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Improvement of cognitive flexibility and cingulate blood flow correlates after atypical
antipsychotic treatment in drug-naive patients with first-episode schizophrenia
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The aim of this study was to examine the changes in cognitive flexibility and associated cerebral blood flow in

the anterior cingulate lobe of drug-naive patients with first-episode schizophrenia who were treated with

atypical antipsychotics for 6 weeks. Single photon emission computed tomography (SPECT) images were

obtained from 8 healthy subjects both at rest and while performing the flexibility subtest of the TAP (Test for

Attentional Performance). SPECT images were obtained in parallel from 8 first-episode drug-naive

schizophrenic patients while they were performing the same task both before and after 6 weeks of

neuroleptic treatment. In the control group, an increase in the perfusion indices of the dorsal section of the

anterior cingulate gyrus was observed in the activation condition. Task performance was altered and the level

of perfusion of the brain region related to the task execution was significantly decreased in the patients at

baseline. After treatment, there was a significant improvement in both task performance and the level of

perfusion of the dorsal section of the anterior cingulate. We conclude that treatment with second-generation

neuroleptics improves cognitive flexibility, and there was a relationship between such improvements and

normalization of perfusion indices of the involved brain areas.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

It has been observed that many persons suffering from schizo-
phrenia are poorly adjusted socially even when they are free of
psychotic symptoms (Bobes et al., 2009; Lipkovich et al., 2009).
Several studies (Prouteau and Doron, 2008; Williams et al., 2008;
Aubin et al., 2009; Rocca et al., 2009; Lysaker et al., 2010) have shown
that the adaptive function of these patients correlates with cognitive
performance in several areas, especially executive functions, verbal
learning, memory, sustained attention, instrumental skills and the
ability to solve problems. These functions are commonly affected in
patients with schizophrenic disorder. Therefore, the ability of new
treatments to improve overall neuropsychological performance is
critical.

The beneficial effects of second-generation neuroleptics on cognitive
flexibility function are controversial. There are studies supporting these

effects (Keefe et al., 2006; Gurpegui et al., 2007; O'Grada and Dinan,
2007; Davidson et al., 2009), and other studies that report a lack of
evidence in this regard (Akdede et al., 2006; Goldberg et al., 2007;
Gonzalez-Blanch et al., 2008; Houthoofd et al., 2008).

Numerous studies have examined the relationships between the
above-mentioned cognitive deficits in patients with schizophrenic
disorder and certain dysfunctional patterns of brain activation,
especially in the prefrontal areas (Salgado-Pineda et al., 2004; de la
Torre et al., 2005; Salgado-Pineda et al., 2007; Minzenberg et al., 2009;
Camchong et al., 2011). It is likely that the beneficial effects of new
drugs on these cognitive functions would be accompanied by an
improvement of these dysfunctional patterns. However, we again
found a lack of consistency in the results of studies that have
examined this hypothesis (Zavitsanou and Huang, 2002; Jones et al.,
2004; Snitz et al., 2005; Brewer et al., 2007; Tislerova et al., 2008;
Keedy et al., 2009; Lahti et al., 2009; Schlagenhauf et al., 2010).

To study the changes in cognitive function in patients with
schizophrenic disorder that are induced by neuroleptic treatment,
alongwith the correlationswith brain activity, the idealmethodological
conditions require the use of longitudinal designs and neuroactivation
conditions. The ideal group of experimental subjects would be suffering
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theirfirst psychotic episode andwouldhavenot previously been treated
with neuroleptics. In order to determine whether a treatment really
improves cognitive performance in patients with schizophrenia, other
neuropsychological and clinical variables that may act as confounding
factors must be also controlled. The inclusion of healthy subjects with
normal patterns of brain activity during the execution of the chosen
neuroactivation taskwould serve as a control group. In our reviewof the
literature, we found only four studies involving first-episode patients
thatmetmostof thesemethodological premises (Jones et al., 2004;Snitz
et al., 2005; Brewer et al., 2007; Keedy et al., 2009), of which only two
met all of them (Snitz et al., 2005; Brewer et al., 2007).

The aim of the present study was to examine the changes in
cognitive flexibility and associated cerebral blood flow of the anterior
cingulate cortex in first-episode drug-naive patients with schizo-
phrenic disorder after 6 weeks of treatment with atypical antipsy-
chotics. We focused on areas of the anterior cingulate that were
activated during the execution of a neuroactivation task in the control
group of healthy subjects. These areas were observed to be involved in
cognitive flexibility in other studies (Moll et al., 2002; Salgado-Pineda
et al., 2002; Mulert et al., 2003; Aarts et al., 2009; Badzakova-Trajkov
et al., 2009; Hyafil et al., 2009; Ohira et al., 2010; Tana et al., 2010), and
there is also evidence of dysfunction in these areas in patients with
schizophrenia (Salgado-Pineda et al., 2004; de la Torre et al., 2005;
Salgado-Pineda et al., 2007; Camchong et al., 2009; Minzenberg et al.,
2009). We controlled for clinical and neuropsychological variables
that may have acted as confounding factors.

2. Methods

2.1. Subjects

Eight adult subjects who were consecutively admitted to the
psychiatry service at the Terrassa Hospital were included (mean
age=28.75, SD=5.12; sex: 5 males, 3 females). They all met the
following inclusion criteria: presented with a first psychotic episode
meeting the DSM-IV diagnostic criteria for schizophreniform disorder
and were drug naive; had 8 or more years of schooling; and did not
present premorbid intellectual disability, metabolic disorders, cardio-
vascular or neurological conditions that may affect cerebral perfusion.
All patients diagnosed with schizophreniform disorder who were
enrolled in the study were later confirmed to have a diagnosis of
schizophrenic disorder.

The control group included eight adult subjects without psychi-
atric disorders (General Health Questionnaire, GHQ-60≤6), intellec-
tual disability, metabolic disorders, cardiovascular or neurological
conditions that may affect cerebral perfusion. The control subjects
were chosen so that their ages and sexes were as similar as possible to
those of the subjects in the experimental group (mean age =23.25,
SD=5.31; sex: 4 males, 4 females).

Pregnancy and the presence of cocaine, cannabis, amphetamines
or opiates in the urine prior to any of the cognitive flexibility
assessments would have resulted in withdrawal of the subject from
the study. However, none of the subjects selected had to be excluded
or dropped from the study.

All subjects provided written consent to be part of the study. The
protocol was in accordance with the Declaration of Helsinki and was
approved by the local ethics committee.

2.2. Instrumentation and procedures

2.2.1. Treatment with a second-generation antipsychotic

All subjects in the patient group were treated with the same
second-generation antipsychotic (risperidone, which is the most
widely used antipsychotic in the hospital unit where the study was
conducted) for 6 weeks. The daily dose of risperidone was adjusted to
the clinical needs of each subject (range 2–9 mg, mean 5.9 mg).

2.2.2. Indices of regional cerebral blood flow: Single Photon Emission

Computed Tomography (SPECT)

The changes in brain functionality were studied through a SPECT
gamma camera. Two SPECT scans with 99-Tc-ethyl cysteinate dimer
(99mTc-ECD)were obtained for each subject. For control subjects, one
was obtained at rest and the other during neuroactivation, with an
interval of 6 weeks in between. For patients, the two SPECT scans were
obtained during neuroactivation, the first immediately prior to com-
mencement of treatment, and the second after 6 weeks of treatment.

The tracer (740 MBq of 99mTc-ECD) was injected1 minute after
the start of the flexibility task. The subject continued the task for
approximately 2 more minutes, which was long enough to ensure
complete tracer uptake. In the resting condition, the subject remained in
the same position in repose for 5 minutes while the tracer was
administered in the same manner.

The SPECT images were acquired between 15 and 60 minutes after
the injection of the tracer using a rotating double-head gamma
camera (Helix, GE) equipped with high-resolution Fan-Beam con-
verging collimators. During a 360 degree rotation, sixty 30-second
images were obtained on a 128×128 matrix without zoom. The pixel
size of the transaxial slices was 8.86 mm.

The reconstruction was performed using filtered back-projection
with a Metz filter (order 3, Full Width at Half Maximum [FWHM]=
10 mm.). The use of the converging collimator reduced the effect of
attenuation on the images. For this reason, we did not correct it. The
spatial resolution (FWHM) measured before the beginning of the
study was 10 mm in the transaxial plane.

The two images obtained for each subject were realigned using the
Regbrain v1.0 software (Pavia et al., 1994). Once realigned, the images
were obtained in oblique slices, 1 pixel thick, in the frontocerebellar
direction.

Regional cerebral blood flow (rCBF) was semiquantitatively
analyzed using a template of irregular regions of interest (ROIs)
which were previously drawn and then placed for each subject (see
Fig. 1). Perfusion indices (PI) of the dorsal section of the cingulate
cortex were calculated by normalization to total perfusion of all ROIs
using the formula PI=[(A / B) / (C / D)]×100, where A=total counts
of dorsal cingulate ROI, B=total number of pixels in dorsal cingulate
ROI, C=total counts of all ROIs, and D=total number of pixels in all
ROIs.

2.2.3. Cognitive flexibility: Flexibility subtest of the Test for Attentional

Performance (TAP)

Cognitive flexibility is the ability to adjust behavior to changes in
the environment or task conditions. For all activation SPECTs, the
Flexibility subtest of the Test for Attentional Performance (TAP) was
used (Zimmermann and Fimm, 2002). It is a neuropsychological battery
that is widely used in studies related to attentional and executive
functions (Cremasco and Cappa, 2002; Sabri et al., 2003; Lahr et al.,
2007; Pflueger et al., 2007; Scherwath et al., 2008; Catale et al., 2009;
Manes et al., 2009; Matthias et al., 2009).

This flexibility exercise is a computerized test that requires cognitive
flexibility in order to adapt responses to a changing situation. The test
requires the use of a computer with two adapted keys. The individual
controls one key with each hand. The computer screen presents stimuli
consisting of a number and a letter that appear simultaneously and
randomly change location from the right to the left side of the screen in
each presentation. After the first stimulus presentation of a number–
letter (or letter–number), the subject has to press as quickly as possible
the key corresponding to the position in which the number appears.
In the subsequent presentation, the subject has to press the key
corresponding to the position in which the letter appears, and so on, so
that the subject alternately presses the keys corresponding to the
position of either the number or letter. If the subject gives a wrong
response, one of the signs (the number or letter) of the next stimulus
flashes, indicating thatnumber–letter alternatingmust be restarted. The
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complexity of the task lies in the alternation between the two types of
target stimuli (letter or number).

To obtain a more accurate assessment of the flexibility function,
we used the difference between the median times in the Flexibility

subtest and the median response times in the Alertness subtest of the
same neuropsychological battery as the main assessment variable.
This controls for the influence of the baseline simple reaction times

(RTs) of the subjects in the motor part of the task because the
flexibility task requires a simple RT component and a motor action
identical to that of the alertness subtest.

2.2.4. Secondary variables

To evaluate the possible influence of confounding factors on the
main variables, the following were assessed: simple reaction time
(Alertness subtest of the same TAP battery), which was collected
immediately before the commencement of the cognitive flexibility
test; pre-treatment and post-treatment clinical symptoms (Positive
and Negative Syndrome Scale—PANSS). Less than 24 hours passed
between the administration of the PANSS scale and the acquisition of
SPECT images.

2.3. Statistical analysis

Intra-group comparisons were conducted using the Wilcoxon t-test,
and between-groups comparisons using the Mann–Whitney U test.
Correlation coefficients were calculated using Kendall Tau-b coefficients.

In all cases, P-values of less than 0.05 were considered to be
significant.

Finally, taking into account the non-parametric characteristics of
the data, we used the Cliff d statistic (Cliff, 1993, 1996; Borges et al.,
2003) to estimate the effect sizes. For this statistic the following
criteria were used: db0.11 no effect, 0.11≤db0.28 small effect,
0.28≤db0.43 moderate effect and d≥0.43 large effect (Vargha and
Delaney, 2000).

3. Results

3.1. Results for the control group

3.1.1. Comparisons between experimental conditions

In the control group, comparisons between rest and activation
conditions showed a bilateral increase of perfusion in the dorsal
section of anterior cingulate gyrus, located in Brodmann area 32, with
a large effect size (see Table 1). No significant differences in rCBF of
other frontal areas were observed. Average percentage difference
between the PI's was calculated according to the formulas: [(activation
PI/resting PI×100)−100] or [(post-treatment PI/pre-treatment PI×
100)−100] as appropriate.

3.1.2. Correlational study

We found significant correlations between the cognitive flexibility
variable and perfusion indices of the dorsal section of the anterior
cingulate (see Table 2) which, as we have observed, is the region
activated during flexibility task performance.

3.2. Results in the patient group and comparison between groups

3.2.1. Comparisons between groups and experimental conditions

As shown in Table 3, there were significant differences between
the scores obtained on the cognitive flexibility tests by the group of
patients before treatment and the scores obtained by the control
subjects. After treatment, the patients showed an improvement in
performance. However, the differences between the two groups
remained highly significant. The effect sizes were large in all.

Compared with the control group, the group of patients before
treatment showed a pattern of hypoperfusion in the dorsal section of
the right anterior cingulate gyrus, with a trend toward the same
pattern in the same area in the left hemisphere. In both hemispheres,
the effect size of the differences was large (see Table 1).

After treatment, there was a remarkable normalization of perfusion
indices in the patient group, with amoderate effect size (see Fig. 2), and
the differences in perfusion of these areas between the patient and
control groups lost statistical significance (see Table 1).

Fig. 1. Location of ROIs: a) slice 3—cerebellar; b) slice 4—cerebellar, inferior dorsolateral

prefrontal and inferior anterior cingulate; c) slice 5—striatal and anterior temporal;

d) slice 6—striatal, superior dorsolateral prefrontal and superior anterior cingulate;

e) slice 7—thalamic and inferior posterior temporal; f) slice 8—occipital, superior

dorsolateral prefrontal and superior anterior cingulate; g) slice 9—occipital and

superior posterior temporal; h) slice 12—parietal; i) frontocerebellar slices.
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3.2.2. Correlational study

The correlation analysis of cognitive variables and perfusion indices
revealed no relationship between performance on the cognitive
flexibility test and perfusion indices of the involved brain areas prior
to treatment.However,weobserved ahighcorrelationwith anoticeable
trend toward statistical significance between performance on the test
of cognitive flexibility and the level of rCBF in the dorsal section of
the left anterior cingulate after treatment (see Table 2 and Fig. 3).

Finally, the dose of antipsychotic administered to patients cor-
related with the level of perfusion in the dorsal section of the right
anterior cingulate after treatment.

3.3. Control for confounding variables

The correlations between PANSS scores and performance in the
flexibility test or PIs for each of the experimental conditions were very
low (τb0.38), thus ruling out a major influence of clinical variables on
the changes observed in the test of flexibility and the PIs. Additionally,
there were no strong correlations between simple RTs and the
cognitive flexibility variable (τb0.15), which supports the hypothesis
of independence between two variables.

3.4. Qualitative analysis

Raw flexibility test scores were used for this qualitative analysis,
for which standardization data are available. Before treatment only 1
of the eight subjects reached a T-score of 40, but after treatment seven
of the eight subjects reached a T-score of 40 or more. Of the eight
subjects, seven improved their performance, most of them in a very
noticeable way (see Fig. 4).

The average T-score of the subjects after treatment (T=45.25)was
very close to the population mean and clearly different from the
average score pre-treatment (T=34.75).

4. Discussion

The results of this study showed that patients suffering from a first
episode of schizophrenia who have not been previously treated with
neurolepticshave impairedperformanceon cognitiveflexibility tests. As
other studies have also demonstrated (Penades et al., 2000), these
results suggest that this deficit is a primary feature of the disease,
distinct fromother clinicalmanifestations, and not a consequence of the
chronicity of the disease or a potential adverse effect of drug treatments.

Table 1

Mean values and standard deviations (in parentheses) of perfusion indices for different groups and experimental conditions, significance of differences, effect sizes and average

percentage difference between pre- and post-treatment PIs.

Perfusion indices Controls Patients Significance and effect size (P,d)

Rest Act Pre Post Rest/Act (a) Act/Pre (b) Act/Post (b) Pre/Post (a)

Right dorsal anterior cingulate 105.89

(5.63)

109.99

(7.45)

103.53

(3.38)

107.21

(2.97)

P=0.012*

d=0.44

P=0.036*

d=0.62

P=0.248

d=0.34

P=0.027*

d=0.54

%=3.66

Left dorsal anterior cingulate 100.72

(7.13)

105.92

(9.73)

101.28

(5.25)

103.75

(2.59)

P=0.012*

d=0.56

P=0.093

d=0.50

P=0.074

d=0.53

P=0.098

d=0.37

%=2.70

R—right; L—left; ant—anterior;Rest—restingcondition;Act—duringactivation;Pre—pre-treatment;Post—post-treatment; (a)WilcoxonT test; (b)Mann-WhitneyU test;P—probability;d—effect

size; *—significant at the P=0.05 level.

Table 2

Correlations between perfusion indices, cognitive flexibility and dose of neuroleptic in different groups and experimental conditions.

Perfusion indices Controls Pre-treatment patients Post-treatment patients

Flexibility Flexibility Flexibility NLP dose

R. dorsal ant. cingulate τ=−0.571, P=0.025* τ=−0.214, P=0.229 τ=−0.143, P=0.310 τ=−0.519, P=0.039*

L. dorsal ant. cingulate τ=−0.50, P=0.042* τ=−0.071, P=0.402 τ=−0.429, P=0.069 τ=0.148, P=0.308

R—right; L—left; ant—anterior; τ—Kendall Tau-b rank correlation coefficient; P—probability; *significant at the P=0.05 level.

Table 3

Mean values and standard deviations (in parentheses) of clinical and neuropsychological variables in different groups and experimental conditions, significance of differences and

effect sizes.

Cont Pre Post Significance and effect size (P,d)

Cont/Pre (a) Cont/Post (a) Pre/Post (b)

PANSS positive symptoms (1) – 27.88

(5.36)

11.00

(4.90)

– – P=0.008*

d=0.96

PANSS negative symptoms (1) – 20.88

(7.62)

15.86

(7.78)

– – P=0.398

d=0.12

PANSS general psychopathology (1) – 51.63

(11.45)

31.57

(8.92)

– – P=0.008*

d=0.80

PANSS global score (1) – 100.25

(20.78)

58.43

(19.01)

– – P=0.008*

d=0.86

Cognitive flexibility (2) 295.50

(112.38)

959.81

(796.75)

465.00

(50.86)

Pb0.001*

d=0.97

P=0.003*

d=0.86

P=0.02*

d=0.62

(1)Rawscores; (2)medianof reaction times inmilliseconds; Cont– controls; Pre–pre-treatment; Post—post-treatment; (a)Mann–WhitneyU test; (b)WilcoxonT test;P—probability; d—effect

size; *significant at the P=0.05 level.
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Treatment with risperidone significantly improved cognitive flexi-
bility, and these results were consistent with other studies reporting a
beneficial effect of neuroleptic treatment on these cognitive variables in
patients with schizophrenia (Harvey et al., 2006; Keefe et al., 2006;
Gurpegui et al., 2007; O'Grada and Dinan, 2007; Crespo-Facorro et al.,
2009; Cuesta et al., 2009; Davidson et al., 2009). However, the patients
did not completely recover, and the differences observed remained
significant compared to the control group.

Our results also support the hypothesis that the improvement in
cognitive flexibility and PIs is not secondary to potential changes in
clinical variables or the simple RTs of subjects. It could be argued that
the differences between pre- and post-treatment conditions in the
patients depend on a greater task engagement after treatment. This
may be suggested by the improved performance of patients in the
second scan and the seemingly high reduction in positive PANSS scores.
A greater task engagement may be motivated by the improvement in
scores on thepositive PANS. As commented in Section3,weperformed a
statistical analysis specifically addressed to evaluate this question, and
have not found significant correlations between scores on flexibility or
IPs and positive PANSS scores. These results are consistent with other
recent studies that observe no relation between clinical variables and
cognitive performance or dorsal anterior cingulate activation (Gonzalez-
Blanch et al., 2008; Krabbendam et al., 2009).

Before treatment, the characteristics of the perfusion pattern of the
studied cerebral areas in the patient group showed two alterations.
First, in line with other studies (Kerns et al., 2005; Yucel et al., 2007;

Polli et al., 2008; Reske et al., 2009) a pattern of hypoperfusion was
observed in the dorsal section of the anterior cingulate gyrus, which
was the area associated with the execution of the cognitive flexibility
task in the control group. The differences in comparison to the control
group were statistically significant for the right hemisphere and
showed a clear trend towards significance in the left hemisphere,
with a large effect size in both cases. Since the pattern of hypoperfusion
was observed in first-episode patientswhohad never been treatedwith
neuroleptics, our study provides evidence that this pattern of
hypoperfusion is a primary feature of the disease, a finding for which

Fig. 2. Bivariate scatterplot between dorsal anterior cingulate PI and median flexibility scores in milliseconds for controls and patients in pre- and post-treatment conditions with

regression lines in right and left hemispheres (flexibility scores lower than 1000 miliseconds are not represented). See correlation values in Table 2.

Fig. 3. Perfusion change in each of the 8 patients. Fig. 4. Flexibility T scores of patients in pre-treatment and post-treatment conditions.
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there is currently evidence both for (Reske et al., 2009) and against
(Yucel et al., 2007). Second, and similar to the results of other studies
(Snitz et al., 2005; Keedy et al., 2009), there was no relationship
between performance on cognitive flexibility tests and the level of
activation of the dorsal section of the anterior cingulate in the patient
group before treatment. However, this relationship was observed in the
control group.

After neuroleptic treatment, the perfusion indices of hypoperfused
areas tended to normalize. The differences observed in comparison to
the control group lost their statistical significance, and an increase in
the perfusion indices of the involved cerebral areas that was
statistically significant in the right hemisphere and showed a clear
trend towards significance in the left hemisphere was observed.

These results are particularly relevant, given that the few studies
reporting changes in the perfusion pattern of the anterior cingulate
during cognitive activation due to treatment with second-generation
neuroleptics are so far contradictory. One of them found no difference
(Brewer et al., 2007), and another reported adverse effects of
treatment (Keedy et al., 2009). Our results are consistent with studies
that showed positive changes in the perfusion pattern of the anterior
cingulate (Snitz et al., 2005; Lahti et al., 2009; Schlagenhauf et al.,
2010). Our results also provide additional evidence that there is a
dose-dependent effect of neuroleptic drugs on the perfusion pattern.

Finally, our results suggest a tendency toward normalization in the
post-treatment group, as we observed correlations between perfor-
mance on the flexibility task and perfusion indices. Indeed, the
improvement in cognitive performance was accompanied by the
appearance of the relationships that were observed in the control
group, but not in patients prior to treatment. The post-treatment
measures of cognitive flexibility showed high correlations that were
very close to statistical significance with the perfusion indices of the
dorsal section of the anterior cingulate, but only in the left hemisphere.

It is intriguing that the region where an activity increase was noted
(right dorsal anterior cingulate) was not correlated with flexibility
scores, but instead correlated with neuroleptic dose. Changes in left
anterior cingulate were much smaller, not significant, but post-
treatment activity at this level correlated with flexibility scores at
trend level. We believe that these results are explained by the fact that
although performance in the task involves both hemispheres, the deficit
is most pronounced in the right hemisphere, which is usually dominant
in the execution of the task (Milham et al., 2003; Bernal and Altman,
2009). Our hypothesis regarding this question is that, due to greater
initial perfusion deficit in the right hemisphere, the improvement in this
hemisphere after treatment is more appreciable, as reflected in the
presence of more significant differences between pre- and post-
treatment conditions, and the significant correlation between perfusion
and neuroleptic dose. However, brain activity does not reach full
normalization, and therefore we fail to observe correlations between
perfusion and task performance. In the left hemisphere, initially least
altered, the perfusion level reached after treatment is closer to normal,
so significant correlations do appear between cerebral perfusion and
task performance, even though differences between pre- and post-
treatment conditions are lower, and therefore, not significant.

It is interesting to note that as evidenced by the high effect sizes
obtained and the qualitative analysis conducted, cognitive flexibility
improves in a very significant way, increasing the group average T-
score by more than 1 S.D. and remaining after treatment in seven of
eight patients (compared with one before treatment) with a T-score
between 40 and 60, i.e., within the range considered normal.
Therefore, we can consider that the improvement observed in
cognitive flexibility has important clinical significance.

The main limitation of this study was the small sample size,
decreasing the statistical power of the study. Therefore a number of
questions remain open: the absence of relations between the study
variables and possible confounding variables, such as simple RTs or
clinical variables, may be a result of the low sample size. Given the low

number of participants, the control participants might have had a
better brain perfusion and better cognitive flexibility tests results than
the average population, and it would have been interesting to
compare the data to a normal database, first to be sure the normal
group was performing at a normal level, and second to assess changes
in the patient group. Unfortunately, we have not found a database that
responds adequately to our experimental conditions (type and dose of
tracer, voxel size, type of gamma camera, etc.). Concerning neuroim-
aging procedures, a parametric image analysis would be interesting in
this study, because PI methods have a number of disadvantages in
comparison with it. Moreover, a PET tracer could improve the spatial
resolution and would allow a quantitative measure of the blood flow.
However, the SPECT technique used has some advantages, especially
in regard to the fact that it allows for the testing of neuroactivation
outside the gamma camera in more ecological conditions, and has
wide timemargins for the subsequent acquisition of images (Montaldi
and Mayes, 2000). Regarding flexibility scores, although the data
showed improvement in performance in a very robust way, it could be
argued that some of the observed improvement could be attributed to
the subject's learning the task by a retest effect. Finally, we must also
note that, strictly speaking, the results concerning the effect of
neuroleptic treatment may be considered valid only for risperidone
and other neuroleptics with a similar pharmacological profile.

In conclusion, although few well-controlled studies have been
conducted on this topic with drug-naive patients suffering from a first
episode of schizophrenia combining neuropsychological and imaging
variables in neuroactivation conditions, the present study provides
further evidence of the beneficial effects of treatment with second-
generation antipsychotics on cognitive flexibility and the perfusion of
the associated areas of the anterior cingulate.

Acknowledgements

This study was financed by the Health Research Fund of the Carlos
III Health Institute (Spanish Ministry of Health and Consumer Affairs),
reference FIS 99/1083.

References

Aarts, E., Roelofs, A., van Turennout, M., 2009. Attentional control of task and response
in lateral and medial frontal cortex: brain activity and reaction time distributions.
Neuropsychologia 47, 2089–2099.

Akdede, B.B., Anil Yagcioglu, A.E., Alptekin, K., Turgut, T.I., Tumuklu, M., Yazici, M.K.,
Jayathilake, K., Tunca, Z., Gogus, A., Meltzer, H.Y., 2006. A double-blind study of
combination of clozapine with risperidone in patients with schizophrenia: effects
on cognition. The Journal of Clinical Psychiatry 67, 1912–1919.

Aubin, G., Stip, E., Gelinas, I., Rainville, C., Chapparo, C., 2009. Daily activities, cognition and
community functioning in persons with schizophrenia. Schizophrenia Research 107,
313–318.

Badzakova-Trajkov, G., Barnett, K.J., Waldie, K.E., Kirk, I.J., 2009. An ERP investigation of
the Stroop task: the role of the cingulate in attentional allocation and conflict
resolution. Brain Research 1253, 139–148.

Bernal, B., Altman, N., 2009. Neural networks of motor and cognitive inhibition are
dissociated between brain hemispheres: an fMRI study. International Journal of
Neuroscience 119, 1848–1880.

Bobes, J., Arango, C., Garcia-Garcia, M., Rejas, J., 2009. Prevalence of negative symptoms
in outpatients with schizophrenia spectrum disorders treated with antipsychotics
in routine clinical practice: findings from the CLAMORS study. The Journal of
Clinical Psychiatry 71, 280–286.

Borges, A., San Luis, C., Sánchez-Bruno, A., 2003. Dominance statistics: a simulation
study of the d statistic. Quality and Quantity 37, 303–316.

Brewer,W.J., Yucel,M.,Harrison, B.J.,McGorry, P.D., Olver, J., Egan,G.F., Velakoulis,D., Pantelis,
C., 2007. Increased prefrontal cerebral blood flow in first-episode schizophrenia
following treatment: longitudinal positron emission tomography study. The Australian
and New Zealand Journal of Psychiatry 41, 129–135.

Camchong, J., MacDonald III, A.W., Bell, C., Mueller, B.A., Lim, K.O., 2011. Altered
functional and anatomical connectivity in schizophrenia. Schizophrenia Bulletin 37 (3),
640–650.

Catale, C., Marique, P., Closset, A., Meulemans, T., 2009. Attentional and executive
functioning following mild traumatic brain injury in children using the Test
for Attentional Performance (TAP) battery. Journal of Clinical and Experimental
Neuropsychology 31, 331–338.

Cliff, N., 1993. Dominance statistics: ordinal analyses to answer ordinal questions.
Psychological Bulletin 114, 494–509.

210 B.M. Pardo et al. / Psychiatry Research: Neuroimaging 194 (2011) 205–211



Cliff, N., 1996. Answering ordinal questions with ordinal data using ordinal statistics.
Multivariate Behavioral Research 31, 331–350.

Cremasco, L., Cappa, S.F., 2002. Attentional dysfunction of chronic schizophrenia: No
association with long-term institutionalization. Psychiatry and Clinical Neurosci-
ences 56, 419–423.

Crespo-Facorro, B., Rodriguez-Sanchez, J.M., Perez-Iglesias, R., Mata, I., Ayesa, R.,
Ramirez-Bonilla, M., Martinez-Garcia, O., Vazquez-Barquero, J.L., 2009. Neurocog-
nitive effectiveness of haloperidol, risperidone, and olanzapine in first-episode
psychosis: a randomized, controlled 1-year follow-up comparison. The Journal of
Clinical Psychiatry 70, 717–729.

Cuesta, M.J., Jalon, E.G., Campos, M.S., Peralta, V., 2009. Cognitive effectiveness of
olanzapine and risperidone infirst-episodepsychosis. The British Journal of Psychiatry
194, 439–445.

Davidson, M., Galderisi, S., Weiser, M., Werbeloff, N., Fleischhacker, W.W., Keefe, R.S.,
Boter, H., Keet, I.P., Prelipceanu, D., Rybakowski, J.K., Libiger, J., Hummer, M., Dollfus,
S., Lopez-Ibor, J.J., Hranov, L.G., Gaebel, W., Peuskens, J., Lindefors, N., Riecher-
Rossler, A., Kahn, R.S., 2009. Cognitive effects of antipsychotic drugs in first-episode
schizophrenia and schizophreniform disorder: a randomized, open-label clinical
trial (EUFEST). The American Journal of Psychiatry 166, 675–682.

de la Torre, J.C., Barrios, M., Junque, C., 2005. Frontal lobe alterations in schizophrenia:
neuroimaging and neuropsychological findings. European Archives of Psychiatry
and Clinical Neuroscience 255, 236–244.

Goldberg, T.E., Goldman, R.S., Burdick, K.E., Malhotra, A.K., Lencz, T., Patel, R.C.,Woerner,
M.G., Schooler, N.R., Kane, J.M., Robinson, D.G., 2007. Cognitive improvement after
treatment with second-generation antipsychotic medications in first-episode
schizophrenia: is it a practice effect? Archives of General Psychiatry 64, 1115–1122.

Gonzalez-Blanch, C., Crespo-Facorro, B., Alvarez-Jimenez, M., Rodriguez-Sanchez, J.M.,
Perez-Iglesias, R., Pelayo-Teran, J.M.,Martinez-Garcia, O., Vazquez-Barquero, J.L., 2008.
Lack of association between clinical and cognitive change in first-episode psychosis:
the first 6 weeks of treatment. Canadian Journal of Psychiatry 53, 839–847.

Gurpegui, M., Alvarez, E., Bousono, M., Ciudad, A., Carlos, G.J., Olivares, J.M., 2007. Effect
of olanzapine or risperidone treatment on some cognitive functions in a one-year
follow-up of schizophrenia outpatients with prominent negative symptoms.
European Neuropsychopharmacology 17, 725–734.

Harvey, P.D., Patterson, T.L., Potter, L.S., Zhong, K., Brecher, M., 2006. Improvement in
social competence with short-term atypical antipsychotic treatment: a random-
ized, double-blind comparison of quetiapine versus risperidone for social
competence, social cognition, and neuropsychological functioning. The American
Journal of Psychiatry 163, 1918–1925.

Houthoofd, S.A., Morrens, M., Sabbe, B.G., 2008. Cognitive and psychomotor effects of
risperidone in schizophrenia and schizoaffective disorder. Clinical Therapeutics 30,
1565–1589.

Hyafil, A., Summerfield, C., Koechlin, E., 2009. Twomechanisms for task switching in the
prefrontal cortex. Journal of Neuroscience 29, 5135–5142.

Jones, H.M., Brammer, M.J., O'Toole, M., Taylor, T., Ohlsen, R.I., Brown, R.G., Purvis, R.,
Williams, S., Pilowsky, L.S., 2004. Cortical effects of quetiapine in first-episode
schizophrenia: a preliminary functional magnetic resonance imaging study.
Biological Psychiatry 56, 938–942.

Keedy, S.K., Rosen, C., Khine, T., Rajarethinam, R., Janicak, P.G., Sweeney, J.A., 2009.
An fMRI study of visual attention and sensorimotor function before and after
antipsychotic treatment in first-episode schizophrenia. Psychiatry Research 172,
16–23.

Keefe, R.S., Young, C.A., Rock, S.L., Purdon, S.E., Gold, J.M., Breier, A., 2006. One-year
double-blind study of the neurocognitive efficacy of olanzapine, risperidone, and
haloperidol in schizophrenia. Schizophrenia Research 81, 1–15.

Kerns, J.G., Cohen, J.D., MacDonald III, A.W., Johnson, M.K., Stenger, V.A., Aizenstein, H.,
Carter, C.S., 2005. Decreased conflict- and error-related activity in the anterior
cingulate cortex in subjects with schizophrenia. The American Journal of Psychiatry
162, 1833–1839.

Krabbendam, L., O'Daly, O., Morley, L.A., van Os, J., Murray, R.M., Shergill, S.S., 2009.
Using the Stroop task to investigate the neural correlates of symptom change in
schizophrenia. British Journal of Psychiatry 194, 373–374.

Lahr, D., Beblo, T., Hartje, W., 2007. Cognitive performance and subjective complaints
before and after remission of major depression. Cognitive Neuropsychiatry 12,
25–45.

Lahti, A.C., Weiler, M.A., Holcomb, H.H., Tamminga, C.A., Cropsey, K.L., 2009. Modulation
of limbic circuitry predicts treatment response to antipsychotic medication: a
functional imaging study in schizophrenia. Neuropsychopharmacology 34,
2675–2690.

Lipkovich, I.A., Deberdt,W., Csernansky, J.G., Buckley, P., Peuskens, J., Kollack-Walker, S.,
Rotelli, M., Houston, J.P., 2009. Defining “good” and “poor” outcomes in patients
with schizophrenia or schizoaffective disorder: a multidimensional data-driven
approach. Psychiatry Research 170, 161–167.

Lysaker, P.H., Tsai, J., Henninger, L.L., Vohs, J.L., Viverito, K., 2010. Decrements in
sustained attention across trials in a continuous performance test: associations
with social functioning in schizophrenia. The Journal of Nervous and Mental
Disease 198, 154–158.

Manes, F., Villamil, A.R., Ameriso, S., Roca, M., Torralva, T., 2009. “Real life” executive
deficits in patients with focal vascular lesions affecting the cerebellum. Journal of
the Neurological Sciences 283, 95–98.

Matthias, E., Schandry, R., Duschek, S., Pollatos, O., 2009. On the relationship between
interoceptive awareness and the attentional processing of visual stimuli.
International Journal of Psychophysiology 72, 154–159.

Milham,M.P., Banich,M.T., Barad, V., 2003. Competition for priority inprocessing increases
prefrontal cortex's involvement in top-down control: an event-related fMRI study of
the stroop task. Brain Research. Cognitive Brain Research 17, 212–222.

Minzenberg, M.J., Laird, A.R., Thelen, S., Carter, C.S., Glahn, D.C., 2009. Meta-analysis of
41 functional neuroimaging studies of executive function in schizophrenia.
Archives of General Psychiatry 66, 811–822.

Moll, J., Oliveira-Souza, R., Moll, F.T., Bramati, I.E., Andreiuolo, P.A., 2002. The cerebral
correlates of set-shifting: an fMRI study of the trail making test. Arquivos de Neuro-
Psiquiatria 60, 900–905.

Montaldi, D., Mayes, A.R., 2000. The neuroactivation of cognitive processes investigated
with SPECT. Behavioural Neurology 12, 53–67.

Mulert, C., Gallinat, J., Dorn, H., Herrmann, W.M., Winterer, G., 2003. The relationship
between reaction time, error rate and anterior cingulate cortex activity.
International Journal of Psychophysiology 47, 175–183.

O'Grada, C., Dinan, T., 2007. Executive function in schizophrenia: what impact do
antipsychotics have? Human Psychopharmacology 22, 397–406.

Ohira, H., Ichikawa, N., Nomura, M., Isowa, T., Kimura, K., Kanayama, N., Fukuyama, S.,
Shinoda, J., Yamada, J., 2010. Brain and autonomic association accompanying
stochastic decision-making. NeuroImage 49, 1024–1037.

Pavia, J., Ros, D., Catafau, A.M., Lomena, F.J., Huguet, M., Setoain, J., 1994. Three-
dimensional realignment of activation brain single-photon emission tomographic
studies. European Journal of Nuclear Medicine 21, 1298–1302.

Penades, R., Boget, T., Salamero, M., Catarineu, S., Bernardo, M., 2000. Neuropsycho-
logical changes in schizophrenia and its modification. Actas Españolas de
Psiquiatría 28, 59–69.

Pflueger, M.O., Gschwandtner, U., Stieglitz, R.D., Riecher-Rossler, A., 2007. Neuropsy-
chological deficits in individuals with an at risk mental state for psychosis—
working memory as a potential trait marker. Schizophrenia Research 97, 14–24.

Polli, F.E., Barton, J.J., Thakkar, K.N., Greve, D.N., Goff, D.C., Rauch, S.L., Manoach, D.S.,
2008. Reduced error-related activation in two anterior cingulate circuits is related
to impaired performance in schizophrenia. Brain 131, 971–986.

Prouteau, A., Doron, J., 2008. Cognitive predictors of the community functioning dimensions
in schizophrenia: state of the art and future directions. L'Encéphale 34, 360–368.

Reske,M., Habel, U., Kellermann, T., Backes, V., Jon, S.N., vonWilmsdorff,M., Gaebel,W., Zilles,
K., Schneider, F., 2009. Differential brain activation during facial emotion discrimination
in first-episode schizophrenia. Journal of Psychiatric Research 43, 592–599.

Rocca, P., Montemagni, C., Castagna, F., Giugiario, M., Scalese, M., Bogetto, F., 2009.
Relative contribution of antipsychotics, negative symptoms and executive
functions to social functioning in stable schizophrenia. Progress in Neuro-
Psychopharmacology & Biological Psychiatry 33, 373–379.

Sabri, O., Owega, A., Schreckenberger, M., Sturz, L., Fimm, B., Kunert, P., Meyer, P.T.,
Sander, D., Klingelhofer, J., 2003. A truly simultaneous combination of functional
transcranial Doppler sonography and H(2)(15)O PET adds fundamental new
information on differences in cognitive activation between schizophrenics and
healthy control subjects. Journal of Nuclear Medicine 44, 671–681.

Salgado-Pineda, P., Caclin, A., Baeza, I., Junque, C., Bernardo, M., Blin, O., Fonlupt, P.,
2007. Schizophrenia and frontal cortex: where does it fail? Schizophrenia Research
91, 73–81.

Salgado-Pineda, P., Junque, C., Vendrell, P., Baeza, I., Bargallo, N., Falcon, C., Bernardo, M.,
2004. Decreased cerebral activation during CPT performance: structural and
functional deficits in schizophrenic patients. NeuroImage 21, 840–847.

Salgado-Pineda, P., Vendrell, P., Bargallo, N., Falcon, C., Junque, C., 2002. Functional
magnetic resonance in the evaluation of the activity of the anterior cingulate cortex
using Stroop's paradigm. Revista de Neurologia 34, 607–611.

Scherwath, A., Poppelreuter, M., Weis, J., Schulz-Kindermann, F., Koch, U., Mehnert, A.,
2008. Psychometric evaluation of a neuropsychological test battery measuring
cognitive dysfunction in cancer patients—recommendations for a screening tool.
Fortschritte der Neurologie-Psychiatrie 76, 583–593.

Schlagenhauf, F., Dinges, M., Beck, A., Wustenberg, T., Friedel, E., Dembler, T., Sarkar, R.,
Wrase, J., Gallinat, J., Juckel, G., Heinz, A., 2010. Switching schizophrenia patients
from typical neuroleptics to aripiprazole: effects on working memory dependent
functional activation. Schizophrenia Research 118, 189–200.

Snitz, B.E., MacDonald III, A., Cohen, J.D., Cho, R.Y., Becker, T., Carter, C.S., 2005. Lateral
and medial hypofrontality in first-episode schizophrenia: functional activity in a
medication-naive state and effects of short-term atypical antipsychotic treatment.
The American Journal of Psychiatry 162, 2322–2329.

Tana, M.G., Montin, E., Cerutti, S., Bianchi, A.M., 2010. Exploring cortical attentional
system by using fMRI during a Continuous Perfomance Test. Computational
Intelligence and Neuroscience. doi:10.1155/2010/329213.

Tislerova, B., Brunovsky, M., Horacek, J., Novak, T., Kopecek, M., Mohr, P., Krajca, V., 2008.
LORETA functional imaging in antipsychotic-naive and olanzapine-, clozapine- and
risperidone-treated patients with schizophrenia. Neuropsychobiology 58, 1–10.

Vargha, A., Delaney, H., 2000. A critique and improvement of the CL common language
effect size statistics of McGraw and Wong. Journal of Educational and Behavioral
Statistics 25, 101–132.

Williams, L.M., Whitford, T.J., Flynn, G., Wong, W., Liddell, B.J., Silverstein, S., Galletly, C.,
Harris, A.W., Gordon, E., 2008. General and social cognition in first episode
schizophrenia: identification of separable factors and prediction of functional
outcome using the IntegNeuro test battery. Schizophrenia Research 99, 182–191.

Yucel, M., Brewer, W.J., Harrison, B.J., Fornito, A., O'Keefe, G.J., Olver, J., Scott, A.M., Egan,
G.F., Velakoulis, D., McGorry, P.D., Pantelis, C., 2007. Anterior cingulate activation in
antipsychotic-naive first-episode schizophrenia. Acta Psychiatrica Scandinavica
115, 155–158.

Zavitsanou, K., Huang, X.F., 2002. Decreased [(3)H]spiperone binding in the anterior
cingulate cortex of schizophrenia patients: an autoradiographic study. Neurosci-
ence 109, 709–716.

Zimmermann, P., Fimm, B., 2002. A test battery for attentional performance. In:
Zimmermann, P., Leclercq, M. (Eds.), Applied Neuropsychology of Attention. Theory,
Diagnosis and Rehabilitation. Psychology Press, London, pp. 110–151.

211B.M. Pardo et al. / Psychiatry Research: Neuroimaging 194 (2011) 205–211


