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Abstract:  The aim of the study was to localize brain parts involved in executive functions in patients with schizophrenia by means of 99mTc-ECD 
single photon emission computed tomography (SPECT) with 3-dimensional automatic software. We examined 12 men with schizo-
phrenia (mean age 29±3.9 years). Brain perfusion SPECT was performed at rest and during Wisconsin Card Sorting Test (WCST). 
Two types of quantitative SPECT analysis were applied; voxel-based and volume of interest (VOI)-based. With voxel-based approach, 
rest and activation SPECT were compared. VOI-based analysis allowed for correlation of regional cerebral blood flow (rCBF) in 20 VOIs 
with WCST scores. In voxel-based analysis, the patterns of rCBF decrease and increase after activation varied between patients, with 
combinations of different brain regions involved. In VOI-based approach, the only statistically significant difference between activation 
and rest was rCBF decrease in the left basal ganglia (p=0.028). The thalami and right temporal cortex correlated with the greatest 
number of WCST scores, followed by left occipital cortex and left cerebellum. In conclusion, our results suggest that patterns of WCST 
activation and deactivation vary between patients with schizophrenia. Among the network of involved brain structures, right temporal 
cortex and thalami appear to play the major role.
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1. Introduction
Wisconsin Card Sorting Test (WCST) is the activation 
task widely used to evaluate executive functions 
in patients with schizophrenia [1]. Various studies 
demonstrated frontal or prefrontal activation in healthy 
individuals during the WCST performance [2-5]. Apart 
from the frontal cortex, WCST execution was related 
to an increase or decrease in neural activity in the 
following cortices or subcortical structures: the parietal 
lobes [6,7], temporoparietal cortex [5,8], visual cortex 
[4,9], thalamus [2,10] and the basal ganglia [10,11].  
The most consistent finding in schizophrenia, when 
using a cognitive stimulation is the incapacity to activate 
the frontal lobes [12-16]. Available data with regard to 

the cortical regions involved in the WCST performance 
“substituting“ for the frontal cortex in schizophrenic 
patients are problematic. Exploration of the associations 
between the function at rest or after activation and brain 
anatomical structures, feasible thanks to functional 
cerebral imaging techniques, may shed the light on this 
problem. In the present study single photon emission 
computed tomography (SPECT) is employed with 
lipophilic perfusion agent 99mTc-ECD. Radiotracer 
penetrates the blood brain barrier and accumulates in 
the brain with distribution proportional to the regional 
cerebral blood flow (rCBF), reflecting metabolic 
activity. For semiquantitative SPECT evaluation most 
previous studies used region of interest approaches. 
These methods are operator-dependent and time-
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consuming. The newer image processing techniques 
are automatic, stereotactic and allow for 3-dimensional 
volume of interest analysis instead of 2-dimensional 
regions. Moreover with the dedicated software precise 
comparison between rest and activation SPECT is 
possible [17]. 

The aim of our study was to assess the patterns of 
brain activation by WCST, using 99mTc-ECD SPECT 
with 3-dimensional automatic software. The second aim 
was to examine the relations between rCBF and results 
of WCST, which may localize the brain parts involved in 
executive functions.

2. Material and Methods

2.1. Patients
We examined 12 right handed male patients with 
paranoid schizophrenia (mean age 29±3.9 years).  
A control group was created for comparison of WCST 
scores with patients. It consisted of 12 healthy right 
handed male volunteers screened for psychiatric illness 
and without family risk of these disorders (mean age 
28.8±4 years). No subject presented a history of drug 
or alcohol dependence or a disease that may affect 
cerebral perfusion. Schizophrenia was diagnosed 
in accordance with ICD-10 criteria. Patients were 
evaluated for negative symptoms using the Scale for the 
Assessment of Negative Symptoms (SANS) [18] and for 
positive symptoms using the Scale for the Assessment 
of Positive Symptoms (SAPS) [19]. Mean duration of 
schizophrenia was 7.0±4.6 years since the first episode 
with 3.3±2.6 episodes of the illness. At the time of the 
study all participants were in clinical remission. Seven 

patients were receiving treatment with typical and 5 with 
atypical neuroleptic. The clinical characteristics of the 
examined group of patients are contained in table 1.

2.2. Data acquisition
Brain perfusion SPECT was performed only in 
patients, using 99mTc ethyl cysteinate dimmer- 
99mTc-ECD (Department of Radiopharmaceuticals 
Production, Medical University in Lodz, Poland). 
Radiopharmaceutical was injected intravenously at a 
dose of 740 MBq. At rest radiotracer was administered 
in a quiet environment, to the patients in the sitting 
position, with their eyes open. Activation study was 
carried out on the next day. Radiopharmaceutical was 
injected 10 minutes after initiation of WCST. SPECT 
acquisition began 20-30 min after injection, using 
a rotating, double-head, large field of view gamma 
camera (Varicam, GE Medical Systems), equipped with 
low-energy, high-resolution collimators. The data were 
collected in a 128 × 128 matrix through 360° rotation at 
3° intervals for 25 s per view. Reconstruction of transaxial 
slices was performed by filtered back projection (Metz 
filter power, 3.00; full width at half maximum, 10 mm) 
with subsequent attenuation correction using the Chang 
method (attenuation coefficient 0.11).

2.3. Data analysis
SPECT scans were assessed semiquantitatively with 
Brain SPECT Quantification software (Compart Medical 
Systems, Poland). All images were automatically 
matched with the anatomically standardized, stereotactic 
template (norm). Such a transformation process, 
defined as spatial normalization, consists of scaling, 
shifting and rotation. The norm provided by Compart 

Patient number Age Duration of illness 

(years)

Number 

of episodes

SANS

score

SAPS

score

Dose of neuroleptic equivalent

(in 100 mg Chlorpromazine)

1 32 12 3 41 3 600

2 27 1 2 64 17 800

3 31 10 5 26 28 300

4 30 2 1 49 9 200

5 34 8 10 69 11 600

6 28 10 6 40 26 900

7 25 2 1 26 26 300

8 26 6 2 20 18 600

9 24 4 2 37 11 345

10 32 11 3 30 16 1100

11 24 3 1 16 2 400

12 35 15 4 54 31 600

SANS-Scale for the Assessment of Negative Symptoms, SAPS-Scale for the Assessment of Positive Symptoms 

Table 1. Clinical characteristics of patients. 
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Index Patients Controls p

Mean ±SD Mean ±SD

Total number of correct responses (TC) 69.3 15.2 65.1 5.7 ns

Total number of errors (TE) 45.2 25,7 9 2 0.000

Perseverative responses (PR) 24.8 17.7 4.8 1 0.000

Perseverative errors (PE) 21.5 13.8 4.8 0.9 0.000

Nonperseverative errors (NPE) 23.7 16.2 4.3 1.4 0.000

Conceptual responses (CR) 54.7 21.6 64 5.6 ns

Correctly completed categories (CC) 3.6 1.9 6 0 0.001

Trials to complete the first category (TCF) 47.5 31.4 11.7 2.1 0.002

ns-statistically not significant difference

Table 2. Wisconsin Card Sorting Test scores in patients and healthy controls.

Medical System was created by averaging scans of 5 
age matched normal controls. Before registration to the 
template the patient study was interpolated to the same 
resolution as the norm (2x2x2mm). Count normalization 
was performed to the whole brain [20]. Registration to 
the template and count normalization preceded two 
kinds of analysis: voxel-based and volume of interest 
(VOI)-based.

Voxel-based analysis was performed for comparison 
of rCBF at rest and activation in individual patients. 
Both rest and activation studies were registered to the 
template. The relative difference (RD) was computed in 
each voxel using the formula: 

{(A-R)/[(A+R)/2]}x100,

where A and R represent counts in the activation and rest 
studies respectively. This step was followed by cluster 
analysis. Abnormalities were discerned by a 3D region-
growing algorithm, which compares voxels in the image 
to corresponding limits (cut-off values of the cluster size 
in ml and RD in %). Subsequently, contiguous regions 
which meet these conditions are identified and displayed. 
The cut-off values can be set by the user in a program 
configuration. In addition, the cut-off percentage value 
of relative difference may be a positive or negative 
number to find rCBF increase or decrease after WCST 
stimulation. The cut-off values were set as follows: RD 
was considered significant when higher than 10% in a 
cluster volume greater than 10 ml. 

VOI-based analysis was used for evaluation of relative 
rCBF at rest and activation in selected brain regions. 
Relative rCBF in each VOI was automatically calculated 
in the 20 predefined VOIs (left and right: prefrontal, 
frontal, parietal, temporal, occipital, cerebellum, 
thalamus, basal ganglia, anterior and posterior cingulate 
gyrus). Relative rCBF in each VOI reflects the ratio of 
counts in the VOI to the whole brain.

2.4. WCST
We used the 128-card, computerized version of the 
test. The scores of the following indices were correlated  
with relative rCBF: total number of correct responses  
(TC), total number of errors (TE), perseverative  
responses (PR), perseverative errors (PE), 
nonperseverative errors (NPE), conceptual responses 
(CR), correctly completed categories (CC), trials to 
complete first category (TCF). 

2.5. Statistical methods and experimental 
procedures

All the data are expressed as mean ± standard  
deviation. Comparison between relative rCBF at rest 
and activation was performed by the Wilcoxon test 
(paired variables). Age of patients and healthy controls 
as well as WCST scores in patients and controls 
were compared by the Mann-Whitney test (unpaired 
variables). The Spearman correlation was applied  
to study correlations between perfusion in selected  
VOIs and WCST scores. P≤0.05 was considered 
statistically significant. Statistical analysis was  
performed using the software STATISTICA 8 (StatSoft, 
Poland).

The study protocol was approved by the local ethics 
committee (KE-0254/170/2007) and informed consent 
was obtained from all the participants.

3. Results
Patients and healthy controls showed no significant 
difference concerning the age. The mean results of 
WCST scores in patients and healthy controls are 
presented in table 2. Group of patients exhibited a 
poorer performance on the test. Mean numbers of total 
errors, perseverative responses, perseverative errors, 
nonperseverative errors and trials to complete the 
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first category were significantly higher in patients than 
controls. Controls achieved significantly more correctly 
completed categories than patients.

3.1. Voxel-based analysis 
The rCBF increase after WCST stimulation was seen in 
all patients (figure 1), decrease in 10 cases (figure 2). 
The patterns of rCBF changes varied between patients, 
with combinations of different bilateral and lateralized 
brain regions involved. The overview of these regions 
is presented in table 3. The rCBF increase in the frontal 
lobes was seen in 3 cases, decrease in 8 cases.

3.2. VOI-based analysis 
Relative rCBF in the separate VOIs at rest and activation 
are summarized in table 4. Statistically significant 
difference of relative rCBF between activation and rest 
was detected in only one VOI, which was the decrease 
of relative rCBF in the left basal ganglia (p=0.028). 
Statistically significant positive correlations between 
WCST scores and relative rCBF are shown in table 5, 
negative in table 6. Left thalamus correlated with the 
greatest number of scores (TE activation, PR rest, PE 
rest and activation, NPE activation, TCF activation and 
CC activation), followed by the right temporal cortex (TE 
rest and activation, PR rest and activation, PE rest and 
activation, TC activation, CR activation), right thalamus 
(PR rest, PE rest), left occipital (NPE activation, CC 
activation) and left cerebellum (TCF rest).

4. Discussion
Impairment of executive functions in our group of patients 
determined by poor WCST performance is a part of 
cognitive dysfunction- a core feature in schizophrenia 
[21]. Anatomical substrates associated with functional 
disturbances were evaluated in the present study by 
means of brain perfusion SPECT with two different types 
of quantitative analysis; voxel-based and VOI-based. 
Voxel-based analysis of perfusion changes between 
basal and activation SPECT makes the maps of thinking 
processes taking place when performing the WCST. 
SPECT captured the images of cerebral perfusion at 
the moment of radiopharmaceutical injection at rest 
and ten minutes after initiation of the task. Registration 
to the template and mathematical analysis of these 
“frozen” images created the pictures presented on 
figure 1 and 2. They reflect complexity of activation 
and deactivation during WCST execution. Due to low 
spatial resolution, SPECT gives only simplified idea of 
the process, which is probably much more complicated. 
Presented pictures prove that combination of perfusion 
decrease and increase was not homogenous; actually 
it was different in each patient. Variety of activation 
patterns is in agreement with the current model of 
central executive function, recognizing involvement of 
not only frontal lobes but the network of brain structures. 
WCST execution is reported to engage not one specific 

Figure 1. Perfusion increase after activation (yellow color) in voxel-based analysis in patients 1-12 (A-L). 
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structure, but cortical and subcortical neural network 
performing integrated operations at a milliseconds time 
scale [22].

VOI-based approach allowed for the statistical 
analysis of relative rCBF changes after activation. 
Although in voxel-based analysis deactivation of the 
frontal lobes was seen in as many as 8 patients, the only 
statistically significant change was rCBF decrease in the 
left basal ganglia. The reason of this discrepancy between 
two methods of SPECT analysis may lie in much smaller 
size of the clusters in voxel-based approach compared 
to the size of the VOIs. Statistically significant increase 
of relative rCBF in several brain regions was detected 
by other authors in patients with schizophrenia: in the 
right occipital cortex [13], left temporal lobe [2], and left 
anterior cingulate region [23].

Our findings point at the thalami and right temporal 
lobe as the main neural substrates of executive 
function. Relative rCBF in these regions correlated at 
rest or activation with almost all WCST components, 
including perseverative errors (both thalami and right 
temporal) and total number of correct responses (right 
temporal). Previous reports of the correlations between 
WCST and rCBF in schizophrenia are scarce. Total 
number of correct responses score correlated with left 
frontobasal, left global and inversely with right parietal 
rCBF in controls, but not in patients [14]. Perseverative 
errors score correlated negatively with occipital rCBF at 
activation [14], positively with the right parietooccipital 
rCBF [24]. The present study is partly in agreement with 
Yang et al. [25], who found correlation between WCST 
scores and rCBF in thalamic and cerebellar regions. 

Figure 2. Perfusion decrease after activation (red color) in voxel-based analysis in patients  2-3 (A-B) and 5-12 (C-J).

Patient 

number

Increase of perfusion Decrease of perfusion

1

2

3

4

5

6

7

8

9

10

11

12

Posterior Cingulate right

Occipital bilateral

Occipital bilateral

Frontotemporal bilateral

Occipital bilateral

Frontotemporal bilateral

Basal Ganglia left

Posterior Cingulate bilateral

Basal Ganglia right

Thalamus left

Cerebellum bilateral

Occipital bilateral

Posterior Cingulate left

Frontal right

Temporooccipital right

Occipital bilateral

Cerebral Hemisphere left

Basal Ganglia right

Temporal right

Frontal left

Posterior Cingulate bilateral

Frontal bilateral

Posterior Cingulate left

Occipital left

Parietal  left (Precuneus left)

Frontal bilateral

Frontal bilateral

Frontotemporal left

Basal Ganglia left

Posterior Cingulate bilateral

Basal Ganglia left

Frontal left

Frontotemporal right

Posterior Cingulate bilateral

Table 3. Localization of perfusion changes after activation in voxel-
based analysis.
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Interestingly in the recent report [26] right thalamic 
activity negatively correlated with perseverative errors in 
early dementia. Inverse correlation between compulsive 
behavior and right thalamus rCBF in obsessive-
compulsive disorder was reported by Lacerda et al. 
[27]. Weinberger postulated that primary defect in 
schizophrenia when performing WCST is not located 
in prefrontal region but in the functional connectivity, 
including temporal cortex [28]. 

Making perseverative and nonperseverative errors 
was associated in our group of patients with high 
relative rCBF, reflecting metabolic activation. Whereas 
total number of correct and conceptual responses as 
well as correctly completed categories with low relative 
rCBF, reflecting deactivation. We can only speculate that 
impaired activation pattern in schizophrenia involving 
the temporal lobe and thalami may result from abnormal 
impulses from other brain structures. Abnormal activation 

VOI Relative rCBF

Rest

Relative rCBF

Activation

p

Mean ±SD Mean ±SD

Prefrontal left 75.0 11.1 72.6 9.4 ns

Prefrontal right 74.0 11.8 70.4 9.9 ns

Frontal left 81.9 6.0 83.3 3.8 ns

Frontal  right 80.4 7.7 79.8 4.6 ns

Temporal left 92.9 3.4 91.9 3.3 ns

Temporal right 90.5 4.8 90.0 4.4 ns

Parietal left 82.9 7.7 82.0 5.8 ns

Parietal  right 81.9 6.0 79.3 7.6 ns

Occipital left 75.4 3,9 76.2 4.0 ns

Occipital right 74.4 5.8 73.6 5.4 ns

Cerebellum left 87.5 5.8 87.0 7.3 ns

Cerebellum right 89.9 6.1 85.9 7.1 ns

Thalamus left 74.9 4.6 74.0 4.3 ns

Thalamus right 74.1 4.1 74.4 4.4 ns

Basal Ganglia left 90.3 5.2 87.5 4.2 0.028

Basal Ganglia right 91.0 5.5 88.0 4.4 ns

Anterior Cingulate left 82.0 3.5 80.0 4.0 ns

Anterior Cingulate right 82.4 3.1 80.8 5.4 ns

Posterior Cingulate left 103.5 4.8 101.7 6.1 ns

Posterior Cingulate right 99.6 3.3 97.4 2.8 ns

Table 4. Relative rCBF in the selected VOIs at rest and activation.

rCBF-regional cerebral blood flow, VOI-volume of interest, ns-statistically not significant difference

VOI TE PR PE NPE TCF

Temporal  right Rest 

Activation

0.6(0.03)

0.7(0.01)

0.7(0.01)

0.7(0.02)

0.6(0.05)

0.6(0.03)

Occipital left Rest 

Activation

0.7(0.02)

Cerebellum left Rest 

Activation

0.6(0.05)

Thalamus left Rest 

Activation

0.6(0.04) 0.8(0.005) 0.8(0.004)

0.7(0.015)

0.6(0.02) 0.7(0.006)

Thalamus right Rest 

Activation

0.7(0.007) 0.7(0.009)

Table 5. Statistically significant positive correlations between Wisconsin Card Sorting Test scores and relative rCBF (correlation coefficient is 
followed by p in the brackets).

VOI-volume of interest, TE-total number of errors, PR-perseverative responses, PE-perseverative errors, NPE-nonperseverative errors, TCF-trials 
to complete first category
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of the temporal cortex and thalami during performance of 
cognitive task was reported by functional neuroimaging 
studies [29]. As localized functional deficits do not 
appear to provide a satisfactory explanation of clinical 
symptoms and cognitive impairments in schizophrenia, 
it has been proposed that the disorder results from 
impaired connectivity between different brain areas 
[30] in particular dysfunctional connectivity between 
the frontal and superior temporal cortex [31]. Based on 
functional MRI Crossley et al. [32] found recently, that 
there was a failure to deactivate the temporal lobe during 
a working memory tasks that engage prefrontal cortex in 
schizophrenia whereas deactivation of this region was 
seen in controls. 

5. Conclusions
Our results suggest that patterns of WCST activation and 
deactivation vary between patients with schizophrenia 
involving several different cortical and subcortical 
structures. This finding may support the current model of 
central executive function, recognizing engagement of 
the network of brain regions in WCST execution. Among 
this network, right temporal cortex and thalami appear 
to play the major role, as WCST results correlated the 
most with relative perfusion in these structures.

VOI TC CR CC

Temporal right Rest 

Activation -0.8(0.001) -0.7(0.008)

Occipital left Rest 

Activation -0.7(0.01)

Thalamus left Rest 

Activation -0.7(0.017)

VOI-volume of interest, TC-total number of correct responses, CR-conceptual responses, CC-number of correctly completed categories

Table 6. Statistically significant negative correlations between Wisconsin Card Sorting Test scores and relative rCBF (correlation coefficient is 
followed by p in the brackets).
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