Recent studies suggest that novel antipsychotics
have positive effects on certain cognitive functions
in schizophrenia. The present study investigated
this claim by means of saccadic paradigms, which
provide a selective index of cognitive function.
Thirty-three first-episode schizophrenic patients
were randomly assigned to either olanzapine or
risperidone treatment and compared with healthy
control subjects for three saccadic paradigms. The
influence of symptom profile, extrapyramidal
symptoms, age, education, gender, hospitalization,
and medication dose on cognitive performance
was also investigated. Although the two patient
groups did not differ from each other in task per-
formance, both patient groups showed substantial
problems in inhibitory control of saccades. A high
level of education appeared to be protective for this
impairment.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2002; 14:454-460)
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Cognitive dysfunctions are considered to be among
the core deficits of schizophrenia, since they con-
tribute to disease chronicity, prognosis, and social func-
tioning."™ Treatments that ameliorate cognitive dys-
functions, therefore, have important implications for
prognosis and long-term outcome. There is increasing
interest in the influence of antipsychotic medication on
cognition; in particular, the effects of novel antipsychot-
ics (APs) have been the focus of many recent studies (see
reviews™®). The consensus is that novel APs are superior
to classical APs with regard to improvement of cognitive
function that is independent of improvement in psycho-
pathology. However, novel APs do not have positive ef-
fects on all cognitive functions, and some novel APs (in
particular clozapine, olanzapine, and risperidone) ap-
pear to have variable effects on cognitive processes.’
Further clarification of the effects of these drugs on cog-
nition will have important implications for clinical and
scientific progress by facilitating patient management
and providing new insights into the pharmacological
modulation of neuropsychological function.

Through the precise recording of various spatial and
temporal parameters of rapid eye movements, saccadic
eye movement paradigms provide a selective index of
cognitive function. Cognitive processes that are com-
monly incorporated in saccadic tasks include visuospa-
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tial attention, spatial working memory, and response
inhibition.” A large number of studies have shown sac-
cadic impairments in schizophrenic patients.*'! In or-
der to understand these impairments, it is useful to
make a distinction between visually guided (externally
driven) saccades and voluntary (internally driven) sac-
cades (comprising antisaccades, memory-guided sac-
cades, and predictive saccades). The generation of vi-
sually guided or reflexive saccades primarily requires
the resources of spatial attention and a precise motor
program. In contrast, voluntary saccades require in ad-
dition higher-order executive functions, such as work-
ing memory. A large number of studies have shown
that schizophrenic patients perform accurately on vi-
sually guided saccades,”'""'* whereas they have severe
problems with voluntary saccades, especially when
they have to suppress (inhibit) response tendencies to-
ward novel targets.”''3

In contrast to the many studies of neuropsychological
test performance, only a few studies have investigated
the influence of antipsychotics on (cognitive) saccadic
tasks,'* and these have focused primarily on the effects
of classical APs. These APs mainly target the dopami-
nergic nigrostriatal structures that are involved in the
generation of saccades. Crawford et al.'"” and Hommer
et al."* showed that administration of classical APs re-
sulted in a reduced accuracy of internally driven sac-
cades (in this case, predictive saccades). Crawford et
al.' also found a trend toward more antisaccade inhi-
bition errors. Hutton et al.'' reported reduced ampli-
tudes for antisaccades, along with decreases in latency
and the number of inhibition errors. In one of the few
studies to examine the effects of novel APs, Burke et al."®
showed that risperidone improved antisaccade perfor-
mance by reducing the number of inhibition errors. This
improvement was predicted by treatment duration. In
contrast, Sweeney et al.'® found a detrimental effect of
risperidone on visually guided saccades that was mani-
fested in reduced amplitudes, later onset, and changes
in peak velocity.

In the present explorative study we investigated the
performance of first-episode schizophrenic patients and
healthy control subjects on three saccadic tasks: visually
guided saccades, antisaccades, and memory-guided sac-
cades. Although several studies have reported robust
saccadic abnormalities for chronic schizophrenic pa-
tients, only one study has reported abnormalities in
first-episode psychotic patients." It is important to con-
firm this finding because this would support the contro-
versial notion of cognitive impairment immediately af-
ter disease onset.

Using saccadic tasks that measure psychomotor func-
tion, selective attention, visuospatial working memory,
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and executive functioning, in patients and healthy con-
trol subjects, we investigated whether symptom profile,
extrapyramidal symptoms, age, education, gender, hos-
pitalization, and medication dose had an influence on
performance. We hypothesized that patients would per-
form worse than control subjects on the antisaccade and
memory-guided saccade tasks, but not on the visually
guided saccade task.

In addition, we examined whether two novel APs,
olanzapine and risperidone, had differential effects on
saccades. In reviews of recent research, Meltzer and
McGurk® and Purdon® concluded that risperidone had
positive effects on selective attention (alertness), vis-
uomotor tracking, working memory, motor function,
and executive functioning (set shifting), whereas olan-
zapine had positive effects on attention (reaction time),
motor function, visuospatial function, and executive
skills. However, risperidone was examined more fre-
quently than olanzapine, and thus its reported beneficial
effects on more cognitive domains may be overreported
in comparison to the effects of olanzapine. Currently,
risperidone appears to be superior to olanzapine with
respect to spatial working memory. There is, however, a
need for studies conducting a direct comparison be-
tween the two drugs. On the basis of these authors’
work,”® we hypothesized that the risperidone group
would perform better than the olanzapine group on sac-
cadic measures of (visuospatial) working memory.

METHODS

Subjects
The study included 33 patients (24 males; 9 females) who
had recently experienced their first psychotic episode ac-
cording to DSM-IV'” and had received a diagnosis within
the schizophrenia spectrum (schizophrenia, schizophren-
iform disorder, schizoaffective disorder). All patients
were in a relatively stable phase of their illness and re-
ceived either olanzapine or risperidone for at least 7
weeks. Mean age was 28.8 (SD=8.3) years and average
education was at high school level. The presence of posi-
tive and negative symptoms was assessed with the Posi-
tive and Negative Symptom Scale (PANSS),'® and sever-
ity of extrapyramidal symptoms was judged by the
Extrapyramidal Symptom Rating Scale."” Exclusion cri-
teria were 1) age under 17 or above 60 years; 2) systemic
or neurological illness; 3) severe mental retardation;
4) history of alcohol or drug abuse; 5) use of medication
other than olanzapine or risperidone; 6) tardive dyski-
nesia and severe extrapyramidal symptoms; and 7) im-
paired vision or hearing loss.

Patients were randomly assigned to either olanzapine
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or risperidone treatment. The olanzapine group con-
sisted of 21 patients and the risperidone group of 12
patients. Characteristics of these groups are described in
Table 1. The relatively small size of the risperidone
group was due to exclusion of patients who were on
combined drug therapy.

A control group of 23 healthy volunteers (15 males, 8
females), recruited from the local community, was in-
cluded to evaluate the saccadic performance of patients.
These subjects had no history of psychiatric or neuro-
logical illness. Moreover, they had no first-degree rela-
tives with a schizophrenia spectrum disorder. Mean age
was 22.1 (SD=2.8) years and average education was at
high school level. Informed consent was obtained for all
subjects included in the study.

Eye Movement Measurement

Subjects were seated 90 cm from a big television screen
while their heads were stabilized in a chin rest. Targets
(green squares subtending 0.25° of visual angle) were
displayed on the screen on four locations at 7.5° and 15°
on either side of the central fixation point. In each sac-
cadic task the total number of trials was 48. The exper-
iments were conducted in the dark, and eye movements
were recorded by using an infrared limbus reflection de-
vice (IRIS, Skalar Delft).

Saccadic Tasks

Visually Guided Saccade Task: ~ After 800 ms of central
fixation, a peripheral target was randomly presented for
1,000 ms to either the left or right side of the fixation
point (Figure 1A). Simultaneous with target presenta-
tion, a buzzer signal was initiated for 200 ms. Subjects
were asked to move their eyes as quickly and accurately
as possible to the target location, and afterwards return
to central fixation. Intertrial interval was 1,000 ms and
trial duration was 2,800 ms.

Antisaccade Task: ~ After 800 ms of central fixation, a pe-
ripheral target was randomly presented for 2,000 ms to
either the left or right side of the fixation point (Figure
1B). Simultaneous with target presentation, a buzzer sig-
nal was initiated for 200 ms. Subjects were asked to
move their eyes to the mirror-image location. Trial du-
ration was 2,800 ms.

Memory-Guided Saccade Task:  After 800 ms of central
fixation, a peripheral target was randomly presented
for 200 ms to either the left or right side of the fixation
point (Figure 1C). The fixation point remained on, and
subjects were asked to delay the saccade until the fix-
ation point extinguished (after 500 ms). At the moment
of saccade initiation, no information on the previous
target location was available. Simultaneous with fixa-
tion point offset, a buzzer signal was initiated for 200
ms. Intertrial interval was 3,000 ms and trial duration
was 4,500 ms.

Data Analysis

Saccadic analysis was conducted offline, using interac-
tive proprietary software developed at the University of
Maastricht. Table 2 shows the saccadic paradigms, per-
formance parameters, and presumed cognitive func-
tions measured.

In the visually guided saccade condition, the latency
of the primary saccades was analyzed; we presumed
that this condition reflects psychomotor functioning be-
cause the task required processing of visuospatial infor-
mation and transformation of this material into an ocu-
lomotor program. We also measured the number of false
anticipations. False anticipations are saccades made in
advance of the target presentation due to false predic-
tions of alternation between the left and right side (de-
spite the instruction of randomization). The number of
false anticipations was thought to reflect executive func-
tioning, since preventing oneself from making errone-

TABLE 1. Group characteristics

Characteristic Olanzapine (n=21) Risperidone (n=12) Control (n=23) P
Age, years (range) 28.81 (17-56) 28.67 (19-44) 22.09 (17-26) 0.002
Male/female ratio 14/7 10/2 15/8 NS
Education (range)® 3.93 (1-7) 3.18 (1-7) 5.13 (3-7) NS
Inpatients/outpatients 11/10 5/7 — NS
Median duration of illness, weeks (range)® 52 (8-520) 30 (12-260) — NS
Median duration of treatment, weeks (range)” 15 (7-52) 12 (7-32) — NS
Mean medication dose, mg/day (range) 9.05 (5-15) 3.63 (2-6) — —
Negative symptoms (range) 10.75 (7-21) 11.13 (7-20) — NS
Positive symptoms (range) 10.44 (7-23) 9.75 (7-17) — NS
General psychopathology (range) 22.81 (17-33) 21.38 (16-27) — NS

Note: Dash=not applicable; NS=not significant.

*According to a continuous scale ranging from low education (1) to university grade (7).
PThe median was chosen in order to minimize the influence of extremes.
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ous alternating saccades involves the maintenance of
task instructions in working memory.

In the antisaccade condition, we analyzed latency and
percentage of inhibition errors. An inhibition error was
scored when the participant moved his or her eyes re-
flexively to the peripheral target rather than to the op-
posite site. Inhibition errors resulted from a failure to
suppress the prepotent reflexive saccade to the target.
We presumed that latency and inhibition errors were
both measures of executive functioning and perhaps
also of selective attention, since the task requires the par-
ticipant to ignore a visual distractor and to maintain in
working memory the task instructions in order to inhibit
the reflexive response to the target. In addition, the la-
tency of inhibition errors was analyzed.

In the memory-guided saccade condition, we ana-
lyzed the accuracy of primary saccades and the “final
eye positions” (eye positions after corrective saccades
were made). Final eye position was presumed to be an
index of spatial working memory.* We also measured
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the percentage of inhibition errors and the percentage
of errors in delaying the saccade. Delay errors were in-
terpreted as a measure of executive functioning, since
the oculomotor program for the saccade, which is pre-
pared immediately after stimulus presentation, should
be controlled (inhibited) during the delay period. As a
criterion for differentiating between delay errors and in-
hibition errors, we used the individual mean latency of
antisaccade inhibition errors on the antisaccade task.
Saccades exceeding this mean latency plus one standard
deviation were categorized as delay errors.

In order to examine whether first-episode patients
performed worse than healthy control subjects on each
of the eleven saccadic measures, the data were analyzed
by means of two-tailed f-tests or Mann-Whitney U-tests.
Differences between patients using olanzapine or ris-
peridone and healthy control subjects were examined by
one-way analysis of variance (ANOVA) followed by
post hoc testing (Tukey honestly significant difference;
two-tailed tests with significance level set at alpha<<0.05).

FIGURE 1. Simplified saccadic paradigms.
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TABLE 2. Saccadic paradigms, performance parameters, and cognitive functions

Saccadic Paradigm Parameter

Cognitive Function

Visually guided saccades Latency

False anticipations

Antisaccades Latency
Inhibition errors
Memory-guided saccades Amplitude

Inhibition errors
Delay errors

Psychomotor function

Executive function

Executive function/selective attention
Executive function/selective attention
Visuospatial working memory
Executive function/selective attention
Executive function
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When variables did not resemble the normal distribution,
nonparametric Kruskal-Wallis one-way ANOVA was
performed, followed by Mann-Whitney U- tests for mul-
tiple comparisons. The relationships between various
saccadic measures were examined by using parametric
and nonparametric correlation analyses for the patient
and control groups separately.

RESULTS

First-Episode Patients Versus Healthy Control Subjects
The patient and control groups did not differ significantly
for gender and level of education, whereas there was a
difference for age (z=-3.60, P=0.000). Because age was
found to have an influence on some measures of saccadic
performance,” correlation analysis was performed to re-
veal significant influences of age on each of the saccadic
measures; however, no significant correlations were ob-
tained. Table 3 displays performance means and be-
tween-group differences. Compared with control sub-
jects, patients made significantly more inhibition errors
on the antisaccade task (t=4.50, df =46.98, P=0.001) and
the memory-guided saccade task (z=-2.64, P=0.008). On
the memory-guided saccade task, patients also differed
significantly from control subjects for the number of de-
lay errors (z=-2.02, P=0.043), the final eye position to
small target eccentricities (t=2.50, df =50, P=0.016), and
the amplitude of primary saccades to large target eccen-
tricities (t=-3.29, df =50, P=0.002).

Correlations Between the Saccadic Measures
Because of multiple comparisons in the correlation anal-
ysis, only two-tailed P-values smaller than 0.01 were

considered significant for correlation coefficients. Within
the patient group we found significant correlations be-
tween the following saccadic measures: latency of visu-
ally guided saccades and latency of incorrect antisaccades
(r=0.48, P=0.005); latency of correct and incorrect anti-
saccades (r=0.73, P =0.001); antisaccade inhibition errors
and final eye position to small target eccentricities
(r=0.52, P=0.003); and amplitudes to small and large
target eccentricities (P-values ranging from 0.002 to
0.004).

Within the control group the following saccadic mea-
sures were significantly correlated: latency of visually
guided saccades and latency of correct antisaccades
(r=0.70, P=0.000); latency of visually guided saccades
and latency of incorrect antisaccades (r=0.63, P =0.002);
and amplitudes to small and large target eccentricities
(P-values ranging from 0.000 to 0.003).

Saccadic Performance and Disease-Related Factors
Within the patient group, age, symptom profile (PANSS
subscales), extrapyramidal symptoms, duration of ill-
ness, medication dose, and duration of medication treat-
ment were not correlated with saccadic performance.
However, a significant negative correlation was found
between the level of education and the latency of anti-
saccades, both correct (r=-0.62, P=0.001) and incorrect
(r=-0.50, P=0.009). Inpatients and outpatients showed
equal performance levels, and also female and male pa-
tients did not differ on the tasks.

Olanzapine, Risperidone, and Healthy Control Subjects
The olanzapine, risperidone, and control groups did not
differ for gender and level of education, whereas there

TABLE 3. Visually guided saccades, antisaccades, and memory-guided saccades

Mean+SD Mean+SD
Patients (all) Control Subjects Olanzapine Risperidone

Variable (n=33) (n=23) P (n=21) (n=12)
Visually guided saccades

Latency correct saccades 200.91+30.24 199.88 +31.85 NS 201.36 +33.68 200.12+24.43

Number of false anticipations 5.58+5.79 2.59+2.28 NS 5.71£5.33 5.33+6.76
Antisaccades

Latency correct antisaccades 368.68 +75.08 334.47 +65.97 NS 349.65+70.50 398.82+74.99°

Latency inhibition errors 242.74+54.67 230.78 =50.47 NS 239.10 +55.45 249.11+55.08

Percentage inhibition errors 26.49 £17.02 11.43+7.49 0.000 24.84+15.81° 29.36+19.33°
Memory-guided saccades

Percentage inhibition errors 8.07+9.34 2.40+3.95 0.008 10.46 £10.55" 3.50+5.57

Percentage delay errors 16.12+13.54 7.80£5.30 0.043 16.43+12.43 15.59 +£15.79

Ampl primary saccades, 7.5° targets 5.78+1.02 6.00+1.31 NS 5.72+1.11 5.85+0.88

Ampl f.e.p., 7.5° targets 7.18+0.77 6.67 £0.65 0.016 7.22+0.88° 7.10+0.51

Ampl primary saccades, 15° targets 10.50£1.81 12.06 £1.52 0.002 10.76 £2.03° 10.05+1.32°

Ampl f.e.p., 15° targets 13.17+0.92 13.76 =1.17 NS 13.21+0.87 13.08 =1.04

Note:

3Significantly different from control subjects, but not from risperidone group.
PSignificantly different from control subjects, but not from olanzapine group.

Ampl=amplitude; f.e.p.=final eye position after corrective saccades; NS=not significant.
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was a difference for age (x*=12.95,df=2, P=0.002). The
olanzapine and risperidone groups were significantly
older than the control group (P=0.000 and P=0.006,
respectively). The medication groups were similar for
inpatient/outpatient ratio, duration of illness, duration
of medication treatment, and severity of positive symp-
toms, negative symptoms, and general symptoms. No
significant differences in the saccadic variables were
found between the two medication groups. The olan-
zapine and risperidone groups, however, differed sig-
nificantly from control subjects for antisaccade inhibi-
tion errors (P =0.007 and P=0.002, respectively) and the
amplitudes of primary saccades to large target eccen-
tricities (P =0.045 and P =0.006, respectively). The olan-
zapine group, in contrast to the risperidone group, dif-
fered significantly from control subjects for inhibition
errors on the memory-guided task (P=0.002) and the
final eye position to small target eccentricities in this
task (P=0.048). The risperidone group differed signifi-
cantly from control subjects for the latency of correct
antisaccades (P=0.032).

DISCUSSION

We examined saccadic eye movements in three saccade
tasks in first-episode psychotic patients and healthy con-
trol subjects. Our patient group performed worse than
control subjects on the antisaccade and memory-guided
saccade tasks. Impairment was most pronounced for the
number of inhibition errors, which is in accordance with
previous studies.'*?? Inhibition errors reflect a failure in
the control of response tendencies and have been attrib-
uted to dorsolateral prefrontal dysfunction.”® In addi-
tion, patients showed more delay errors in the memory-
guided task. These errors reflect a failure in delaying an
already prepared saccadic motor program, which could
be interpreted as a failure in executive control. For the
memory-guided task, patients also showed significantly
reduced amplitudes on targets with large eccentricity,
whereas amplitudes on targets with small eccentricity
were more accurate than those of control subjects. These
findings are difficult to interpret and should first be con-
firmed by studies using a larger sample.

Within the patient group we found a number of cor-
relations between the various saccadic measures. First,
antisaccade inhibition errors and final eye position of
small saccades were positively correlated. It is possible
that these two measures depend on a common cognitive
process; visuospatial working memory is the most likely
candidate. Second, whereas none of the demographic
and disease-related factors were significantly correlated
with saccadic performance, we found a negative corre-
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lation between the latency of both correct and incorrect
antisaccades and the level of education. Patients with
more education performed better than patients with less
education. Perhaps intelligence protects patients from
poor performance on measures of executive function
and attention. This would be in line with the findings
of Holthausen et al. (unpublished manuscript), who
demonstrated that patients with normal performance on
neuropsychological tasks scored higher on intelligence
tests than did patients with impaired performance.
However, the present negative correlation needs to be
confirmed in future studies in which IQ and level of
education are established more extensively.

With respect to differential effects of risperidone and
olanzapine, no significant group differences on any of
the saccadic measures were found. This was surprising
and counter to our hypothesis. We predicted superior
beneficial effects for risperidone on measures of spatial
working memory. In fact, the risperidone group per-
formed even slightly worse on these measures; the am-
plitudes of memory-guided saccades were less accurate.
Previous studies reported reduced accuracy on the
memory-guided task after treatment with classical
APs,'%' raising the possibility that our findings were
related to medication dose. Risperidone in a high dose
has an action profile that resembles that of classical APs.
However, our dose range was low and similar to those
used in other studies (2 mg to 6 mg per day); thus it
seems unlikely that this could explain the discrepancy
between our results and the results from previous stud-
ies reporting fairly beneficial effects of risperidone on
neuropsychological measures of visuospatial working
memory.

It seems plausible that olanzapine and risperidone
have no differential effects on the cognitive functions
targeted in this study. However, future studies in which
these drugs are directly compared in a design with base-
line measurements are warranted. Additional clues
about the influence of novel APs on saccades might also
be provided by studies investigating 1) smooth-pursuit
eye movements, since during these eye movements the
saccadic system is also active, and 2) the effects of single
doses of APs in healthy control subjects, since this pro-
vides knowledge about the direct effects of APs without
interference from disease-related factors. Currently nei-
ther type of study has been conducted with novel APs.
A comparison of these saccadic data for patients on ris-
peridone and olanzapine with data from studies of clas-
sical APs in similar experimental paradigms'®!! is con-
sistent with a beneficial effect of some novel drugs on
cognition. However, confirmation of this possibility will
have to await direct head-to-head studies comparing the
effects of classical and novel APs.
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An important factor that might explain the failure to
find significant differences between the olanzapine and
risperidone groups is the small size of the groups. It
seems unlikely, however, that larger groups would have
resulted in significant effects, since power analysis re-
vealed that significant results could be obtained with
our group sizes. Moreover, many studies have shown
that with similar or even smaller group sizes significant
differential drug effects could be obtained. The omission
of baseline measurements might also have prohibited us
from finding differential effects, because with our design
we could not establish individual improvement after
treatment duration. Nevertheless, we think that the ran-
dom group assignment in combination with close

matching provided a good opportunity to find signifi-
cant group differences.

In sum, the present study replicates the previous find-
ing that not only chronic schizophrenic patients, but also
first-episode patients have substantial problems with
cognitive processes incorporated in saccadic tasks. Ap-
parently cognitive abnormalities are already present in
an early phase of the disease. Schizophrenic patients are
particularly impaired in the inhibitory control of reflex-
ive saccades, although a high level of education appears
to be an important protective factor. We also have dem-
onstrated that random assignment to either treatment
with risperidone or olanzapine did not result in differ-
ential saccadic performance between the groups.
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