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Positron Emission Tomography in Psychiatric and =
Neuropsychiatric Disorders :

and K.

R. J. Dolan, M.D.*

Positron emission tomography (PET) has a po-
tentially unique position in the study of psychiatric
and neuropsychiatric disorders. The mechanisms
by which regional pathologic changes disrupt nor-
mal psychologic functioning and the relationships
between mental events and brain physiology are
now open to empirical study. Although progress
has been made in revealing the functional anatomy
of human cognition, PET has not, as yet, clarified
the pathologic processes underlying the major psy-

chiatric disorders. This failure may mean that the

processes mediating psychiatric disorders are be-
yond the resolution of PET or, alternatively, that
the design of PET studies of psychiatric disorders
is not sufficiently refined.

The primary focus of PET studies up to the
present has been the investigation of neurologic
disorders. In the application of PET to psychiatric
research it is important to bear i mind essential
differences between psychiatric and neurologic
disorders. Psychiatric illness involves the disorgan-
ization of internal experience as opposed to the
breakdown of primary sensorimotor function. Ar-
guably PET methodologic strategies that have
proved fruitful in the study of neurologic disor-
ders, where there are fixed pathologic features,
may be inappropriate to the study of psychiatric
disorders. In psychiatric disorders, with no fixed
pathologic features, abnormalities are likely to be
“functional,” mvolving disturbed neural integra-
tion. Therefore novel strategies or augmentation
of existing methods will be necessary in the inves-
tigation of these disorders.

The choice of appropriate PET methods for
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data acquisition and analysis in studies o
atric disorders has still to be established.
normal responsivity of psychiatric patien
chologic and physical stressors makes
conditions critical. It can be argued tha
state metabolic scans should be augme
studies during the performance of cognit
or during specific pharmacologic manipi
Most PET studies reported to date have
quired under resting conditions and this
tially explain the lack of consistent findi
absence of standardized approaches to PE
analysis in circumstances where little is kno
cerning regional pathologic characteristics
ther drawback and has led to an excess reli
ratio data. This type of approach can often
leading because such relative values ha
shown to be highly sensitive to ambient con
The seemingly arbitrary region of intere
tion reported in the literature emphasizes th
for standardized methods of region of#
definition or the exploration of alterna
proaches.

As well as 1ssues of study design, equ
must be applied to patient selection and ch
ization. Homogeneity of the patient grou
damental in psychiatric studies. Lack of I
neity can render relationships betwee
groups and PET measures extremely el
homogeneity is difficult to achieve us
sectional assessments, which are standa
chiatric research. Such methods need to
mented by either longitudinal assessments
use of genetic or other such biologic markd
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nd remitting nature of many psychiatric
phasizes the need for appropriate
dies in relation to clinical state.
cle examines findings from PET stud-
nts with psychiatric and neuropsychiat-
and highlights areas of current and
Most studies have concerned the
atric disorders, schizophrenia and af-
ders, and consequently the greater
article will address findings in these

SCHIZOPHRENIA

phrenia is the most prevalent and dis-
otic disorder and is characterized by
e of onset, symptoms such as halluci-
lusions, disordered thinking (positive
,and impoverished motivation and feel-
e symptoms). A genetic predisposition
ed, although beyond this there is much
regarding etiology, which may be mul-
ophrenia is defined phenomenologi-
may subsume a number of clinical syn-

studies of schizophrenia date from 1980
ccording to the group studied and the
ased. The most extensively used PET
“have been measurements of cerebral
. metabolism, and receptor binding in
comparison with controls. Patients have
ed according to standardized diagnos-
and this approach assumes regional
features common to clinically defined
schizophrenia. No such relationship
al pathologic changes has been found.
early studies of regional cerebral blood
in schizophrenia using xenon inhala-
ques suggested a relative decrease in
ions.! * Despite methodologic prob-
 these pioneering studies, associations
between abnormal patterns of perfusion
symptoms. In general, patients with
frontal rTCBF tended to be the most
~mute, and indifferent. This pattern of
lity therefore is a finding antedating
mains important and controversial.
ontality, a relative reduction in pre-
cal blood flow or metabolism, has been
orted using PET.* "7 Despite this, there
controversy regarding its reproduci-
city, sensitivity to the confounding ef-
,and dependence on cognitive state
. Three studies using deoxyglucose as
acer, which yielded contradictory re-
e considered.

DeLisi et al® studied patients with chronic
schizophrenia and matched controls. The patients
met strict DSM-I1 criteria for schizophrenia and
were medication free for at least 2 weeks prior to
the study. Patients had significantly lower anterior
to posterior ratios (eight of the nine patients had
ratios less than 1). Cerebral atrophy as determined
by CAT scan was not associated with this aberrant
metabolic pattern. Gur et al”'’ in two communica-
tions described abnormalities of the subcortico-
cortical metabolic gradient in schizophrenic pa-
tients who were medication free for at least a week.
The duration of illness varied from 3 to 17 years.
No evidence for hypofrontality was found. Finally,
Szechtman et al'! in a controlled study examined
whether neuroleptic treatment duration influenced
the regional distribution of metabolism in patients
meeting Research Diagnostic Criteria (RDC) for
schizophrenia. The patient group was dichoto-
mized according (o treatment duration. Both
groups had a greater anterior to posterior ratio
than control subjects, although this was less evident
in the group with the longest neuroleptic expo-
sure.

As in much other work on schizophrenia, the
basic findings with PET are often not reproduced.
Explanations for these apparently inconsistent re-
sults include the confounding effects of treatment
and illness duration as well as differences in scan-
ning procedure and in image analysis. An impor-
tant consideration is the relative preponderance of
positive and negative symptoms in the groups stud-
ied, which may reflect differing etiologies and
pathologies. In this context Liddle' has described
three subsyndromes of schizophrenia which in-
clude a syndrome of “psychomotor poverty” char-
acterized by negative symptoms (flat atfect, pov-
erty of speech and spontaneous movement). Based
on a comparison of signs and symptoms in focal
brain lesions, it is suggested that this syndrome is
associated with impaired dorsolateral prefrontal
cortical (DLPFC) function. The prediction that hy-
pofrontality is associated with negative symptoms,
within any patient group, has received indepen-
dent support from PET studies. Delisi et al”® re-
ported that the only significant correlations be-
tween relative hypofrontality and symptom ratings
were for emotional withdrawal, disorientation,
distractibility, and helplessness or hopelessness.
Kishomoto et al'! discriminated among three dis-
tinct types of metabolic pattern in chronic schizo-
phrenic patients. Hypofrontal patients tended to
show flat, blunted affect and a hypoparietal group,
delusions and hallucinations. Because diagnostic
criteria place an emphasis on delusions and hallu-
cinations (positive symptoms), psychomotor pov-
erty syndromes (negative symptoms) are likely to
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be underselected in some study protocols and
therefore hypofrontality will be a variable finding
across studies.

The possible relationships between negative
symptoms, hypofrontality, and putative abnormal-
ities of the mesocortical dopaminergic system have
been addressed from a number of perspectives.
Animal studies using autoradiography have shown
increased frontal and anterior cingulate metabolic
response to the dopaminergic agonist apomor-
phine."” Corresponding dopaminergic challenge in
humans has yet to be established, although initial
studies have been reported. Wolkin et al'® report
decreased frontal, temporal, and striatal glucose
metabolism in schizophrenic and control subjects
following d-amphetamine (0.5 mg/kg orally). Ger-
aud et al"” report a reversible hemodynamic hypo-
frontality in young schizophrenic patients. Hypo-
frontality was seen in chronic patients whose
disease had evolved over more than 2 years, and

this pattern disappeared during exacerbation of

the symptoms. In a subgroup who had not been
treated for several weeks a weak dose of a dopa-
minergic agonist restored near-normal frontality.
The investigators conclude, “This [dopamine hy-
persensitivity] may reflect either the role of neu-
roleptic washout or a primitive dopaminergic de-
pletion as proposed by some authors in the chronic
form of schizophrenia.”'” This is consistent with a
study of patients, characterized by short duration
of illness, before and after medication.” In a med-
ication-free state, patients had asymmetric basal
ganglia uptake, left greater than right. Following
dopamine receptor blockade consequent upon
treatment, this asymmetry was abolished, but a left
prefrontal ¢ ortical reduction in glucose uptake be-
came evident.

Basal gangha changes in dopamine pharma-
cology have been reported from postmortem stud-
ies of schizophrenia patents, although the findings
are confounded by possible drug effects. Increase
i D2 receptors in unmedicated schizophrenic pa-
tients has partial support from the PET literature.
Wong et al." using displacement of "'C N-methyl-
spiperone by unlabeled haloperidol, studied D2 re-
ceptor density in normal, drug-naive, and treat-
ed schizophrenic subjects. A three-compartment
model with irreversible radinligand binding was as-
sumed. Significant increases in receptors were re-
ported for both schizophrenic groups, with the in-
crease being more evident in drug-treated patients.
There is continuing debate over the reproducibil-

ity of these imqus- and criticisms of methods of

data analysis have been expressed.?!

Making PET a behaviorally or pharmacologi-
cally specific technique is the object of activation
paradigms. Behavioral specificity can be achieved
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by using PET in conjunction with cognitive
sorimotor activation. Regional deficits me
with PET can be seen as a common concomi
clinical and neuropsychologic symptoms. T
proach depends on first establishing the fun
anatomy of relevant cortical and subcorti
gions in normal subjects. Weinberger et al
reported findings that imply physiologic d
tion of the prefrontal cortex in response to
cific cognitive challenge, the Wisconsin Card
Using the xenon-133 inhalation technique
reported that at rest patients had a relat
not absolute reduction in dorsolateral pre
flow. During the cognitive activation, the pa
showed evidence of impaired augmentation off
regional flow. These results have yet to be indef
dently reproduced, and the likelihood th
particular complex task involving a visual, ab
and motor component is regionally specifict
troversial. _

Other, more simple, activation study d
have been reported. Cohen et al* studied ce
function during an auditory discriminatior
designed to emphasize sustained attention.
rect relationship was found between metabol
in the prefrontal cortex and accuracy of p
mance. In schizophrenics lower tlow was fou
the prefrontal cortex, which was unrelated &
performance. Warkentin et al,** again usi
non inhalation measurement of rCBF, use
bal fluency task as a cognitive challenge.
marked effect of the activation in normal
was seen in the left prefrontal area, bu
schizophrenic group this increase was atte
The investigators conclude, “I'he controve
garding frontal lobe dysfunction in schizo
is related to whether these areas are functi
challenged or not.” Using ''C-deoxygluco
PET tracer, Volkow et al*® studied patie
chronic schizophrenia using a smooth pu
tracking activation task. Both at baseline a
ing activation, patients displayed absolute
ative frontal hypometabolism. Patients with
tive symptoms had lower frontal, tempon
pdne!,ll metabolic rates compared with the
positive symptoms across both conditions.:
cant between-condition differences were ok
solely in the positive group. During task
mance, significant negative correlations f
frontal lobe metabolism and symptom rati
peared. This study therefore illustrates
that activation studies may increase not @
specificity, but also the sensitivity of PET.

Etiology has not been addressed by P
ies of schizophrenia. Berman et al®® have
their xenon inhalation technique, in co
with Wisconsin Card Sort, to studies ¢
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ns concordant and discordant for
enia. Their findings suggest that the
iologic defect in prefrontal function is
- the schizophrenic twin in a discordant
ermore, lifetime ncuroleptic medication
explain differences in hypofrontality in
idant pairs. This finding, which needs
with PET, may suggest that hypofron-
tdirectly mediated by the genotype.
clusion, PET studies of schizophrenia
attern of hypofrontality in some groups
diagnosed as schizophrenic. Hypofron-
t correlated with a clinical psychomotor
mdrome with predominantly negative
he functional state at the time of scan-
eatly change the nature of the findings,
best exemplified by studies using acti-
igms. Much work needs to be done
and develop activation strategies both
d pharmacologic. Their combined use
ossibility of linking abnormal neuro-
, behavioral impairment, and regional
hanges in schizophrenia.

AFFECTIVE DISORDERS

ology of affective disorders is still un-
he most widely accepted viewpoint posits
sturbances of neural networks in crit-
ters concerned with mood regulation.
eural transmission in monoaminergic
s been implicated by the advent of po-
ressant drugs. No specific monoami-
m abnormality in affective disorders
en identified using indirect methods.
has frequently been attributed to the
t measures of brain function in vivo.
ared with studies of schizophrenia,
atively few PET studies of affective pa-
ost of those reported have focused on
ment of cerebral blood flow (CBF) and
Early studies used the xenon inhala-
e, These will be discussed as a prelim-
nsideration of PE'T studies.

s of CBF in affective disorders, using
nhalation technique, have suggested
d decreases in CBF in depressed pa-
ew et al’” studied 13 young patients
e and sex-matched control group. The
et RDC for depression and had a medi-
out period of 2 weeks. A generalized
erebral blood flow was reported in the
ipared with conurol subjects. An in-
nship was observed between blood
an index of illness severity. The princi-
gs were replicated by a number of sepa-

rate investigators, who likewise reported decreased
CBF ia depressed compared with control sub-
jects.®* Uytdenhoef et al* reported changes of a
different kind in a study of unipolar and bipolar
patients, the latter while in remission. Significant
left frontal hyperperfusion and right posterior hy-
poperfusion were seen in the depressive compared
with control subjects. This pattern was not ob-
served in the euthymic bipolar patients, suggesting
that alterations in rCBF in depression might be
state dependent. These findings were not repli-
cated in a number of other reports. Gustafson et
al®' compared a heterogeneous group of patients,
including depressives, with normal controls and
failed to find differences across groups. Other
studies of depressed and manic subjects® and de-
pressed patients alone® failed to find differences
from controls.

A single study of depressed patients, using the
xenon technique, has used an activation paradigm.
Patients were studied in the resting state and dur-
ing performance of both a verbal and a spatial
task.** Although no overall differences were ap-
parent between groups during rest, differences
emerged in the rCBF patterns of depressive and
control subjects during cognitive activation. The
depressed female patients had higher than normal
flow in all states, whereas the depressed male pa-
tients had lower resting flow that became normal
during cognitive activation.

The earliest study of affectively ill patients us-
ing PET compared regional cerebral metabolic
rate of glucose (rCMRglu) values in schizophrenic,
affective disorder, and control subjects using a
somatosensory paradigm (subjects received l/sec
electric shocks to the right forearm) which at-
tempted to control for the ambient state across sub-
jects.® The affective patients showed a reduced
anteroposterior gradient in glucose metabolism
compared with control subjects. The order of mag-
nitude of these changes is indicated by an inves-
tigation that demonstrated a similarity in the
metabolic rates for glucose between patients with
depression and those with multi-infarct demen-
tia.*® Only a single report to date has failed to find
altered cerebral metabolism in depression.” No
differences were found in cerebral glucose utiliza-
tion in a heterogeneous group of chronic psychi-
atric patients, including six chronic depressives,
and normal control subjects. The small sample size
and the chronic population studied limit and com-
plicate the interpretation of this study.

In contrast to these preliminary reports a de-
tailed series of studies of affective patients using
BF deoxyglucose as a metabolic tracer has been re-
ported.®~* In the first of these, unipolar and bi-
polar patients were studied under a variety of con-
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ditions. The unipolar group were scanned in a
drug-free baseline state, following administration
of methylphenidate and when euthymic on follow-
up. The bipolar patients were studied either in a
manic or depressed phase and when euthymic on
follow-up. An interesting observation was that the
bipolar depressed patients in the resting state had
lower hemispheric metabolic rates for glucose than
cither control subjects, unipolar depressed or bi-
polar manic patients. A subgroup of unipolar
depressed patients were identified who had
metabolic asymmetries, most prominent in the pos-
teroinferior frontal areas. In this latter group a
positive clinical response to methyphenidate was
associated with normalization of metabolic asym-
metries, whereas an absent clinical response was as-
sociated with persistence of asymmetries.

In a subsequent communication on an en-
larged series of patients, including unipolar de-
pressives, bipolar depressives, a bipolar mixed
group, a manic group, and a control group, the bi-
polar depressed and the mixed bipolar patients
were reported as displaying lower supratentorial
whole-brain glucose metabolic rates than any of
the comparison groups.” Patients with unipolar
depression had significantly lower metabolic ratios
of caudate nucleus to whole hemisphere values
than either the other patient groups or control sub-
jects. The data further suggested, like the xenon
studies, that global hypometabolism in the de-
pressed bipolar patients was state dependent be-
cause the metabolic rates “normalized” when pa-
tients were euthymic or in a manic phase.

The possibility of a common pathophysiologic
basis for the behavioral expression of depression
was investigated in a study that examined cerebral
metabolic rates in a heterogeneous group of de-
pressives, patients with obsessive compulsive dis-
orders with or without major depression, and nor-
mal control subjects.” A significant lowering of
metabolic rates for glucose in the left dorsal
anterolateral prefrontal cortex was reported in pa-
tients with primary depression, unipolar and bi-
polar, by comparison with other groups. Similar re-
sults, although less marked, were obtained for the
right dorsal anterolateral prefrontal cortex. Obses-
sive compulsive patients with depression displayed
lower metabolic values in the same regions as pa-
tients with primary depression. Glucose metabolic
rates in the left anterolateral prefrontal cortex cor-
related significantly with severity ratings of depres-
sion. Following clinical response to medication, the
metabolic pattern became normal. The investiga-
tors concluded that the findings suggested a left
anterolateral prefrontal cortex abnormality in ma-
jor depression.

In conclusion, PET, and early studies using xe-

non, of affectively ill patients are consistent i
ing decreased cerebral metabolism, greates
inferior frontal region, during the depres
No theoretical framework has been articu
accommodate these findings with con
theories of monoaminergic function in de
The findings have considerable face validity
mood changes are a frequent concomitantd
tal lobe pathologic states. Although the fin
decreased frontal metabolism are remini
those reported in schizophrenic patients,
anatomic resolution of early PET techniq
not exclude subtle focal differences betwe
nosologically distinct patient groups.

OBSESSIONAL DISORDERS

Obsessional compulsive disorders (O
among the most disabling nonpsychotic
disorders and occur in pure form or as
phenomena in other psychiatric disorders
ularly depression, and in primary neur
orders. This association with neurologi
and the similarities between intrusive i
OCD and intrusive motor acts, such as i
to the hypothesis that OCD may be secon
dysfunction in basal ganglia or related
This hypothesis is now amenable to dir
by PET. :

Baxter et al'' compared metabolic
glucose in 14 patients with OCD, norm
subjects, and patients with primary dep
significant increase in the metabolic rate
orbital gyrus, a nonsignificant increase in
orbital gyrus, and a bilateral increase i
metabolism, specific to patients with O
observed. Changes in the caudate to he
metabolic ratio exclusive to medication-
OCD patients were also reported. In
study, OCD patients with and withoi
depression were compared with norm:
subjects. Metabolic rates in the OCD patié
depression were significantly lower in the
terolateral prefrontal cortex compared #
patients without depression, a metabolig
similar to that seen in patients wi
depression. A single study of five p:
Gilles de la Tourette syndrome, a condi
invariably associated with obsessional p
has also reported increased metabolism
ganglia.*

PET studies therefore support the fi
that obsessional disorders are assocated
tional changes in the basal ganglia and {8
lobes. Because OCD is responsive to
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acologic treatment it would be of inter-
ish the effects such interventons might
erebral metabolism. The findings if es-
would have a major impact on the noso-
s of OCD, which has traditionally been
a a neurotic disorder with a presumed
etiology.

TY AND PANIC DISORDERS

rrent, discrete, episodic, and spontane-
ety attacks are the principal features of
order (PD). Its nosology is controversial
erally is considered as a form of anxiety,
there is a viewpoint that PD is a sepa-
logic entity with unique pathophysiologic
gnstics. A feature of PD is that it may be
d in susceptible patients by sodium lactate

relationship between panic disorder and
as been investigated using PET." Cere-
d flow was measured in patents with a
f panic disorder and control subjects.
ps of patients with PD were identified,
tients with positive and negative lactate
Whole brain and hemispheric CBF was
ed as well as specific brain regions, includ-
lippocampus and parahippocampal gyrus.
rences were found between groups for
rain or hemispheric CBF, but the left to
BF ratio differed in the parahippocampal
he lactate responders. In an extension of
dy, with the addition of further patients
PD and control subjects, the finding was rep-
and in addition asymmetries of blood vol-
d oxygen metabolism were found. The pa-
ith PD also had higher whole brain oxygen
ism. *
ie relationship between anxiety, panic dis-
nd normal anticipatory anxiety was in-
d in a study of subjects at rest and dur-
um lactate infusion.” During periods of
induced anxiety, there were increases in
in the anterior temporal poles, insular cor-
strum, lateral putamen, the vicinity of the
colliculus, and left anterior cerebellar ver-
here was no increase in rCBF in the non-
d control subjects. A separate study mea-
BF in subjects while they anticipated a
electric shock." In these subjects anticipa-
iety was associated with an increase in CBF
mporal poles.
these latter studies suggest a common
for the expression of anxiety, involving
fictures in the temporal poles, and relate well to

recent conceptualizations of the pathophysiologic
basis of anxiety.* Studies of patients with PD pro-
vide intriguing evidence that this condition has a
biologic basis separate from generalized anxiety.

NEUROPSYCHIATRIC DISORDERS

Psychiatric morbidity, both psychotic and non-
psychotic, is common in primary neurologic illness.
The application of PET to the study of such neu-
ropsychiatric disorders should greatly extend our
knowledge of brain-behavior relationships and
clarify pathophysiologic mechanisms mediating
primary psychiatric disorders. The mechanisms by
which focal brain insults result in neuropsychologic
impairment is open to study. Few PET studies, with
notable exceptions, have extended their bounda-
ries beyond either a primary neurologic or psychi-
atric perspective. A full review of PET in ncuro-
psychiatric disorders is beyond the scope of this
article: two studies will be considered as illustrative
of the potential application of PET in neuropsy-
chiatric research.

A wide range of clinical manifestations are rec-
ognized following isolated infarcts of the thalamus,
including verbal and visual memory impairment,
aphasia, neglect, and behavioral change. A clini-
copathologic perspective might suggest that these
impairments reflect a critical role for the thalamus
in these diverse psychologic functions. However,
findings from PET investigations of such pauents
with thalamic lesions provide a different viewpoint,
suggesting that neuropsychologic impairment re-
lates to remote physiologic effects rather than the
direct pathologic effects of lesions. Baron et al” in
a combined PET and neuropsychologic study of
ten patients with single isolated unilateral lesions
of the thalamus reported that nine of ten displayed
significant and widespread ipsilateral cortical hy-
pometabolism remote from the lesion. These pa-
tients also displayed a range of neuropsychologic
impairments with a marked trend for deficits to be
related to degree of cortical hypometabolism.

Depression is a common accompaniment of

Parkinson’s disease and may frequently antedate
the onset of motor impairment. Its relationship to
the disorder is controversial and has been concep-
tualized as a psychologic reaction to the motor dis-
ability. Mayberg et al*® have investigated the rela-
tionship between cerebral glucose metabolism
and mood disorder in parkinsonian patients. De-
pressed parkinsonian patients had a significant
decrease in rCMRglu in the orbital and inferior
preirontal cortex compared with nondepressed
patients and control subjects. A significant corre-
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lation emerged between ratings of mood severity
and rCMRglu in these regions. It is tempting to
speculate that the decreased metabolism was re-
lated to loss of extrastriatal ascending monoami-
nergic projections, since destruction of these path-
ways in primates is associated with decreased
frontal metabolism.

SUMMARY

PET is potentially the most powerful tool yet
available for the direct. in vivo investigation of the
biologic basis of psychiatric and neuropsychiatric
disorders. The fulfillment of its potential rests on
the development of methodologies and study de-
sign appropriate to psychiatric disorders. To date,
findings in both schizophrenia and affective dis-
order, using protocols largely based on resting state
data acquisition, suggest altered regional metabo-
lism. These approaches need to be extended, par-
ticularly by the application of protocols that utilize
PET to obtain longitudinal data under controlled
experimental situations. In two conditions tradi-
tionally ascribed to psychologic causes, OCD and
PD, there is intriguing evidence of specific biologic
abnormalities, which, if confirmed, would lead to
a fundamental revision of their nosologic status. In
neuropsychiatric disorders PET findings, although
preliminary in nature, offer an alternative para-
digm to traditional clinicopathologic correlations
by suggesting that clinical impairments relate to
physiologic effects at sites distant from structural
lesions.
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