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ABSTRACT 
Introduction: Studies with single photon emission computed tomography (SPECT) have 
revealed inconsistent changes of regional cerebral blood flow (rCBF) in schizophrenia. 
Some studies investigated the rCBF and its relationship with psychopathology, positive 
and negative symptoms in treated patients. However, there is a little information about 
the pattern of rCBF in recently untreated or never treated schizophrenic patients. The aim 
of this study was to evaluate the pattern of rCBF of the drug-naïve or drug free 
schizophrenic patients.  
Methods: Thirty-three patients with schizophrenia participated in the study. For each 
subject, the regional brain perfusion was evaluated with SPECT and the clinical state was 
assessed according to PANSS and CGI in a medication-free state. Also a group of 12 
cases without any history of neurological or psychological disorder was enrolled as a 
control group for comparing of the SPECT data. Regional perfusion indices (RPI) were 
defined as mean count per pixel in each of 25 brain regions normalized to the mean count 
per pixel of the whole brain. The RPI patterns were compared in control and patient 
subjects.  
Results: In comparison with control subjects, the RPI of the anterior cingulate and 
inferior parts of the prefrontal and temporal cortices of the schizophrenic patients are 
significantly higher while the RPI of the occipital and parietal regions are unilaterally 
lower. Different schizophrenic patients showed hyperperfusion as well as normal or 
hypoperfusion in different regions of the brain cortex. However, hyperperfusion rather 
than hypoperfusion mainly is seen in the inferior prefrontal and temporal regions, while 
hypoperfusion patterns are more prominent in the cerebellar, occipital, parietal and 
dorsolateral prefrontal cortices.  
Conclusion: Different patterns of brain perfusion are seen in drug-free or drug-naïve 
patients with schizophrenia. Hyperperfusion in the frontal and temporal regions and 
hypoperfusion in the cerebellar, parietal and dorsolateral prefrontal cortices are the most 
predominant abnormal patterns in these cases.  
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INTRODUCTION 

Recent studies of cerebral perfusion or metabolism 
with single photon emission computed tomography 
(SPECT) or positron emission tomography (PET) in 
schizophrenic patients have revealed inconsistent 
findings of regional cerebral blood flow (rCBF) and/or 
glucose metabolism. Some studies have described an 
impairment of frontal rCBF or metabolism mainly in 
medicated patients with chronic disease (1-7), while 
others revealed hyperfrontality in acute unmedicated 
cases. (8-13). In addition some studies exhibited 
increased or decreased metabolism or perfusion in the 
temporal, parietal and even basal ganglia (7,8,13-16). 
In one study that may be a major one in this subject, 
most of the drug-naïve patients showed 
hyperperfusion in different brain regions (17). In one 
study a lateralization pattern in the form of increased 
perfusion in the left hemisphere was found in young 
schizophreinc patients before neuroleptic therapy (8).  
In addition some study groups have concluded that the 
state of perfusion is mostly dependent on the state of 
neuroleptic drug consumption in schizophrenic 
patients (18, 19). On the other hand, in some studies, a 
correlation has been found between the symptoms and 
perfusion state in different brain regions of 
schizophrenic patients (8, 17). A major drawback in 
most of these studies is small sample size of patients 
studied in drug-free or drug naïve states. Also studies 
on rCBF in schizophrenic patients have rarely 
concerned a control group for comparison.  The aim of 
this study was to evaluate the prevailing perfusion 
pattern in recently untreated or never treated 
schizophrenia patients in comparison with control 
subjects. 
 
 

METHODS 

 
Patients 
This study was performed using a protocol approved 
by the local ethics committee of Tehran University of 
Medical Sciences. Actively psychotic schizophrenic 
patients meeting the criteria for the diagnostic and 
statistical manual of mental disorders (DSM-IV) 
included if they were neuroleptic-naive or neuroleptic-
free for at least 4 weeks and had no anatomical 
abnormality on brain computed tomography scan. 
Patients with schizophreniform, schizoaffective, 
bipolar mood and any other disorders in axis II of 
DSMIV, substance abuse and obvious neurologic 
disorders were excluded from the study. In addition 
severely elevated hepatic enzymes, severe thyroid 

dysfunction, pregnancy and lactation, and 
consumption of the drugs interfering with serotonine 
receptors (such as cyproheptadine or metoclopramide) 
were incorporated in the exclusion criteria.  
Thirty-three patients, 23 (69.7%) male and 10 (30.3%) 
female; mean age 30.85 ± 6.36 (22-46) years were 
enrolled. All patients were right handed. The baseline 
clinical characteristics of the studied patients were 
defined by at least two experienced psychiatrists and 
summarized in Table 1. The initial examinations and 
history taking were performed on admission. Clinical 
assessment was done using the positive and negative 
syndrome scale of schizophrenia (PANSS) and clinical 
global impression (CGI; Guy 1976), (Table 1). The 
PANSS and CGI were obtained during a formalized, 
semi-structured interview. There are 33 items (16 
global psychopathological, 7 positive, 7 negative and 3 
aggression risk symptoms) on a seven-point scale from 
1 (normal) to 7 (extremely abnormal). The CGI, total 
PANSS, Summative positive (Sum P), Summative 
negative (Sum N) and summative psychopathological 
(Sum G) symptoms scores were recorded. 
The patients referred to the research institute for 
nuclear medicine for SPECT imaging the day after 
clinical assessment. To prevent any possible bias, the 
SPECT images were interpreted with blindness to the 
results of the clinical examination. 
 
Control Subjects 
Control cases were comprised of 12 right handed 
cases, 4 women (33.3%) and 8 men (66.7%) who were 
referred after a minor accidental trauma without 
neurological and psychiatric abnormalities and without 
morphological alterations of the brain on CT images. 
The mean ± standard deviation of the age in control 
group (31.25 ± 8.54) showed no significant difference 
with the group of schizophrenic patients, (p=0.865). 
Also no difference was noted between groups based 
on gender, education, marriage status and history of 
smoking, so the control group was demographically 
comparable to the patients group. 
 
Imaging Protocol 
All of the control subjects and patients underwent 
cannulation of an arm vein and were allowed to rest 
for at least 10 minutes before injection of 740 MBq 
Tc-99m ethylcysteinate dimer (Tc-99m ECD) as a 
radiotracer prepared according to the manufacturer’s 
instructions. During the injection, subjects were lying 
comfortably in a semi-darkened and silent room with 
their eyes open and ears unplugged. The radiotracer 
was injected in a resting supine position.  
 



D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.tu

m
s.

ac
.ir

/ 
on

 T
ue

sd
ay

, A
ug

us
t 1

4,
 2

01
2

Brain Perfusion SPECT in Schizopherenia  
Pooyafard et al. 

 

 

Ir
an

 J
 N

uc
l M

ed
 2

00
8,

 V
ol

 1
6,

 N
o 

1 
(S

er
ia

l N
o 

29
) 

 

45 
 
 
 

Table 1: Demographic and clinical data of the studied groups 
 

 Schizophrenia patients Control 
cases 

Difference 
(P value) 

Gender 23 (69.7%) 
M 

10 (30.3%) 
 F 

8 (66.7%) 
M 

4 (33.3%) 
F 

0.846 
NS 

Age (years) 
mean±SD (range) 30.85 ± 6.36 (22-46) 31.25 ± 8.54 (18-44) - 

Duration of disease 
(years) 

mean±SD (range) 
7.21 ± 4.22 (1-17) - - 

State of neuroleptic 
therapy 

8 (24.2%) 
NN 

25 (75.8%) 
NF - - 

Drug free interval* 
(months) 

mean±SD (range) 
4.94 ± 5.71 (1-24) - - 

Smoking 17 (51.5%)
Yes 

16(48.5%) 
No 

6 (50%) 
Yes 

6 (50%) 
No 

0.937 
NS 

Marriage 
4 (12.1%) married 
27 (81.8%) single 
2 (6.1%) divorced  

- - 

Type of schizophrenia  

20 Paranoid 
5 Disorganized 

3 Undifferentiated 
5 Residual 

- - 

Education 

1 Non-educated 
7 primitive 

12 Intermediate 
13 Well-educated  

0 Non-educated 
2 primitive 

4 Intermediate 
6 Well-educated  

0.465 
NS 

CGI 
Median (range) 6 (4-7) - - 

Total PANSS 
Median (range) 92 (63-122) - - 

General 
psychopathology 
Median (range) 

46 (31-67) - - 

Positive scale 
Median (range) 25 (9-37) - - 

Negative scale 
Median (range) 24 (10-44) - - 

 
M: Male, F: Female, NS: Non-significant, SD: Standard deviation, NN: Neuroleptic naïve, NF : Neuroleptic free, 
* Calculated only for neuroleptic-free patients 

 
 
 
All cases were scanned with a dual-head SPECT 
(ADAC, SOLUS, Milpitas, CA) gamma camera 
equipped with a low-energy general purpose 
collimator, 20-25 minutes after injection using a 
special head-holder for fixation in a complete 
symmetrical position with transverse slices parallel to 

the orbitomeatal (OM) plane. A 20% window centered 
at a 140 keV photopeak for Tc-99m was used. The 
image acquisition was performed in a 360° step and 
shot rotation (180° rotation for each head) with 30 
seconds per azimuth view for a total 64 views in a 128 
×128 matrix with a zoom of 1.84. Restless patients 
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received up to 15 mg diazepam intravenously 10 
minutes after the radiotracer injection.  
 
SPECT Data Reconstruction and Analysis 
For each control or patient case, all steps for image 
reconstruction and analysis were carried out by two 
observers (one of them was an experienced nuclear 
physician and the other was a well-trained 
technologist), each of them were blinded to the results 
of the analysis obtained by the other one. 
Reconstruction was performed by filtered back 
projection using a Gaussian filter. Attenuation 
correction was performed. The images were reoriented 
to obtain transaxial slices parallel to the OM plane. 
Sixteen transverse slices from the lower part of the 
cerebellum to the vertex were used to make 4 
composite slices; each of them was 4 pixels thick. The 
most basal and the most dorsal slices were not selected 
to minimize partial volume effect. On the composite 
transaxial slices, brain contours were drawn using an 
automated technique to describe the limits of the brain 
and to calculate the average count per pixel of the 
whole brain cortex. On each composite slice the 
circular regions of interest (ROI) were drawn (42 
ROIs), each 12 pixels in size (4 pixels in diameter), 
with a semiautomatic ROI drawing technique in the 
circular regional brain analysis software (Euro Custom 
Menue/Pegasys/ADAC). The ROIs in this size were 
larger than about 2.5×spatial resolution (FWHM) of 
our gamma camera to avoid partial volume effect and 
to allow an optimal quantification. 
Using an anatomical guideline, the brain was divided 
into 12 identical regions on each reciprocal side and 
one region in the anterior cingulate cortex. Each of the 
anatomical regions was attributed to a number of 
summed ROIs on each side. Semiquantitaive regional 
perfusion index (RPI) for each of the 25 anatomical 
regions of the whole brain cortex was calculated 
automatically by normalization of the mean count per 
pixel in the region with mean count per pixel of the 
whole brain.  
For all patients and control group (45 cases), all 42 
ROIs were redrawn by the same nuclear physician and 
the intra-observer variability determined for every 
single ROI was significantly lower than one standard 
deviation (SD) of the ROl values (p<0.0001).  
The interobserver variability was also lower than 1 SD 
(p<0.047).  
 
Statitistical Analysis 
The Shapiro-Wilks test, Lilliefors test and 
Kolmogorov-Smirnov Z test were used to determine 
whether the observed 25 regional perfusion indices of 
12 control subjects have come from a normal 

distribution. These tests showed that despite the small 
sample size of control subjects, the perfusion of all 
brain regions except for right and left ventrolateral 
prefrontal cortex (p=0.044, p=0.039 with K-S-Z) are 
fitted to a normal distribution in the control group. To 
estimate the exact significance of difference from a 
normal distribution, Monte Carlo approximation with 
99% confidence level was also used and the goodness-
of-fit to normal distribution was verified with lower 
bound of p values. So a 95% confidence interval of 
perfusion values in control group were defined as 
normal range of RPI in each brain region and 
accordingly the state of perfusion in each brain region 
of the schizophrenia patients was categorized as hypo- 
normal- and hyper perfusion state. 
A multivariate analysis of variances (MANOVA) was 
performed to compare SPECT data of the patients and 
control group. The F is corrected with Levene's test for 
equality of error variances across groups. This test was 
based on the linearly independent pairwise 
comparisons among the estimated marginal means and 
the mean difference was significant at the 0.05 level of 
p after adjustment for multiple comparisons with 
Bonferroni. 

RESULTS 

The demographic and clinical data of the patients are 
summarized in the Table 1. The RPIs for many brain 
regions are higher than that of control group (Table 2). 
The frequencies of each perfusion state in the different 
brain regions are detailed in Table 3. Although in most 
cases of schizophrenia, normal perfusion state is seen 
in the cerebellum, ventromedial prefrontal cortex 
(VMPC), ventrolaterall prefrontal cortex (VLPC), 
dorsolateral prefrontal cortex (DLPC), occipital lobe 
and anterior cingulated cortex (ACC), hypoperfusion 
as well as hyperperfusion may be seen in these 
regions. Hyperperfusion is more frequent in the 
prefrontal and inferior temporal cortex (ITC). Also in 
most cases, hypoperfusion is noted in the parietal 
lobes. The orbital prefrontal cortex (OPC) shows most 
likely normal state or hyperperfusion. A lateralization 
pattern in the form of left sided hypoperfusion is noted 
mainly in the medial temporal cortex.    
 
  

DISCUSSION 
Comparing with many studies that have evaluated the 
rCBF of schizophrenic patients, this study was clearly 
designed with a relatively greater sample size of drug-
free or drug-naïve cases and benefited from a better 
evaluation of the brain perfusion states in comparison 
with control subjects.  
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Table 2: Comparison of regional perfusion indices (mean count per pixel of each brain region normalized to the whole brain 
average count per pixel) between control group and schizophrenia patients. 
 
 

Brain Region 
Baseline schizophrenia 

33 cases 
Control 
12 cases 

Comparison 

F* P* 

Right Left Right Left Right Left Right Left 

Cerebellum 4.159 ± .6911 3.963 ±.6891 4.059±.5495 3.911±.5071 .18 .05 .67 .82 

VMPC 1.261 ±.1494 1.227 ±.1569 .983±.1764 1.006±.1302 23.08 17.01 .001* .001* 

VLPC 1.131 ±.1874 1.081 ±.1686 .962±.1032 .979±.0781 8.25 3.85 .007* .059 

DLPC 1.311 ±.1611 1.242 ±.1384 1.230±.1031 1.179±.0739 2.43 2.12 .12 .15 

Parietal 1.249 ±.1243 1.138 ±.1399 1.293±.0264 1.243±.0160 1.47 6.55 .23 .016* 

Occipital 1.393 ±.1246 1.307±.1368 1.484±.0992 1.443±.0853 4.75 9.61 .035* .004* 

ACC 1.354 ±.1470 1.190±.0740 12.90 .001* 

Inferior 

temporal 3.439 ±.8787 3.169±.8532 3.174±.4221 2.641±.2501 .95 4.32 .33 .04* 

OPC .961 ±.2098 .944±.2110 .705±.0908 .756±.0549 15.92 9.01 .001* .001* 

Lateral 

temporal 1.254 ±.1090 1.195±.1449 1.120±.1008 1.102±.0592 12.05 4.48 .001* .04* 

Medial 

temporal 1.232 ±.1291 1.125±.1549 1.148±.0518 1.151±.0452 4.65 .31 .034* .57 

Basal ganglia 1.244 ±.1507 1.202±.1503 1.225±.0763 1.253±.0572 .17 1.25 .68 .27 

Superior 

temporal 1.424 ±.1368 1.296±.1495 1.379±.0945 1.323±.0435 1.01 .36 .32 .55 

 
*The F tests the difference between the group of schizophrenia patients and control subjects and is corrected with Levene's test for equality of 
error variances across groups. This test is based on the linearly independent pairwise comparisons among the estimated marginal means and the 
mean difference is significant at the .05 level of p after adjustment for multiple comparisons with Bonferroni. 
VMPC: ventromedial prefrontal cortex; VLPC: ventrolateral prefrontal cortex; DLPC: dorsolateral prefrontal cortex; ACC: anterior cingulated 
cortex; OPC: orbital prefrontal cortex 
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Table 3: Frequency and proportional frequency of different perfusion states in each brain region of schizophrenia patients 
 

Brain regions 
State of regional brain perfusion in schizophrenia patients 

Hypoperfusion Normal perfusion Hyperperfusion 

Cerebellum 
R 7 (21.2 %) 22(66.7%) 4 (12.1%) 

L 7 (21.2%) 24 (72.7%) 2 (6.1%) 

VMPC 
R 1 (3.0%) 29 (87.9%) 3 (9.1%) 

L 2 (6.1%) 28 (84.8%) 3 (9.1%) 

VLPC 
R 3 (9.1%) 22 (66.7%) 8 (24.2%) 

L 6 (18.2%) 19 (57.6%) 8 (24.2%) 

DLPC 
R 8 (24.2%) 22 (66.7%) 3 (9.1%) 

L 11 (33.3%) 18 (54.5%) 4 (12.1%) 

Parietal 
R 19 (57.6%) 8 (24.2%) 6 (18.2%) 

L 22 (66.7%) 7 (21.2%) 4 (12.1%) 

Occipital 
R 6 (18.2%) 26 (78.8%) 1 (3.0%) 

L 9 (27.3%) 22 (66.7%) 2 (6.1%) 

ACC - 1 (3.0%) 22 (66.7%) 10 (30.3%) 

Inferior temporal 
R 4 (12.1%) 12 (36.4%) 17 (51.5%) 

L 2 (6.1%) 11 (33.3%) 20 (60.6%) 

OPC 
R 2 (6.1%) 15 (45.5%) 16 (48.5%) 

L 3 (9.1%) 15 (45.5%) 15 (45.5%) 

Lateral temporal 
R 2 (6.1%) 17 (51.5%) 14 (42.4%) 

L 7 (21.2%) 15 (45.5%) 11 (33.3%) 

Medial temporal 
R 7 (21.2%) 18 (54.5%) 8 (24.2%) 

L 19 (57.6%) 7 (21.2%) 7 (21.2%) 

Basal ganglia 
R 7 (21.2%) 16 (48.5%) 10 (30.3%) 

L 13 (39.4%) 18 (54.5%) 2 (6.1%) 

Superior temporal 
R 9 (27.3%) 21 (63.6%) 3 (9.1%) 

L 16 (48.5%) 14 (42.4%) 3 (9.1%) 

 
 
VMPC: ventromedial prefrontal cortex; VLPC: ventrolateral prefrontal cortex; DLPC: dorsolateral prefrontal cortex; ACC: 
anterior cingulated cortex; OPC: orbital prefrontal cortex  
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R&L VMPC R&L VLPC

L Inf Temp R Med Temp

R&L Lat Temp 

R&L OPCACC

R&L Sup Temp

R&L Cerebellum 
R&L Occiput

R&L DLPC 

 
 

 
 
 
 

 
 
 
 
 
 
 

Figure 1: Regions with increased perfusion average as compared with control group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Regions with no difference (yellow) or decrease in perfusion average (blue) as compared with control group 
 
 
 
A comparison of rCBF from all neuroleptic-naïve or 
neuroleptic-free patients to control subjects revealed 
significantly grater values mainly in the prefrontal 
cortex. 
The most frequent PET/SPECT pattern reported in 
schizophrenia is hypofrontality. According to several 
articles, hypofrontality may be associated by the 
chronicity of illness, with a predominance of negative 

symptoms and the aging process (20, 21). Some 
authors have pointed out that any observed rCBF 
pattern in schizophrenic patients may depend on the 
medication status of the patients examined (18), but 
even in unmedicated schizophrenic patients different 
rCBF patterns have been described. Some groups 
found hyperfrontality in unmedicated patients with 
acute disease (8-10,13,18). Catafau et al (8) found 
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prefrontally increased blood flow in neuroleptic naive 
schizophrenic patients, which they ascribed to positive 
symptoms. These authors concluded that there is no 
evidence of hypofrontality in young schizophrenic 
patients with acute disease who had never been 
exposed to neuroleptics. Other researchers measured 
hypofrontality in neuroleptic-naive patients (22).  
Most frequently, it has been supposed that the small 
number of patients examined and the variety of 
techniques employed are the reasons for these variable 
findings. 
Sabri et al (17), revealed no significant differences 
between regional rCBF of all their 24 drug-naïve 
schizophrenic patients and control subjects, primarily, 
but with separating the patients into different 
subgroups, the differences were noted and this 
difference in rCBF was shown to depend on the 
magnitude of the positive symptoms. In the present 
investigation, a relatively large number of actively 
psychotic schizophrenic patients (33 cases; 8 
neuroleptic-naïve and 25 neuroleptic free) was studied 
and the results clearly show that hyperperfusion is 
more prominent in the anterior cingulate and inferior 
(ventral) parts of prefrontal and temporal cortices, 
while hypoperfusion is more frequent in the occipital, 
parital, superior temporal and dorsal parts of prefrontal 
cortex (Fig 1 & 2).  
Weinberger et al. in 1988 (23) showed that positive 
symptoms may be related to the cortical or subcortical 
hyperdopaminergic state  while negative symptoms 
may be related to the cortical hypodopaminergic state. 
It was hypothesized by these authors that 
hypofrontality and negative symptoms may be related 
to the cortical hypodopaminergic state, and positive 
symptoms may be related to the subcortical 
hyperdopaminergic state but this hypothesis was not 
proven. Significant negative correlations were found 
by Gonul et al (24) between the left superior frontal 
cortical perfusion and negative symptom scores not 
only during the drug-free period but also after the 
treatment. Evaluation of the maginitude of the 
correlation between the changes of rCBF and severity 
of the symptoms is a subject for further studies.  
 
 

CONCLUSION 

In different patients, hyperperfusion as well as normal 
or hypoperfusion may be noted in different regional 
brain cortices. However, hyperperfusion rather than 
hypoperfusion mainly is seen in the anterior 
cingulated, inferior prefrontal and temporal regions, 
while hypoperfusion patterns are more prominent in 
the occipital, parietal and dorsolateral prefrontal 

cortices. Different symptoms of schizophrenia may be 
related to the hyperperfusion or hypoperfusion 
patterns of the brain cortex that this may be a subject 
for further studies. 
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