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Summary-We have examined visually guided saccade and antisaccade tasks in 32 schizophrenics, 13 patients with affective disorders and 36 normal controls . Latencies of saccades were within the normal range in all patients examined . In the antisaccade task, 26/32 schizophrenics showed more errors and/or longer latencies, whereas 11/13 patients with affective disorders showed normal results . One manic patient showed significantly longer latency, and one bipolar patient showed a borderline error rate (15%) . These results indicate that the antisaccade abnormalities are commonly found in schizophrenics but not in patients with affective disorders . The abnormalities in schizophrenics were not correlated with age, duration of illness, length of education or quantities of medication . None of the schizophrenics with normal antisaccades showed abnormalities in CT scans, while 73%9 of the schizophrenics who showed both higher error rate and longer latencies showed atrophy of the frontal cortex . The scores of conceptual disorganization and motor retardation in Brief Psychiatric Rating Scale (BPRS) were significantly higher in schizophrenics with abnormal antisaccades, while acute symptoms such as delusions and hallucinations were not correlated with the abnormalities . INTRODUCTION IT IS WELL known



that the oculomotor system contains specialized subsystems (ROBINSON, 1968) . To acquire a given target rapidly, saccadic eye movements are used, while a smooth pursuit system is used to follow the target if it moves relative to the environment . It has been reported that 50-80% of schizophrenics show abnormalities in smooth pursuit eye movements (HOLZMAN, LEVY, & PROCTOR, 1976) . Although the cause of the abnormalities in smooth pursuit is not yet clarified, some authors have pointed out that numerous saccadic intrusions exist in the smooth pursuit of schizophrenics, which has been considered as one of the characteristics of the abnormalities (MIALET & PICHOT, 1981 ; LEVIN, 1984 ; ABEL & ZIEGLER, 1988) . It is unknown whether such saccadic intrusions are due to abnormalities of smooth pursuit or saccadic eye movements (LEVIN, 1984), which suggests a need to investigate the control function of saccadic eye movements in schizophrenics . An antisaccade task (HALLET & ADAMS, 1980) is considered to include inhibition of reflexive saccade to a target and initiation of voluntary saccade to the opposite side . GUITTON, BuCHTEL, and DOUGLAS (1985) reported that patients with frontal lobe lesions showed abnormalities in an antisaccade task but not in a simple saccade task . We recently reported that many schizophrenic patients reveal difficulties in voluntary control of saccades in the antisaccade task, i .e . many of them show more errors and longer Address for correspondence : Junko Fukushima, Medical Technical College, Hokkaido University, West 5 North 12, Sapporo 060 Japan . Tel . 011-716-2111 (ext . 3329) . 9
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latencies than controls during the antisaccade task (FUKUSHIMA, FuxusHIMA, CHIBA, TANAKA, YAMASHITA, & KATO, 1988a ; also THAKER, h1GUYEN, & TAMMINGA, 1989), while schizophrenics show normal latencies during the saccade task (IACONO, TuASON, & JOHNSON, 1981 ; LEVIN, JONES, STARK, MERRIN, & HOLZMAN, 1982) . However, the kind of schizophrenic symptoms related to these abnormalities were not well characterized (FUKUSHIMA et al ., 1988a ; cf . THAKER et al ., 1989) . In the first part of the present study, we tried to identify the clinical characteristics of schizophrenics who showed abnormalities in the antisaccade task . Since a disorder of antisaccades as well as smooth pursuit has been observed in many but not all schizophrenics (HoLzrAN et at, 1976 ; FuKusH MA et al., 1988a : THAKER et al ., 1989), it is necessary to examine which symptoms are related to the abnormalities . Any information on such correlations may provide further insight into the possible cause of the disorder of antisaccades in schizophrenics . The next question is whether these abnormalities are specific to schizophrenia among psychiatric disorders . To study whether psychiatric patients other than schizophrenics show abnormalities in the antisaccade task, we examined saccade and antisaccade tasks in patients diagnosed as having affective disorder, in the second half of the present study . Some of these results were presented earlier in abstract form (FuKusHIMA, FUKUsHIMA, KATO, CHIBA, TANAKA, & YAMASHITA, 1988b) .



SUBJECTS



A total of 45 psychiatric patients participated in this study ; 26 male and 6 female subjects fulfilled DSM-III criteria for schizophrenia (17-41 years, mean f SD = 27 .1 t 6 .7 years), age-matched 7 male and 6 female patients with affective disorder (24-38 years, mean t SD = 30 .6 ±4 .5 years) were examined (Table 1) . There was no significant difference in duration of education and duration of illness between schizophrenics and patients with TABLE 1 . DEMOGRAPHIC FINDINGS IN SCHIZOPHRENICS AND PATIENTS WITH AFFECTIVE DISORDER



Schizophrenics Affective disorder Total



32



13



Mean age (yr)



27 .1



30 .6



Mean duration of illness (yr)



5 .9



4 .0



Mean length of education (yr)



13 .5



13 .6



Sex male female



26 6



7 6



inpatient outpatient



29 3



5 8



Mean age, duration of illness, length of education of schizophrenics and patients with affective disorder and number of inpatients and outpatients in each category .
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affective disorder (range of duration of illness ; 0 .5-22 years with a mean of 5 .9 years vs . 0.1-18 years with a mean of 4.0 years) . Four of the 32 schizophrenics were the same subjects as were studied in the previous report (FutcustmaA et al., 1988a) . Twenty-nine schizophrenics and 6 patients with affective disorder had been admitted to Hakkaido University Hospital, while three schizophrenics and 7 patients with affective disorder were outpatients of the hospital . Patients who satisfied the following three conditions were selected for the present study . (1) Patients who could understand the examiner's instructions sufficiently and were cooperative in the study . We excluded patients with low intelligence . (2) Patients who were younger than 50 years old to exclude a factor of ageing which may affect latencies of saccades (TEDESCHI, DI COSTANZO, QUATTRONE, ALLOCCA, & BONAVITA, 1987), and (3) schizophrenics who were in a state of relative clinical stability ; all of the patients showed negative symptoms (e .g . blunted affect, apathy) and some of them had mild delusions or hallucinations . Three manic patients showed mildly or moderately elevated mood, while the remaining three manics were in a relatively stable state . Depressed patients showed depressive mood and anxiety mildly or moderately . All the patients were receiving psychotropic medication at the time of the study (e .g . neuroleptics, antidepressants, lithium carbonate, carbamazepine and minor tranquilizers) . When they complained of sleepiness or fatigue, the test was discontinued, and they were re-examined at a later date . Side-effects ascribable to the medication (e .g . drowsiness, Parkinsonism) were not present . None of them showed tardive dyskinesia according to published criteria (SCHOOLER & KANE, 1982) . No patients with epilepsy or other diagnosable neurological conditions, or with alcohol or substance abuse were included in this study . Informed consent was obtained from all patients and control subjects . The control group consisted of 36 age-matched healthy subjects, who were doctors, medical students and paramedical students (26 males and 10 females, 18-42 years, mean f SD = 25 .0 f 5 .6 years) . None had a psychiatric history . METHODS



The procedures for target presentation and recordings were basically similar to those used in the previous study (Fukushima et al., 1988a) to which reference should be made . Briefly, the central LED (light emitting diode) was turned on for 5-7 s randomly, and subjects were instructed to keep their gaze fixed on the light . The central light was then extinguished, and at the same time, either the right or left LED, which was positioned 12 degrees right or left from the central fixation point, was turned on for 500 ms . In the task which we called the `saccade task', subjects were instructed to look at the target as quickly as possible . In the 'antisaccade task', they were told not to look at the target but rather to look immediately in the opposite direction, at an approximately equal distance from the fixation point . The difference for the target presentation in the present and previous study is that either the right or left target light was turned on randomly so that the subjects could not predict the direction of the target in the present study, while the presentation was not random but in a sequential order in the previous study (FUKU5HIMA et al., 1988a) . Twenty saccades followed by 20 antisaccades were examined for all subjects in the present study . In 3 patients, the order was reversed (see Results) .
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Eye movements were recorded electrooculographically (EOG) and measured using an a .c . recording with a time constant of 3 s and a high frequency cutoff of 10 Hz in all cases . Eight of them were also examined using d .c . recording . There was no significant difference in latency between the two measurements . EOG and LED signals were displayed on a pen recorder and were also recorded on a data recorder for later analysis with a microcomputer . In the antisaccade task, we judged it as an error when their initial saccade was to the target and not towards the opposite direction (e .g . Fig . IE) . Latencies of each saccade and antisaccade (when they performed correctly) were measured . Mean latencies of saccades and antisaccades were calculated and tested for significance using Student's t-test . A
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Fic, 1 . Typical eye movement in the saccade (A, B) and antisaccade task (C, D, E) . A, C : records in a control subject . B, D, E : records in a schizophrenic patient . Upper, middle and lower trace in each record shows EOG record, center light for fixation (CL, on when up), and right target light (RI ., on when up) . E shows an error . Calibration : 12 degrees, 500 ms .



In order to examine whether the subjects understood the task correctly, several practice presentations were allowed at the beginning of the first saccade and antisaccade tasks with the experimenter providing verbal feedback (practice presentation) . The practise presentation was discontinued when the subjects could perform correct antisaccades twice and also when they told the experimenter that they could understand the task sufficiently . We confirmed that all subjects could understand the task by practice presentation . None of them showed perseveration of saccades in the task . CT scans were obtained from 24 schizophrenics and 6 patients with affective disorder using Somatom 2 scanners in the Department of Radiology, Hokkaido University Hospital .
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Evaluation of CT scans on all the patients examined was done by two skilled neuroradiologists blind to this study . Severity of the symptoms in the schizophrenic patients was assessed using the Brief Psychiatric Rating Scale (BPRS) by the staff psychiatrists who were in charge of the patients, none of whom was involved directly in the present study . The scores in BPRS between three groups of patients (see Results) who showed abnormal results and normal results in antisaccade task were compared using the Wilcoxon signed rank test . RESULTS



Abnormalities in the antisaccade task and clinical characteristics in schizophrenia



All the subjects, including the patients, could understand the examiners' instructions sufficiently, and were cooperative during the whole course of the examination . They could concentrate their attention well enough to keep their gaze fixed on the central LED when it was turned on . Figure 1 shows typical performances of saccades and antisaccades in control subjects and schizophrenics . Both groups could make saccades towards the target in the saccade task (Fig . IA, B) . However, in the antisaccade task, many schizophrenics made saccades erroneously to the target (i .e . errors, Fig . IE), which suggests that they could not suppress looking at the target in the antisaccade task (GurrTON, BUCHTEL, & DOUGLAS, 1985) . When they did not show errors in the antisaccade task, latencies of antisaccades of many schizophrenics were longer than those of controls (Fig . 1C, D) . Means and standard deviations (SD) of latencies of saccades are summarized in Fig . 2a . The mean value for schizophrenic patients was 223 .4 t 28 .7SD ms . This did not differ significantly from that of the controls (222 .0 f 26 .OSD ms) . In the antisaccade task, most of the control subjects (25/36) showed no errors, although 7 subjects showed an error rate of 5 010 and four 10 01c . The mean error rate of the control subjects was 2 .1 t 3 .5SD 010 . On the contrary, the mean error rate of all the schizophrenics was 29 .4 t 21 .7SD 010, and was significantly higher than controls (P < 0 .001, Fig . 2b). Only 10 schizophrenics showed an error rate of less than 10 010 (less than mean + 3SD of normal controls) . Twenty-two of the 32 patients showed an error rate of more than 15 0 . If we took the error rate of more than or equal to the mean + 3SD value (12 .6010) as an abnormal rate, 22 of the 32 schizophrenics showed significantly more errors . The subjects who showed errors in the antisaccade task presented an almost similar number of errors at the beginning and near the end of the task . The mean f SD latency of antisaccades for all the controls was 255 .3 f 20 .5 ms (Fig . 2c) . The mean t SD latency for all the schizophrenics was 324 .1 t 73 .4 ms, which was significantly longer than that of the controls (P< 0 .001, Fig . 2c) . Fifteen of the 32 schizophrenics showed latencies within the range of mean + 3SD (316 .8 ms), while 17 schizophrenics showed significantly longer latencies . There was no correlation between latencies of saccades and antisaccades in schizophrenics . Only 6 schizophrenics showed both error rates and latencies of antisaccades within the normal range . Thirteen schizophrenics showed significantly longer latencies as well as more error rates, and the remaining 13 showed either more errors or longer latencies . There was no significant difference in latencies or error rates between left saccades and right saccades, or between left antisaccades and right antisaccades in all the subjects .
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