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This study assesses prefrontal and temporal regional cerebral
blood flow (rCBF) changes in young, neuroleptic-naive schizo-
phrenic patients with acute disease. Methods: A selected pop-
ulation of 10 young, never-treated schizophrenic women with
acute disease was studied by two hexamethyipropyleneamine
oxime (HMPAO) brain SPECT sessions, performed 48 hr apart,
both at rest and during a prefrontal activation task using the
Wisconsin Card Sort Test (WCST). All patients met Diagnostic
and Statistical Manual of Mental Disorders, 3rd edition-revised
criteria for schizophrenia or schizophreniform disorder, were
neuroleptic-naive and had acute symptoms. Results: Under
resting conditions, the schizophrenic group had significantly
higher rCBF in the prefrontal regions, mainly in the left side and
including the anterior cingulate, than did the controls. In addition,
schizophrenic patients showed significant interhemispheric dif-
ferences in prefrontal and posterior temporal index values at rest
(left hyperfrontality and left hypotemporality). During WCST ac-
tivation, the control group showed significant increases in pre-
frontal blood flow, whereas the schizophrenic group did not.
Conclusion: These results support a physiologic dysfunction of
the prefrontal cortex in schizophrenia that is present at the onset
of the iliness prior to neuroleptic treatment. Furthermore, both left
hyperfrontality and left hypotemporality may indicate a brain lat-
eralization defect in schizophrenia.
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Eontal lobe dysfunction in schizophrenia has been de-
scribed by recent SPECT studies (I-7). Most studies are
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based on medicated patients with chronic disease, with an
impairment of frontal regional cerebral blood flow (rCBF)
being the most common pattern described. This so-called
hypofrontality was found to become more evident during
frontal activation tasks. Moreover, temporal rCBF abnor-
malities have also been reported in schizophrenia (5,8,9).

However, the results are inconsistent. Variations in the
choice of method may explain some of these inconsisten-
cies, but more important factors include the selection cri-
teria for study populations. These criteria include age, gen-
der, duration of illness (acute versus chronic), clinical
status (positive versus negative symptoms), medication
status (drug-naive, neuroleptic-withdrawal or chronic med-
icated) and cognitive behavior (resting versus activation
tasks). Thus, studies with homogeneous samples are
needed. Furthermore, rCBF studies of acute and never-
treated (‘“‘neuroleptic-naive’’) schizophrenic patients are
still rare in the literature.

The aim of this study was to measure prefrontal rCBF
using hexamethylpropyleneamine oxime (HMPAO) SPECT
at rest and during a specific cognitive activation task in a
selected homogeneous population of young neuroleptic-
naive schizophrenic patients with acute disease. The rCBF
findings of temporal lobes are also discussed.

SUBJECTS AND METHODS
Subjects

Table 1 summarizes the characteristics of both schizophrenic
and control groups. All 10 schizophrenic patients were right-
handed women admitted to the psychiatric unit for the first time.
The patients had never been treated with any neuroleptic drug
(neuroleptic-naive) and presented acute and positive symptoms.
Seven patients met DSM-III R criteria (10) for schizophrenia and
three for schizophreniform disorder. The mean age was 22.7 yr,
and the mean duration of illness was 15.1 mo. The psychopathol-
ogy was quantified on the day of the SPECT study or on the
previous day with the Brief Psychiatric Rating Scale, the Scale for
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TABLE 1
Characteristics of Patients and Controls

Characteristic Value*

Patients (n = 10)

Age (y1) 227 +48

Months of illness 151 £ 11.2

Years of education 127 +3.0

BPRS total score 338+88

SAPS total score 614 170

SANS total score 50.9 + 25.1
Controls (n = 8)

Age (y1) 246 + 3.0

Years of education 167+ 1.2

*All values are means +s.d.

BPRS = Brief Psychiatric Rating Scale; SAPS = Scale for the As-
sessment of Positive Symptoms; SANS = Scale for the Assessment of
Negative Symptoms. Values over 18 in BPRS and over 40 in both SAPS
and SANS, are considered to be clearly pathologic.

the Assessment of Positive Symptoms and the Scale for the As-
sessment of Negative Symptoms (Table 1). Eight healthy age-
matched, right-handed women were recruited as controls. There
was no significant difference in education between both groups.
All subjects underwent a CT scan before the actual SPECT
procedure.

Methods

Study Procedure. Two HMPAO brain SPECTS were per-
formed in each subject; the first at rest and the second during
frontal activation using the Wisconsin Card Sorting Test (WCST).
In a baseline resting condition, the subjects were seated in a quiet

e

FIGURE 1. Template used to draw re-
gions of interest. PF = prefrontal; SF = su-
perior frontal; AT = anterior temporal; PT =
posterior temporal; P = parietal;, O = occip-
ital, C = cerebellum. Note that prefrontal
ROls include the anterior cingulate cortex.
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room with their eyes open 5 min before and after the tracer
injection. Two days after the resting study, the subjects were
activated by the WCST, a problem-solving abstract thinking test
that is thought to assess prefrontal lobe function in a fairly selec-
tive manner (2,11). Two of 64 response cards must be matched to
four stimulus cards. The subjects were instructed to indicate their
choices by placing the response cards below the chosen stimulus
card. The WCST was started 10 min before tracer injection, and
continued until the end of the test. The tracer injection was given
while the subjects were well engaged with the WCST.

SPECT Acquisition. The SPECT study was performed using a
rotating gamma camera (Elscint SP4-HR, Haifa, Israel) equipped
with a low-energy all-purpose parallel-hole collimator. Data
acquisition started 20 min after intravenous injection of 740 MBq
of ®™Tc-HMPAO (Ceretec, Amersham, Madrid, Spain). Sixty
30-sec frames were collected during a 360° rotation in a 64 x 64
matrix with a zoom of 1.5, obtaining a 4.5-mm pixel size.

SPECT Data Analysis. Image data were processed on an
Elscint SP1 computer (Apex SP-x Functions, software version
3.12). Reconstruction was performed by filtered backprojection
using a Butterworth filter (cutoff frequency 0.35, power factor 5.8)
without attenuation correction. The spatial resolution was 16 mm
(FWHM) in the transaxial plane.

For each subject, images from both SPECT studies were re-
constructed with a thickness of 1 pixel. Both three-dimensional
images were aligned by using software written in C language and
based on full three-dimensional correlation (displacement
and rotation). The alignment was carried out in a Hewlett
Packard APOLLO 720 Work Station. After alignment, the two
images were transfered to the APEX system where 2-pixel
thick oblique slices taken from the frontocerebellar direction
were obtained, using the same angular orientation and position
in both studies. The SPECT images were finally presented
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on a polychromatic scale (20 colors) and standardized as previ-
ously reported (12).

Semiquantitative rCBF analysis was performed by drawing ir-
regular regions of interest (ROISs) in eight standardized 9-mm thick
oblique slices taken from the frontocerebellar direction (Fig. 1).
This was done in the resting study, and the ROIs drawn were
copied for the activation study. ROIs were always drawn blindly
by the same nuclear medicine physician, first on the left hemi-
sphere (14 ROIs), and then mirrored ROIs were placed on the
right hemisphere (total = 28 ROIs). Each ROI was drawn on two
consecutive slices, and mean count values per pixel were ob-
tained. For each hemisphere, prefrontal-to-whole-brain ratios
were obtained as: prefrontal index (PI) = 100 X mean counts per
pixel of prefrontal ROIs/mean counts per pixel of all ROIs drawn.
Using the same formulas, anterior and posterior temporal indices
were also obtained for each hemisphere.

The mean percentage of the PI change was also calculated
between both studies in controls and schizophrenics as 100 x
(PIa — PIr)/PIr (where a = activation and r = rest).

Statistical Analysis. For the comparison of the rCBF values
and WCST performance between normal controls and schizo-
phrenic patients, the Mann-Whitney U test was applied. The
differences between resting and activation rCBF values and inter-
hemispheric rCBF differences for each group were tested with the
Wilcoxon test.

RESULTS

All CT scans were reported to be within normal limits,
except for those from three patients. One patient showed
mild atrophy of the cerebellar vermis, another had mild
cerebral atrophy. The third showed mild to moderate lat-
eral ventricular enlargement.

Table 2 presents the mean prefrontal and temporal
relative perfusion indices at rest and during frontal acti-
vation in controls and schizophrenic patients. The sta-
tistically significant differences found are summarized in
Table 3.

TABLE 2
Mean Prefrontal and Temporal Relative Perfusion Indices at
Rest and During Frontal Activation in Controls and

Schizophrenics*
At rest Activation

ROI Left Right Left Right
Controls (n = 8)

PF 989=*1.1 982+16 101.9+19 101.1+22

AT 983+34 998 + 3.2 98.8 + 3.6 992 +26

PT 998+17 101.8+34 99.7 + 25 99.6 + 3.0
Schizophrenics (n = 10)

PF 1024+20 1005+28 101.6+25 999 + 3.1

AT 98922 993+38 1002=+25 99.0 +39

PT 967+19 99.7 + 29 98.0 + 2.1 1002+ 19

*All values are means *s.d.

PF = prefrontal; AT = anterior temporal; PT = posterior temporal;
ROI = region of interest.
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TABLE 3

Statistically Significant Differences
Between groups (resting conditions) Mean difference
LPF p < 0.001* 1 Schz
RPF p < 0.05* 1 Schz
LPT 0.10 > p > 0.05* |} Schz
Within groups
Interhemispheric (resting conditions)
PF (Sch2) p < 0.05" tLPF
PT (Schz) p <0.05" LLPT
Resting versus activation (WCST)
LPF (Ctri) p < 0.02" 1 during WCST
RPF (Ctrl) p <0.02" 1 during WCST
*Mann-Whitney U-test.
TWilcoxon test.

LPF = left prefrontal; RPF = right prefrontal; LPT = left posterior
temporal; PF = prefrontal; PT = posterior temporal; Schz = schizo-
phrenic patients; Ctrl = controls; 1 = increased regional cerebral blood
fiow (fCBF); | = decreased rCBF; WCST = Wisconsin Card Sort Test.

Resting Conditions

The schizophrenic group had significantly higher
prefrontal blood flow than the controls. This difference
was more pronounced in the left prefrontal region
(Mann-Whitney U-test, p < 0.001). Schizophrenic patients,
however, showed lower posterior temporal, rCBF ratios
than did normal controls, although this difference was not
found to be statistically significant (Mann-Whitney U test,
p = 0.10-0.05) (Fig. 2). No significant differences between
controls and schizophrenic patients were found in right
posterior temporal region or anterior temporal regions.

Furthermore, schizophrenic patients showed significant
interhemispheric differences in PI and posterior temporal
index values at rest. Higher rCBF ratios in left prefrontal
region and lower rCBF ratios in left posterior temporal
region were found (Wilcoxon test, p < 0.05).

Activation with the WCST
The control group showed significant increases in pre-
frontal blood flow (Wilcoxon test, p < 0.02) (Fig. 3); the

FIGURE 2. Rest-
ing rCBF distribution
at the level of poste-
rior temporal region
(frontocerebellar line
+63mm) in a schizo-

~ phrenic patient. An
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FIGURE 3. HMPAO-SPECT slices at 36
mm above the frontocerebellar line in a rep-
resentative control subject. (A) Resting
scan. (B) WCST activation scan. A substan-
tial increase in prefrontal rCBF (including the
anterior cingulate) during the WCST is
shown.

prefrontal rCBF in schizophrenic patients did not increase.
Thus, schizophrenic patients were unable to activate the
prefrontal cortex. In fact, in six schizophrenic patients, the
prefrontal rCBF decreased when performing the WCST
(Fig. 4). The temporal rCBF was not modified during acti-
vation in either controls or schizophrenic patients.

Figure S represents, on a bar graph, the mean percent
change of the PI for each hemisphere between rest and
activation studies in controls and schizophrenic patients.
The control group showed a mean percent increase of
2.63% (left) and 2.75% (right), whereas the schizophrenic
group had negative values —0.45% (left) and —0.62%
(right), thus indicating a decrease in prefrontal rCBF.
However, this decrease was not statistically significant.

The WCST performance data from controls and patients
are presented in Table 4. All patients completed the test,
matching both sets of 64 response cards. Schizophrenic
patients performed the WCST poorly compared to con-
trols. Significant differences were found in all variables,
except in correct responses and categories achieved.

DISCUSSION

Resting hypofrontality has been the most frequent PET
and SPECT pattern reported in schizophrenia. As sug-
gested by several authors, the resting hypofrontality may

FIGURE 4. HMPAO-SPECT slices at 36
mm above the frontocerebellar line in a rep-
resentative schizophrenic patient. (A) Rest-
ing scan. (B) WCST activation scan. Pre-
frontal hyperperfusion at rest (including the
anterior cingulate) and a decrease in pre-
frontal flow during the WCST is shown.
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be caused by the chronicity of illness, with a predominance
of negative symptoms and long-term neuroleptic treatment
effect and the aging process (13-15). In this study, a ho-
mogeneous population of neuroleptic-naive young schizo-
phrenic patients with active psychosis was selected in
which an increase in prefrontal rCBF (mainly left) was the
most frequent pattern observed in resting (baseline) condi-
tions. These results agree with findings from resting-state
PET studies that did not find hypofrontality or found rest-
ing hyperfrontality in young neuroleptic-naive schizo-
phrenic patients with acute disease (/6-18). This prefron-
tally increased blood flow may be explained by the positive
symptoms since these patients presented with mainly pos-
itive symptoms.

The possibility that SPECT scan-related anxiety could
explain the resting hyperfrontality pattern in these patients
must be considered. However, this seems unlikely since
several studies found that more anxious patients had rela-
tively lower frontal perfusion ratios (19,20). In addition,
the most striking change was found in the anterior cingu-
late cortex included in the “‘prefrontal’” ROI (Fig. 1). The
anterior cingulate cortex is a limbic brain structure that has
been involved in schizophrenia psychosis. It receives a
prominent dopamine projection (21) that has been impli-
cated in both attentional mechanisms and the emotional
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FIGURE 5. Mean percentage of Pl change between resting and
WCST activation scans in controls and schizophrenic patients.

component of higher cognitive activity (22), which seem to
be essential features of schizophrenia. Finally, it has ex-
tensive connections with many other cortical regions, in-
cluding the prefrontal cortex (23). Some reports found
abnormalities in the cingulate cortex cytoarchitecture of
schizophrenic patients (24,25).

Although no definitive results have yet been found on
temporal rCBF abnormalities, schizophrenic hypotempo-
rality was reported in some studies (8, 26,27). In the current
study, a relative impairment in left posterior temporal
rCBF was also observed. This finding was consistent with
the large body of evidence involving the temporal lobe in
the pathogenesis of schizophrenia. Moreover, morphologic
abnormalities in the temporal lobe detected by CT scan,
MRI and postmortem studies were observed, particularly
in the left hemisphere (28).

Resting hyperfrontality (mainly left) and the relative left
decrease in posterior temporal rCBF described in this
study, may be related to the “‘lateralization defect” hy-
pothesis of schizophrenia reported in several studies and

TABLE 4
Performance Scores on the Wisconsin Card Sort Test*

Schizophrenic
WCST Controls patients M-W
variables (n=28) (n=10) p value
Correct 1044+ 160 787+256 NS
Errors 23.6 + 16.0 483 + 25.7 <0.01
Perseverative 164 = 10.5 325 +29.0 <0.01
responses

Nonperseverative errors  09.5 + 10.3 19.1 + 91 <0.01
Perseverative errors 141 + 06.3 292 +270 <0.02
Categories 09.1+025 049+028 NS

*All values are means +s.d.
WCST = Wisconsin Card Sorting Test; M-W = Mann-Whitney U-test;
NS = not significant.
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reviewed by Berman and Weinberger (2) and Buchsbaum
(29). This hypothesis states that schizophrenic patients
have abnormal left hemispheric function.

Concerning rCBF during cognitive activation with the
WCST, schizophrenic patients were unable to activate the
prefrontal cortex in response to a frontal stimulus. More-
over, in six of them, a clear reduction in prefrontal blood
flow was observed. Thus, these schizophrenic patients
showed relative hypofrontality, defined by Andreasen et
al. (4) as “the inability to increase frontal blood flow in
response to a frontal stimulus.”

Because schizophrenic patients had significantly im-
paired results in the WCST performance compared to
controls, a possible explanation for their failure to acti-
vate prefrontal cortex could be a lack of motivation in
the WCST. This seems unlikely since all patients were well
engaged in the task, attempting to perform and complete
the test with the same number of responses as the con-
trols. However, the possibility that in fact what was
being evaluated was a second resting scan, cannot be ruled
out. In all cases evaluated in this study, the resting
state was evaluated first, followed by the cognitive activa-
tion study. As reported by several authors (4,30), this
approach may confound habituation effects on the scan
procedure with task performance. Thus, there is a
possibility that the observed rCBF results reflect an order
effect rather than a WCST performance effect. In rest-
rest studies with '3Xe SPECT in normal subjects,
approximately a 2% rCBF reduction in the second mea-
surement was found (Mena I, personal communication).
On the other hand, Barlett et al. (31) determined the
test-retest stability of regional cerebral glucose metabolism
with PET deoxyglucose in eight schizophrenic patients
and 11 normal controls in resting conditions, finding a
comparable stability in both groups and concluding that
the baseline resting state is an appropriate reference state
for schizophrenic subjects in deoxyglucose PET experi-
ments. However, it is important to state that **Xe and
PET rCBF measurements, although more complex than
HMPAO-SPECT semiquantifications, are substantially
more exact and sensitive. A rCBF decrease of only
2% measured by '**Xe might not be reflected in *™Tc-
HMPAO scans, especially when a single head system is
used. Recently, Smith et al. (32) reported test-retest
variability using HMPAO-SPECT and a high-resolution
three-headed camera in five healthy volunteers. Their
results suggest that the regional variance is in general
agreement with the PET data (31) and support the feasibil-
ity of this technique for repeated activation studies. One
way to get around the order effect is to randomize the order
of resting and activation scans.

It should be noted that the majority of rCBF and PET
studies of schizophrenic patients examined during a task
that activates the frontal cortex have found hypofrontality
(2-4,33-36). The results reported here also supplement
these findings by illustrating that the relative activation
deficit in the prefrontal region is present at the onset of the
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illness and occurs before any treatment effects have ensued
because these patients had never received neuroleptic
medication.

Finally, it appears that the small number of subjects
included in this study might limit the generalizability of the
results. Furthermore, considering the large number of sta-
tistical comparisons made, the possibility of type I errors
cannot be excluded. Thus, studies with larger homoge-
neous samples are needed to obtain definitive conclusions.

CONCLUSION

There is no evidence of resting hypofrontality in young
schizophrenic patients with acute disease who have never
been exposed to neuroleptics; a pattern of hyperfrontality
at rest and hypofrontality only during a prefrontal linked
task may coexist. These results contribute to the growing
literature supporting a physiologic dysfunction of the pre-
frontal cortex in schizophrenia by demonstrating that this
pattern is present at the onset of the illness and prior to
neuroleptic treatment. A significant impairment of left pos-
terior temporal perfusion in schizophrenic patients was
observed relative to the right hemisphere. Both left hyper-
frontality and left hypotemporality may indicate a brain
lateralization defect in schizophrenia. In summary, this
study reported evidence for both prefrontal and temporal
lobe dysfunction in schizophrenia.
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FIRST IMPRESSIONS

Biliary-Enteric Fistulae

PURPOSE

A 55-yr-old man with acute cholecystitis and
cholelithiasis had a cholestectomy and anastomosis of the
bile duct to the jejunum. Postsurgical cholescintigraphy
showed normal drainage to the small bowel (Fig. 1). Four
years later, the patient had abdominal pain, fever and
elevated bilirubin; the clinical diagnosis was cholecystitis.
Cholescintigraphy showed abnormal drainage of *Tc-
mebrofenin in the colon without passage through the small
bowel (Fig. 2) suggestive of biliary-enteric fistulae.

TRACER
Technetium-99m-mebrofenin, 5 mCi (185 MBq)
(Choletec, Mallinckrodt)

ROUTE OF ADMINISTRATION
Intravenous

30min

FIGURE 1. IMAGING TIME AFTER INJECTION

Thirty minutes

INSTRUMENTATION
General Electric LFOV gamma camera with LEAP
collimator

CONTRIBUTORS
Jorge Armijo and Ulises Gonzales

INSTITUTION
Hospital San Juan de Dios, San Jose, Costa Rica

FIGURE 2.
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