a standard group of normal subjects calculated by Baloh et al. (1975). Thus an ideal normal subject is assumed to have a mean velocity equal to this theoretical mean value and a peak velocity performance index equal to 1. If saccade velocity versus amplitude is impaired, the peak velocity performance index will fall below unity. Smooth pursuit tracking. The stimulus was a sinusoidally moving target that the subjects were asked
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O. R A S C O L A N D O T H E R S Peak velocity vs amplitude 600 400 200



30 20 10 0 10 20 30 40 40 Amplitude (deg) —• Right Left Delay = 149 ms. Accuracy = 107% Delay = 177 ms. Accuracy = 81% Performance index =0.97. Performance index = 1.11. Eye position vs time (Channel 1)



1s Peak velocity vs amplitude



B



Deg/s



600 400 200



0



m



0~ m • 0. 40 30 20 10 0 10 20 30 40 Left-*— Amplitude (deg) - > Right Delay 288 ms. Accuracy = 91%. Delay = 275 ms. Accuracy = 77%. Performance index = 0.45. Performance index =0.37%. Eye position vs time (Channel I)



FIG. 1. Examples of random saccade tests, A, normal control. An analysed data graph displays the peak velocity versus the amplitude of the 28 saccades. The graph is separated into left moving saccades on the left, and right moving saccades on the right. The dotted curved lines represent the mean ± 2 SD of a group of normal subjects (Baloh ei at., 1975). The statistical results (delay, accuracy and performance index) are displayed below this graph and above the graph displaying eye position versus time. B, parkinsonian patient (stage IV of Hoehn and Yahr). Note that the delay (saccade latency) is increased, the accuracy (saccade amplitude) is decreased and that the peak velocity versus the amplitude of the saccades is markedly reduced. In the first graph many points are situated under the dotted lines (which represent the theoretical mean ± 2 SD); the performance velocity index is considerably below unity. This abnormality can also be seen in the graph displaying eye position versus time with an unequivocal reduction of the slope of the saccades. Although no histological proof is available to confirm the diagnosis of idiopathic Parkinson's disease, the long clinical history, the absence of a defect in vertical eye movements, the absence of dementia, and the efficacy of L-DOPA exclude other diagnoses (such as progressive supranuclear palsy) which could have been suggested by this graph.
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Eye velocity vs time (saccades removed)
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FIG. 2. Examples of smooth pursuit tests (40 deg/s, 0.4 Hz), A, normal control. An analysed data graph displays eye velocity versus time. The statistical results for magnitude (•= peak eye velocity) and THD are displayed below this graph and above that for eye position versus time, B, parkinsonian patient (stage IV of Hoehn and Yahr). Note that the smooth pursuit eye velocity is markedly decreased. This explains the low value for peak eye velocity at the frequency of the stimulus (magnitude) and the high THD which illustrate the patient's difficulty in matching his eye movement correctly with that of the target. This difficulty makes him to catch up the target with small saccades, explaining the saccadic or cogwheel aspect of the pursuit observed on the graph displaying eye position versus time.
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to follow as closely as possible (fig. 2). Two series were studied with an amplitude of 32°, the first with a 0.2 Hz frequency and a 20 deg/s velocity (4 cycles) and the second with a 0.4 Hz frequency and a 40 deg/s velocity (8 cycles). Saccades which occurred during pursuit were detected and removed according to Baloh et al. (1980). Analysed results (obtained from all cycles) included peak eye velocity at the frequency of the stimulus and total harmonic distortion (THD), which provided an index of data integrity (a THD > 15% indicates either an eye movement signal containing excessive artefacts or that the patient's eye movement failed to match target movement). Optokinetic nystagmus. OKN was obtained from a constant velocity pattern of 3 rows of lights produced by the light bar (80x8° viewing field, velocity 40 deg/s, target spacing 10.24") in either a right or left direction. Patients were instructed to look at the middle row of lights, to watch them as they passed the centre, to count them but not to follow them (stare OKN). After some 30 s of stimulation, OKN was recorded for analysis during 20 s. The statistical results obtained were the maximal slow component velocity and the mean slow component velocity (mean velocity of all the accepted slow components) in each direction and in both directions taken together. Vestibulo-ocular system Fixation was explored in darkness by asking subjects to fixate a target on the light bar at 30° to the left or right of the centre. Vestibular nystagmus was recorded while subjects were turning on a rotating chair with sinusoidal stimulation (0.05 Hz, 60 deg/s maximal velocity). Three different situations were tested: (1) in darkness for 80 s when arousal was maintained by continuous mental activation (fig. 3); (2) in light while asking the subjects to fixate a target moving with the chair during 30 s (in order to quantify the visuovestibular suppression); and (3) in darkness while asking the subjects to imagine during 30 s that they were fixing the target exactly as they had done in the light (in order to quantify their ability to suppress voluntarily their vestibulo-ocular reflex by imagination). The analysed data graph displayed the slow component velocity against time and the average eye velocity of each beat of nystagmus; the mean maximal slow component velocity of the nystagmus for each direction was then calculated manually. Its ratio to the maximal velocity of the chair indicated the gain of right and left vestibulo-ocular reflex (VOR). Experimental protocol and L-DOPA test If patients were on treatment, all antiparkinsonian drugs (L-DOPA, anticholinergics, dopaminergic agonists) were stopped for at least 2 days. This delay was sufficient for the reappearance of extrapyramidal symptoms. The investigation began at 9 a.m. on the third day of drug withdrawal with the subject fasting, and consisted of an initial motor evaluation (including a Hoehn and Yahr rating and a URSP assessment) and the initial EOG. Controls did not undergo motor evaluation. After this 'drug-free' study, 22 patients were submitted to an L-DOPA test; 12 had never previously been treated, and in 10 treatment had usually been with L-DOPA. The L-DOPA test has already been described (Esteguy et al., 1985; Rascol et al., 1988). Briefly, after the 2 days of antiparkinsonian drug withdrawal, a single 200 mg dose of L-DOPA (with 50 mg benserazide) was given orally; 90 mm later, when motor improvement was maximal, a new motor evaluation and a new EOG were performed in order to quantify the L-DOPA effect. Each new assessment with the URSP motor score and EOG was made blind, i.e., without the previous rating scale score and EOG available to the physician. Ten other patients underwent exactly the same protocol but received a placebo instead of L-DOPA in order to evaluate the test-retest effect. Analysis Parkinsonian patients, mildly affected patients (group A) and controls were compared by the BehrensFisher test because the variances in the control and patient groups differed markedly (Tables 2 , 3 ) . For smaller groups, nonparametric tests were used: the Mann-Whitney U test to compare mildly (group A) and severely (group B) affected patients (Table 3) and to compare the changes in EOG data observed after L-DOPA with the changes observed after placebo (Table 4). The Wilcoxon sign rank test was used to
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TABLE 2. COMPARISON OF THE ELECTROOCULOGRAPHIC DATA BETWEEN 45 DRUG-FREE' PARKINSONIAN PATIENTS (NEVER TREATED, OR DEPRIVED OF TREATMENT FOR 2 DAYS) AND 30 CONTROLS



Saccades Latency (ms) Accuracy (%) Velocity performance Pursuit 20 deg/s peak V THD 40 deg/s peak V THD



(deg/s) (%) (deg/s) (%)



OKN (40 deg/s) V max (deg/s) Mean velocity (deg/s) VOR gain Darkness Visual suppression Imagination suppression



Controls



Parkinsonians



(n = 30)



(n = 45)



168 ±17 98 ± 8 1.1± 0.1 20 ± 1 11 38 12



± 4 ± 4 ± 3



35 33



0.6 ± 0.0± 0.3 ±



0.1 0.0 0.1



213 ±49*** 86 ±11*** 0.9± 0.2*** 18 16 33 18



± ± ± ±



3*** 9** 6*** 7***



30 24



± ±



7** 7***



0.6± 0.1± 0.4±



0.1 0.2 0.1***



Saccade, smooth pursuit, optokinetic nystagmus (OKN) and imagination suppression of vestibulo-ocular reflex (VOR) parameters were significantly altered in patients; •** = / » < 0.01, ** = P < 0.01, * = P < 0.005, Bchrens-Fisher test with Holm correction factor. Visual suppression of VOR gain was abnormal in 13 patients, but VOR gain in darkness remained unchanged. Saccade accuracy is expressed as a percentage of the target amplitude (hypometria = accuracy < 100%) and saccade velocity performance (index of peak velocity versus amplitude) in arbitrary units (theoretical normal = 1). V max = maximal OKN velocity.



compare the saccadic oculomotor variables directed towards or away from the symptomatic side in hemiparkinsonian patients. A correlation was sought between the different oculomotor parameters and between oculomotor parameters and global, akinesia, tremor, rigidity or instability scores of the URSP. Since, when multiple comparisons are performed, the risk of obtaining a statistically significant result by chance increases considerably, we applied to all the statistical analyses a multiple comparison statistical correction factor. We used for this purpose a simple sequentially rejective multiple test procedure as described by Holm (1979). This procedure improves the statistical power of the classical Bonferroni correction factor. RESULTS



Comparisons between 'drug-free' parkinsonian patients and controls Table 2 shows the main quantitative results of the different horizontal oculographic data observed in controls and parkinsonian patients. Results are expressed as mean values ±SD. All the three saccade parameters (fig. 1) were significantly altered in parkinsonian
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FIG. 3. Examples of vestibular nystagmus tests in darkness (0.05 Hz, 60 deg/s maximal velocity, 80 s). The analysed data graph displays the slow component velocity versus time. Each asterisk on the graph represents the average eye velocity of the slow component of each beat of nystagmus. If the slow component contains an artefact such as eye blink, it is not included in the statistical analysis or the graph. The manually calculated VOR gain is normal (0.6) in both subject A {normal control) and subject B (parkinsonian patient, stage IV of Hoehn and Yahr).
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O C U L A R M O V E M E N T S IN P A R K I N S O N ' S D I S E A S E TABLE 3. EOG RESULTS FOR CONTROLS AND MILDLY (GROUP A) AND SEVERELY (GROUP B) AFFECTED PARKINSONIAN PATIENTS Group A (1 + 11) (n = 29)



Group B (111 + IV) (n = 16)



193 ±40*** 87 ±11*** 1.0± 0.1***



248 ± 4 4 + + + 83 ±11 0.9± 0.1



Controls 
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