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SUMMARY: OZET:
NEGATIVE AND POSITIVE SYMPTOMS: IN RELATION TO ILACSIZ SIZOFRENI HASTALARINDA NEGATIF VE POZITIF BE-
REGIONAL CEREBRAL BLOOD FLOW IN DRUG-FREE LIRTILERIN BOLGESEL BEYIN KAN AKIMI ILE ILISKIS
SCHIZOPHRENIC PATIENTS

Amag: Sizofreni hastalarinda yapilan fonksiyonel beyin gérinti-

Objective: Although most of the functional neuroimaging stu- leme calismalarinin cogu frontal hipoperfiizyon hipotezini des-
dies in schizophrenic patients have supported the hypothesis of teklemekle birlikte, diger kortikal bolgelerin perflzyonunda de-
frontal hypoperfusion, there are some studies which indicates Gisiklikler oldugunu bildiren calismalar da vardir. Bu calismada
that the perfusion of some other cortical regions are also affec- sizofreninin negatif ve pozitif belirtilerinin farkli beyin bolgele-
ted. In this study, we aimed to investigate whether negative rindeki kan akimi anormallikleri ile iliskisinin arastirilmasi amag-
and positive symptoms of schizophrenia were related to abnor- lanmigtir. Yéntem: Calismaya DSM-IV sizofreni tani kriterlerini
mal blood perfusion in different cerebral areas. Method: karsilayan 20 hasta (14 erkek, 6 kadin) ve yas ve cinsiyet bakimin-
Twenty drug-free patients (14 male, 6 female) who fully met dan karsilastinlmig 17 saglikli denek (12 erkek, 5 kadin) dahil
DSM-IV criteria for schizophrenia and 17 age and sex matched edildi. Hastalarin semptomlari PANSS (Pozitif ve Negatif Semp-
healthy volunteers (12 male, 5 female) were included in the tom Skalas) ile degerlendirildi ve Tc”™-HMPAO kullanilarak
study. Symptoms of the patients were assessed by PANSS (Po- SPECT cekimleri yapildi. Bulgular: Sizofreni hastalarinin kontrol-
sitive and Negative Symptom Scale) and regional CBF images lere gére frontal ve temporal hipoperfiizyon gosterdikleri bu-
were obtained by SPECT using ""Tc-HMPAO as a radiophar- lundu. PANSS ile degerlendirildiginde, buytklik fikirleri ile sol
maceutical. Results: We found frontal and temporal hypoperfu- temporal ve parietal bolge kan akimi degerleri arasinda pozitif
sion in schizophrenic patients compared to the controls. As as- bir iligki, stiphecilik-kétilik gérme skorlari ile tim frontal bolge-
sessed with PANSS, ideas of grandiosity were correlated posi- ler ve sag temporoparietal bdlge kan akimi degerleri arasinda
tively with the left temporal and parietal cortical perfusion valu- negatif bir iliski oldugu gézlendi. Emosyonel ¢cekilme semptomu
es, and suspiciousness/persecution ideas were correlated ne- ile bilateral temporal kan akimi degerleri arasinda negatif bir
gatively with all frontal and right temporoparietal rCBF values. iliski vardi. Negatif semptomlarla frontal kan akimi arasinda her-
There were negative correlation between emotional withdrawal hangi bir iliski tespit edilemedi. Tartisma: Calismanin sonuclari
scores and bilateral temporal rCBF values. We did not find any sizofreni hastalarinda frontal ve temporal bélgelerdeki kan aki-
relation between reduced frontal perfusion and negative symp- minin azalmisg oldugu hipotezini desteklemektedir. Ayrica farkli
toms. Conclusion: Our results support the hypothesis that bra- pozitif ve negatif semptomlar beynin farkli bélgelerindeki anor-
in perfusion is reduced in frontal and temporal regions of schi- malliklerle iliskili gibi gérinmektedir.
zophrenic patients. Furthermore, different positive and negati-
ve symptoms seem to originate from different brain areas, such Anahtar sézcikler: sizofreni, SPECT, pozitif belirtiler, negatif
as frontal, temporal and parietal regions. belirtiler
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INTRODUCTION uroimaging studies have suggested abnormalities at

Since Ingvar and Franzén first demonstrated an

abnormality of blood flow in the left hemisphe-

res of schizophrenic patients (1), many functional ne-

frontal cortex, temporal and limbic regions, parietal
lobes and basal ganglia (2-10). Although one of the
most repeating findings in these studies is hypofron-
tality, there are also some conflicting studies that we-
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re not able to replicate this finding or have found
hyperfrontality (5,9,11-14).

About twenty years ago, several authors proposed
that schizophrenia comprises (at least partly) positive
and negative syndromes (15). Clinical assessment by
means of PANSS (Positive and Negative Syndrome
Scale) yields separate scores along a positive syndro-
me scale, negative syndrome scale, composite index,
and general psychopathology scale (16). Though not
all, in many studies, negative symptoms are found to
be strongly associated with decreased frontal cortical
blood flow (4,5,7-20). Some authors have argued
that this hypofrontality may be related to the durati-
on of the disease and long-term neuroleptic treat-
ment. To overcome this issue, some studies have be-
en planned on drug-naive and first-episode schi-
zophrenic patients and it has been found that decre-
ased frontal cortical blood flow is present at the on-
set of the illness (4,11,14,18,19).

It is assumed that different negative and positive
symptoms arise from different brain areas. Liddle et al
found negative correlation between rCBF of the left
prefrontal and left superior parietal association corti-
ces and psychomotor poverty (21). Reality distortion
was also found to be related with rCBF of left tem-
porofrontal region in the same study. Rubin et al fo-
und that formal thought disorders were correlated
positively with rCBF in prefrontal and temporal cor-
tex (17). In a recent study, Erkwoh et al showed a
correlation between formal thought disorder, ideas of
grandiosity and left hemispheric cortical blood flow
(18). In the present study, we aimed to compare the
rCBF values of drug-free schizophrenic patients with
those of control subjects, and to evaluate the relati-
onship between rCBF values and negative/positive
symptoms of schizophrenia.

METHOD
Subjects

Twenty right-handed patients (14 males, 6 fema-
les) who fully met DSM-1V criteria for schizophrenia
were included in the study. Thirteen of them had pa-
ranoid and the others had undifferentiated subtype
of schizophrenia. Their mean age+SD was 30.1+ 8.08
years (range: 18-36), the mean+SD age at onset was
27.7 + 10.26 years, and the mean+SD duration of ill-
ness was 89.4+54.14 months. Control group consis-
ted of 17 age-and sex-matched right-handed healthy

volunteers (mean+SD age: 30.29+8.00, range: 20-37;
12 male, 5 female).

All subjects underwent a structural brain imaging
examination with CT. In the patient group, the inclu-
sion criteria were the absence of organic brain disor-
der, alcohol or drug abuse, pregnancy or any physical
illness as assessed on the basis of personal history, cli-
nical examination and laboratory data including
complete blood count, serum electrolyte assay, liver
function tests, thyroidal function tests, urine analysis,
serological tests for hepatitis and HIV, electrocardiog-
raphy and electroencephalography. All of the patients
were inpatients and drug-washout period was 2 we-
eks prior to the SPECT scanning.

Symptoms of patients were assessed on the day of
the SPECT examination with the PANSS (Positive and
Negative Symptom Scale), CGI (Clinical Global Tmp-
ression) and ESRS (Extrapyramidal Symptom Rating
Scale) to analyse possible relationships between rCBF
pattern and concurrent symptom state while they
were drug-free. The study protocol was approved by
the ethics committee of our hospital, and the pati-
ents gave their written informed consent.

SPECT scanning procedure

All subjects were studied in the supine resting po-
sition with closed eyes in a silent and darkened room
from approximately 09.00 to 11.00 a.m. No extreme
anxiety rating was noted during the SPECT study. The
SPECT scans were coded with random numbers and
evaluated by the same nuclear medicine specialist wit-
hout having any knowledge of the clinical data.

Regional CBF images were obtained by SPECT
using Tc->" HMPAO (Ceretec, Amersham, Internati-
onal plc, UK) as a radiotracer prepared according to
the manufacturer’s instructions and it was injectedto
the subject within 10 minutes after labelling. The
SPECT study was performed 20 minutes after injecti-
on of 370-550 MBq Of *™ Tc-HMPAO with 360° ro-
tating single-head gamma camera system (Toshiba
GCA 602 A/SA, Japan) equipped with a low-energy
all-purpose collimator interfaced to a Toshiba com-
puter system. Each subject’s head was held in a plas-
tic holder while scanning to minimize head move-
ments. Data were obtained in 64X64 matrices thro-
ugh 360° rotation at 6° intervals for 30 s per arc in-
terval. No zoom was used, and the corresponding pi-
xel size was 5.5 mm. Reconstruction was performed
by filtered back-projection using a Butterworth filter

58 Klinik Psikofarmakoloji Bulteni, Cilt: 10, Sayi: 2, 2000 / Bulletin of Clinical Psychopharmacology, Vol: 10, N.: 2, 2000



E. Esel, M. Kula, A. S. Géndl, A. Tutus, M. Basttrk, T. Turan, S. Sofuoglu, S. Yilmaz

(cut-off frequency=0.25, power factor=8). Slice
thickness was 1 pixel, and no attenuation or scatter
correction was done. The images were reoriented to
obtain transaxial slices parallel to the orbitomeatal
(OM) line. The transaxial slices were approximately 33
mm, 49.5 mm and 66 mm above the orbitomeatal
plane (Fig. 1) (22). These regions were chosen based
on the neuroanatomic cross-sections illustrated in an
atlas depicting the relevant slice levels (23). On the
transaxial slices, hemisphere contours were drawn
using semiautomated technique to describe the regi-
on of the whole brain cortex (W). Rectangular regi-
ons of interest (RO1) by 5X5 pixel were set on SPECT
images in the upper and lower frontal, temporal, pa-
rietal and occipital regions, and cerebellar hemisphe-
res (Fig. 2) (24).

Figure 1. Schematic illustration of transaxial SPECT
slices which are parallel to the orbitomeatal line
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Figure 2. ROIs in each brain slices

A: OM (orbitomeatal line) B: OM+33 mm

C: OM+49.5 mm D: OM+66 mm

1: Cerebellum 2: Low frontal cortex 3: High frontal
cortex 4: Temporal cortex 5: Parietal cortex

6: Occipital cortex

o

The SPECT imaging data were evaluated by se-
miquantitative analysis. Cerebellar ratio method
was used as reference values to determine the in-
dices of relative perfusion in the form of ratios
(i.e., indices of relative perfusion were the ratio of
averaged counts for each anatomical subdivision
to the average counts of cerebellar hemispheres)
(19).

Statistical analysis

The Student’s t test for independent samples
was applied between the patient and control gro-
ups. Pearson’s correlation coefficient was used bet-
ween rCBF and general characteristics or clinical
symptoms. All statistical tests were two-tailed,
with a 0.05 alpha level.

RESULTS

Demographic and clinical characteristics of the
groups are shown in table 1. Table 2 shows mean
PANSS scores. Table 3 shows the comparison of
the mean values relative perfusion in schizophrenic
and normal subjects. The mean rCBF values of the
schizophrenic patients were significantly lower
than those of the controls in all frontal and tem-
poral regions and in the left parietal region.
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Table 1. Demographic and clinical characteristics of the patient and control groups.

Controls Patients Comparison

(n=17) Meanz=SD (n=20) Mean + SD t p
Age (years) 30.29 = 8.00 30.10 = 8.08 0.073  ns.
Gender 12M: 5F 14M: 6F - -
Age at onset (years) - 24.70 £ 10.26 - -
Duration of illness (months) - 89.40 + 54.15 - -
Total PANSS score - 41.90 = 11.40 - -
Positive PANSS score - 15.05 = 6.37 - -
Negative PANSS score - 9.55 + 2.94 - -
CaGl - 4.50 = 0.51 - -
ESRS - 14 + 1.51 - -

M: male F: female n.s: non significant PANSS: Positive and Negative Symptom Scale BPRS: Brief Psychiatric Rating Scale
CGl: Clinical Global Impression ESRS: Extrapyramidal Symptom Scale

Table 2. Mean PANSS scores in schizophrenic patients

Items in PANSS Scores
Mean=SD

Positive
Delusions 3.06 £ 1.16
Formal thought disorders 1.92 +1.01
Hallucinations 2.35+1.30
Agitation 115« 1.1
Ideas of grandiosity 1.82 +1.24
Suspiciousness / Persecution 2.50 = 1.56
Hostility 1.97 £1.27

Negative
Blunted affect 3.22+0.74
Emotional withdrawal 3.15+0.89
Lack of affective contact 240 +£0.73
Social withdrawal 2.97 £0.75
Difficulties abstract thinking 2.97 £ 0.97
Lack of spontaneity 1.60 = 0.77
Stereotyped thoughts 2.55+0.75

Table 3. Comparison of mean relative perfusion in schizophrenic and normal subjects

CBF VALUES**

Controls Patients Comparison
Regions (n=17) Mean = SD (n=20) Mean + SD t p
Left high frontal 0.93 £ 0.02 0.90 + 0.04 2.46 0.019*
Right high frontal 0.94 = 0.03 0.89 = 0.05 3.34 0.002*
Left low frontal 0.95 + 0.02 0.91 £ 0.05 2.94 0.006*
Right low frontal 0.95 = 0.02 0.90 = 0.06 2.94 0.006*
Left parietal 0.97 £ 0.03 0.94 +0.05 2.09 0.044*
Right parietal 0.96 + 0.03 0.94 + 0.06 1.10 0.277
Left temporal 1.03 = 0.03 0.98 + 0.06 2.32 0.026*
Right temporal 1.01 = 0.04 0.97 £ 0.07 2.42 0.020*
Left occipital 0.99 + 0.04 0.99 + 0.08 0.05 0.960
Right occipital 1.00 = 0.04 1.15 + 0.68 0.90 0.372

* Statistically significant ** Values represent regions of interest/cerebellar ratio On the basis of correlational analysis of symptoms
and ROls, two positive and one negative symptom were related to rCBF values. |deas of grandiosity were correlated positively
with the left temporal (r=0.45, p<0.05) and parietal (r=0.45, p<0.05) cortical rCBF. Suspiciousness/persecution ideas were corre-
lated negatively with bilateral high (r=-0.52, p<0.05; r=-0.51, p<0.05 respectively) and low frontal (r=-0.53, p<0.05; r=-0.60,
p<0.01 respectively) cortical rCBF, as well as right parietal (r=-0.45, p<0.05) and temporal (r=-0.45, p<0.05) cortical rCBF. Emoti-
onal withdrawal was negatively correlated with the bilateral temporal cortical rCBF (r=-0.45, p<0.05; r=-0.61, p<0.01). There we-
re negative but statistically non-signifiant correlations between rCBF values and ESRS, PANSS total, negative and positive scores.
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DISCUSSION

Our sample size of 20 schizophrenic inpatients is
large enough to allow comparing with research in
this area. This study of drug-free schizophrenic pati-
ents in the active phase of the disease yielded two
major findings.

First, our data shows lower mean rCBF values in
all frontal and temporal regions and the left parietal
region in schizophrenics compared with the controls.
As far as hypofrontality is concerned, there may be a
parallel to widespread literature that frontal hypo-
perfusion is the most consistent finding in resting
state of chronic schizophrenia (3,8,11-14). Our re-
sults are in accordance with these earlier reports. The
term resting state is correct for our study design in
the sense of not performing any activation task.
Thus, all differences found in rCBF values of patients
can be attributed to psychopathological features of
schizophrenia and contribute to an understanding of
the pathophysiological basis of the illness. Although
some researchers pointed out that frontal hypoper-
fusion might be associated by chronicity of illness,
long-term antipsychotic treatment or the aging pro-
cess, in the recent studies, reduced frontal cerebral
blood flow was measured in the drug-naive patients
(4,11,14,18,19). Therefore, frontal hypoperfusion can
be seen as a finding existing before clinical manifes-
tation of the illness. Since our patients were drug-
free for at least two weeks and there was no corre-
lation between age, duration of illness and rCBF in
frontal regions, our results appear to suggest that
frontal hypoperfusion is a primary deficit in schi-
zophrenia rather than secondary to other factors.
We found reduced cerebral blood flow in temporal
regions in common with some other studies (7,8,14).
Although particularly left temporal lobe pathologies
were underscored in schizophrenics (20,21), we did
not show any difference between left-right regional
blood flow.

Secondly, we found that different positive and
negative symptoms were correlated with rCBF of dif-
ferent brain areas. Even though we did not find any
correlation between delusions and rCBF, we observed
a positive relation between ideas of grandiosity and
left temporal and parietal regions’ perfusion. Grandi-
osity lies on the spectrum of delusional ideas and
can be seen as a factor that contributed to reality
distortion. This finding seems to be in line with
Liddle’s earlier study in which he observed a relation

between reality distortion and increased left tempo-
ral blood flow and argued that reality distortion
stemmed from dysfunction of the medial temporal
lobe in schizophrenia (21). But there are also some
inconsistent results in terms of this issue. Erkwoh et
al (14) found that ideas of grandiosity were correla-
ted positively with rCBF in the bilateral frontal and
right temporal regions but in another study of the
same group (18), they were correlated positively with
left frontotemporal and bilateral parietal regions’
perfusions.

We found suspiciousness-persecution scores we-
re negatively correlated with blood flow of all fron-
tal regions and right temporoparietal region. 1f sus-
piciousness-persecution is a reality distortion factor
and a positive symptom, this result is unexpected
for us and inconsistent with Liddle’s findings (21).
However, Sabri et al’s results concerning with sus-
piciousness—persecution were partly similar to ours
(25). They found a negative correlation between
suspiciousness and frontal and temporal region,
too. But Sabri et al found this clinical feature to be
correlated with left temporal blood flow in contrast
to our result which is decreased blood flow in right
temporal region. Some other SPECT studies also fo-
und a correlation decreased left temporal lobe blo-
od flow and positive symptoms (26). Thus, our re-
sult which links right temporal lobe blood flow with
suspiciousness symptom can be considered to be
inconsistent with above-cited earlier studies. Ne-
vertheless, given the results of the present study
and Sabri et al’s (25), suspiciousness and persecuti-
on seem to be related with a more spread brain pat-
hology that includes frontal, temporal and parietal
regions.

In schizophrenia, frontal hypoperfusion is sus-
pected to relate causally to negative symptoms
(4,12,13,20,27). However, on the contrary to our
prediction in the beginning, we did not find a cor-
relation between any negative symptoms and fron-
tal rCBF values. Additionally, we did not find a re-
lationship between sum score of all negative symp-
toms and frontal hypoperfusion in schizophrenics,
in agreement with some other studies (14,18,19)
but in contrast to many studies (4,5,12,13,27). On
the other hand, there are some studies reporting a
correlation between negative symptoms and hyper-
perfusion of frontal lobes (17,28). Therefore, it can
be suggested that not all patients with negative
symptoms may have a frontal hypoperfusion.

Klinik Psikofarmakoloji Bulteni, Cilt: 10, Sayi: 2, 2000 / Bulletin of Clinical Psychopharmacology, Vol: 10, N.: 2, 2000 61



Negative and Positive Symptoms: In Relation to Regional Cerebral Blood Flow in Drug-Free Schizophrenic Patients

Moreover, concerning the relation of negative
symptoms with hypoperfusion, among all negative
symptoms we found only emotional withdrawal to
be associated with diminished bilateral temporal blo-
od flow. Erkwoh et al and Sabri et al also found tem-
poral hypoperfusion-emotional withdrawal relations-
hip (18,25). In general, given the implications that
the negative symptoms such as emotional withdra-
wal, poverty of speech are connected with frontal lo-
bes, and the positive symptoms such as hallucinati-
ons and delusions are connected with temporal lo-
bes, our results are inconsistent with this impression
(4,17,20,29,30). On the other hand, schizophrenia is
not a completely understood disease, and evolving
of symptoms should not be simplified in this man-
ner, if it is taken into account complex interconnec-
ted structure of the brain. Indeed, in the literature,
there are some studies that found correlation betwe-
en negative symptoms and perfusion of temporal lo-
bes in common with us (31,32). These findings are
consistent with suggestions of a temporolimbic pref-
rontal network abnormality in schizophrenia.

One of the limitations of the present study may
be the use of cerebellum as a reference point. The
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