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Abstract

OBJECTIVES: Altered regional cerebral blood flow (r-CBF) is mentioned as one
of possible etiological factors or as a consequence of schizophrenia. Perfusion
scintigraphic brain studies with SPECT (Single Photon Emission Computed Tom-
ography) and PET (Positron Emission Tomography) can detect areas of the brain
with altered perfusion during the disease. Conflicting data exist on follow-up
after treatment. The aim of our study was to evaluate r-CBF in acute first-episode
schizophrenia and early effect of antipsychotic drugs on r-CBE

DESIGN AND SETTING: Clinical criteria for schizophrenia were met according to
International Classification of Diseases — 10th Edition (ICD-10). Psychic status and
severity of the disease in each patient were evaluated with psychiatric interview,
Positive and Negative Syndrome Scale (PANSS) and Clinical Global Impression
(CGI) on the same day as the scintigraphic study. Brain perfusion SPECT was
performed 20 minutes after *™Tc-ECD application. R-CBF was measured in 9
first-episode schizophrenic male patients 2-7 (median 6) days after the beginning
of antipsychotic treatment and 8-15 (median 9) weeks later. Semiquantitative
analysis of r-CBF was performed with cerebellum as the reference region. R-CBF
was evaluated for 12 regions in each study.

RESULTS: Decrease in perfusion in comparison to cerebellum was detected in
left (90 %) and right (93 %) frontal lobes. Increase in perfusion between the first
(t1) and the second (t2) investigation was significant (p<0.05) for both frontal
regions (left 94 %, right 97 %). Significant decrease in PANSS (p<0.05) and CGI
(p<0.001) scores was noted and correlated well with the increase of r-CBE.
CONCLUSIONS: Our findings implicate that patients with first-episode schizophre-
nia have significant left hypoperfusion relative to the right in dorsolateral frontal
lobes. Increased blood flow was observed bilaterally in dorsolateral frontal lobes
after 10 weeks of antipsychotic medication. Significant amelioration of r-CBF
correlated with clinical improvement.
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Abbreviations and units:

99mTc - technetium

CGI - Clinical Global Impression

ECD - ethyl cysteinate dimer

ICD-10 - International Classification of Diseases — 10th Edition
MBq - Mega Becquerel

PANSS - Positive and Negative Syndrome Scale

PET - Positron Emission Tomography

r-CBF - regional cerebral blood flow

ROI - region of interest

SPECT - Single Photon Emission Computed Tomography

Introduction

Schizophrenia is among the most severe and debili-
tating of psychiatric disorders. Diagnosis is currently
by criterion-based systems, including positive (eg, hal-
lucinations and delusions) and negative (eg, avolition
and alogia) symptoms.

Etiology of schizophrenia is still unknown. Perfu-
sion scintigraphic brain studies with SPECT and PET
are providing further insights into the pathophysi-
ological mechanisms. Impairment of frontal r-CBF
[14,35,18,4,19] as well as increased frontal r-CBF were
found [5,7,33]. Studies showed also abnormalities in
temporal lobes [5,23], parietal lobes [7] and in the basal
ganglia [32]. The discrepancies among the studies have
been attributed also to the differences in duration of
illness, medication status, methods of brain imaging
and symptom profile.

Antipsychotic drug treatment is known to influence
both cerebral perfusion and metabolism [35,11], but
studies show inconsistent results.

Aim of this study was to evaluate regional cerebral
blood flow (r-CBF) in acute first-episode schizophrenia
and early effect of antipsychotic drugs on r-CBE

Patients and methods

Patient selection

The study protocol was approved by Slovenian ethi-
cal committee. Informed consent was obtained from
each patient prior to his inclusion into the study.

Clinical criteria for schizophrenia were met accord-
ing to International Classification of Diseases — 10th
Edition (ICD-10) [36]. Patients with schizophreniform
disorders, schizoaffective disorders and bipolar mood
disorders were excluded from the study. Further exclu-
sion criteria were organic brain disorders, age <18 or
>55, a general neurological or medical disease, history
of severe head trauma, drug/alcohol abuse, prior treat-
ment with psychoactive substances and severe agitation.
Only male patients were included because of potential
pregnancy of female patients.

Psychopathological status and severity of disease in
each patient were evaluated with PANSS (Positive and
Negative Syndrome Scale), [15] and CGI scale (Clinical
Global Impression), [22] on the same day as the scinti-
graphic study. PANSS has 30 items on a scale from 1-7
points (normal to extremely abnormal), with subscores
for 7 positive, 7 negative and 16 global psychopatho-

logical symptoms. CGI assesses the severity of disease
on a scale from 1-7 points (absence to maximum).

Nine inpatients met the inclusion criteria. Age of
patients was 20-53 years (median 30). Duration of
disease before the first evaluation was 2-3650 days
(median 60).

The first series of examination was performed as
soon after admission as possible, 2-7 days (median 6)
after the beginning of antipsychotic treatment. Three
patients were treated with olanzapin (Zyprexa), 3 with
risperidon (Risperdal) and 3 with fluphenazin (Mod-
iten). The follow-up series were performed on 7 patients
8-15 (median 9) weeks after the first examination. The
same therapy was continued.

Scintigraphic acquisition and data analysis

Scintigraphic protocol for first and follow-up inves-
tigation was the same.

Patient received 600 MBq of 99mTc ethyl cystein-
ate dimer (ECD) 10 min after vein canulation. At the
time of tracer injection patients were lying comfortably
with their eyes closed in a semi-darkened room with
environmental noise kept to a minimum. Data acquisi-
tion started 20 min after that on double-head gamma
camera (Siemens Multispect II) equipped with low
energy fan-beam collimator. The camera was aligned
parallel to orbitomeatal line. Acquisition parameters
were 180 (2 x 90) frames, 20 sec. per frame, 128 x 128
matrix, 1.23 zoom, 3600 rotation. Reconstruction was
performed using a Butterworth filter of 7th order with
a cut-off frequency of 0.45. Chang [6] attenuation cor-
rection was applied.

Commercial software (Icon II) was used for analysis.
Thickness of brain slices was 7.8 mm, intensity thresh-
old was set at 45%.

The cerebellum was used as the reference area for
relative uptake calculation of the next brain regions:
frontal lobe 1 (F1) = dorsolateral part of the right
and left frontal lobe in the fronto-occipital line in the
same level as the basal ganglia; frontal lobe 2 (F2) =
dorsolateral part of the right and left frontal lobe 16
mm above the F1; temporal lobe 1 (T1) = anterior part
of the right and left temporal lobe; temporal lobe 2 (T2)
= postero-superior part of the right and left temporal
lobe; temporal lobe 3 (T3) = postero-inferior part of
the right and left temporal lobe; temporal lobe 4 (TL) =
lateral part of the right and left temporal lobe.

Statistical analysis

Mean values, standard deviation and t test were
calculated when appropriate. P<0.05 was considered
statistically significant.

Results

PANSS scores

Clinical improvement was noted in all patients after
antipsychotic treatment. The sum score of negative
symptoms evaluated with PANSS reduced significantly
(p<0.05) while the sum scores of positive and general
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Figure 1. PANSS scores at the beginning of antipsychotic treatment (t1) and 10 weeks later (t2) in

patients with first episode schizophrenia

PANSS: Positive and Negative Syndrome Scale; Pos: positive symptoms in PANSS; Neg: negative
symptoms in PANSS; Gen: general symptoms in PANSS. * p<0.05; ** p<0.005.

Table 1. Regional cerebral blood flow (r-CBF) at the beginning of antipsychotic treatment (t1) and
10 weeks later (t2) in patients with first episode schizophrenia

ROI t1 t2 p value
mean £ S.D. mean £ S.D.

RF1 95.6 +4.3 95.1+5.2 0.48
LF1 94.3+4.2 93.1+7.1 0.639
RF2 93.4+4.6 96.9+ 5.8 0.023*
LF2 90.1 + 4.4 94.1 5.2 0.015*
RTL 88.8 +3.1 88.9+3.3 0.366
LTL 90.2+3.2 88.4+5.9 0.645
RT1 88.0+6.4 87.9+8.0 0.756
LT1 87.0+7.0 85.9+5.6 0.483
RT2 81.2+3.8 83.1+2.9 0.164
RT3 88.4+3.9 87.4+3.7 0.642
LT2 81.9+2.9 81.6+5.0 0.075
LT3 90.7 +3.2 88.0+6.1 0.541

ROI: region of interest; R: right; L: left; F1: frontal lobe, horizontal slice through basal ganglia; F2:
frontal lobe 16 mm above the F1; TL: lateral part of temporal lobe; T1: anterior part of temporal lobe;
T2: postero-superior part of temporal lobe; T3: postero-inferior part of temporal lobe. * p<0.05.

psychopathological symptoms reduced very signifi-
cantly (p<0.005) (Figure 1).

r-CBF scores

Decrease in perfusion was detected in left (90 %) and
right (93 %) dorsolateral frontal lobes on the first series
of examination, with left hypoperfusion relative to the
right. Increased blood flow was observed bilaterally in
dorsolateral frontal lobes after 10 weeks of medication.
Increase in perfusion between the first (t1) and the
second (t2) investigation was significant (p<0.05) for
both frontal regions (left 94 %, right 97 %) (Table 1).

Discussion

PANSS scores in schizophrenic patients before and

after antipsychotic treatment

Clinical improvement was noted after antipsychotic
treatment with lower scores on PANSS scale in all

patients. Reduction of positive and global psycho-
pathological symptoms was noted as well as reduction
of negative symptoms. No significant correlations were
observed between psychopathological symptoms in
PANSS sub-scores and regional abnormalities of r-
CBE

R-CBF in drug naive schizophrenic patients

Various r-CBF patterns have been described in
schizophrenic patients and were attributed to differ-
ent factors, one of them the medication status of the
patients [10]. However, even in studies of r-CBF in
drug naive patients, different changes in r-CBF were
described [37]. Sabri et al. [29] detected both frontal
hypo- and hyperperfusion in drug naive schizophrenic
patients with left side lateralization. Temporal, pre-
dominantly left side hypoperfusion was also described
in schizophrenic patients before therapy [28].
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Results of our study in drug-naive schizophrenics
— hypo-perfusion of upper left dorsolateral frontal lobe
relative to the right side — are in concordance with some
studies that also showed hypofrontality in acute, first
episode, drug naive schizophrenic patients [3,1,2,30,11].
However, some studies found increased frontal r-CBF
[5,7,33,34] or found no significant change in r-CBF in
frontal lobes [13,12,9,10,26]. Studies with PET allowed
investigation of cerebral blood flow in more details and
evaluated perfusion separately for positive or negative
symptoms [20,25]; or assess cognitive impairment
of brain and attribute lower cerebral regional flow to
dysfunctional circuits [1]. Schizophrenic patients with
predominantly negative symptoms have greater meta-
bolic abnormalities then patients with predominantly
positive symptoms [25]. The small number of patients
in our study did not allow us to separate the ones with
positive and negative symptoms.

R-CBF in schizophrenic patients after therapy

Reversal of perfusion abnormalities was seen in our
patients after 10 weeks of treatment with antipsychotic
drugs. Hypoperfusion of upper left dorsolateral frontal
lobe relative to the right side was no more statistically
significant. Increase of blood flow was observed bilater-
ally in frontal lobes. Clinical improvement was noted
with lower scores on PANSS scale.

The data regarding the effects of antipsychotic
medication on r-CBF or metabolism are not yet clear.
Various functional imaging studies have examined the
relationship between antipsychotic medication status
and brain metabolism or blood flow in subjects with
schizophrenia [8]. The results of these investigations
have been somewhat variable, with the most consistent
finding being that of increased metabolism in the basal
ganglia during the medicated versus non-medicated
state [21]. Although one study [16] found lower
prefrontal and higher thalamic and cerebellar r-CBF
in both drug-naive and chronically ill patients with
schizophrenia, suggesting that these effects were not
related to chronicity of illness and were not a conse-
quence of treatment with medication.

Methodological considerations

No morphologic imaging to detect possible anatomic
abnormalities in brain was used in our study. In studies
where comparative radiological methods, CT and MRI
[29,24,31] were used and comparison to normal data
base was used, morphological abnormalities in patients
were predominantly seen in left temporal regions with
concomitant lower perfusion; in frontal lobes, perfusion
was either lower or higher also without concomitant
anatomical changes.

In our study, patients were not compared to control
population: r-CBF was compared in two consecutive
occasions in each patient. We presume that the ana-
tomical situation between both examinations did not
change. Furthermore, the known underestimation of
high flow and overestimation of low flow with both Tc-
99m labelled HMPAO and ECD could lead to further

underestimation of less pronounced flow abnormalities
in drug-naive patients [17]. This does not apply for PET;
but PET is not available in our country yet, so we had to
use SPECT for cerebral blood flow evaluation.

Data Acquisition, Processing and Analysis

Possible patient’s anxiety and irritation as the reason
for nonhomogenous brain perfusion was minimal-
ized using quiet room, where patients were relaxed as
possible for 10-15 minutes before tracer application,
after insertion of intravenous infusion system. They
were later accompanied to the acquisition room, and
allowed enough time to get familiar with the surround-
ing; no sedation for acquisition was used. Only once the
acquisition had to be repeated because of the patient’s
movement during acquisition. All other acquisitions
were possible after careful explanation of procedure,
without patient sedation.

Standard processing was used and Chang attenua-
tion correction was used to optimize technical quality of
the studies. The semiquantitative method of blood flow
evaluation with SPECT is widely used; cerebellum or
average count density of a single slice are the two most
common methods. In our study, ROI to cerebellum
ratio was used for relative blood flow quantification.
Automatic or manual ROI delineation is possible. In the
study of Sabri et al.[29], 98 ROI-s were drawn manually
and good interobserver repeatability was demonstrated.
Such data analysis allows detecting subtle changes in
small brain areas. It was used also in some other studies.
The method used for ROI delineation in our analysis is
more robust, but due to the automatic processing no
interobserver variability can be induced. The drawback
is that the subtle changes can be missed due to the aver-
age count density calculation, as the ROI-s include also
subcortical structures.

In conclusion, the major findings of our study are
as follows. (1) The upper left dorsolateral frontal lobe
was the major site of hypoperfusion in first-episode
schizophrenic patients. (2) Increase of blood flow was
observed bilaterally in frontal lobes after 10 weeks of
drug medication. (3) The severity of psychopathology
significantly correlated with cerebral perfusion.
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