









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Exp Brain Res (2004) 159: 47–54 DOI 10.1007/s00221-004-1931-0



RESEARCH ARTICLE



Nikolaos Smyrnis . Ioannis A. Malogiannis . Ioannis Evdokimidis . Nicholas C. Stefanis . Christos Theleritis . Alexandros Vaidakis . Stavroula Theodoropoulou . Costas N. Stefanis



Attentional facilitation of response is impaired for antisaccades but not for saccades in patients with schizophrenia: implications for cortical dysfunction Received: 6 August 2003 / Accepted: 12 March 2004 / Published online: 24 June 2004 # Springer-Verlag 2004



Abstract The facilitation of response known as the “gap effect” (a decrease of response latency), observed for saccades and antisaccades when attention is modulated prior to such eye movements, was studied in patients with schizophrenia and in controls. The hypothesis tested was whether patients would show a deficient attentional facilitation in response latency. Fifteen patients with schizophrenia and 17 healthy controls performed blocks of saccades and antisaccades in a “gap” condition and an “overlap” condition. Saccade and antisaccade response latencies as well as the error rate for antisaccades were measured for each subject. A similar gap effect (decrease in latency for the gap compared to the overlap condition) was present in the saccade task for patients and controls. In contrast the gap effect in the antisaccade task was absent in 50% of patients compared to none of the controls. This finding was interpreted as indicative of deficient preprocessing in antisaccade-specific cortical areas in schizophrenia (such as the prefrontal cortex), while visually guided saccade processing remained intact. Our results, in addition to many other recent findings, could lead to specific hypotheses on cortical dysfunction in schizophrenia. N. Smyrnis (*) . I. A. Malogiannis . I. Evdokimidis . C. Theleritis Cognition and Action Group, Neurology and Psychiatry Department, Aeginition Hospital, National University of Athens, 72 Vas. Sofias Ave., 11528 Athens, Greece e-mail: [email protected] Tel.: +30-2107293244-5 Fax: +30-2107216474 N. Smyrnis . N. C. Stefanis . C. N. Stefanis University Mental Health Research Institute, National University of Athens, Greece I. A. Malogiannis . A. Vaidakis . S. Theodoropoulou Psychiatry Department, General Hospital “Evangelismos”, Athens
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Introduction Impaired attention has long been a major focus in the research for cognitive dysfunction in schizophrenia (Nuechterlein and Dawson 1984; Cornblatt and Keilp 1994). Despite the large amount of literature on attentional deficits in schizophrenia, the precise neural substrate as well as the neurophysiological mechanisms for such deficits remain elusive. One fruitful approach to the study of attentional deficits in schizophrenia is the study of specific processes that engage attention where we do have knowledge of the probable brain areas involved. One such process is visual spatial attention. Thus it was observed that patients with schizophrenia were deficient in tasks that engage visual spatial attention (Posner et al. 1988; Nestor et al. 1992). The deficit was similar to that observed after lesions of the posterior parietal cortex in humans and was attributed to a dysfunction in the process of disengagement of visual attention from one location in order for it to be subsequently engaged in another spatial location (Nestor et al. 1992). Visual spatial attention is also engaged when humans make saccadic eye movements. Attention can be modulated in the saccadic eye movement system using the gap paradigm. In this task the individual is instructed to perform saccadic eye movements to visually presented target stimuli from a central fixation position. The stimulus that indicates central fixation is turned off shortly before the appearance of the target stimulus. This time gap leads to a significant reduction of the latency for the saccadic eye movement when compared to the condition where the fixation stimulus remains visible until after the appearance of the target stimulus, called the overlap condition (Fischer and Weber 1993). This gap effect was also shown to be present for antisaccades, a task in which subjects have to



48



move in the opposite direction from that of the visual stimulus (Fischer and Weber 1992). A theory that has been put forward to explain the gap effect in saccadic eye movements postulates the existence of three hierarchically organized loops controlling the production of a saccadic eye movement. The most basic loop involves the production of the saccadic command and is responsible for the computations of the saccadic eye movement metrics. The next loop that controls the command loop is involved in the decision of making a saccadic eye movement in a particular location in space. The last loop controlling the other two is the attention loop. This involves the processes of selective attention that guide the decision to make a saccade toward an “interesting” point in space (Fischer and Weber 1993). This model predicts that the introduction of a gap before the execution of a saccade toward a target in space leads to a disengagement of visual attention from the previous focus of attention. This is postulated to be the first step in the hierarchy of events leading to the execution of a saccade. Thus the attention loop starts to operate during the gap period leading to a final gain in the processing time of the command for a saccadic eye movement (Fischer and Weber 1993). Another more recent theory postulates that the gap effect can be decomposed in two anatomically and functionally distinct processes (Reuter-Lorenz et al. 1991; Klein and Kingstone 1993). The first process is related to the release of fixation mediated by subcortical structures, mainly the superior colliculus. This process is specific to the oculomotor system and is mediated through “fixation” neurons that cease to fire with the disappearance of the fixation stimulus, thus releasing their inhibitory effect on “build up” neurons that fire in preparation of a saccade (Dorris and Munoz 1995). The facilitation in the activation of build up neurons results in the appearance of the gap effect, i.e., a shortening of response latency, before the execution of a visually guided saccade. The second process is related to a cortical response preparation and is a general phenomenon where the gap acts as a warning Table 1 Patient clinical data. The table presents the clinical data for each patient. (EduYears of formal education, Dur disease duration in years, Deficit presence or not of the deficit syndrome)



signal for the execution of a movement, thus modulating the level of attention. This general “cueing” effect is not specifically linked to the oculomotor system. This theory then would predict that the gap effect (the difference between gap and overlap conditions) would rely more on the specific process of fixation release in “reflex”like, visually guided saccades, than in voluntary saccades such as the antisaccades that involve a more complex decision process in cortical areas such as the prefrontal cortex (Guitton et al. 1985). In accordance with this prediction it was observed that the introduction of an auditory warning signal before a visually guided saccade did not result in the same reduction of response latency as that observed in the gap condition. It could be hypothesized that in this case the acoustic warning signal did modulate attention but did not have the extra specific effect on the fixation neurons of the superior colliculus. On the contrary the same warning signal before the execution of an antisaccade resulted in a reduction in latency of the same magnitude as that observed in the gap condition (Reuter-Lorenz et al. 1995). In this case the acoustic warning signal had the same precueing effect, modulating the level of attention to the same degree as observed in the gap task. Based on these theoretical considerations we explored the gap effect in patients with schizophrenia and normal controls in two different tasks, one that required visually guided saccades and one requiring antisaccades. We hypothesized that patients might show a deficit in attentional modulation in the gap task as would be predicted from similar deficits in tasks engaging visual spatial attention. We further wanted to gain insight on the specific processing deficit. If attentional facilitation in the gap task would be deficient in patients in both visually triggered saccades and antisaccades then a deficit on fixation release mechanisms involving the superior colliculus could be hypothesized. If on the other hand the deficit would be evident in the antisaccade task and not in the visually guided saccade task then that would suggest an attentional deficit in schizophrenia involving cortical



Patient Age (years) Edu Dur Antipsychotic medications dose/day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15



24 21 23 24 19 32 22 30 32 32 32 27 23 25 30



12 12 11 15 11 6 12 16 18 12 16 17 12 13 13



4 5 6 7 2 10 1 2 1 10 1 3 2 6 10



Deficit



Olanzapine 15 mg No Clopenthixol 120 mg No Risperidone 6 mg Yes Risperidone 6 mg No Olanzapine 20 mg Yes Haloperidol 15 mg Yes Risperidone 6 mg No Clozapine 600 mg No Olanzapine 20 mg No Clozapine 600 mg, thioridazine 300 mg, levopromazine 75 mg Yes Haloperidol 10 mg, risperidone 6 mg No Olanzapine 20 mg No Risperidone 6 mg No Quetiapide 400 mg, haloperidol 10 mg, carbamazepine 600 mg No Clozapine 300 mg, risperidone 3 mg Yes
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processing and sparing the subcortical oculomotor circuitry. It is known that patients with schizophrenia produce significantly more errors in the antisaccade task than healthy controls (Fukushima et al. 1988; Clementz et al. 1994; Sereno and Holzman 1995; Katsanis et al. 1997; McDowell and Clementz 1997; Curtis et al. 2001). Our main focus though in this study was not the error rate in the antisaccade task but the modulation of response latency with the introduction of the gap for both saccades and antisaccades. A preliminary report on this work was presented at the Society for Neuroscience Meeting, 2002, Orlando, Florida, USA.



instructed to make an eye movement in the opposite direction to that of the peripheral target as soon as possible. 4. The antisaccade overlap task in which the presentation of the stimuli was identical to that of saccade overlap task but the subject was instructed to make an eye movement in the opposite direction to that of the peripheral target as soon as possible. A calibration procedure was performed before each task using a sequence of four saccadic eye movements, two to the left and two to the right of the central fixation target at an eccentricity of 10 deg. Each subject performed some practice trials before each task. The two conditions (gap, overlap) of each one of the two saccadic eye movement tasks (saccade, antisaccade) were blocked and presented in series with a random order from subject to subject. After a break, the second series of two conditions (blocked) for the other task was presented. The order of presentation of the tasks was also randomized from subject to subject. Overall each subject performed 4×90=360 trials for the two tasks and the two conditions.



Materials and methods Participants Fifteen patients, 11 men and 4 women (mean age 26.5 years, SD=4.5) with DSM IV (American Psychiatric Association 1994) diagnosis of schizophrenia that were in a stable condition, receiving antipsychotic medications (Table 1), and were either inpatients in the psychiatry clinic or visiting the outpatient psychiatry clinic of “Evangelismos” General Hospital, participated in the study. The schedule for the deficit syndrome (Kirkpatrick et al. 1989) was administered to all patients (Table 1). Seventeen healthy volunteers, 8 men and 9 women (mean age 29.35 years, SD=3.4) were recruited from the hospital personnel. There was no difference in age between the patients and the controls (t-test, t=1.6, P=0.11). The mean education level for the healthy controls was 17.1 years (SD=1.16) while for patients it was 13.1 years (SD=3) and the difference was significant (t-test, t=5.2, P


Apparatus and procedure All subjects were tested in an apparatus that has been previously described in detail (Evdokimidis et al. 2002; Smyrnis et al. 2002). Eye movements were recorded from the right eye only using the IRIS SCALAR infrared device. A 12-bit A/D converter was used for data acquisition (Advantech PC-Lab Card 818L). Eye movement data were sampled at 600 Hz and stored in the PC hard disk for offline data processing. Each subject performed 90 trials for each one of four tasks: 1. The saccade gap task in which each trial started with the appearance of a central fixation point (0.5×0.5-deg white cross). After a variable period of 1–2 s the central point was extinguished and after yet another period of 0.2 s (the gap) a peripheral target (the white cross) appeared randomly at one of five target distances (2–10 deg at 2-deg intervals) either to the left or to the right of the central fixation point. The subject was instructed to make an eye movement to the peripheral target as soon as possible. 2. The saccade overlap task in which each trial was the same as for the saccade gap task with the difference that the central fixation point remained illuminated until the end of the trial. 3. The antisaccade gap task in which the presentation of stimuli was identical to that of the saccade gap task but the subject was



Analysis An interactive PC program (created using the TestPoint CEC) was used for detection and measurement of saccades from the eye movement record. Trials with artifacts (blinks, etc.) in the analysis period extending from 100 ms before the appearance of the peripheral target to the end of the first saccade as well as trials for which an eye movement occurred in the 100-ms period before the appearance of the peripheral target were excluded. In addition, we excluded trials with a response latency that was not within the window of 80–600 ms (to avoid including predictive movements and very slow responses). We performed two analyses on the response latency data, an analysis on median latencies and an analysis on the distribution of latencies for each subject. In the analysis of median latencies we used the median response latency for saccades in the saccade gap (Sg), saccade overlap (So), antisaccade gap (Ag), and antisaccade overlap tasks (Ao). Finally we calculated for each subject the error rate in the antisaccade gap (Eg) and antisaccade overlap (Eo) tasks. We then calculated the following three indices for each subject: 1. The Gap effect for saccades (Gap-S) which was the difference: So−Sg 2. The Gap effect for antisaccades (Gap-A) which was the difference: Ao−Ag 3. The Gap effect for antisaccade errors (Gap-E) which was the difference: Eg−Eo In two more analyses we divided saccades and antisaccades according to the peripheral target direction into right- or left-directed saccades or antisaccades. Thus we computed median response latencies for gap and overlap right-directed saccades and leftdirected saccades. The same division for the antisaccades resulted in median latencies for gap and overlap right-directed antisaccades and left-directed antisaccades. For testing differences in latency indices between normal controls and patients we used t-tests, and the Levene test was used to test for equality of variances. For testing error rate differences in the two groups we used the Mann-Whitney U-test, since percentages of errors are not normally distributed variables. In the analysis on the subject distributions of response latencies we compared the distribution of response latencies for the saccade gap and the saccade overlap tasks for each subject separately using the Mann-Whitney U-test. The choice of a non-parametric test was appropriate because response latency distributions are not normal. If the difference between the two distributions was significant and the median for the gap condition was smaller than the median for the overlap condition then we categorized this subject as showing a gap effect in the saccade task. If the two distributions did not differ significantly then we categorized the subject as lacking the gap effect. There were no cases where a significant difference between the two distributions was the result of a larger median latency in the



50 gap versus the overlap task. The same procedure was used for the comparison of the distributions of response latencies in the antisaccade task and again we categorized the subject as showing or lacking a gap effect in the antisaccade task. Then we compared the proportion of normal subjects versus the proportion of patients that lacked a gap effect in the saccade task. The same comparison was performed for the antisaccade task. For the comparison of proportions we used the Fischer exact two-tailed test. All statistical analyses were performed using the STATISTICA software (STATSOFT 1999).



Results Analysis on median latencies and antisaccade error rate Figure 1 presents the correlation between the gap effect for saccades (Gap-S) and the gap effect for antisaccades (GapA) for the normal control group (Fig. 1A) and the patients (Fig. 1B). It can be observed that the correlation was not significant both in the normal control group (r=−0.05, P=0.8) and the patient group (r=−0.04, P=0.9). The correlation between Gap-S, Gap-A, and Gap-E and level of education was not significant both for the normal control group (Gap-S: r=0.12, P=0.6; Gap-A: r=0.2, P=0.4; Gap-E: r=−0.35, P=0.17) and the patient group (Gap-S: r=−0.31, P=0.25; Gap-A: r=0.19, P=0.5; Gap-E: r=0.07, P=0.8). Finally we compared the Gap-S, Gap-A, and Gap-E between men and women in the control group, since we had very few women in the patient group, and found that gender had no significant effect on these variables (Gap-S: t=0.32, P=0.75; Gap-A: t=−1.3, P=0.32; Gap-E: t=−0.09, P=0.92). Table 2 presents the group Sg and So means for the normal controls and the patients. There was no significant difference in mean latency between normal controls and patients both for the gap condition (t=−1.6, P=0.13) and the overlap condition (t=−0.11, P=0.9). The Levene tests for equality of variances were not significant either (gap condition: F(1,30)=0.14, P=0.7; overlap condition: F(1,30)=0.7, P=0.4). The last two columns of Table 2 show the group mean and standard deviation of Gap-S for the normal controls and patients. There was no significant difference of Gap-S between the two groups (t=1.8, P=0.08). The Levene test for equality of variances was not significant (F(1,30)=1.29, P=0.26). Table 3 presents the group Ag and Ao means for the normal controls and the patients. There was a significant increase in mean latency for patients compared to controls for the gap condition (t=−3.25, P=0.003) while for the Table 2 Summary of behavioral results: saccade latency. The table presents mean (M) and standard deviations (SD) for all group variables measured (in milliseconds):Sg saccade gap latency, So saccade overlap latency, Gap-S gap effect for saccadic latency Sg M Sg SD So M So SD Gap-S M Gap-S SD Controls (n=17) 154.6 Patients (n=15) 171
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Fig. 1 A Correlation of the gap effect for saccades (Gap-S) and antisaccades (Gap-A) in the normal control group (17 subjects). Solid line presents a linear fit. B Correlation of the gap effect for saccades (Gap-S) and antisaccades (Gap-A) in the patient group (15 subjects). Solid line again presents a linear fit



overlap condition the increase was not significant (t= −1.73, P=0.09). Since the Levene test was significant for both comparisons (gap condition: F(1,30)=6.4, P=0.02; overlap condition: F(1,30)=7.6, P=0.01) we repeated the analysis using t-tests with separate variance estimates. This analysis confirmed the significant increase in mean latency for patients in the gap compared to the overlap condition of the antisaccade task (t-test with separate variance estimates=−3.13, P=0.005) and the non-significant increase in the overlap condition (t-test with separate variance estimates=−1.66, P=0.11). The last two columns of Table 3 show the group mean and standard deviation of Gap-A for the normal controls and patients. There was a significant decrease of the Gap-A for the patient group (t=2.4, P=0.02). The Levene test for equality of variances was significant (F(1,30)=5.7, P=0.02) so the t-test was calculated with separate variance estimates for the two groups. The decrease of Gap-A for the patient group remained significant (t-test with separate variance estimates=2.3, P=0.03). Table 4 presents the group Eg and Eo means for the normal controls and the patients. There was a significant increase in error rate for patients compared to controls both in the gap condition (U=50, Z=−2.92, P=0.003) and the overlap condition (U=20, Z=−4.1, P


51 Table 3 Summary of behavioral results: antisaccade latency. The table presents mean (M) and standard deviations (SD) for all group variables measured (in milliseconds): Ag antisaccade gap latency, Ao antisaccade overlap latency, Gap-A gap effect for antisaccade latency Ag M Controls (n=17) Patients (n=15)



Ag SD



229.7 294.8



Ao M



35.6 73.2



Ao SD



278.6 313.4



difference in the Gap-E between the patient and control groups (U=116, Z=0.43, P=0.66). The analysis using the indices for left-oriented or rightoriented saccades and antisaccades gave, as expected, identical results as the analysis for the total population of saccades. Analysis on individual latency distributions Table 5 presents the number of patients and normal controls that lacked the gap effect for saccade and antisaccades, respectively. It can be observed that in the saccade task the majority of both normal controls and patients showed the gap effect (Fischer exact two-tailed test, P=0.1). In contrast, the percentage of patients lacking the gap effect for the antisaccades was significantly larger than that for the controls (Fischer exact two-tailed test, P=0.01). Finally it can be observed that the lack of the gap effect in the antisaccade task was much more pronounced for the deficit patients than for the non-deficit ones. This can also be seen in Fig. 2 where the patients with deficit syndrome show a much greater reduction of Gap-A for antisaccades than patients with no deficit syndrome.



Gap-A M 33 75



48.9 18.6



Gap-A SD 22.1 46.4



loss of the gap effect in antisaccade latency was pronounced in a subgroup of patients suffering from the deficit syndrome. Methodological considerations Our sample of patients was age matched to the control group but the level of education for our patients was significantly lower than that of controls. Also our patients were mostly men while our control group included an almost equal number of men and women. The potential effects of education and gender on the variables of interest were thus separately investigated for the two groups. The effect of education was not significant in both groups for all variables. The gender also did not have a significant effect on these variables for the control group. These results are in accordance with previous studies of antisaccade performance in schizophrenia where it was shown that the differences in performance between patients and controls was independent of the gender and the level of education (Fukushima et al. 1990; Tien et al. 1996). Difference in the gap effect



Discussion The main finding in this study was that about half the patients with schizophrenia failed to reduce their response latency in the gap condition of the antisaccade task in comparison to the overlap condition while all of the healthy controls showed this reduction. In contrast to this finding, in the saccadic eye movement task, the majority of patients and all control subjects reduced their response latency in the gap condition compared to the overlap. Furthermore, the gap antisaccade condition resulted in a similar increase in error rate both for patients and controls compared to the overlap, although patients had an increased error rate compared to controls in both gap and overlap conditions of the antisaccade task. Finally, the Table 4 Summary of behavioral results: antisaccade error. The table presents mean (M) and standard deviations (SD) for all group variables measured (percent): Egerror rate for antisaccade gap, Eo error rate for antisaccade overlap, Gap-E gap effect on antisaccade error rate Eg M Eg SD Eo M Eo SD Gap-E M Gap-E SD Controls (n=17) 22.8 Patients (n=15) 50.4



17.4 26.4



10.2 40.9



8.9 23.5



12.6 9.5



11.7 14.6



In the only other study that used the gap and overlap conditions of the antisaccade task in patients with schizophrenia, McDowell and Clementz (1997) reported that there was a gap effect in patients that was similar to that found for controls. This discrepancy between that study and our results could be due to differences related to the specific patient population and the task design. The mean age, medication status, and diagnostic criteria were similar for both studies. Also in that study the authors used a zero gap condition instead of the overlap condition used in our study and the gap effect was the difference between the gap condition (200 ms of gap) and the zero gap condition. It has been shown though that the zero gap and overlap conditions share the same response latencies and error rates in the antisaccade task (Fischer and Weber 1997). We believe that the major difference lies in the fact that in the previous study of McDowell and Clementz (1997) an estimate of the gap effect was not measured in a control saccadic task for each subject so the difference in the magnitude of the gap effect between the saccade and antisaccade tasks could not be studied. According to the three-loop model presented in the Introduction, the gap effect for saccadic eye movements is related to a process of disengagement of visual attention



52 Table 5 Loss of gap effect per subject. The table presents the number of patients with no deficit syndrome, patients with deficit syndrome, and control subjects that lacked a gap effect for saccadic latencies (column 2) and antisaccade latencies (column 3)



Normal controls (n=17) Non-deficit syndrome patients (n=10) Deficit syndrome patients (n=5) Total patients (n=15)



No gap effect saccades



No gap effect antisaccades



0 2 2 4



0 4 4 8



from the central fixation focus prior to the appearance of the peripheral target (Fischer and Weber 1993). This mechanism is thought to be separate from the subsequent mechanism of attentional engagement to the saccade target, the subsequent decision to make a saccade to that target and finally the computation of the saccade movement parameters. In the case of visually guided saccades this attentional disengagement in the gap condition leads to a decrease of response latencies and the appearance of a substantial number of very fast saccades called “express” saccades (Fischer and Weber 1993). In the antisaccade task the introduction of a gap also results in a decrease in response latency but in this case the express saccades are missing (Fischer and Weber 1992). It could be argued that in this condition the decision loop that follows the attention loop takes longer to complete. The three-loop model though would predict that the magnitude of the gap effect for visually guided saccades and antisaccades would be correlated since the gap effect in both tasks is the product of the same level of control in the model, namely the attention loop that precedes the decision and execution loops. We observed though that the two gap effects were not correlated both in our control group and the patient group. We also observed that patients showed a normal gap effect for visually triggered saccades but not for antisaccades. We now turn to the second theory presented in the Introduction proposing that two distinct processes, one cortical and one subcortical, are involved in the gap effect (Reuter-Lorenz et al. 1991; Klein and Kingstone 1993). This theory is in accordance with our finding of



independence of the magnitude of the gap effect in the saccade and antisaccade tasks. We could further elaborate on the predictions of this theory for the saccade and antisaccade gap effect by using findings from neurophysiological recording studies in the primate and functional imaging studies in man. It was shown that during the gap period before a visually guided saccade a specific population of “fixation neurons” in the primate superior colliculus decreased their activity, which was maximum during active fixation. This fixation release in turn facilitated the increase up of activity “build up” neurons programming the saccade (Dorris and Munoz 1995). It was also shown that during the gap period of an antisaccade task fixation neurons of the superior colliculus decreased their firing rate but build up neurons did not increase their activity as much as they did in the gap period of a saccadic control task (Everling et al. 1999). It could be argued that fixation release in the superior colliculus is mainly responsible for the speed up of visually guided saccades during the gap and is also responsible for fixation release in the antisaccade task which leads to an increase in the probability of making visually guided error prosaccades. On the other hand fixation release in the antisaccade task does not lead to an increase in activity of neurons that participate in the production of the antisaccade so a speed up of antisaccade generation in the gap condition can not be readily attributed to the superior colliculus. A similar pattern of activity for neurons of the frontal eye field to that found for superior colliculus could also lead to the conclusion that the speed up of antisaccade generation in the gap



Fig. 2A–C The gap effect is presented in A for the latency of antisaccades, in B for the latency of saccades, and in C for the error rate of antisaccades. Solid circles indicate the normal controls, open



rectangles indicate patients with no deficit syndrome, and solid rectangles indicate patients with deficit syndrome
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condition could not be related to frontal eye field activity either (Everling and Munoz 2000). The gap effect in the antisaccade task then could be related to a prior activation in areas that are specific for the production of antisaccades. In humans, functional imaging studies have shown that during antisaccade task performance a network of cortical and subcortical areas are activated that include the prefrontal and posterior parietal cortices (O’Driscoll et al. 1995; Sweeney et al. 1996). Electrophysiological recording studies in the primate have implicated the prefrontal cortex (Funahashi et al. 1993), the supplementary eye field (Schlag-Rey et al. 1997), and the posterior parietal cortex (Zhang and Barash 2000) in the production of antisaccades. Thus one could hypothesize that in the antisaccade task the gap might act as a warning signal that could result in activation in all these areas. This activation could occur without the definite knowledge of the target because in the antisaccade task the subject a priori knows that there are two possible directions to go either left or right. There could be then activity related to both possible outcomes that could become more specific with the appearance of the target. Based on this theory we could interpret our results as follows: 1. Both patients and controls have a normal gap effect for visually guided saccades because the subcortical circuitry for saccade generation is intact in schizophrenia. This result is in line with other findings suggesting that saccade generation is normal in schizophrenia (McDowell and Clementz 2001). 2. The facilitation of fixation release in the gap condition also predicts an increase of error prosaccades toward the visual target in the gap antisaccade task compared to the overlap antisaccade task, which has been previously reported for healthy humans (Fischer and Weber 1992) and was also observed in our study both for controls and patients with schizophrenia. Actually the increase in error rate was about 10% for both groups and this gap effect on error rate was not different between the two groups. 3. The gap effect in the antisaccade task could be related to cortical processes activated by the gap that acts as a warning signal. If then a processing deficit in some or all of these cortical areas resulted in the failure of neurons to become activated in the gap period then one would expect a decrease of the gap effect only for antisaccades and this was exactly the result we observed in patients with schizophrenia. A recent study using fMRI showed that patients with schizophrenia failed to increase prefrontal cortical activation during antisaccade performance compared to normal controls while frontal and parietal activity in a visually triggered saccadic task was similar in patients and controls (McDowell et al. 2002). This deficit in the attentional control of the cortical pathway for voluntary eye movements, namely the antisaccades, is in agreement with other studies suggesting a specific



deficit in voluntary saccadic functioning in schizophrenia (McDowell and Clementz 2001). We further observed that the lack of the gap effect in the antisaccade task was specifically found in the majority of patients suffering from the deficit syndrome. These patients have enduring negative symptoms independent of their positive psychotic symptoms (Carpender et al. 1988; Kirkpatrick et al. 1989). It has been previously shown that these patients exhibited worse performance in the antisaccade task (Thaker et al. 1989) and smooth eye pursuit (Ross et al. 1997) compared to patients without the deficit syndrome. Prominent negative symptoms in schizophrenia have also been linked to prefrontal cortical dysfunction (Weinberger 1988), which again is in agreement with our hypothesis of attentional dysfunction in specific prefrontal and/or parietal cortical areas. A final comment concerns the laterality of the gap effect. The attentional deficits in spatial tasks in schizophrenia were lateralized in the right hemisphere in previous work (Posner et al. 1988). The spatial cue though in that work was directional indicating both the time when the target would appear and its location. In our study, the cue (the offset of the central fixation target) was indicating the time of the appearance of the target (200 ms after the cue) but gave no information about its location. Thus we did not expect to find differences in the gap effect related to the visual hemifield. Nevertheless we repeated our analysis of the gap effect between patients and controls using the data for either right- or left-presented targets and as expected the results were identical as for the total number of targets. Conclusion We observed a specific attentional deficit in the production of antisaccades but not saccades in patients with schizophrenia that was particularly prominent in patients with a deficit syndrome. This finding awaits replication in patients who have never been medicated. The observed deficit in attention might be related to a failure of cortical preprocessing during the gap period and could involve, in particular, cortical areas that are critical for the production of antisaccades such as the prefrontal cortex. Future studies, particularly functional imaging ones, could help elucidate further the neuronal substrate of this deficit. Acknowledgements This work was supported by the grant “EKBAN 97” to Prof. C.N. Stefanis from the General Secretariat of Research and Technology of the Greek Ministry of Development.
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colliculus is mainly responsible for the speed up of visually guided saccades during the gap and is also responsible for fixation release in the antisaccade task. 
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