
Abstract This is a naturalistic study of the relationship
between cerebral metabolic activity, clinical symptoms and
treatment response in a schizophrenic patient for 5 years
from the onset of her illness. Serial technetium-99m-HM-
PAO brain SPECT was used to measure regional cerebral
metabolism. The Cambridge Neurological Inventory and
neuropsychological tests (WAIS-R verbal subscales, Wis-
consin Card Sorting Test, semantic verbal fluency, logical
memory in Weschler Memory Scale) were used for neu-
rocognitive assessment. Under-activity of the left tempo-
ral area was observed in the course of patient illness despite
remission of the psychotic symptoms. Bilateral prefrontal
metabolic under-activity was noted at the emergence of
negative symptoms, executive neurocognitive dysfunction
and the treatment-resistant state. After response to clozap-
ine, the right prefrontal activity returned to a normal level.
Our findings suggested that persistent left temporal under-
activity detected by SPECT despite clinical remission may
indicate a vulnerability for further relapses and development
of a treatment-resistant state. Treatment-resistant state, neg-
ative symptoms and executive neurocognitive deficit may
involve abnormal prefrontal metabolic activity and can be
alleviated in clozapine-responsive patients.
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Introduction

Functional neuroimaging is important for delineating the
relationship between schizophrenic symptoms, treatment
response and regional cerebral metabolic activity. Find-
ings from cross-sectional studies include correlation be-
tween temporal lobe over-activity and positive symptoms

(Kurachi et al. 1985), correlation between prefrontal un-
der-activation, negative symptoms (Volkow et al. 1987;
Andreasen et al. 1992) and frontal cognitive impairment
(Paulman et al. 1990). An unresolved issue in this field is
whether the identified patterns of regional cortical activity
represent transient variables co-occurring with symptoms,
or whether they are more persistent features. Previous lon-
gitudinal studies reported transient changes (e.g. hypo-
frontality, increased left or right temporal activity) associ-
ated with active psychotic symptom which normalised af-
ter symptom remission (Matsuda et al. 1989; Notardonato
et al. 1989; Hawton et al. 1990; Suzuki et al. 1993). In ad-
dition, several studies observed persistent frontal under-
activity (Wolkin et al. 1985), laterality (right vs left hemi-
spheric metabolism) and a steeper subcortical to cortical
gradient (Gur et al. 1987) as compared to normal subjects on
repeated scanning after medication. These reports are con-
strained by the relatively short follow-up periods (longest
18 months). We report a patient with first episode schizo-
phrenia on whom serial Single Photon Emission Comput-
erised Tomography (SPECT) was used to monitor cortical
function for more than 5 years (62 months).

Subjects and methods

A 19-year-old right-handed female student previously led an active
social life and average academic performance presented with a six-
month history of auditory and visual hallucination, delusion of per-
secution and control. No evidence of a seizure disorder, substance
abuse nor other significant medical problem was noted. Physical ex-
amination was unremarkable. Laboratory investigations including
full blood count, liver, renal and thyroid function tests were nor-
mal. Electroencephalogram showed no evidence of seizure activity
or focal abnormalities. Contrast computerised tomography brain
scan and magnetic resonance imaging showed no structural abnor-
mality. In particular, they revealed no temporal lobe abnormality.
She was diagnosed to be suffering from paranoid schizophrenia
(F20.09), based on ICD-10 (World Health Organization 1992) cri-
teria for schizophrenia by a panel of two senior psychiatrists.

The patient was followed up for 5 years. The clinical symptoms
were assessed by the 18-item Brief Psychiatric Rating Scale (BPRS;
Overall and Gorham 1962) and High Royds Evaluation of Negativ-
ity Scale (HEN; Mortimer et al. 1989). Neurocognitive assessment
was conducted using the Cambridge Neurological Inventory (Chen
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et al. 1995), Wechsler Adult Intelligence Scale-verbal subscales
(WAIS-R-HK, Revised Cantonese Version; The Hong Kong Psy-
chological Society 1989), Wisconsin Card Sorting Test (Heaton
1981), logical memory in Wechsler Memory Scale (Wechsler 1987;
adapted for Cantonese speaking patients, C.W. Wong, personal
communication) and semantic verbal fluency test (Chen et al. 1996).

Serial brain SPECT imaging was performed at different stages
of her illness. Consent was obtained from the patient for each scan-
ning. During each of the brain SPECT scans, 20mCi of Tc-99m
HMPAO (except the fifth scan in which Tc-99m ECD was used be-
cause Tc-99m HMPAO was unavailable) was injected into an an-
tecubital vein while the patient was resting with eyes open, in a
softly lit, quiet room for 15 minutes. Thirty minutes later, the patient
was placed supine using a soft head restraint to minimize motion.
SPECT was performed with a rotating gamma camera equipped with
high resolution collimators (Elscint Apex 409 for first and second
scan and Elscint Apex Helix for subsequent scans). Data acquisi-
tion time was approximately 30 minutes per scan. Semiquantitative
regional blood flow analysis was performed according to the method
by Catafau et al. (1994). Briefly, eight standardized 9-mm thick
oblique slices were taken from the frontocerebellar direction. Four-
teen irregular regions of interest (ROIs) were automatically drawn
initially on the left hemisphere then mirrored to the right hemi-
sphere (software is available from the authors upon request). Each
ROI was drawn on two consecutive slices, and mean count values
per pixel were obtained. For each hemisphere, the prefrontal rela-
tive perfusion index was calculated as: prefrontal index = 100 X
mean counts per pixel of prefrontal ROIs / mean counts per pixel
of all ROIs drawn. Anterior temporal indices were also obtained
from the same formula. SPECT acquisition and subsequent semi-
quantification were performed by one of the authors throughout the
whole study period. We used published perfusion indices of eight
healthy right-handed women of age 24.6 (± 3.0) for comparison
(Catafau et al. 1994). A difference of more than 2 standard devia-

tions from the normal control was considered to be statistically sig-
nificant.

Results

The longitudinal course of the patient’s illness with clinical
symptoms, neurocognitive functions and SPECT findings
is summarised in Table 1. In the first episode, she achieved
full clinical remission after two weeks of haloperidol. Her
maintenance medication was changed to sulpiride (100 mg
per day) because of extrapyramidal side effects from halo-
peridol. She was asymptomatic and working well as a sec-
retary while she was on maintenance medication. She suf-
fered a relapse 44 months after the onset of her psychotic
illness because of poor drug compliance. She responded
well to sulpiride (400 mg per day) and her psychotic symp-
toms subsided completely after three weeks of treatment.
There was no evidence of negative symptoms nor social
functioning impairment. She continued to perform suc-
cessfully in a secretarial job. Six months later (52 months 
after onset), she had a relapse again. Her condition deteri-
orated with emergence of negative symptoms including
blunted affect, impoverishment of thought, social with-
drawal, poor volition and occupational impairment. In ad-
dition there were impairments in neurocognitive function-
ing. This time she was resistant to conventional antipsy-
chotics (trifluoperazine up to 53 mg per day and haloperi-
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Table 1 The 5 year course of the clinical assessment, treatment response and cerebral metabolism of a schizophrenic patient

Months from onset of illness 6 10 40 44 56 62

Clinical status 1st Episode Remission Remission 2nd Episode 3rd Episode Remission

SPECT§ Rt PF Control† 98.2 (1.6) 95.8 95.6 99.1 97.9 90.2* 95.5
Lt PF 98.9 (1.1) 94.0* 93.4* 98.8 98.2 91.8* 91.6*
Rt AT 99.8 (3.2) 100.4 95.1 95.4 98.1 93.8 97.6
Lt AT 98.3 (3.4) 84.0* 92.7 90.2* 86.6* 85.4* 84.1*

BPRS Global score 31 18 18 28 51 22
Positive symptoms score 14 3 3 11 16 3
Negative symptoms score 3 3 3 3 11 3

HEN Summary score 0 0 0 0 10 0

VF Correct items n.a. n.a. n.a. 17 16 27
Inappropriate items n.a. n.a. n.a. 0 22 0

WCST Category completed n.a. n.a. n.a. 6 1 6
Total error n.a. n.a. n.a. 11 57 3
Perseverative error n.a. n.a. n.a. 2 8 1
Non-perseverative error n.a. n.a. n.a. 8 22 2
Unclassified error n.a. n.a. n.a. 1 27 0

LM Immediate recall n.a. n.a. n.a. 14 1.5 18.5
30 min delayed recall n.a. n.a. n.a. 14.5 0 18

Soft neurological signs n.a. n.a. n.a. None FT Op/Tap None

Anti-psychotic drug (dosage, mg) Halo (10) Sulp (100) Sulp (100) Sulp (400) Halo (43) Cloz (300)

§Relative perfusion index; †Mean relative perfusion index (stan-
dard deviation) of 8 female contral subjects from Catafau et al.
(1994); *Below 2 standard deviations from control
Rt PF Right prefontal; Lt PF Left prefrontal; Rt AT Right anterior
temporal; Lt AT Left anterior temporal; SPECT Single photon

emission computerised tomography; BPRS Brief psychiatric rating
scale; HEN High Royds evaluation of negative scale; VF Verbal
fluency; WCST Wisconsin card sorting test; LM Logical memory;
FT Op/Tap Finger thumb opposition and taping; Halo Haloperidol;
Sulp Sulpiride; Cloz Clozapine; n.a. Not available



dol up to 55 mg per day for 8 weeks each). She responded
well to clozapine at a dose of 300 mg per day. Her psy-
chotic symptoms subsided completely and cognitive func-
tion normalised two months after treatment. She contin-
ued to work as a secretary.

Brain SPECT imaging was performed on six occasions
during the course of her illness (Table 1). The first scan
was performed one week after starting haloperidol (5 mg)
when the patient still had active positive symptoms. Left
anterior temporal lobe was found to have under-activity in
the first scan, but returned to normal in the second scan
during clinical remission. Left prefrontal under-activity was
also noticed in the first and second scan. In the third scan,
left anterior temporal lobe under-activity emerged again
despite clinical remission. The fourth scan during the sec-
ond psychotic episode showed left anterior temporal un-
der-activity. In the fifth scan when the patient was treat-
ment-resistant with the emergence of negative symptoms
and neurocognitive impairment, significant under-activity
of both prefrontal lobes and persistent left anterior tempo-
ral under-activity were noted. When the patient was clini-
cally remitted after clozapine treatment at the sixth scan,
the right frontal under-activity returned to normal but not
the left side. Left anterior temporal under-activity persisted.
Throughout the 5 years course, the right anterior temporal
lobe activity remained normal.

Discussion

The longitudinal course of our patient’s schizophrenic ill-
ness included remission, relapse and development of treat-
ment-resistance. Left temporal under-activity was found ir-
respective of clinical relapse or remission while right tem-
poral activity remained normal. The left temporal under-
activity detected during clinical remission might reflect the
presence of the underlying disease process which might
be at risk for further relapses and treatment-resistant state.
The perfusion asymmetry between the left and right tem-
poral lobe in our patient is relevant to the large body of re-
search about lateral dysfunction in schizophrenia which
was initially observed from the association between schiz-
ophrenia-like symptoms in epilepsy and left-sided tempo-
ral lobe focus (Flor Henry 1969) and was subsequently con-
firmed by neuropsychological, neurophysiological and neu-
roimaging studies (reviewed by Gruzelier 1996). Although
neuroimaging studies consistently localised abnormalities
in temporal lobes, the findings for specific types of abnor-
malities are inconsistent. Positive psychotic symptoms were
not only reported to be associated with over-activity at the
left temporal lobe (Matsuda et al. 1989; Liddle et al. 1992;
Suzuki et al. 1993) but also right temporal lobe (Notardo-
nato et al. 1989). Our current findings are more consistent
with a recent study by Russell et al. (1997). They used
SPECT to find that schizophrenic patients had significant
left temporal hypoperfusion as compared to controls.

An interesting finding was the significant reduction 
of bilateral prefrontal activity when negative symptoms,
excecutive dysfunction and treatment resistant state

emerged. It is consistent with previous findings on the as-
sociation of SPECT hypofrontality with negative symp-
toms (Volkow et al. 1987; Wiesel et al. 1987; Andreasen
et al. 1992; Schroder et al. 1995) and neurocognitive im-
pairment (Paulman et al. 1990). Notedly, after subsequent
response to clozapine, the right prefrontal metabolic ac-
tivity was reversed to the previous state. Rodriguez et al.
(1996), using SPECT found that a clozapine responder
had significantly higher before-clozapine perfusion than
the non-responder in thalamic, left basal ganglia, and right
prefrontal regions with subsequent reduction of perfusion
in the preceeding two areas without any change of the
frontal region. In our patient, we could not quantify the
metabolic change in the basal ganglia and the thalamus
because of the technical problems, such as partial volume
effect and attentuation correction. The difference in the
change of frontal lobe perfusion may be due to the differ-
ence in the reference area for the perfusion index calcula-
tion. Rodriguex et al. used cerebellum while we took all
ROIs as the reference standard. Moreover, the duration of
illness of Rodriguex and coworker’s patients (19 years for
responders and 24 years for non-responders) was longer
than that of our patient (5 years). This may be due to a
progressive change of underlying neurobiological abnor-
malities over time. Clozapine is effective in treatment-re-
sistant schizophrenia for the improvement of positive,
negative and neurocognitive domains. However, the exact
mechanism is not known. Our findings may lend support
to the assumption that clozapine can improve the meta-
bolic activity at frontal lobes probably more obvious in
patients with shorter duration of illness when many of the
abnormalities may still be reversible. 

All six SPECT scans were performed when the patient
was taking antipsychotic medication. Thus medication may
be a potential confounding factor for the SPECT findings.
The effect of antipsychotics on cerebral blood perfusion has
been studied in the past. Goldman et al. (1996) found that
normal subjects, but not schizophrenic patients, demon-
strated a significant increase in global cerebral perfusion
three hours after adminstration of haloperidol. Jibiki et al.
(1992) showed from their SPECT study that two of the
five schizophrenic patients had a conversion of relative
frontal hypoperfusion to hyperperfusion after intramuscu-
lar haloperidol injection. Concerning the effect of sulpiride,
Wik et al. (1989) found an increased metabolic rate in the
right lentiform nucleus as the only brain region altered by
sulpiride. These findings did not support a significant med-
ication effect on temporal lobe metabolic activity. More-
over, haloperidol is unlikely to be a significant confound-
ing factor on the bilateral frontal lobe under-activity de-
tected at the 5th SPECT scan because from the study of
Jibiki et al. (1992), haloperidol produced increased frontal
perfusion.

We used a different gamma camera for SPECT imag-
ing from the third scan onward because of the regular up-
grading of medical equipment in our hospital. Moreover,
Tc-99m EDC was used instead of Tc-99m HMPAO at the
fifth scan due to unavailability of the latter. In the quanti-
tation of regional cerebral perfusion, we compared the up-
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take of radiotracer from one region with the average up-
take from all regions in the same scan. Theoretically, the
ratio would not be affected by the camera resolution and
sensitivity as well as radiopharmaceutical. Thus, these
changes would not substantially affect the intepretation of
our findings. Similarly, it should be acceptable, though not
ideal, to use the normal reference from Catafau et al. (1994)
for comparison although they used a different scanner and
scanning protocol and we adopted the same semiquantita-
tive regional blood flow analysis.

Our study suffers from the limitations of a single case
report. The effect of anti-psychotics on SPECT findings
cannot be totally excluded in this naturalistic study, but as
argued above their effects are unlikely to distort our inter-
pretation of the major findings. It is also important to note
that with functional neuroimaging one cannot distinguish
between cause and effect in the changes in cerebral metab-
olism and symptoms. Some of the issues can be addressed
in a large scale longitudinal study.

References

Andreasen NC, Rezai K, Alliger R et al. (1992) Hypofrontality in
neuroleptic-naive patients and in patients with chronic schizo-
phrenia. Assessment with xenon 133 single-photon emission
computed tomography and the Tower of London. Arch Gen Psy-
chiatry 49:943-958

Catafau AM, Parellada E, Lomena FJ et al. (1994) Prefrontal and
temporal blood flow in schizophrenia: resting and activation
technetium-99m-HMPAO SPECT patterns in young neurolep-
tic-naive patients with acute disease. J Nucl Med 35:935-941

Chen EYH, Lam LCW, Chen RYL et al. (1996) Prefrontal neu-
ropsychological impairment and illness duration in schizophre-
nia: a study of 204 patients in Hong Kong. Acta Psychiatr Scand
93:144-150

Chen EYH, Shapleske J, Luque R (1995) The Cambridge Neuro-
logical Inventory: a clinical instrument for soft neurological signs
and the further neurological examination for psychiatric patients.
Psychiatry Res 56:183-202

Flor Henry P (1969) Psychosis and temporal lobe epilepsy. A con-
trolled investigation. Epilepsia 10:363-395

Goldman RG, Alexander GE, Zemishlany Z et al. (1996) Acute ef-
fects of haloperidol on cerebral cortex blood flow in normal
and schizophrenic subjects. Biol Psychiatry 40:604-608

Gruzelier J (1996) Lateralised dysfunction is necessary but not suf-
ficient to account for neuropsychological deficits in schizophre-
nia. In: Pantelis C, Nelson HE, Barnes TRE (eds) Schizophre-
nia: A Neuropsychological Perspective. John Wiley & Sons Ltd,
New York, pp 125-160

Gur RE, Resnick SM, Gur RC et al. (1987) Regional brain function
in schizophrenia. II. Repeated evaluation with positron emission
tomography. Arch Gen Psychiatry 44:126-129

Hawton K, Shepstone B, Soper N et al. (1990) Single-photon emis-
sion computerised tomography (SPECT) in schizophrenia. Br J
Psychiatry 156:425-427

Heaton RK (1981) Wisconsin Card Sorting Test Manual. Psycho-
logical Assessment Resources Inc, Odessa, Florida

Jibiki I, Matsuda H, Yamaguchi N et al. (1992) Acutely adminis-
tered haloperidol-induced pattern changes of regional cerebral
blood flow in schizophrenics. Observation from subtraction of
brain imaging with single photon emission computed tomogra-
phy using technetium-99m hexamethyl-propyleneamine oxime.
Neuropsychobiology 25:182-187

Kurachi M, Kobayashi K, Matsubara R et al. (1985) Regional
cerebral blood flow in schizophrenic disorders. European Neu-
rology 24:176-181

Liddle PF, Friston KJ, Frith CD (1992) Patterns of cerebral blood
flow in schizophrenia. Br J Psychiatry 160:179-186

Matsuda H, Gyobu T, Hisada K (1989) SPECT imaging of audi-
tory hallucination using 123I-IMP. Adv Funct Neuroim 2:9-16

Mortimer AM, McKenna PJ, Lund CE et al. (1989) Rating of neg-
ative symptoms using the High Royds Evaluation of Negativity
(HEN) scale. Br J Psychiatry Suppl 7:89-92

Notardonato H, Gonzalez Avilez A, Van Heertum RL et al. (1989)
The potential value of serial cerebral SPECT scanning in the
evaluation of psychiatric illness. Clin Nucl Med 14:319-322

Overall GE, Gorham DR (1962) The brief psychiatric rating scale.
Psychological Reports 10:799-812

Paulman RG, Devous MD, Sr., Gregory RR et al. (1990) Hypo-
frontality and cognitive impairment in schizophrenia: dynamic
single-photon tomography and neuropsychological assessment
of schizophrenic brain function. Biol Psychiatry 27:377-399

Rodriguez VM, Andree RM, Castejon MJP et al. (1996) SPECT
study of regional cerebral perfusion in neuroleptic-resistant
schizophrenic patients who responded or did not respond to
clozapine. Am J Psychiatry 153:1343-1346

Russell JM, Early TS, Patterson JC et al. (1997) Temporal lobe per-
fusion asymmetries in schizophrenia. J Nucl Med 38:607-612

Schroder J, Buchsbaum MS, Siegel BV et al. (1995) Structural and
functional correlates of subsyndromes in chronic schizophre-
nia. Psychopathology 28:38-45

Suzuki M, Yuasa S, Minabe Y et al. (1993) Left superior temporal
blood flow increases in schizophrenic and schizophreniform pa-
tients with auditory hallucination: a longitudinal case study us-
ing 123I-IMP SPECT. Eur Arch Psychiatry Clin Neurosci 242:
257-261

The Hong Kong Psychological Society, editor. (1989) The
Weschler Adult Intelligence Scale: revised Cantonese version.
Hong Kong: The Hong Kong Psychological Association

Volkow ND, Wolf AP, Van Gelder P (1987) Phenomenological
correlates of metabolic activity in 18 patients with chronic
schizophrenia. Am J Psychiatry 144:151–158

Wechsler D (1987) Wechsler Memory Scale. Revised Manual. New
York: Psychological Corporation, Harcourt Brace Jovanovich
Inc

Wiesel FA, Wik G, Sjogren I (1987) Regional brain glucose me-
tabolism in drug free schizophrenic patients and clinical corre-
lates. Acta Psychiatr Scand 76:628–641

Wik G, Wiesel FA, Sjogren I et al. (1989) Effects of sulpiride and
chlorpromazine on regional cerebral glucose metabolism in
schizophrenic patients as determined by positron emission to-
mography. Psychopharmacology Berl 97:309–318

Wolkin A, Jaeger J, Brodie JD et al. (1985) Persistence of cerebral
metabolic abnormalities in chronic schizophrenia as determined
by positron emission tomography. Am J Psychiatry 142:564–
571

World Health Organization (1992) The ICD-10 classification of
mental and behavioural disorders: clinical descriptions and di-
agnostic guidelines. World Health Organisation

72


