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SPECT/PET studies in schizophrenia revealed inconsistent changes
of regional cerebral blood flow (rCBF). Frontal hyperperfusion as
well as hypoperfusion are described. This study was undertaken to
investigate the relations between rCBF, psychopathology according
to PANSS and effects of neuroleptic therapy. Methods: Twenty-four
drug-naive acute patients with a first manifestation of schizophrenia
were examined with **™Tc-HMPAO brain SPECT and assessed
according to PANSS. Of these, 22 were controlled again after
neuroleptic treatment. Following attenuation correction, region-to-
cerebellar count ratios were obtained from 98 irregular regions of
interest drawn in all slices (6.25 mm). The ratios were compared to
20 control subjects, and changes lying outside of 2 s.d. were
considered abnormal. Results: In different drug-naive patients,
hyperperfusion as well as hypoperfused patterns were found. In
drug-naive patients, the seven subscores of positive symptoms (pos
1-7) in PANSS showed different correlations to rCBF: Formal
thought disorders (pos 2) and grandiosity (pos 5) were positively
correlated to bifrontal and bitemporal rCBF (r = +0.59 to +0.70).
Delusional ideas (pos 1), hallucinatory behavior (pos 3) and suspi-
ciousness (pos 6) demonstrated a negative correlation to bifrontal,
cingulate, left temporal and left thalamic rCBF (r = —0.59 to —0.66).
Stereotyped ideas (neg 7) as a negative symptom showed a nega-
tive correlation to left frontal, left temporal and left parietal rCBF (r =
—0.59 to —0.65). No correlations were found between residual
positive symptoms and rCBF after neuroleptic treatment and clinical
improvement, but all negative symptoms (neg 1-7) had a negative
correlation to bifrontal, bitemporal, cingulate, basal ganglia and
thalamic rCBF (r = —0.59 to —0.74). Conclusion: Our results
illustrate that different positive symptoms are accompanied by
different rCBF values: some induce hyperperfusion, others hypo-
perfusion. After therapy (and reduction of positive symptoms), only
negative symptoms correlate exclusively to hypoperfusion. This
may be the crucial factor in explaining inconsistencies of past results
in perfusion pattern in drug-naive schizophrenic patients.
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Recent SPECT/PET studies in schizophrenic patients have
shown inconsistent findings of regional cerebral blood flow
(rCBF) and glucose consumption (rMRGlu): Impairment of
frontal rCBF or rMRGlu, so-called hypofrontality, was de-
scribed predominantly in medicated patients with chronic dis-
ease (/-7). Hyperfrontality was found mainly in unmedicated
patients with acute disease (8—12). Some groups exhibited
increased metabolism in the basal ganglia (/,7), while others
showed reduced metabolism in the basal ganglia (13). More-
over, temporal rCBF abnormalities have also been reported in
schizophrenia (8,/4—16). One crucial drawback to assessing
relations between schizophrenic symptoms and altered rCBF
may be the lack of large groups of patients examined. Studies
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on rCBF in acute and never-treated (“neuroleptic-naive”)
schizophrenic patients are particularly rare in medical literature.

The aim of this study was to evaluate the relationship
between altered rCBF values as well as negative and positive
symptoms in acute and neuroleptic-naive, schizophrenic pa-
tients and to determine the influence of neuroleptic treatment to
brain perfusion and negative or positive symptoms, respec-
tively. Since not only frontal or temporal rCBF abnormalities
were found, several regions of interest (ROIs) were quantified,
including frontal, parietal, temporal, occipital, cingulate, basal
ganglia and thalamic areas.

METHODS

Patients

This study was performed using a protocol approved by the local
ethics committee. Schizophrenic patients meeting the criteria for
the Diagnostic and Statistical Manual of Mental Disorders (third
revised edition, DSM-III-R) diagnosis of schizophrenia (/7) were
included if they were neuroleptic-naive and actively psychotic at
presentation. Patients with schizophreniform disorders, schizoaf-
fective disorders and bipolar mood disorders were excluded from
the study. Twenty-four patients [16 men, 8 women; mean age 32.3
yr (s.d. 9.7)] were recruited, all of them with a first episode of
schizophrenic psychosis (11 paranoid, 10 paranoid hallucinatory, 3
undifferentiated). Paranoid and undifferentiated subtypes were
defined according to DSM-III-R 295.3 and 2959 (17). The
paranoid-hallucinatory subtype was used to identify patients suf-
fering from delusions and hallucinations of varying contents not
included in the paranoid subtype of DSM-III-R. Average age at
illness onset was 29.6 yr (s.d. 7.2), resulting in a mean duration of
2.7 yr (s.d. 6.3) of illness before the first SPECT/PANSS (Postive
and Negative Syndrome Scale of Schizophrenia) examinations
were performed. Because they came from the rural area around
Aachen, some patients had been ill for a long time but still had
adapted to family life in the countryside. These circumstances
might account for a somewhat higher average age at onset of illness
than that given by DSM-III-R.

The initial examinations (SPECT, CT, psychopathology) were
performed on neuroleptic-naive patients in an acute, psychotic
state. Clinical assessment was done using the PANSS on the day of
the SPECT study or one day earlier (Table 1). The PANSS for
typological and dimensional assessment of schizophrenic phenom-
ena has been well validated (/8) and represents a continued
development of two common tests, the Brief Psychiatric Rating
Scale (BPRS) and the Psychopathology Rating Schedule (19). The
PANSS was evaluated by a formalized, semistructured interview.
There are 33 items on a scale from 1 (normal) to 7 points
(extremely abnormal). The PANSS comprises subscores for 7
positive, 7 negative, 16 global psychopathological and 3 aggression
risk symptoms. Evaluated subscores were expressed as percentages
of the maximum points possible, subscore magnitude indicating
severity of illness.

The second examinations (SPECT and PANSS) were performed
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TABLE 1
Characteristics of Neuroleptic-Naive Schizophrenic Patients before

and after Treatment

Value in Value after

Characteristic acute state* Significance treatment*
Age (y1) 323+97 ns 32398
Years of illness 27*+63 ns 29 +6.1
Pos sum 425+ 134 § 10.0 £ 95
Pos 1 52+16 § 20*16
Pos 2 3.8+16 § 1.7+08
Pos 3 35+19 § 12+05
Pos 4 29+13 § 13+x06
Pos 5 23+16 t 1510
Pos 6 47 +19 § 21*15
Pos 7 25+14 b o 1407

Neg sum 16.0 £ 10.2 ns 16.5 + 125
Neg 1 18+1.2 ns 22*+14
Neg 2 21+13 ns 24+12
Neg 3 23+13 ns 2112
Neg 4 20+12 ns 19+1.1
Neg 5 21+1.2 ns 2011
Neg 6 1611 ns 16+10
Neg 7 18+14 ns 1611

*All values are means = s.d.: 'p < 0.05; *p < 0.01; Sp < 0.0005.

Wilcoxon test (s.d. is not needed for this test, but included to show
comparable deviations of individual values): Pos sum = sum score of all
positive symptoms in PANSS in percentage of maximal possible points; Neg
sum = sum score of all negative symptoms in percentage of maximal
possible points; Pos 1-7 = scores of each single positive symptom; Neg
1-7 = scores of each single negative symptom.

after neuroleptic treatment and clinical improvement. Choice of
neuroleptics and dosage depended exclusively on the individual
target syndrome, with the aim of achieving a psychopathological
remission. The neuroleptics given were haloperidol, bromperidol,
sulpiride, clozapine, thioridazine or levomepromazine, dosed indi-
vidually according to each patient. Neuroleptic dosages were
expressed as chlorpromazine units per day (CU/day). Before the
second examination, patients received 848.7 CU/day over an
average of 96.8 days (range: 17-405 days).

Control Patients
For ethical reasons, control patients were comprised of 12
women and 8 men patients (n = 20) with unspecific headache or

recent small meningioma (<1 ml) without neurological and psy-
chiatric abnormalities and without morphological alterations of the
brain, especially without medium or severe atrophy in CT. The
mean age (54.2 * 14.1 yr) was significantly higher than the
average age of schizophrenic patients (32 = 9.7 yr, p < 0.01,
U-test). Regression analysis, however, showed no linear correlation
between the rCBF equivalent (rCBF normalized to cerebellum:
cerebral-to-cerebellar ratio) and age in any of the cortical ROIs
investigated, p > 0.05. By dividing control subjects into two
subgroups—(a) age-matched to schizophrenic patients (n = 6,
36.0 = 10 yr) and (b) older control patients (n = 14, 61.5 = 9.8 yr)
and performing U-tests to both groups—revealed no significant
differences in rCBF ratios (p > 0.05). Therefore, all control
patients were pooled for comparable group sizes (Table 2).

Imaging Protocol

Control subjects and patients were examined as follows: Sub-
jects underwent cannulation of an arm vein and were allowed to
rest for at least 10 min before injection of 740 MBq **™Tc-
HMPAO. During the injection, subjects were lying comfortably
with their eyes closed, ears unplugged and environmental noises
kept to a minimum for 5 min after start of the injection. They were
scanned 15 min after injection using a special headholder (for
canthomeatal positioning) (20) and a double-head ROTA gamma
camera to collect 60 30-sec frames in 3° angular steps during a
180° rotation for each head in a 128 X 128 matrix with a zoom of
1.0, resulting in a pixel size of 6.25 mm. Restless patients received
up to 15 mg diazepam intravenously 10 min after the radiotracer
injection to avoid interactions between diazepam and rCBF, as well
as motion artifacts during the long scanning period (40 min).
During radiotracer injection (without applicating diazepam) up to 5
min, we ensured no patient movement by providing a comfortable
and known environment (patients had enough time to get accus-
tomed to the room before the examinations started). All neurolep-
tic-naive patients could be examined without exhibiting motor
activity during radiotracer injection, and (if required after injection
of diazepam) without motion artifacts during the scanning period.
After unproblematic injection of the radiotracer in one patient,
however, scanning was performed 2 hr postinjection without
diazepam administration and no motion artifacts, since 15 min
postinjection the patient did not feel capable of tolerating the
scanning procedure and refused to receive diazepam.

TABLE 2
Mean rCBF (Normalization-to-Cerebellum) in Schizophrenic Subjects before and after Treatment and in Control Subjects*
Before treatment After treatment Controls (n = 20)

ROI Left Right Left Right Left Right
Superior frontal 0.79 = 0.06 0.79 * 0.06 0.79 + 0.06 0.79 = 0.06 0.79 + 0.05 0.79 + 0.06
Posterior frontal 0.79 * 0.06 0.79 * 0.06 0.79 + 0.05 0.79 = 0.07 0.78 + 0.04 0.78 = 0.05
Inferior frontal 0.74 = 0.06 0.75 + 0.05 0.74 = 0.05 0.75 = 0.05 0.75 + 0.03 0.75 = 0.03
Anterior cingulate 0.80 = 0.05 0.80 + 0.05 0.81 = 0.06 0.81 + 0.06 0.79 = 0.04 0.79 + 0.04
Parietal 0.83 + 0.06 0.80 = 0.06 0.84 + 0.06 0.82 = 0.04 0.81 = 0.04 0.79 = 0.05
Superior temporal 0.77 = 0.04 0.78 + 0.05 0.79 = 0.05 0.78 + 0.04 0.79 + 0.03 0.78 + 0.04
Inferior temporal 0.76 = 0.05 0.76 = 0.05 0.77 = 0.05 0.77 = 0.04 0.76 = 0.03 0.77 = 0.03
Mesial temporal 0.78 = 0.05 0.77 = 0.05 0.79 + 0.06 0.77 = 0.05 0.80 = 0.05 0.78 = 0.04
Occipital 0.83 = 0.04 0.82 = 0.05 0.85 + 0.06 0.84 = 0.05 0.84 = 0.03 0.84 = 0.03
Basal ganglia 0.87 = 0.07 0.89 + 0.08 0.91 +0.07 0.91 = 0.07 0.87 + 0.04 0.88 = 0.04
Thalamus 0.90 + 0.04 0.91 +0.05 0.92 + 0.05 0.94 + 0.06 0.90 + 0.07 0.91 £ 0.05

*All values are mean * s.d.

ROl = 98 regions of interest defined in 13 canthomeatal slices and summed up to 11 ROIs on each hemisphere; after treatment = ROI values after
application of neuroleptics (848.7 CU/day for 96.8 days) and clinical improvement.
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TABLE 3
Correlation between rCBF (Normalized-to-Cerebellum) and Single Positive (Pos 1-7)* and Negative (Neg 1-7)* Symptoms in
Neuroleptic-Naive Patients (n = 24) during the Acute Phase

ROI Pos 1 Pos 2 Pos 3 Pos 5 Pos 6 Neg 7
Frontal left +0.69% +0.63" -0.60" -0.60"
Frontal right +0.68* +0.591
Superior frontal left +0.59" +0.62"
Superior frontal right +0.63"
Posterior frontal left
Posterior frontal right
Inferior frontal left +0.70* -0.61" -0.61
Inferior frontal right +0.67* -0.617
Anterior cingulate —-0.60" +0.59" -0.59*
Parietal left -0.59"
Parietal right
Temporal left +0.627 +0.591 -0.59"
Temporal right +0.66* +0.65%
Superior temporal left +0.69* +0.621 -0.61* —-0.65*
Superior temporal right +0.69%
Inferior temporal left
Inferior temporal right +0.59" +0.70%
Mesial temporal left +0.59"
Mesial temporal right
Occipital left
Occipital right
Basal ganglia left
Basal ganglia right
Thalamus left -0.66*
Thalamus right

*Spearman correlation coefficients with r.
p < 0.001; *p < 0.0005, two-tailed significance level.

Only correlation coefficients |x| > 0.58 are shown. Pos sum (subscore of all positive symptoms), neg sum, pos 4, pos 5 and neg 1-6 did not show

correlation coefficients >0.58.

SPECT Data Analysis

Reconstruction was performed by filtered backprojection using a
Butterworth filter (cutoff frequency 0.48, filter order 3.0). Atten-
uation correction was performed according to Chang (2/). The
spatial resolution was 15 mm (FWHM) in the transaxial plane.

Semiquantitaive rCBF analysis was derived from normalization
to the neocerebellum (rCBF ratio). Therefore, two identical ROIs
(each 99 pixels in size) were placed in each cerebellar hemisphere
(excluding the vermis). There were no significant differences
between the left and right cerebellum in the control and in the
patient group (t-test, p > 0.05), so that the mean value of the
counting rates of both ROIs was used as reference value. Since
there were no statistical differences in the mean cerebellum values
of our control group and those of the schizophrenic patients group
(t-test: control subjects 15125 * 4670 counts, patients 15139 *+
3104 counts, p > 0.05), and since the neocerebellum is not
involved in schizophrenia, this reference region seems to be more
appropriate than a normalization to the whole slice (which contains
also the areas with changed perfusion) even in the knowledge of
activation studies which showed an involvement of the palaeocer-
ebellum (/6). There were no significant differences in cerebellum
counts of drug-naive patients before and after neuroleptic treatment
and clinical improvement (p > 0.05).

By using the anatomical atlasses of Talairach and Touroux and
Kretschmann and Weinrich (22,23) and dividing the brain (cere-
brum) into 13 canthomeatal slices (the most basal and the most
dorsal slices were not included to minimize partial volume effects,
the lowest one included counted as number 1) of 6.25 mm
thickness, 98 irregular ROIs were visually defined. Corresponding
ROIs of all slices were summed together and defined as follows:
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superior frontal (slices 9—-13), inferior frontal (slices 3-8, posterior
frontal (“precentral,” 10-12), frontal (mean superior, posterior and
inferior frontal), parietal (slices 10—13), superior temporal (slices
5-8), inferior temporal (slices 1-4), mesial temporal (slices 1-3),
temporal (mean superior, inferior and mesial temporal), occipital
(slices 3-10), anterior cingulate (slices 5-10), basal ganglia (slices
4-7) and thalami (slices 4-7), each on the left and right hemi-
sphere (Table 2). It is important to emphasize that all ROIs were
larger than 2.5 X FWHM (15 mm) of our gamma camera to allow
a secure quantification (24).

The intraobserver variability determined for every single ROI
(n = 98) in the control group (n = 20) was lower than 3%, which
is lower than 1 s.d. (<0.02) of the ROI values. The interobserver
variability for n = 20, determined by two blinded evaluators (even
with different shapes of irregular ROIs), was lower than 4%, which
is also lower than 1 s.d. (<0.04).

All ROI-values were normally distributed (Shapiro-Wilks-test,
Lilliefors-test, p > 0.05) so that differences of more than 2 s.d.
between the patients and the control subjects were considered
abnormal.

CT

Every schizophrenic patient underwent CT to exclude medium-
to-severe atrophy, which was recently shown to significantly
reduce rCBF and.rMRGlu values compared to patients without or
only slight atrophy (25).

Statistical Analysis

For comparison of rCBF ratios between schizophrenic patients
and control subjects, t-tests for independent samples were done.
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TABLE 4
Correlation between rCBF (Normalized-to-Cerebellum), Single Negative Symptoms (Neg 1-7)* and Neg Sum* in Neuroleptic-Naive
Patients after Neuroleptic Treatment and Clinical Improvement

Neg

ROI Neg 1 Neg 2 Neg 5 Neg 6 Neg 7 sum
Frontal left —-0.59" —-0.59" -0.70%
Frontal right —-0.59" -0.65"
Superior frontal left —-0.59" -0.72*
Superior frontal right -0.68* -0.677
Posterior frontal left
Posterior frontal right
Inferior frontal left -0.61" -0.63t -0.71%
Inferior frontal right -0.617 -0.627
Anterior cingulate -0.63" -0.72*
Parietal left
Parietal right
Temporal left -0.59" -0.65" -0.70%
Temporal right —-0.59"
Superior temporal left —-0.59"
Superior temporal right
Inferior temporal left -0.65" -0.64"
Inferior temporal right ~0.59" —0.59" —0.59"
Mesial temporal left —-0.63" -0.67" —-0.68* —-0.80%
Mesial temporal right -0.66' -0.72¢
Occipital left
Occipital right
Basal ganglia left —-0.60" —-0.59" -0.75%
Basal ganglia right -0.63" -0.59"
Thalamus left -0.63" -0.69*
Thalamus right -0.74*

*Spearman correlation coefficients with r.
Tp < 0.001; *p < 0.0005, two-tailed significance level.

Only correlation coefficients |x| > 0.58 are shown. Neg sum = sum score of all negative symptoms; neg 3 and neg 4 did not show correlation coefficients

>0.58.

Differences between first and second examination of patients
(rCBF) were tested with t-tests for paired samples. Differences
between first and second examination in PANSS were tested with
the Wilcoxon test. For correlation of rCBF ratios in different ROIs
compared with each single positive (pos 1 through 7) and negative
(neg 1 through 7) symptom, Spearman and Pearson correlation
coefficients were used. Pearson’s test is to be used on the condition
that all variables are normally distributed. This test is easily
confounded by outliers (26). Spearman’s test is very exact even in
small samples and not normally distributed values, and not very
susceptible to outliers (26). In general, our data showed somewhat
lower Spearman correlation coefficients than Pearson correlation
coefficients. Therefore, Spearman correlation coefficients were
taken to assure a maximum of safety and cautious conclusions.
Since multiple correlations were performed, the statistical power of
the coefficient obtained was determined (27) to exclude accidental
significance which might increase through multiple testing. For 24
schizophrenic patients and a significance level of p < 0.05, the
statistical power is greater than 91% if the correlation coefficient is
r > 0.58. This statistical power is highly reliable for excluding
capitalization on chance due to multiple correlation testing (27).
Alternatively, if p values are adjusted according to Holm’s sequen-
tially rejecting multiple testing procedure for more frequent obser-
vations, a p value =< 0.001 can be discussed as significant at the
0.05 level (28). Therefore, only correlation coefficients with r >
0.58 (or p =< 0.001) were interpreted in the discussion. Either
method yields the same result, i.e., these correlation coefficients
are significant at the 0.05 level without capitalization on chance
due to multiple testing.
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RESULTS

Regional Cerebral Blood Flow Ratios

Nine neuroleptic-naive patients revealed hyperperfusion in
frontal, anterior cingulate, parietal and/or temporal cortex ROIs.
After neuroleptic treatment and clinical improvement, six nor-
malized completely and three partially. In contrast, three drug-
naive patients showed hypoperfusion in frontal, anterior cingu-
late, parietal and/or temporal cortex ROIs, of which two
normalized completely after treatment and one partially. Com-
paring the ROI values of all neuroleptic-naive schizophrenic
patients to control subjects, no statistical differences were
found, neither to control subjects nor between the pre- and
post-treatment examinations (Table 2). However, a subgroup of
schizophrenic patients, the paranoid schizophrenic patients
(n = 11), showed significantly increased rCBF ratios parietal
left and in the basal ganglia compared to control subjects
(parietal left: 0.86 *= 0.04 versus 0.81 = 0.04, p < 0.0S; basal
ganglia left: 0.91 * 0.04 versus 0.87 *= 0.04, p < 0.025; basal
ganglia right: 0.92 * 0.04 versus 0.88 = 0.04, p < 0.025).
Frontal inferior left rCBF ratio was also increased but did not
reach the significance level (0.78 = 0.03 versus 0.75 = 0.03,
0.055 > p > 0.05). Comparing the paranoid schizophrenic
patients to the paranoid-hallucinatory schizophrenic patients
(n = 10), paranoids showed significantly increased inferior
bifrontal rCBF ratios and the same tendency for the superior
temporal right rCBF ratio (inferior frontal left: 0.78 * 0.03
versus 0.70 * 0.05, p < 0.025; inferior frontal right: 0.77 =
0.03 versus 0.71 = 0.05, p < 0.025; superior temporal right:
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FIGURE 1. A 24-yr-old female schizophrenic patient presenting with high
subscores for delusional ideas (pos 1), suspiciousness (pos 6), difficulties in
abstract thinking (neg 5) and stereotyped ideas (neg 7). (A) SPECT in acute,
neuroleptic-naive state with general hypoperfusion except of the thalami. (B)
Hypoperfusion nommalized after neuroleptic treatment and clinical improve-
ment.

0.79 = 0.04 versus 0.76 * 0.05, 0.082 > p > 0.05). After
neuroleptic treatment and clinical improvement, paranoid
schizophrenic patients showed a significant rCBF decrease
inferior frontal left (from 0.78 = 0.03 to 0.73 * 0.04, p <
0.025). Then, no further differences in rCBF ratios between
paranoid and paranoid-hallucinatory patients were found.

PANSS Score

After neuroleptic treatment and clinical improvement, the
sum score of positive symptoms was reduced significantly (p <
0.0005), while there were no significant changes in negative
symptoms (Table 1). During the active phase, paranoid schizo-
phrenic patients revealed values for each single positive and
negative symptom similar to paranoid hallucinatory patients,
except for hallucinatory behavior (pos 3; paranoids 2.5 points
versus paranoid hallucinatories 4.5 points, p < 0.05, U-test),
and the same tendency for sterotyped ideas (neg 7; 1.4 points
versus 2.5 points, 0.1 > p > 0.05). After treatment, no
differences between these two subgroups were found.

Correlation of rCBF in Thirteen ROIs to Cumlulative
Positive and Negative Scores

In neuroleptic-naive schizophrenic patients, sum score of all
positive symptoms (pos sum) in PANSS showed only weak
positive correlations to frontal, cingulate and left temporal
rCBF ratios (r = +0.3), whereas the sum score of all negative
symptoms (neg sum) showed weak negative correlations to
frontal, cingulate and temporal rCBF ratios (r = —0.3). Fol-
lowing neuroleptic treatment and clinical improvement, no
correlations between residual positive sum scores and rCBF
ratios were found. In contrast, remaining negative sum scores
showed a strong negative correlation to frontal, cingulate,
temporal, basal ganglia and thalamic rCBF ratios (r = —0.59 to
—0.80, p < 0.001 to p < 0.0005; Tables 3 and 4).
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FIGURE 2. Semiquantitative evaluation of rCBF shows reduced rCBF-ratios
except for thalami (A). After treatment, increase to normal rCBF-values (B).

Correlation of rCBF in Thirteen ROIs to Each Single
Positive and Negative Symptom

Neuroleptic-Naive Patients. In neuroleptic-naive schizophrenic
patients, delusional ideas (pos 1), hallucinatory behavior (pos 3)
and suspiciousness (pos 6) correlated significantly and strongly
negatively to bifrontal, cingulate, left temporal and left thalamic
rCBF ratios: r = —0.59 to —0.66, p < 0.001 to p < 0.0005
(Table 3, Figs. 1 and 2). Formal thought disorders (pos 2) and
grandiosity (pos 5) showed significant and strong positive
correlations to bifrontal and bitemporal rCBF ratios: r = +0.59
to +0.70, p < 0.001 to p < 0.0005 (Table 3 and Figs. 3 and 4).
Excitement (pos 4), hostility (pos 7) and negative symptoms
1-6 (neg 1-6) showed no correlations to rCBF ratios with r >
0.58. Only negative symptom 7 (neg 7, stereotyped ideas),
correlated significantly and strongly negatively to left frontal,
cingulate, left parietal and left temporal rCBF ratios: r = —0.59
to —0.65, p < 0.001 to p < 0.0005 (Table 3). The linear
regressions of pos 2 and pos 6 versus bifrontal rCBF ratio
(mean ratio for superior, inferior and posterior frontal ROIs left
and right) are shown in Figure 5.

Treated Patients. Following neuroleptic treatment and clini-
cal improvement, no significant correlations between residual
positive symptoms and rCBF ratios were found. Negative
symptom 1 (neg 1), which is affective flattening, and emotional
withdrawal (neg 2), correlated significantly and strongly nega-
tively to frontal, temporal, basal ganglia and thalamic rCBF
ratios on the left side: r = —0.59 to —0.67, p < 0.001.
Difficulties in abstract thinking (neg 5) correlated negatively to
frontal, cingulate, basal ganglia and thalamic rCBF ratios on the
right side: r = —0.63 to —0.74, p < 0.001 to p < 0.0005.
Reduced spontaneity (neg 6) and stereotyped ideas (neg 7)
correlated negatively to bitemporal rCBF ratios: r = —0.59 to
—=0.71, p < 0.001 to p < 0.0005 (Table 4). The linear
regression of neg 2 versus left frontal rCBF ratio (mean ratio for
superior, inferior and posterior frontal ROIs left) is shown in
Figure 6.
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FIGURE 3. A 17-yr-old male schizophrenic patient presenting with high
subscores for positive symptoms such as formal thought disorders (pos 2)
and grandiosity (pos 5) and low for all negative symptoms. Technetium-99m-
HMPAO SPECT in acute, neuroleptic-naive state with bifrontal hyperperfu-
sion (A). Bifrontal hyperperfusion normalized after neuroleptic treatment and
clinical improvement (B).

DISCUSSION

Neuroleptic-Naive Schizophrenic Patients during the
Acute Phase

A comparison of rCBF from all neuroleptic-naive patients to
control subjects revealed no significant differences. Dividing
the neuroleptic-naive patients into different subgroups, how-
ever, revealed rCBF changes: paranoid schizophrenic patients
had significantly increased rCBF ratios in left parietal and basal
ganglia areas, and a tendency towards increased inferior frontal

99nTc-HMPAO-SPECT Normalization to cerebellum

LY .
9’1

right/cer left/cer

Normalization to cerebellum

right/cer left/cer

FIGURE 4. Semiquantitative evaluation of rCBF shows increased bifrontal
rCBF ratios (0.88, 0.89, 0.90, 0.86) in the acute, neuroleptic-naive state (A).
After neuroleptic treatment and clinical improvement, reduction to normal
bifrontal rCBF ratios (0.77, 0.77, 0.75, 0.76) (B).
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left rCBF ratio. Compared to paranoid-hallucinatory patients
they showed significantly increased inferior bifrontal rCBF
ratios. According to PANSS, paranoid-hallucinatory schizo-
phrenic patients had significantly higher scores for hallucina-
tory behavior (pos 3) than paranoid patients and the same
tendency for stereotyped ideas (neg 7). Since pos 3 and neg 7
correlate negatively to rCBF (Table 3), this could account for
the decreased rCBF values of paranoid-hallucinatory patients
compared to paranoid schizophrenic patients. Perhaps the per-
fusion changes of paranoids are not only due to positive/
negative symptoms. Paulman et al. (/5) have reported multiple
regional deficits in bilateral hemispheric increased rCBF in
chronic paranoid schizophrenic patients.

The most frequent PET/SPECT pattern reported in schizo-
phrenia is hypofrontality. According to several authors, hypo-
frontality may be associated by the chronicity of illness, with a
predominance of negative symptoms and the aging process
(29-31). Some authors have pointed out that any observed
rCBF pattern in schizophrenic patients may depend on the
medication status of the patients examined (32), but even in
unmedicated schizophrenic patients different rCBF patterns
have been described. Some groups found hyperfrontality in
unmedicated patients with acute disease (8—10,13,32). Catafau
et al. (8) found 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 pa-
tients (33). Most frequently, it has been supposed that the small
number of patients examined and the variety of techniques
employed are the reasons for these findings.

Therefore, in the present investigation, a comparatively large
number of neuroleptic-naive, actively psychotic schizophrenic
patients (n = 24) was scrutinized. The results clearly demon-
strate that both hyperfrontality as well as hypofrontality can be
measured in neuroleptic-naive schizophrenic patients. This does
not depend on different techniques but only on the magnitude
and proportion of the seven positive symptoms (Figs. 1A—4A,
5; Table 3).

According to the DSM-III-R criteria, only one of the seven
positive symptoms with more than four points in PANSS is
needed to diagnose the acuteness of schizophrenia (/7). Thus,
without differentiating acute schizophrenic patients according
to the seven positive symptoms in PANSS, one may assign
them to one group, as most recent authors did, not taking into
account the following: formal thought disorders (pos 2) and
grandiosity (pos 5) correlate positively to frontal rCBF ratios
(thus leading to hyperfrontality, Table 3), but delusional ideas
(pos 1) and suspiciousness (pos 6) correlate negatively to
frontal-to-cingulate rCBF ratios (thus contributing to hypofron-
tality, Table 3). This is why: (a) comparing all neuroleptic-naive
patients in one group did not reveal significant rCBF changes
and (b) for the weak correlation of the sum score of all positive
symtoms to rCBF since the different positive symptoms show
opposite rCBF changes, thereby cancelling out deviations. In
acute schizophrenic patients, only stereotyped ideas (neg 7) as
a single negative symptom correlate negatively to left frontal
rCBF ratio (thus contributing to hypofrontality, Table 3).

Some studies reported so-called schizophrenic hypotempo-
rality (7,15,34). Since morphological abnormalities in the tem-
poral lobe, mainly on the left side, of schizophrenic patients are
well-known, a link between such abnormalities and left tempo-
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FIGURE 5. Regression analysis of pos 2
and pos 6, quantified on a point scale
according to PANSS (increasing scores
reflecting severity of symptoms) com-
o ° pared with frontal rCBF in neuroleptic
naive, acute schizophrenic patients (n =
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r= +0.69,p < 0.0001 t = -0.60, p < 0.002

suspiciousness (Pos 6)

24). Pos 2 shows a strong positive corre-
lation to frontal rCBF (A). In contrast, pos
6 reveals a strong negative correlation to
frontal rCBF (B).

ral hypoperfusion is assumed (8,36). Recently, our group
demonstrated that, with a SPECT/PETmethod resolution in the
range of 7 to 15 mm FWHM, only medium-to-severe atrophy
significantly reduces the rCBF values measured, in comparison
to patients without or with only slight atrophy (25). Therefore,
in the present study, all patients underwent recent CT to exclude
medium or severe atrophy. Nevertheless, we found hypo- as
well as hyperperfusion of the temporal lobes in neuroleptic-
naive patients, mainly on the left side, depending on the
magnitude and proportion of each positive symptom. As for
frontal perfusion, some of the positive symptoms correlate
positively and some negatively to temporal rCBF. We feel that
these rCBF changes are not due to morphological alterations but
represent correlates to psychopathological alterations.

Neuroleptic-naive Patients after Neuroleptic Treatment
and Clinical Improvement

Most authors describe hypofrontality in medicated schizo-
phrenic patients (/-7). In the present study, subsequent to
neuroleptic medication and clinical improvement (and reduc-
tion of positive symptoms), the sum score of all negative
symptoms showed a strong negative correlation to frontal,
cingulate, temporal, basal ganglia and thalamic rCBF ratios,
which agrees with literature findings reporting decreased re-
gional and/or global cerebral perfusion (/-7). It is of interest,
however, that affective flattening (neg 1) and emotional with-
drawal (neg 2) reveal an exclusively negative correlation to left
hemispheric rCBF ratios (including the basal ganglia and
thalami), while difficulties in abstract thinking (neg 5) corre-
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emotional withdrawal (Neg 2)
r = -0.63, p < 0.003

FIGURE 6. Regression analysis of neg 2 quantified on a point scale
according to PANSS (increasing scores reflecting severity of symptoms)
compared with left frontal r CBF in neuroleptic-naive patients after neurolep-
tical treatment and clinical improvement. Neg 2 shows a strong negative
correlation to left frontal rCBF.
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lates negatively to right hemispheric rCBF ratios (including
basal ganglia and thalami), reduced spontaneity (neg 6) and
stereotyped ideas (neg 7) show a negative correlation to
bitemporal rCBF ratios. Liddle et al. (35) reported increased
blood flow in the basal ganglia and decreased prefrontal and left
parietal blood flow in medicated patients as a correlation to
psychomotor poverty (including poverty of speech, affective
flattening, and decreased spontaneous movement). Our results
do not agree with these findings for the basal ganglia, since we
found a negative correlation. We performed correlations for
each single negative symptom (not for a mixture of negative
and general psychopathological symptoms) according to
PANSS and found strong correlations even for single symp-
toms. There is no report of a lateralization effect to the right
hemisphere for difficulties in abstract thinking (neg S) in the
literature.

No further differences in rCBF were found between paranoid
and paranoid-hallucinatory schizophrenic patients after treat-
ment and clinical improvement in this study. Therefore, the
difference between paranoid and paranoid-hallucinatory pa-
tients seems to be related to the active state of psychosis. Since
the patient subgroups were rather small (11 versus 10), more
studies are needed for each group.

The possibility that SPECT scan-related anxiety could ex-
plain the changed perfusion pattern in schizophrenic patients
must be considered. Since all patients had enough time to get
accustomed to the environment before the injection procedure
started and since injections were performed in a separate room
(not lying under the gamma camera, which may lead to more
anxiety) we tried to minimize this risk. The lack of patient
motion during tracer injection and scanning (with the help of
diazepam if required) minimized artifactually changed perfu-
sion ratios: no differences of posterior frontal (“precentral™)
rCBF ratios between schizophrenic patients (even in the sub-
groups) and control subjects were found in the present study
(Table 2).

CONCLUSION

Perfusion changes in several cerebral regions in neuroleptic-
naive schizophrenic patients showed highly significant positive
or negative correlations to single psychopathological symp-
toms, which underlines the necessity to divide patients by
symptoms into different subgroups before comparing different
factors and results from other studies. Before treatment, there is
a lateralization effect of changes to the left hemisphere, which
is in good agreement with the literature (8,36-38). Acute
paranoid schizophrenic patients may be differentiated from
paranoid-hallucinatory patients during the active state of psy-
chosis. After neuroleptic treatment and clinical improvement,
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positive symptoms decreased; remaining negative symptoms
correlate negatively to rCBF in different locations. Especially
for difficulties in abstract thinking, an exclusive lateralization to
the right side is found, which shows that both hemispheres are
involved whenever negative symptoms predominate. These
findings may explain inconsistent recent results in rCBF pat-
terns in drug-naive or neuroleptic-treated schizophrenic pa-
tients.
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Asymmetry of Basal Ganglia Perfusion in Tourette’s
Syndrome Shown by Technetium-99m-HMPAO

SPECT

Peter S. Klieger, Kristi A. Fett, Theresa Dimitsopulos and Roger Kurlan
Division of Nuclear Medicine and Department of Neurology, University of Rochester Medical Center

Our study involved performing brain perfusion SPECT scans on
Tourette's subjects to observe any common perfusion abnormali-
ties involving the cerebral cortex or subcortical structures. Method:
Six patients with Tourette’s syndrome and nine normal control
subjects underwent a brain SPECT study with %®™Tc-HMPAO.
Regions of interest were generated over the cerebral cortex, basal
ganglia, thalamus and cerebellum to evaluate any relative perfusion
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abnormalities or asymmetry in the Tourette’s subjects. Results: Five
of the six Tourette's subjects demonstrated a significant decrease in
right basal ganglia activity which was not present in any of the
normal control subjects. Conclusion: Our study suggests an etiol-
ogy for Tourette’s syndrome involving the right basal ganglia.
Furthermore, brain SPECT may be useful in the evaluation of these
patients if it proves to be sufficiently sensitive and specific in larger
study populations.
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