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The case of a nineteen-year-old female with a three-year history of psychiatric symptomatology
clinically consistent with the DSM-III-R diagnosis of schizophrenia is presented. Neurophysiologic
assessment using topographic brain mapping demonstrated auditory evoked potential P300 asymmetry
with left temporal inactivation and increased latency, while EEG frequency analysis was remarkable
for left hemispheric slow wave predominance as well as increased left temporal beta activity. Single
photon emission computed tomography (SPECT) using hexamethylpropyleneamine oxime (HMPAO)
in the same patient revealed radionucleide uptake reductions in the frontotemporal cortical regions.
The clinical presentation of schizophrenia in the context of these imaging correlations is reviewed.
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Attempts to delineate the neurobiological substrates of
schizophrenia are resulting in a rapidly expanding area of
research as the definitive etiology of this disorder remains
unclear. Current hypotheses include perinatal trauma, toxic
exposures in early development, primary metabolic dys-
function, hereditary encephalopathy, infection or post-
infectious state, autoimmune disorder, predilection to en-
viromental injury and/or a manifestation of the develop-
mental spectrum (Kendler 1986; Weinberger 1987).

Brain imaging is being increasingly recognized as a useful
tool for identifying psychiatric disorders such as schizo-
phrenia. Topographic surface-distribution maps of evoked
potential and quantitative EEG data are now available to
aid clinical assessment (Knight 1985). Single photon emis-
sion computed tomography (SPECT) is another imaging
technique which involves the measurement of radio-
pharmaceutical distribution in the brain as a way of eval-
uating regional cerebral blood flow (Nakano et al 1989).
Each of these modalities thus provide specific indications
of functional brain activity. We report the case of a young
schizophrenic adult who demonstrates evoked potential,
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quantitative EEG and SPECT abnormalities which are
confirmatory of the clinical psychiatric diagnosis.

CASE REPORT

This nineteen-year-old female presented with a pervasive
history of being isolative and withdrawn from social inter-
action since early childhood. She also had episodes of
emotional lability, hypervigilance and suspiciousness. For
at least three years, psychiatric reports described her as
having frank psychotic symptoms. She demonstrated on-
going frequent complaints that unspecified people were out
to kill her and insisted that the entire local police force
be available to ensure her safety. Referential thoughts
included delusions that TV broadcasts ridiculed her and
signified danger. Some delusions focused on the concern
that someone was trying to run her over with a car. Thought
insertion and auditory hallucinations were also present
during the course of symptom evolution. The patient met
the diagnosis of chronic paranoid schizophrenia via
DSM-III-R criteria.

Her past medical history included an uneventful prenatal
course and birth. Developmental milestones were also within
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normal limits. While the patient was described as being
"somewhat detached" growing up, a relatively unremarkable
childhood ensued. The family history was remarkable for
episodic depression in the biological mother while the
biological father suffered from chronic paranoid schizo-
phrenia. Initial diagnostic studies performed prior to the
initiation of neuroleptic medication included screening for
metabolic abnormalities, CT head scan and a routine EEG
all of which were within normal limits. The patient's IQ
testing revealed average intelligence. It was also determined
that she was right handed.

All topographic brain mapping was performed with the
Biologic Brain Atlas III. The target auditory evoked potential
was conducted using the Donchin paradigm (Donchin 1978)
and visually compared to a normative group of subjects.
This assessment was remarkable for asymmetric P300
topography with displacement to the right consistent with
poor activation in the left hemisphere (Figure 1). Subsequent
EEG data (eyes open) were collected, and 32 artifact free
epochs (defined via lead referencing) were combined for
spectral analysis. Using the fast Fourier transformation, the
data were divided into component frequency ranges. Visual
inspection in comparison to normal subjects revealed a
predominance of slow wave delta activity in the left hemis-
pheric region with a relative increase in left temporal beta
activity (Figure 2).
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thresholding was performed with spatial resolution essen-
tially at 10- 11 mm. Semiquantitative visual interpretation
of the scan in comparison to normal controls revealed a
prominent reduction in left frontotemporal HMPAO activity
(Figure 3). A smaller decrease in right frontotemporal
activity was also evident.
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Fig. 2: EEG frequency analysis demonstrates left hemispheric
predominance of delta activity (0.0 - 3.5 Hz). A relative
increase in left temporal beta activity (12.0 - 15.5 Hz)
is also present.

DISCUSSION

Fig. 1: P300 maxima demonstrates reduced amplitude, in-
creased latency and asymmetrical attenuation with
peak amplitude over the right parieto-occipital region.

The SPECT scan was performed using a Siemens Orbiter
gamma camera under conditions of ambient light, sound
and stimulation. No premedication was administered as the
patient remained conscious during the scan. Hexamethyl-
propyleneamine oxime (HMPAO) was the radiopharma-
ceutical used for measurement of regional cerebral blood
flow. A standardized HMPAO dose was administered in-
travenously, and imaging was initiated 30 minutes later.
The data was collected in a 64 x 64 array with a 360 degree
acquisition at 64 stops. A Sophy G+ computer was used
for image reconstruction. After applying center of rotation
and uniformity corrections, a Butterworth 4/16 filter was

used to generate transverse brain images. Fifty percent

The auditory evoked potential findings presented in this
case are consistent with findings previously reported in
schizophrenia. While P300 topography in normal subjects
usually demonstrates maximal amplitude over the midline
centroparietal region (Knight 1985), the P300 of schizo-
phrenic patients generally shows reduced amplitude and
increased latency with a deficit of activity in the left temporal
region resulting in asymmetrical displacement of the max-
imal amplitude to the right (Faux et al 1988; Morstyn et
al 1983a). The P300 waveform is theorized to be involved
in giving subjective significance to events and appears to
occur in association with tasks that involve the processing
of unusual or unexpected stimuli. Increases in latency or
decreases in amplitude are associated with increased dif-
ficulty of task assessment. These abnormalities indicate the
likelihood of mismatching between the subjective conscious-
ness and perception of events where a failure in the planning
and execution of selective listening leads to inabilities to
be focally attentive and ignore irrelevant exteroceptive as
well as interoceptive stimuli (Donchin 1978; Morstyn
1983a). With the hypothesis that the P300 derives from
the temporal lobe and hippocampus, these results are con-
sistent with electrophysiological dysfunction in these left
sided limbic structures (McCarley et al 1989; Okada et al
1983).

With regard to the quantitative EEG results, the prom-
inence of delta activity in the left hemisphere and increased
left temporal beta activity observed in our patient are
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Fig. 3: SPECT transaxial brain images reveal a significant decrease in left frontotemporal HMPAO activity (arrows). A smaller
decrease in the right frontotemporal region is also evident.

comparable to previous findings observed in schizophrenic
patients (Morihisa et al 1983; Morstyn et al 1983b). Ex-
planations for the diffuse delta pattern include impairments
of cognition and/or arousal (Ingvar et al 1976; Morstyn
et al 1983b). Left temporal increases in beta activity suggest
the possibility of an irritable cortical focus which also may
account for the auditory P300 shift away from this region
(Ingvar et al 1976; Morstyn et al 1983b).
HMPAO SPECT brain imaging demonstrates bilateral

frontotemporal hypoperfusion in our patient. These findings
are consistent with other SPECT and PET studies which
indicate abnormally reduced perfusion and metabolism
(more markedly on the left side) in the frontal lobes of
schizophrenics (Farkas et al 1984; McEwan et al 1989).
It has been postulated that an early developmental abnor-
mality or insult to the frontal cortex leads to dopaminergic
pathway dysfunction (Weinberger et al 1986). Animal
studies support this hypothesis as selective prefrontal cortical
dopamine leisions enhance mesolimbic dopamine transmis-
sion which would theoretically lead to psychotic symptoms
in humans (Pycock et al 1980).

Collectively, the evoked potential, quantitative EEG and
HMPAO SPECT findings consistently suggest frontotem-
poral physiologic brain abnormalities in our schizophrenic
patient. Although comparisons of topographic mapping and
SPECT abnormalities are rare, one previous report indicates
that in most cases decreases in radionucleide uptake corre-
late with auditory evoked potential aberrancies as well as
delta predominance on quantitative EEG analysis (Preston
et al 1989). Both electrophysiologic techniques of assessment
measure processes which critically affect cortical blood flow
(Branston et al 1978). The degree of hemodynamic hypo-
perfusion as visualized via HMPAO SPECT may well
depend on the degree of electrophysiologic abnormality
which is synaptically based possibly reflecting associated
impairments of neurotransmitter synthesis and/or reuptake.
Furthermore, histopathological abnormalities such as those
described by Kraepelin in the frontal and temporal lobes
of those with "dementia praecox" are likely to have some
relationship to the physiologic dysfunction. Neurophysio-
logic imaging thus aids in the delineation and understanding
of psychiatric disorders such as schizophrenia.
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