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ABSTRACT Schizophrenia is a severe psychiatric disorder
characterized by onset in young adulthood, the occurrence of
hallucinations and delusions, and the development of enduring
psychosocial disability. The pathophysiology of this disorder
remains unknown. Studies of cerebral blood flow and metab-
olism designed to identify brain abnormalities in schizophrenia
have been limited by inadequate methods of anatomical local-
ization and the possibility of persistent medication effects. We
have now used positron emission tomography and a validated
method of anatomical localization in an attempt to identify
abnormalities of regional cerebral blood flow in newly diag-
nosed never-medicated patients with schizophrenia. An explor-
atory study of 5 patients and 10 normal control subjects
identified abnormally high blood flow in the left globus pallidus
of patients with schizophrenia. A replication study of 5 addi-
tional patients and 10 additional control subjects confirmed this
frnding. No other abnormalities were found.

Studies of cerebral blood flow (1-9) and metabolism (10-17,
41) have attempted to identify regional abnormalities in
patients with schizophrenia. Unfortunately, at least two
methodological problems have contributed to inconsistent
findings. One important problem is the localization of specific
anatomical regions within images of blood flow and metab-
olism. This problem is attributable to the lack of precise
anatomical landmarks within these physiological images.
One strategy for anatomical localization identifies regions
based on visual inspection of the image; however, this
strategy is imprecise, unreliable, and subject to observer
bias. Another strategy identifies regions based on compari-
sons between tomographic images of blood flow and metab-
olism and an atlas of the brain, such that all planes are parallel
to a standard reference plane (e.g., a horizontal plane through
the canthomeatal line); however, this strategy may be inac-
curate because of the variability in the relationship of the
brain to standard craniofacial landmarks. A third strategy
compares tomographic images of blood flow and metabolism
to a computerized tomography or magnetic resonance image
obtained in the same plane; however, this strategy cannot
distinguish adjacent regions of gray matter and is uncertain in
its ability to provide reliable comparisons among different
subjects. (See ref. 18 for a review of these issues.)
Another important problem is the physiological effect of

antipsychotic medications on measurements of blood flow
and metabolism. All but three previous studies (10, 17, 41)
used patients with a history of antipsychotic drug use and
withdrawal periods of less than a few weeks. Since the effects
of antipsychotic drugs can last for many weeks [e.g., the
inhibition of apomorphine-induced stereotopy (19)] or longer

[e.g., tardive dyskinesia (20)], these studies cannot account
for the possibility of persistent medication effects.
We have now used positron emission tomography and a

validated method of anatomical localization (18) to identify
abnormalities of regional cerebral blood flow in newly diag-
nosed never-medicated patients with schizophrenia.

SUBJECTS
Five patients (all males; mean age, 21 years; range, 18-26
years) and 10 normal control subjects (all males; mean age,
25 years; range, 20-31 years) were included in an exploratory
study designed to generate hypotheses about regional abnor-
malities. Five additional patients (4 males and 1 female; mean
age, 30 years; range, 23-32 years) and 10 additional control
subjects (5 males and 5 females; mean age, 24 years; range,
21-25 years) were included in a replication study designed to
test newly generated hypotheses. All of the patients satisfied
DSM-III criteria (21) for schizophrenia, including a minimum
duration of 6 months at either the time of study or the time
of follow-up. They had never been exposed to psychotropic
medication or hospitalized prior to the study. They denied a
history of other psychiatric disorders or substance abuse and
were physically well. The control subjects were unmedica-
ted, denied a history of psychiatric disorders, and were
medically well. All of the patients and control subjects were
right-handed. (Patient histories will be described in a future
report and are available upon request.)

METHOD
Studies were performed with the PETT VI system (22, 23),
which simultaneously records data from seven parallel slices
with a center-to-center separation of 14,4 mm. Studies had an
in-plane resolution of 12.4-14.7 mm and a transverse reso-
lution of 9.7-20.5 mm (22, 23). Regional blood flow was
measured using an intravenous bolus injection of H2150, a
40-sec emission scan, and a modification of the Kety auto-
radiographic model developed and validated in our labora-
tory (24, 25). During the scans, the subjects lay quietly with
their eyes closed and received minimal sensory stimulation.
Their heads were stabilized with a thermally molded plastic
facial mask (22) to prevent movement during the study.

Regions of interest were selected from a stereotactic atlas
of the brain (26) and identified in the positron emission
tomography image using an anatomical localization method
developed and validated in our laboratory (18). Data from
these regions were recorded independent of the visual in-
spection of the image and were thus free from observer bias.
This method permits regional comparisons among different
subjects and different laboratories.
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In the exploratory study, whole brain, hemisphere, and
regional blood flow were computed from the data in all
subjects. Whole brain and hemisphere measurements were
calculated according to a strategy developed in our labora-
tory (27). Regions for whole brain measurements measured
13.5 x 13.5 mm in the plane of the slice.
Local measurements were obtained bilaterally in 16 areas

of the brain. The regions and their stereotactic atlas coordi-
nates are listed in Table 1. Regions for local measurements
measured 13.5 x 13.5 mm in the plane of the slice. Regional
data were converted to ratios of regional/whole brain blood
flow and ratios of left/right regional blood flow to permit
comparisons independent of between-subject variations in
absolute blood flow measurements.
Data from the exploratory study were analyzed using

multiple t tests. Based on the results of this exploratory
study, described below, a replication study was performed to
test the newly generated hypothesis that patients with schiz-
ophrenia have abnormally high blood flow in the left globus
pallidus. The ratios of left globus pallidus to whole brain
blood flow were analyzed for the additional patients and
control subjects using a separate t test. The ratios of
regional/whole brain blood flow for each of the frontal
regions were also analyzed for the additional patients and
control subjects using t tests.

After separate analyses of the exploratory and replication
studies, ratios of left globus pallidus/whole brain blood flow
for the 10 patients and 20 control subjects were combined and
then compared using an analysis of covariance that account-
ed for the effects of age, sex, and race.

RESULTS
The exploratory study identified an abnormally high ratio of
left globus pallidus/whole brain blood flow in the patients

Table 1. Location of selected cerebral regions in a
stereotactic atlas

x, cm y, cm z, cm

Basal ganglia
Globus pallidus ±1.6 1.0 0.0
Caudate + 1.0 2.5 0.8
Putamen ±2.3 1.5 0.3

Frontal regions
Dorsolateral prefrontal cortex

(anterior inferior) ±4.2 0.9 4.2
Dorsolateral prefrontal cortex

(anterior superior) ±1.8 3.0 5.0
Dorsolateral prefrontal cortex

(posterior) ±3.6 2.0 5.0
Medial frontal pole +0.9 6.5 0.0
Lateral frontal pole ±2.6 5.3 0.9
Mesial precentral gyrus ±1.0 -0.5 5.0
Orbito-insular gyri ±3.4 2.7 0.7

Limbic structures
Anterior cingulate gyrus ±0.7 4.0 2.0
Parahippocampal gyrus ±2.3 -2.3 -0.3
Amygdala ±2.3 0.9 -1.7
Hypothalamus ±0.7 0.8 -0.5

Other structures
Medial thalamus ±0.8 0.0 1.3
Inferior parietal lobule ±3.0 -3.8 4.0

x, Lateral distance to the left (positive) or to the right (negative) of
the center of the brain slice containing the region of interest. y,
Distance anterior (positive) or posterior (negative) to the center of
the brain slice containing the region of interest. z, Vertical distance
of the brain slice containing the region of interest above (positive) or
below (negative) a horizontal plane through the anterior and posterior
commissures.

with schizophrenia (P = 0.0056). No other abnormalities
were found.
The replication study confirmed the finding of an abnor-

mally high ratio ofleft globus pallidus/whole brain blood flow
in the patients with schizophrenia (P = 0.0012). As before,
this study failed to suggest abnormally low ratios of frontal/
whole brain blood flow in the patients with schizophrenia.

Consistent with these results, the combined study demon-
strated an abnormally high ratio of left globus pallidus/whole
brain in the patients with schizophrenia (P = 0.00011; Fig. 1).

DISCUSSION
Although the majority of studies involving chronic previously
treated patients have identified "hypofrontality" (1-4, 8, 9,
11, 13-16) (i.e., an abnormally low ratio of frontal/whole
brain or frontal/nonfrontal blood flow and metabolism) in
patients with schizophrenia, this study, as well as three
others (10, 17, 41) involving acute never-medicated patients,
has been unable to confirm this finding. Furthermore, several
studies have shown a reduction in the ratio of frontal/
nonfrontal blood flow and metabolism after administration of
antipsychotic medications (12, 15, 16). Based on these
findings, we postulate that hypofrontality reflects a long-
lasting effect of antipsychotic medication rather than the
pathophysiology of schizophrenia. The role, if any, of addi-
tional factors in the development of hypofrontality (e.g.,
chronicity of illness or the patients' cognitive-emotional-
behavioral state) remains to be determined.

This study demonstrated abnormally high blood flow in the
left globus pallidus of never-medicated patients with schiz-
ophrenia. The failure ofprevious radiotracer studies to detect
this abnormality can be explained, Nontomographic mea-
surements of regional blood flow preferentially sample from
the cerebral cortex, completely missing subcortical struc-
tures such as the globus pallidus. Previous positron emission
tomography studies did not use anatomical localization
strategies that permit accurate isolation of the globus pal-
lidus. The method of anatomical localization used in our
laboratory was critical to the success of this study.
The identification of a left-sided abnormality in this study

is consistent with numerous studies that have suggested left
hemispheric dysfunction in patients with schizophrenia.
These studies used such diverse measures as electroenceph-
alography, evoked potentials, auditory thresholds, ear ad-
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FIG. 1. The ratio of left globus pallidus/whole brain blood flow
in 10 never-medicated patients with schizophrenia and 20 normal
control subjects. The mean for each group is indicated by a horizontal
line.
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vantages in dichotic listening, dichotic shadowing, handed-
ness, performance on psychometric tests, signs from com-
puterized tomography, and hemispheric blood flow (6, 7,
28-31).
The finding of a specific abnormality in the basal ganglia of

patients with schizophrenia is of special interest because of
the recent suggestion that the basal ganglia may be involved
in complex behavioral functions (32, 33). The globus pallidus
and other structures in the basal ganglia are well recognized
to affect motor functions. However, it also has been postu-
lated that these structures affect cognitive functions, based
on their afferent and efferent connections (32). Unfortunate-
ly, the resolution of the imaging device used in this study does
not permit us to distinguish between ventral pallidum-which
receives projections from limbic striatum, sends projections
to limbic and frontal regions, and has been postulated to affect
cognitive functions-and dorsal pallidum-which receives pro-
jections from nonlimbic striatum, sends projections to motor
cortex, and is thought to affect motor function (32, 33).

Since there is a close coupling of regional blood flow and
neuronal activity (34, 35), the abnormality in the left globus
pallidus could reflect increased neuronal activity. Experimental
studies in animals indicate that such increases reflect increased
activity in terminal fields that innervate a region rather than the
cell bodies that arise there (36, 37). Projections to the left globus
pallidus arise in the left caudate, putamen, subthalamic nucleus,
and nucleus accumbens (38). One of these structures, the
nucleus accumbens, has been postulated to have a role in the
pathophysiology of schizophrenia and in the therapeutic action
of antipsychotic medications (39, 40).

This study does not preclude the existence of other
regional abnormalities in patients with schizophrenia. Due to
the problems imposed by multiple comparisons on statistical
analysis, numerous regional comparisons were restricted to
the exploratory phase of the study, which involved a small
numbet of subjects. Furthermore, analysis of regions which
are very close to the ventricles and lateral surfaces of the
brain may be confounded by the effects of partial volume
averaging. However, these limitations are unrelated to the
robust finding of a globus pallidus abnormality in newly
diagnosed never-medicated patients with schizophrenia.
The relationships between the left globus pallidus abnormal-

ity and other aspects of schizophrenia, such as the patient's
cognitive-emotional-behavioral state, familial transmission, re-
sponse to treatment, and prognosis were not addressed in this
study. Such relationships will be important to establish.
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