
British Journal of Psychiatry(1995), 166, 563â€”582

Schizophrenia â€”¿�a Brain Disease?
A Critical Review of Structural and Functional Cerebral Abnormality

in the Disorder

S. E. CHUA and P. J. McKENNA

Background.Withgeneticandneurochemicalfindingspointingtoa biologicalaetiology,
considerableeffort has beendevotedto findingdirectevidenceof brainabnormalityin
schizophrenia.
Method.CT,MRI,post-mortemandfunctionalimagingstudiesarereviewedtoassesswhich
structuraland/orfunctionalbrainabnormalitieshavebeenconsistentlydemonstrated.
Results.Theonlywell-establishedstructuralabnormalityin schizophreniais lateralventricular
enlargement;thisismodestandthereisa largeoverlapwiththe normalpopulation.There
isnoconsensusonthepresenceof anylocalisedstructuralabnormalityfromMRIandpost
mortemstudies,butthe mostpromisingfindingsconcerntemporallobelimbicstructures.
Hypofrontalityisnota well-replicatedfindinginschizophreniaunderrestingconditions,but
the evidenceisstrongerfora selectiveassociationwith negativesymptoms.A numberof
studieshavefoundhypofrontalityunderconditionsof neuropsychologicaltaskactivation.
However,findingsinthesestudiesaredividedanda recentmethodologicallysophisticated
studyhasfailedto confirmit, althoughthisstudysuggesteda decouplingof prefrontaland
temporalfunction.
Conclusion. Schizophrenia is characterised by minor structural abnormality which, in the case
of lateralventricularenlargement,maybebetterunderstoodasa riskfactorthanacausative
lesion.Thefunctionalimagingfindingsarenottransparentbutsuggestthat,asadisorder,
schizophreniashowscomplexalterationsinregionalpatternsofactivityratherthananysimple
deficit in prefrontal function.

Although the concept of schizophrenia has been in
existence for nearly a century and has proved
clinically useful, there has been no identification of
any underlying causal pathology. One important
reason for this lack of aetiological evidence has been
the fact that investigation of the disorder has been
coloured by a protracted dispute between the
biological and psychodynamic schools of thought.
For a considerable period the psychodynamic
approach held sway, and research was directed
mainly to examining the roles of abnormal family
interaction (Hirsch & Leff, 1975) and stressful life
events (Day, 1981; Bebbington & Kuipers, 1988),
with negative and modest results respectively. In
recent years, the hypothesis that schizophrenia is a
biological brain disease has spectacularlygained the
upper hand. The origins of this paradigm shift can be
traced directly to two incontrovertible fmdings: first,
the hereditary contribution to the disorder and,
secondly, the antipsychoticeffect of neurolepticdrugs.

As reviewed by Gottesman (1991), it has been
known from the early years of the century that
schizophrenia shows a tendency to cluster in families.
That this familiality reflects heredity was eventually
confirmed in a number of twin and adoption studies.

The genetic contribution to schizophrenia may be
large (McGuffm eta!, 1994)or small (Torrey, 1992),
but in either case the lack of complete concordance
in monozygotic twins suggests that non-genetic
factors also play a part. Additionally, it is unknown
whether the genetic predisposition to develop
schizophrenia is expressed in some relatively direct
biological way, or whetherwhat is inheritedis merely
a vulnerability that depends on other factors â€”¿�quite
possibly of a psychosocial nature â€”¿�for its clinical
expression.

The discovery in the 1950sthat certain drugs have
a therapeutic effect on schizophrenic symptoms led
directly to the dopamine hypothesis of schizophrenia,
and this became the dominant force motivating
biological research for the next 20 years. With
cerebrospinal fluid (CSF) studies producing weak or
negative fmdings (Heritch, 1990), and after it became
clear that post-mortem studies would always be
confounded by the effects of neuroleptic treatment
in life (Seeman, 1987), hopes of a definitive answer
to the question of a functional dopamine excess in
schizophrenia came to rest on studies using functional
imaging to quantify D2 receptor densities in
drug-naive patients. Unfortunately two studies using
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positron emission tomography (PET) and sophisticated
methods of analysis (Wong et a!, 1986; Farde et a!,
1987; see also Farde et a!, 1990; Tune et a!, 1992)
have produced completely contradictoryresults, and
five further studies (Crawley et a!, 1986; Martinot
ci a!, 1990, 1991; Hietala et a!, 1994; Piowsky et
a!, 1994) have found evidence of at most minor
alterations in D2 receptor numbers.

With a genetic theory facing limitations and with
the dopamine hypothesis showing little prospect
of resolution,biologicalapproachesto the aetiologyof
schizophreniahavecome torelyincreasinglyheavily
on attemptsto identifya structuralor functionalbrain
abnormality in the disorder â€”¿�the lesion of schizo
phrenia.Opinion on the statusof this work is divided,
even polarised. Some (e.g. Ron & Harvey, 1990;
Pilowsky, 1992) appear to believe that, notwith
standing some conflicting findings, evidence linking
schizophrenia to organic disease of the brain has been
establishedbeyond reasonabledoubt. Othersaremore
cautious: the same contradictions and uncertainties
amongthebiologicalfmdingsledLeff (1991)to observe
that the history of schizophrenia has been replete
with breakthroughs that subsequently turned out to
be illusory.

Have convincing differences been demonstrated
between the brainsof schizophrenicpatientsand nor
mal individuals?Or, in a way reminiscentof an earlier
generation of psychodynamically oriented studies, is
the evidence in support of such a view failing to con
solidate over time? This review examines studies of
brain structure and function in the disorder in order
to determinewhichabnormalitieshavebeenestablished
beyond reasonable doubt. The major criterion used
to judge this will be the reproducibilityof the various
claims across studies. Such an approachcan of course
fall prey to the marked clinical heterogeneity within
schizophrenia, and so it is also pertinent to consider
whether, when there is a lack of consistency among
the findings in an area, abnormality might be
selectively associated with a particular subgroup of
patients, such as those with chronic illnesses, those
showing negative symptoms and so on. The scope
of the review will be restricted to studies that provide
the most direct indices of brain structure and
function, i.e. computed tomography (CT) scan,
magnetic resonance imaging (MRI), post-mortem
and functional imaging.

Structural brain abnormality in schizophrenia

CT scan studies

sample of 13 chronically hospitalised schizophrenic
patients had significantly larger lateral ventricles
than eight normal volunteers; in some cases the
enlargement was considerable. Reviewing the many
subsequent replications of this finding, Andreasen
et a! (1990a) noted that 36 out of 49 further studies
which compared schizophrenic patients and controls
under blind conditions found some increase in lateral
ventricular size. Two formal meta-analyses of the CF
scan literature (Raz & Raz, 1990; Van Horn &
McManus, 1992)have also supported the conclusion
that significant differences exist between patients and
controls.

However, it has also become clear that the degree
of ventricular enlargement in schizophrenia is for the
most part small. In the first study with a largesample
size (Weinberger eta!, 1979), it was found that 60%
of a group of 58 chronic schizophrenic patients had
lateral ventricular dimensions within the control
group range. In an even higher percentage the scans
were reported by radiologists as being within normal
limits. Only in 10 of the 58 cases could the presence
of clinically significant ventricular enlargement be
agreed on, and in most cases this was described as
mild or borderline. Modest to begin with, the degree
of lateral ventricular enlargement in schizophrenia
also seems to have lessened over time: in their meta
analysis Van Horn & McManus (1992) found that
year of publication was a significant determinant of
the effect size. As this was a predictor of control but
not schizophrenic ventricular size, they concluded
that this trend was at least partly attributable to
methodological problems associated with the selection
of controls.

The potential importance of the control group in
studies of lateral ventricular enlargement in schizo
phrenia had already been highlighted by Smith &
lacono (1986). These authors compared 14 studies
inwhichsignificantlateralventricularenlargement
had been found with seven studies where no
differences between patients and controls had been
found. When they plotted the mean ventricle: brain
ratio (VBR) for the schizophrenic patients and the
controls in each of the two sets of studies as a scatter
diagram, they obtained the result illustrated in Fig. 1.
For the schizophrenic patients, the range of mean
VBR values in the positive studies was similarto that
in the negative studies. On the other hand, the
corresponding values for the controls differed, with
the control subjects in the positive studies having
noticeablysmallerVBRs thanthoseinthenegative
studies.In short,thefmding of lateralventricular
enlargement in schizophrenia appeared to be due to
the controls having smallerventriclesratherthan the
schizophrenics having larger ones.

The first CT scan study in schizophrenia was carried
out by Johnstone ci a! (1976). They reported that a
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subjectswereinterviewedandexcludediftheyhad
a history of significant medical disorder, head injury,

â€¢¿� substanceabuseorevenpsychiatricillness.VBR was
â€¢¿� found to be greater in the schizophrenic group than

in the controls. The magnitude of the difference was
______ smallanditssignificance,atP<0.04,wasrelatively

weak given the size of the samples. When only the
patients and controls under the age of 50 were
considered, the level of significance became some
what higher (P= 0.01) despite the reduction in
numbers (ventricular size increases disproportionately
after late middle age, which could tend to obscure
differences).As found previously,therewas a
substantial degree of overlap between the two groups:
only29% oftheschizophrenicpatientsweremore
than one standard deviation outside the control
group mean, and only 6% more than two standard
deviations outside it. However, the most arresting
finding of Andreasen ci al's (l990a) study was that
significant ventricularenlargement was only present
in male schizophrenic patients; the distributions for
female patients and controls were almost identical.

Jones cia! (1994) made lateralventricularareaand
volumemeasuresin 121 patientsmeetingRDC
criteria (Spitzer ci a!, 1978) for schizophrenia and
67 prospectively ascertained normal volunteers; the
controlsweresubjectedtosimilarexclusioncriteria
asthoseofAndreaseneta!(1990a).Inthisstudythe
patients and controls were not matched for age and
sex,buttheseand othervariablesincludingIQ,
educationalleveland ethnicitywererecordedand
enteredascovariatesintheanalysis.Examination
oftherawdatarevealedevidenceofa lineartrend
towardsincreasedlateralventricularareaandvolume
intheschizophrenicgroup;when adjustmentwas
madeforthecorrespondingintracranialarea/volume
(i.e.when VBR was calculated)thistrendbecame
more marked and achievedsignificance.When
further adjustments were made for sex, social class
and ethnicity the significance level increased,
becomingP= 0.005forlateralventricularareaand
P= 0.02 for volume. In this study, however, no
evidenceofa gendereffectwas found.
Could heterogeneitywithinthe schizophrenic

populationbe dilutingthe findingof lateral
ventricularenlargementinschizophrenia,so that
greaterdegreesof thiswould be presentin a
subgroupofpatients?Lewis(1990)reviewed41CT
scan studies that addressed this issue. Only 1 of 18
studiesfound evidenceforan associationwith
chronicity of illness. A minority (5 of 18 studies)
found evidence of a relationship with negative
symptoms. The studies were evenly divided on the
questionof a relationshipwithpoor treatment
response.The onlyassociationsthatLewis(1990)
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Fig. I Smith & lacono's (1986) comparison of mean VBR values
for schizophrenic patients and controls in studio fmding and failing to
fmd significant lateral ventricular enlargement (Â©The Lancet Ltd).

The reasons why controls in negative studies might
have smaller ventricles than those in positive studies
are unclear. Smith & lacono's (1986) suggestion was
that the use in several of the studies of normal scans
drawn from radiology files (e.g. patients who had
been investigated for headache with negative results
or the asymptomatic relatives of patients with
Huntington's disease) could have led to individuals
with lateral ventricular dimensions at the extreme
upper end of the normal range being excluded, on
the basis of their scans having been reported as
borderline, larger than expected for their age, etc.
The net result would be a truncation of the control
range and a downward biasing of the mean. This
explanation was disputed by Raz ci a! (1988) who
found that the size of the VBR difference did not
differ between studies employing healthy volunteer
or medical controls. However, in the meta-analysis
of Van Horn & McManus (1992), choice of control
group emerged as a factor contributing to the
variability of control VBR. Whatever the reason,
when Lewis (1990) reviewed 20 CT scan studies
that compared schizophrenic patients with control
groups made up of prospectivelyascertainednormal
volunteers, only eight were found to show significant
lateral ventricularenlargement, with a further three
reporting marginal increases.

Recently, there have been two CT scan studies of
schizophrenia that have been both large scale and have
paid particularattention to the problem of controls.
Andreasen ci a! (1990a) compared 108 patients
meetingDSMâ€”III(AmericanPsychiatricAssociation,
1980)criteriafor schizophreniawith 75 prospectively
ascertainednormal volunteers. The two groups were
matched not only for age and sex, but also height,
weight and level of education. Potential control
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found to have more positivethan negativereplications
were presence of tardive dyskinesia (4 of 6 studies)
and neuropsychological impairment (11 of 14
studies).The patternis similarin thetwo largeststudies:
Owens et a! (1985) found no relationship between
lateral ventricular size and positive symptoms,
negative symptoms or intellectual impairment in 112
chronically hospitalised schizophrenic patients, but
there was a significant correlation with presence of
tardive dyskinesia. Jones et a! (1994), in the study
already cited, found no association with age at onset,
duration of illness, poor premorbid functioning or
presenceof family history of schizophrenia;a history
of obstetric complications was associated with sig
nificantly smaller lateral ventricles.

The studies of Andreasen et a! (1990a) and Jones
et a! (1994) place the existence of lateral ventricular
enlargement in schizophrenia beyond reasonable
doubt. At the same time they emphasise that the
differences are small and the overlap with the normal
population is great. For example, in Andreasen et
al's (l990a) study the difference in mean VBR
between schizophrenic patients and normals under
the age of 50 years (6.49 v. 5.37) was scarcelygreater
than that between normal women and normal men
(5.87 v. 4.83). There is little reason to suspect that
the magnitude of the enlargement is being obscured
by an association with a particular symptom or
clinical subtype of schizophrenia: as Lewis (1990)
concluded, â€œ¿�formost clinical variables mooted at
one time or another to be related to ventricular
enlargement, there is little in the way of convincing
replicationâ€•.

Mifi studies

This structural imaging technique gives superior
resolution to CT scanning. Its particular advantage,
however, lies in its ability to differentiate grey and
white matter, allowing the size of particular cortical
regions and subcortical structures to be measured.
Studies using MRI have been carried out on schizo
phrenic patients since 1983. The results of several
early studies, which typically employed small numbers
and unspecified control groups, were reviewed by
Coffman & Nasrallah (1986) and Kelsoe eta! (1988);
they yielded conflicting fmdings with regardto lateral
ventricular enlargement, but found suggestions of
size reductions of the brain as a whole, or in certain
regions such as the frontal lobes.

Subsequent studies have generally been carried out
on larger groups, and have almost always utilised
prospectively ascertained normal volunteers as
controls. In addition, many (though not all) of the
studies have matched their groups for age and sex.

A number of these studies (Kelsoe et a!, 1988;
Suddath et a!, 1989, 1990; Andreasen et a!, 1990b;
Our et a!, 1991; Bornstein et a!, 1992; DeGreef et
a!, 1992; Zipursky et a!, 1992) have confirmed the
CT scan finding of lateral ventricularenlargement in
schizophrenia. However, there have also been a
number of exceptions (Smith eta!, 1987; Johnstone
et a!, 1989; Rossi et a!, 1990; Young et a!, 1991;
Shenton eta!, 1992; Harvey et a!, 1993; Rossi eta!,
1994).

The findings of these more recent studies with
respectto overall brainsize, size of individualcortical
regions and size of subcortical structures are shown
in Table 1. Only studies that used normal volunteers
as controls are shown; however, those studies which
did not match for age and sex are also included as
most corrected for these factors. The studies
vary considerably in their MRI methodology, with
the earlier studies generally using a single (trans
verse or coronal) slice, whereas in the most recent
studies it has become possible to make volumetric
reconstructions from multiple slices. In all the
studies, however, regions of interest have had to be
identified by drawing round them manually; as yet
there is no computerised method for separating grey
and white matter. Such technological considerations
appearto make little difference to the overall pattern
of findings (see Hall et a!, 1994).

With respect to overall brain size, 3 of 16 studies
found a significant reduction in schizophrenia, with
one more (DeMyer et a!, 1988) yielding equivocal
evidence of this. One of these studies (Zipursky et
a!, 1992) employed fairly small numbers of patients
(22), and in two more (Andreasen eta!, 1986; Harvey
et a!, 1993) the patient and control groups were not
matched for sex (however, the size reductions
remained significant when the sex differences were
controlled for). It is also interesting to note that the
fmding of reduced cerebral area made by Andreasen
eta! (1986) was not replicated in a later study by the
same group (Andreasen et a!, l990b). One study
(Marsh et a!, 1994) found a trend towards larger
brain size.

A significantreductionin the size of the frontal
lobes, or some division thereof, was found in 5 of
14studies.Thisnumberincludesthestudyof Harvey
et a! (1993), in which a reduction in frontal
plus anterior parietal lobe volume emerged after
controffing for overall brain size and other variables
such as sex, age and height. One furtherstudy (Raine
et a!, 1992) found significant reductions in two of
three left prefrontal and one of three right coronal
prefrontal cuts. Another study (DeMyer eta!, 1988)
found a smaller frontal areaon one of two transverse
cuts, which reached significance (using a one-tailed
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Table1
Magneticresonanceimagingstudiesinschizophrenia

Andreasenet a! 38 patients Smaller
(1986) 49 controls

DeMyereta! 24 patients ? Smaller
(1988) 24 controls right

hemisphere

Kelsoe et a! 24 patients Normal
(1988) 14 controls

Johnstoneet a! 21 patients Normal
(1989) 21 controls

Suddatheta! 17 patients â€”¿�
(1989) 17controls

Uematsu& 40 patients Normal
Kaiya(1989) 17 controls

Andreasen et a! 54 patients Normal
(1990b) 47 controls

Barta et a! 15 patients Normal
(1990) 15 controls

Bogertseta! 34 patients -
(1990a) 25 normals

Dauphinais 28 patients Normal
eta! (1990)' 28 controls (excluding

temporal
lobes)

Suddatheta! 15 patients -
(1990) 15 controls

Guret a! 42 patients Normal
(1991) 43 controls

Jemiganet a! 42 patients Smaller
(1991) 24 controls (increased

sulcal CSF)
Young et a! 31 patients -

(1991) 33 controls

Breieret a! 44 patients â€”¿�
(1992) 29controls

Shentonet a! 15 patients Normal
(1992) 15 controls

Zipurskyeta! 22 patients Smaller
(1992) 20 controls (greymatter)

Samplesagebutnotsexmatched.Whole
brainandfrontalreductionspersistedafter
controllingfor sex, heightandweight.

Samplesmatchedfor ageandsex. Right
hemispheresignificantly smaller in one
of two cuts. Frontallobessmalleron
oneof two Cuts.

Samplesmatchedfor ageandsex. Non
blind ratings.

â€”¿� Samples matched for age and sex. Trend

towardssmallertemporallobesize.
Smaller Samplesmatchedfor ageandsex.

amygdala/ Temporal lobe size reductionsdue to
hippocampus smalleramygdalaand anterior hippo

campalgreymatter.
â€”¿� Samples sex matched, not stated if age

? Smaller â€”¿�

Normal
(prefrontal)

Normal(pre
frontal)

Normal

Normal

Normal Normal
amygdala/
hippocampus

Normal

Smaller

matched.
Normal â€”¿� Samplesmatchedfor age andsex.

Thalamusnormal.
? Normal Smalleron left Samplesageandsexmatched.Right

temporallobesignificantlysmaller
beforecorrectingfor multiple
comparisons.

Normal Normal Samplesmatchedfor ageandsex;7
hippocampus controlsweredrawnfromradiology

files. Left hippocampussmallerin males.
Normal Smaller ? Normal Samplesmatchedfor ageandsex; 5

hippocampus/ patients had a history of alcohol abuse.
amygdala Right hippocampus/amygdalasmaller

in oneof two analyses.
Normal(grey Smaller Smaller Controlgroupwere non-schizophrenic

matter) on left hippocampus monozygoticco-twinsof patients.
â€”¿� â€”¿� â€”¿� Samples matched for age and sex.

Normal Normal Samplesmatchedfor ageandsex.
amygdalaand Parahippocampalgyrusnormal.
hippocampus

â€”¿� Smaller Samples matched for age, and sex.

amygdala Trendtowardssmallerright
smallerleft hippocampus.
hippocampus

â€”¿� Smaller â€”¿� Samples matched for age and sex.

Reductionsmore markedon left.
? Smaller â€”¿� â€”¿� Samplesmatchedfor ageandsex.

Significantdifferencesbetweenpatients
andcontrolson2 outof 3 leftprefrontal
cuts and 1 out of 3 right prefrontalcuts.

â€”¿� ? Smaller Samples matched for age and sex. Smaller

amygdala/ superiortemporalgyruson left. Smaller
hippocampus parahippocampalgyribilaterally.
on left

Samplesmatchedfor ageandsex.

Smaller
(inferior)

Normal

Smaller
(white
matter)

Smaller â€”¿�
(medial)

Samplesmatchedfor ageandsex.
Lenticularnucleuslargerin patients.

Di Michele 25 patients â€”¿�
eta! (1992)2 25 controls

Raineet a! 17 patients â€”¿�
(1992) 19 controls

(continued)
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StudySampleWhole brainFrontal lobeTemporal
lobeSubcorticalstructuresCommentBogerts

et a!19 patients-â€”â€”SmallerSamples matchedfor age andsex.(1993)18
controlshippocampusColombo

et a!18 patientsâ€”-NormalNormalSamples matchedfor ageandsex.(1993)18
controlshippocampusHarvey

et a!48 patientsSmallerSmallerSmaller-Samples age but not sexmatched.(1993)34
controls(grey matter)Reduction in sizeof temporallobenot

disproportionate to overall cortical
reduction.Kawasaki

et a!20 patientsNormalNormalNormalNormalSamples matchedfor age andsex.(1993a)10
controlshippocampus

andamygdalaParahippocampal
gyrussmalleron

left.Marsh
et a!33 patientsNormalâ€”â€”SmallerSamples matchedforageandsex.Patients(1994)41

controlshippocampus
andamygdalashowed

tendencyto largerwholebrain
size.Rossi

et a!19 patientsâ€”-â€”SmallerSamples age andsexmatched.(1994)14
controlsamygdala/

anterior
hippocampus
onleftSchlaepfer46

patientsNormal (greySmallerâ€”â€”Samples age andsex matched.Patientset
a! (1994)60 controlsmatter)(dorsolateral

greymatter)also
showedsmallerinferiorpanetal

areaandsuperiortemporalgyrusgrey
matter.
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Table 1 (continued)

1. Includes patients from DeLisi at a! (1988).
2. IncludespatientsfromRossiet a! (1990).

t-test) for the right hemisphere only. As above, an
initial positive fmding by Andreasen eta! (1986) was
not subsequently replicated by the same group
(Andreasen et a!, 1990b).

A significant reduction in the size of the temporal
lobes was found in 6 of 14studies. This includes one
study (Suddath eta!, 1990) in which a difference was
found for the left temporal lobe only. One further
study (Johnstone eta!, 1989) found a trend towards
smaller size. In many of these studies temporal lobe
subcorticalnuclei, i.e. thehippocampusand amygdala,
have been a particular focus of interest and have
sometimes, but not always, accounted for the overall
size reductions. A reduction in the size of one or both
structures has been found in 8 of 14 studies:
bilaterally(five studies) or on the left side only (three
studies). One further study (Dauphinais eta!, 1990)had
equivocal results, fmding the right hippocampus/
amygdala to be significantly smaller compared to one
of two control groups. Two studies (Shenton et a!,
1992; Kawasaki et a!, 1993a) also found reductions
in the size of an associated limbic structure, the
parahippocampal gyrus, but another (Young et a!,
1991) found this structure to be not significantly
different from normal.

This overall pattern of MRI findings is reflected
in the study of Suddath et a! (1990) where 15

schizophrenic patients were compared with an
arguably ideal control group made up of their non
schizophrenic monozygotic twins; this study also
used volumetric reconstruction and was method
ologicallysuperiorin other aspectsof MRI technology
(see Hall et a!, 1994). On comparison of prefrontal
and temporal grey and white matter volumes, the only
significant difference found was for the volume of
grey matter in the left temporal lobe, which was less
in the patients (P< 0.002). Furtheranalysis revealed
that this was due to a significant volume reduction
in the left hippocampus (P= 0.006); there was also
a significant size reduction in the right hippocampus
(P= 0.01). No significant differences were found for
the amygdala. The volume of the hippocampus was
smaller in the affected twin than the unaffected twin
in 14 of the cases on the left and 13 of 15 cases on
the right. The differences in hippocampal size
(together with lateral ventricular enlargement, which
was also found) enabled the affected twin to be
identified by visual inspection of the scans in 12 of
15 cases.

In the MRI studies to date there has been relatively
little emphasis on clinical correlates of the abnor
malities found, and it is only the temporal lobe
fmdings that are numerous enough to permit a
critical evaluation. In the main, these have found no
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association between chronicity of illness and overall
temporal lobe size (Kelsoe ci a!, 1988; Dauphinais
eta!, 1990;Young cia!, 1991;Kawasaki eta!, 1993a),
size of temporal lobe grey matter (Zipursky ci a!,
1992), or size of the hippocampus and/or amygdala
(Suddath ci a!, 1990; Young ci a!, 1991; Kawasaki
cia!, 1993a;Marsh eta!, 1994). However, one study
(DeLisi ci a!, 1991) found an inverse relationship
between temporal lobe volume and chronicity. A
similar lack of association has been found between
various temporal lobe parameters and related
variables such as poor outcome (Johnstone ci a!,
1989; Harvey ci a!, 1993), age of onset (Kelsoe ci
a!, 1988; Suddath ci a!, 1990; Jernigan ci a!, 1991;
Kawasaki ci a!, l993a) and poor premorbid adjust
ment (Harvey ci a!, 1993). Neuropsychological test
impairment has been found to be uncorrelated with
temporal lobe size in several studies (Johnstone
cia!, 1989; DeLisi cia!, 1991; Seidman cia!, 1994).
One study found equivocalevidenceof an association
(Di Michele ci a!, 1992), and another (Nestor ci a!,
1993) found a correlation between performance on
a variety of tasks and size of the parahippocampal
gyrusand posteriorsuperiortemporalgyrusbilaterally.
No studieshave found evidenceof a relationshipwith
negative symptoms (Young cia!, 1991; Zipursky ci
a!, 1992; Kawasaki ci a!, 1993a). The findings with
respect to positive symptoms are more complicated:
three studies found no association between overall
temporal lobe size or volume of temporal lobe grey
matter and global measures of positive symptoms
(Young ci a!, 1991; Zipursky ci a!, 1992; Kawasaki
ci a!, 1993a), but one study (Bogerts ci a!, 1993)
found an inverse correlation for subcortical temporal
lobe structures. Two studies (Barta ci a!, 1990;
Shenton cia!, 1992) found a correlation between size
of the superior temporal gyrus and presence of
auditory hallucinations and formal thought disorder
respectively.

In summary, there is no consistent evidence from
MRI studies for a global reduction in brain size in
schizophrenia, and only a minority of studies have
pointed to a focal reduction in the size of the frontal
lobes. However, the numbers of positive and negative
replications are approximately equal for the fmding of
reducedtemporallobe size,andwhenthehippocampus
and amygdala (and perhaps also the parahippo
campal gyrus) are specifically considered this turns
into a slight majority in favour of reduced size. A
reasonable conclusion might therefore be that, while
not yet established beyond reasonable doubt, it is
likely that any brain substance abnormality in
schizophrenia will be found to be localised to the
temporal lobe, where it will be predominantly
subcorticaland perhapsalso predominantlyleft-sided.

In line with the CT fmding of lateral ventricular
enlargement,thereis little to suggestthat abnormality
will be more marked in any particular subgroup of
patients.

Neuropathological abnormalities
While accepting that the brain appeared macro
scopically normal in schizophrenia, Kraepelin (1913)
interpreted a variety of abnormalities found at the
microscopic level by Alzheimer, Niss and others as
evidence of severe and widespread cortical disease.
A number of further early studies added to the list
of abnormalities, but at the same time they raised
doubts as to whether the findings were consistent
from case to case (see Kirch & Weinberger, 1986).
Ultimately, a careful review of all the studies of this
era by David (1957) indicated compellingly that many
of the reported abnormalities were artefacts, or
minor and widely scattered, or non-specific changes,
for instance related to agonal events.

The renewal of interest in the brain in schizo
phrenia has been accompanied by the appearance of
a number of contemporary post-mortem studies.
Such studies face many potential methodological
pitfalls, especially when, as had by now become
clear, any abnormalities are likely to be subtle and
quantitative rather than qualitative in nature. As
noted by Benes (1988), in these circumstances
selection of controls becomes an important
consideration. Matching needs to be close, especially
for sex. Volume or area estimations have to be
scrupulous. The cause of death, the duration of the
agonal period, the post-mortem delay, the amount
of time spent in fixative and numerous other factors
can all introduce systematic bias and need to be
comparable in patient and control groups. It is also
noteworthy that several post-mortem studies have
utilised series of schizophrenic brains collected earlier
this century, when clinical information was liable to
have been partialand inaccurate. Even though it has
sometimes proved possible to apply diagnostic criteria
to the case notes, it is quite possible that accessory
diagnoses such as mental handicap, alcohol abuse
or braininjurywould not alwayshave been recorded.

The literature on the neuropathological fmdings
in schizophreniahas become quite largeand has been
reviewed several times (Kirch & Weinberger, 1986;
Lantos, 1988; Roberts, 1991;Bogerts, 1993; Shapiro,
1993). Continuing the present review's emphasis on
replicability, only abnormalities that have been
examined for in more than one study are included
here. Following Roberts (1991), three main avenues
of investigation can be distinguished. These are
studies of overall brain size, studies of the size of
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StudySampleDiagnostic
criteriaCaudate

Putamen
nucleusGlobus pallidusNucleusaccumbensCommentBogerts

et a!13 patientsNoneNormal NormalSmallerNormalSamples agebut not sexmatched.(1985)9
controls(internal

segment)Comparisons
notblind.Brown

at a!41 patientsFeighnerNormal NormalNormal-Samples age but not sexmatched.(1986)29
controlsControl groupconsistedof

patients with affective disorder.
Trendtowardssmallermedial
globuspallidus.Bogerts

et a!18 patientsNoneNormal NormalSmallerNormalSamples age but not sexmatched.(1
990b)21 controls(internal

segment)Patients
diagnosedaccordingto

ICD-9.Pakkenberg12
patientsDSMâ€”lllâ€” â€”¿�NormalSmallerSamples ageandsex matched;18(1990)12
controlspatientsâ€˜¿�demented'.Heckers

et a!23 patientsDSMâ€”lllLargerLargerâ€”Samples ageandsexmatched.(1991)23
controlscorpus striatumIncreased striate)andpallidal

size equivocalon left.
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basal ganglia and limbic system structures, and
studiesofhistologicalchanges.

Overa!!brain size

Thishasbeenexaminedinfourstudies.Brown et
a! (1986) compared 41 patients meeting Feighner
criteria for schizophrenia with 29 controls consisting
of patients with affective psychosis. The patients and
controls were matched for age, but there were
considerable differences in sex distribution. It was
found that fixed brain weight was significantly less
for the schizophrenic brains, which were 6% lighter.
However, there was no difference in fresh brain
weight.

Pakkenberg (1987) compared the brains of 29
schizophrenic patients and 30 age- and sex-matched
controls.Fixedbrainweightwas found to be
significantly (8%) lighter in the schizophrenicgroup.
In this study no diagnostic criteria were used and it
should be noted that 18 of the schizophremcs, but
none of the controls, were described as being
demented without further clarification.

Bruton eta! (1990) compared 48 patients meeting
Feighner criteria for schizophrenia with 48 age- and
sex-matched normal controls. No difference in fresh
brain weight was found, but there was a significant
(4.5%) reduction in fixed brain weight. There was
also a significant (4.5%) reduction in the length of
the brain, which was considered to be a possibly
more reliable measure of brain shrinkage than brain
weight. The authors then went on to â€˜¿�purify'their
samples by excluding all patients and controls in
whom there was evidence of moderate Alzheimer
typechanges,cerebrovascularpathologyor focal

structural abnormality. When this was done, dif
ferences in fixed brain weight and brain length of
comparable magnitude remained. (Although the
authors did not provide significance figures for their
â€˜¿�purified'sample, they included their raw data. An
analysis of covariance on 38 â€˜¿�purified'cases yields
a difference in fixed brain weight that borders on
significance (P= 0.055) and a difference for brain
lengththatishighlysignificant(P= 0.002).Ageand
sex are significant determinants of brain weight
(P= 0.047 and 0.002 respectively), but these factors
do not influence brain length.)

Heckers eta! (1991)compared the brains of patients
meeting DSM-III criteria for schizophrenia with nor
mal controls, individually matched for age and sex.
In a similar way to Bruton eta! (1990), they excluded
any pairswhere one member showed cerebrovascular
orseveresenilechanges;thisleft23pairs.Bothfresh
and fixed brain weights did not differ significantly
between the patients and controls, with the volumes
of the hemispheres, cortex and white matter being
virtually identical.

Sizeof basalgang!iaand limbicsystemstructures

The relevant studies in this area are summarised in
Tables 2 and 3. In the basal ganglia, a smaller internal
segment of the globus pallidus was found in two
studies (Bogerts eta!, 1985, 1990b): in both of these,
the samples were not sex matched and the diagnosis
of schizophrenia was made according to ICD-9
(World Health Organization, 1977) rather than by
means of a criterion-based approach. Two studies
(Brown et a!, 1986; Pakkenberg, 1990) did not
replicate this finding, and one (Heckers eta!, 1991)

Table2
Post-mortem studies of basal ganglia structures in schizophrenia
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StudySampleDiagnostic
criteriaHippocampusAmygdalaParahippocampalgyrusCommentBogerts

et a!13 patientsNoneSmallerSmallerSmallerSamples agebut not sexmatched.(1985)9
controlsComparisons notblind.Brown

et a!41 patientsFeighnerâ€”â€”SmallerSamples age but not sexmatched.(1986)29
controlsControl groupconsistedof patients

with affectivedisorder.Falkai
&13 patientsNoneSmallerâ€”SmallerSamples agebut not sexmatched.Bogerts11

controls(entorhinalPatients diagnosedaccordingto(1986)!Falkaicortex)ICDâ€”9.eta!

1988)Jeste
& Lohr13 patientsDSMâ€”lllNormal-â€”Patients andnormalcontrolsageand(1989)9

leuco
tomised
controls

16normal
controlssex

matched.Halfof sampledid
notmeetDSMâ€”lllcriteria.Altshuler

et a!12 patientsDSMâ€”lllNormal-SmallerSamples not matchedfor ageorsex.(1990)17
suicides

10controlsParahippocampal
gyrusreduction

dueto significantdifference
betweenpatientsandcontrolson
rightonly.Bogerts

et a!18 patientsNoneSmaller-â€”Samples agebut not sexmatched.(1
990b)21 controlsPatients diagnosedaccordingto

ICD-9.Heckers
ci'a!18 patientsDSMâ€”lll--NormalSamples ageandsexmatched.(1990a)18

controlsHeckers
et a!20 patientsDSMâ€”lllNormalNormal-Samples ageandsexmatched.(1990b)20

controlsPakkenberg12
patientsDSMâ€”lllâ€”? Normalâ€”Samples ageandsexmatched.Only(1990)12
controls5 patientsand 5 controlsavailable

foranalysis.Benes
ci'a!14 patientsFeighnerNormalâ€”â€”Samples agematched,sexdistributions(1991)9

controlsnot specified.
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Table3
Post-mortemstudies of limbic system structures in schizophrenia

found the whole globus paffidus to be increased in
size. Size reductions of the caudate nucleus and
putamen have not been found. A smaller nucleus
accumbens was found in one study (Pakkenberg,
1990) but not in two others (Bogerts ci a!, 1985,
1990b).

As regards the limbic system, only one finding,
that of reduced size of the parahippocampal gyrus,
has been consistently replicated, being reported in
four out of five studies. The hippocampus has been
found to be smaller in schizophrenic patients in three
of seven studies (Bogerts ci a!, 1985, 1990b; Falkai
& Bogerts, 1986); once again all the positive fmdings
are in studies that failed to use criterion-based
diagnosis and did not match for sex.

Hisio!ogica! siudics
The most investigated fmding of this type is that of
hippocampal pyramidal cell disarray. This was first
reported by Scheibel & Kovelman (1981; Kovelman

& Scheibel, 1984). They compared the left hippo
campus in ten clinically diagnosed schizophrenic
patients and eight age-matched controls and found
a disturbance of the normal orderly palisade-like
arrangement of the pyramidal cells and irregularity
of their dendritic domains. In a later study the same
group (Altshuler ci a!, 1987) found no significant
difference in the degree of hippocampal cell disarray
between seven schizophrenic patients and six controls.
Recently, this group (Conrad ci a!, 1991) has
examined a further (overlapping) series of 11patients
and 7 controls (age matched, not sex matched and
using no diagnostic criteria). This time they found
significantly more hippocampal pyramidal cell
disarray overall (P=0.039), but disorganisation was
also common in the controls and there was a large
variation in both groups. Three other studies that
examined hippocampal cell orientation in schizo
phrenic patients and controls (Christison cia!, 1989;
Benes cia!, 1991;Arnold, 1994)all failed to replicate
the finding.
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Other histological claims for schizophrenia that
have been investigated in more than one study
include:

(a) Reduced cell numbers in the hippocampus
(Falkai & Bogerts, 1986). This was partially
replicated by Jeste & Lohr (1989) who found
significant reductions in two of four cortical
subregions in leucotomised schizophrenic
patients compared to normal controls; however,
there were no differences from leucotomised
controls. Benes eta! (1991) and Arnold (1994)
found no significant differences in cell numbers
in any subregion of the hippocampus.

(b) Reduced cell numbers in the entorhinal cortex
(part of the parahippocampal gyrus). This was
initially observed by Jakob & Beckmann
(1986) and was replicated by Falkai et a!
(1988); however, it was not found in the study
of Arnold (1994).

(c) Reduced hippocampal cell size. This was
reported by Bogerts eta! (1985), replicated by
Benes et a! (1991) and partially replicated
by Arnold (1994) who found smaller cell size
in one of the four hippocampal cortical
subregions.

(d) Disturbed cytoarchitecture in the entorhinal
cortex. This was also first noted by Jakob &
Beckmann (1986). Arnold et a! (1991) found
similar changes in all of six leucotomised or
lobotomised schizophrenic patients, but not in
anyof 16controls,threeofwhom had also
had similarneurosurgicalprocedures.

The post-mortem studies of schizophrenia do not
permit a definite answer to the question of reduced
overall brain size in schizophrenia, and the two most
meticulous studies have had contradictory findings.
If present, this abnormality could be a reflection of
lossof brainsubstanceor a correlateof lateral
ventricular enlargement, or both since the two are
not mutually exclusive. With respect to specific
neuropathological fmdings, the most consistent of
these is reduction in size of the parahippocampal
gyrus. There seems to be no convincing evidence for
size reductions of basal ganglia or limbic subcortical
nuclei, and in particular the claims for reduced
hippocampal size have not been found in method
ologically rigorous studies. The leading candidate for
histological abnormality, hippocampal cell disarray,
cannot be regarded as robust and is at best a relative
ratherthanan absolutephenomenon.Otherhisto
logical findings, particularly those of cell loss and
disorganisation in the parahippocampal/entorhinal
cortex, are perhaps best regarded as intriguing but
notfirmlyestablishedasyet.

Functionalbrain abnormality in schizophrenia

Resting studies
Functional imaging was first applied to schizophrenia
by Ingvar & Franzen (1974). Using a crude technique
to measure regional cerebral blood flow, they
compared 15 normal individuals (actually abstinent
alcoholics), 11 patients with dementia and two
groups of schizophrenic patients, one consisting of
nine relatively old, chronically hospitalised patients
and the other of 11 younger patients. It was found
that whereas the demented patients showed signifi
cantly reduced cerebral blood flow in all areas, both
of the schizophrenic groups had flow rates that
were only slightly, and not significantly, lower
than the controls. However, there were suggestions
of a changed regional pattern of flow in both
groups of schizophrenic patients, with a reversal
of the normal pattern of greater flow in anterior
as compared to posterior regions; this became known
as hypofrontality.

Over 30 further functional imaging studies have
been carried out on schizophrenic patients.
Unfortunately, while these have been marked by
considerableincreasesin technologicalsophisti
cation, this has not always been accompanied by
corresponding increases in sample sizes: several
studies have based their conclusions on examinations
ofbetweenfourandtenpatients.Inordertoreduce
the â€˜¿�noise'introduced by early, small-scale and
sometimes poorly described studies, the investigations
that will be reviewed here comprise, first, those that
have included 12 or more schizophrenic patients (and
control numbers approaching this) and, secondly,
those that have been communicated in reasonably
detailed form with full presentation of data (e.g. not
as an abstract or a brief report). Studies in which
scanning was carried out during performance of a
vigilance task (typically the Continuous Performance
Test) are included here rather than in the next
section, since these did not compare resting and
activationconditions,and alsobecausesuchtasks
are not usually considered to be tests of frontal
function.

The findings of these studies are summarised in
Tables 4 and 5. Only 4 of 20 studies found
statistically significant reductions in overall cerebral
blood flow/metabolism. One of these studies
(Wolkin et a!, 1988) was small, employing only 13
patients and eight controls, and another (Mathew et
a!, 1982)only foundsignificantreductionsin 11of
16 cortical regions examined. One study (Paulman
et a!, 1990) found significantly increased general
cerebral blood flow.
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StudyNumbersMedicationGeneralreducedHypofrontalityCommentmetabolismBuchsbaum

eta!16 patientsDrug freeNoYesAnterior: posterior ratio 1.02in(1984)13
controlspatients v. 1.08incontrols.Farkas

eta! (1984)13 patients
11controlsSome

drug freeNo?No significancefigurespresented.DeLisi

eta! (1985)21 patients
21 controlsDrug

freeNoYesAnterior: posteriorratio 1.04 in
patientsv. 1.11 incontrols.Gur

et a! (1987)12 patients
12controlsDrug

free?NoGeneral reductions,butnot
significant.Volkow

et a!18 patientsAll treatedNoYesBoth patientsandcontrolsshowed(1987)12
controlslower metabolismin frontal

comparedto occipitalregions.Cohen
eta! (1987)16 patients

27 controlsDrug
freeNoYesScanning performedwhilesubjects

carriedout a vigilancetask.Wiesel
et a! (1987)20 patients

10 controlsDrug
freeNoNoPatients showedsignificantlylower

flow in left temporalregion.Wolkin
et a!13 patientsDrug freeYesYesAnterior: posterior ratio 1.04in(1988)8

controlspatients v. 1.11 incontrols.Szechtman
et a!17 patientsSome drugfree-NoPatients showedhyperfrontality.(1988)10

controlsBuchsbaum
eta!13 patientsDrug free-YesScanning performedwhilesubjects(1990)18

controlscarried outa vigilancetask.
Anterior:posteriorratios1.10
and1.07(randI)inpatientsv.
1.l5and 1.11 (rand I) incontrols.Buchsbaum

ci'a!18 patientsDrug naive-7Scanning performedwhilesubjects(1992)20
controlscarried out a vigilancetask.

Anterior: posteriorratios.significantly
lowerfor patientsin

3 of 6 frontalregions.Siegel
eta! (1993)70 patients

30 controlsDrug
freeNoNoAnterior: posterior ratios 1.03 in

patients v. 1.06 in controls, but
this was due to high occipital
ratherthanlowfrontalmetabolism.
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Table4
Functional imaging studies in schizophrenia: regional cerebral glucose metabolism studies

r=right;l=left.

Also detailed in Tables 4 and 5 are the findings
concerning hypofrontality in schizophrenia. It should
be pointed out that the defmition of hypofrontality
has differed across the studies. Some studies have
measured flow/metabolism in all anterior regions,
others have measured prefrontal cortex rates only,
and others have subdivided the prefrontal cortex
further, e.g. into dorsolateral and ventromedial or
superior, middle and inferior levels. The earlier
studies tended to use the frontal: occipital ratio as
the measure of hypofrontality, whereas the majority
of more recent studies have used absolute flow/
metabolism values with or without correction for
mean total brain or hemisphere rates. According to
any of these definitions, 10 of 27 studies have found
statistically significant hypofrontality. In two further
studies hypofrontality was found but this was
considered to be artefactual. Mathew ci a! (1988)
found a significantly reduced anterior: posterior ratio
in 108 patients compared to 108 controls, but this

difference was due to significantly higher flows in
temporal and occipital regions. The study of Siegel
ci a! (1993), which incorporated the patients of
Buchsbaum ci a! (1990) and Buchsbaum cia! (1992),
found as in these earlier studies a significantly
reduced frontal: occipital ratio in schizophrenic
patients, but once again this was reflective of
high occipital cortical activity rather than low
frontal cortical activity. Two studies found a
tendency to hyperfrontality (Szechtman ci a!,
1988; Ebmeier ci a!, 1993). In most cases the
differences between patients and controls have been
small (of the order of 4â€”6%in the studies of
Buchsbaum and co-workers) and none of the
studies have documented a reversalof a hyperfrontal
to hypofrontal patternin schizophrenia;threestudies
(Paulman cia!, 1990; Rubin ci a!, 1991; Andreasen
ci a!, 1992) in fact found lower flow in frontal
than occipital regions in both schizophrenic patients
and controls.
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Table5
Functional imaging studies in schizophrenia: regional cerebral blood flow studies

Mathewata!
(1982)

Arid at a! (1983)

Gur at a! (1983)

Gur eta! (1985)

Kurachiat a!
(1985)

Weinbergerat a!
(1986)

Geraudat a! (1987)

Dousseat a!
(1988)

Mathew at a!
(1988)

Paulmanat a!
(1990)

Sagawaat a!
(1990)

Warkentin at a!
(1990)

Rubin at a!
(1991)

23 patients Somedrugfree
18 controls
29 patients Most treated
22 controls

15 patients
25 controls
19 patients
19 controls
16 patients
20 controls
20 patients
25 controls

53 patients
32 controls
17 patients
17 controls
19 patients

7 controls

Andreasenat a! 36 patients
(1992) 15 controls

Tammingaat a! 12 patients
(1992) 12 controls

Ebmeier at a! 20 patients All drug free or
(1993) 20 controls drugnaive

Yes

Yes

No

No

No

No

No Significant reductions in 11 of 16
areasexamined.

Yes Anterior:posteriordifference
0.3 s.d. in patients v. 0.8 s.d.
in controls.

Patientsalso showed increased
flow in temporal regions.

Patientsshowed significantly
reducedprefrontal flow, but this
disappeared when differences in
end-tidalpCO2were controlled
for.

Anterior: posterior ratios significantly
lower in patients, but this due to
high occipital flow rather than
low frontal flow.

No Patientsshowed significantly
increasedgeneralflow. Patients
showed significantly more frontal
and temporal perfusion deficits
on visual inspection. Both
patients and controls showed
lower flow in frontal compared
to occipital regions.

Both patients and controls showed
lowerflow in frontalcompared
to occipital regions.

No Both patients and controls showed
lowerflow in frontalcompared
to occipital regions.

No Significant reductions in flow
found in hippocampus and
anterior cingulate cortex.

No Patientsshowed trend towards
hyperfrontality.

All treated

Drugfree

All treated

Drugfree

No

No

Yes

?

Yes

No

No

51 patientsSome drugfreeNo36
controls27

patientsMosttreatedYes27
controls108

patientsSome drugfree108
controls

40 patients Half drug free
31 controls

All treated

Somedrugfree

Mostdrugfree

Yes

No

No

No

No

No

13 drug naive
23 drugfree

All drug free

This lack of uniformity in the findings does not
appear to be related to differences in treatment status
among thestudies:itcanbeseenfromTables4 and
5 that hypofrontality was found in only 6 of 15
studiescarriedout on drug-freeor drug-naive
patients. In a review of this topic, Waddington (1990)
also concluded that there was little reason to suspect
a systematiceffectofneuroleptictreatmenton the

findings. Nor does it seem to be a function of the
scanning technique used: from Tables 4 and 5 it is
clear that there are positive and negative findings in
both the flow and metabolism studies; and the
fmdingsaresimilarlydividedinstudiesusingthetwo
main techniques, â€˜¿�33Xeinhalation and PET (see
Andreasen et a!, 1992). There are a number of other
factorsthataffectcerebralbloodflow/metabolism
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and might conceivably differ between schizophrenic
patients, for example autonomic arousal and end
tidal pCO2; the possible role of these cannot be
systematically examined, although studies that have
corrected for them have generally not found any
influence on their results (the study of Weinberger
ci a! (1986) is one of the few exceptions).

The possible clinical correlates of hypofrontality
have been investigated in a considerable number of
studies. The findings with respect to chronicity are
unclear: only one study (Mathew cia!, 1988) found
direct evidence of a correlation, and in this study the
measure used (anterior :posterior ratio) was not
considered to reflect hypofrontality. One study
(Geraud ci a!, 1987) found that hypofrontality
was evident in chronic patients but not chronic
patients undergoing an acute exacerbation. Another
(Warkentineta!,1990)similarlyfoundthatacutely
exacerbated patients became more hypofrontal as
they improved with treatment. However, several
studies (Mathew eta!, 1982; Buchsbaum ci a!,1984;
DeLisi ci a!, 1985; Bajc ci a!, 1989; Sagawa ci a!,
1990) found no relationship with chronicity and/or
number of hospitalisations. More studies have found
evidence for an association between hypofrontality
and presence of negative symptoms (Kurachi ci a!,
1985; Volkow ci a!, 1987; Wolkin ci a!, 1992;
Ebmeier ci a!, 1993). Weisel ci a! (1987) found that
â€˜¿�autism'scores correlated with reduced metabolism
in frontal but also several other areas. Andreasen ci
a! (1992) had fmdings pointing in the same direction,
but no formal analysis of resting frontal flows
was made (there was a significant association
between negative symptoms and degree of increase
of frontal flow during the activation part of
the study). However, Pauiman ci a! (1990) found
no correlations with either negative or positive
symptoms and any area. The studies of Seigel ci a!,
(and the previous ones of Buchsbaum ci a! 1990,
1992), found no relationship between their anterior:
posterior ratios and negative or positive symptoms
(this index, as with the study of Mathew cia! (1988),
was considered not to reflect hypofrontality). Only
a few studies have examined the relationship between
hypofrontality and neuropsychological task
impairment under resting conditions. Paulman ci a!
(1990) found that low left frontal flow was associated
with impairment on a variety of tasks, not just
frontal ones. Sagawa ci a! (1990) found a correlation
between a frontal task and absolute left inferior
frontal flow and also some evidence of correlations
between right frontal flow and performance on non
frontal tasks. However, Cohen cia! (1987) found no
relationship between hypofrontality and a test of
sustained attention.

With negative findings outnumbering positive by
nearly two to one, hypofrontality cannot be regarded
as a robust finding in schizophrenia. Here, though,
there are grounds for appeal against a verdict of non
replication. There are strong suggestions that
hypofrontality (especially when measured in terms
other than anterior :posterior ratio) is a function of
deficit schizophrenia, particularly as characterised
by presence of negative symptoms and possibly also
in relation to cognitive impairment.

Studies combining functional imaging
with task activation
When normal individuals perform cognitive tasks,
the pattern of regional cerebral blood flow shows
changes corresponding to areas of neuronal activation.
There are also areas of deactivation when some tasks
are performed (e.g. Friston ci a!, 1991). Schizo
phrenic patients are known to perform poorly on
many cognitive tasks (e.g. Chapman & Chapman,
1973; McKenna, 1994), and so it is possible that this
impairment will be reflected in a lesser degree of
activation of relevant brain areas on functional
imaging. One area of particularly poor neuro
psychological test performance in schizophrenia is
executive function (Goldberg cia!, 1987; Shallice ci
a!, 1991), which is of course associated with
prefrontal cortex activation (e.g. Friston cia!, 1991).
Another, it has recently emerged, is memory (e.g.
McKenna ci a!, 1990; Saykin ci a!, 1991); the
functional imaging correlates of this cognitive
activity also involve the prefrontal cortex among
other sites (Shaffice ci a!, 1994).

The first study to investigate the possibility of task
related hypofrontality in schizophrenia was carried
out by Weinberger ci a! (1986). They examined
cerebral blood flow in 20 schizophrenic patients and
25 age- and sex-matched controls; functional imaging
was carried out both at rest and during performance
of the Wisconsin Card Sorting Test, a prototypical
frontal/executive task. The schizophrenic patients
performed more poorly than the controls on this
task, as anticipated. It was also found that their
neuropsychological impairment was mirrored in a
significantly smaller increase in blood flow to the
prefrontal cortex. No such differences were found
using a non-executivetask involvingnumber matching.
The authorswereabletoestablishthatthedegree
offailureofprefrontalcortexactivationcorrelated
with the severity of the impairment in task per
formance, and that the differences between patients
and controls were not attributable to drug treatment.
However, when they â€˜¿�zeroed'the blood flow changes
by subtracting the activation produced by the control
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StudyNumbersMedicationNeuropsychologicalFindingCommenttaskRubin

at a!19 patientsMost drug naiveExecutiveReduced frontalDifferences significant forleft(1991)7
controlsactivation on leftinferior prefrontalregionplustrend

for left superior prefrontalregion.Andreasen
et a!13+23 patients13 drugnaiveExecutiveReduced frontalNo diagnostic criteria given!Both(1992)15

controls23 drug freeactivation on
left, but only in
drug-naivegrouppatient

groups also showed
reducedactivation in right
parietalregion.Berman

et a!10 patientsAll treatedExecutiveReduced frontalControls werenon-schizophrenic(1992)10
controlsactivationmonozygotic co-twinsof patients.

Activation lower in affected co
twin in all 10cases.Lewis

at a!25 patientsMost treatedExecutiveReduced frontalNo restingconditionemployed.(1992)25
controlsactivation on

leftPatients
also showed increased

â€˜¿�activation'in left temporal and
occipitalregions.Kawasaki

et a!10 patientsAll treatedExecutiveNo differences inResults interpreted as negativeby(1
993b)10 controlsdorsolateral pre

frontal regions.
Significant re
duction in medial
prefrontal region
on left in 1 of 2

slicesauthors.Busatto
at a!10 patientsAll treatedMemoryNo differences inPatients performedsignificantly(1994)10

controlsfrontal or
temporal
regionsmore

poorly than controls on the
memorytask.Gur

at a! (1994)18 patients
18 controlsAll

but one
untreatedMemory

(verbal
andnon-verbal

tasks)No

regionally
specific
differencesSignificant

task- regioninteractions
for both patients and controls.
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task (which itself produced significant changes in
regional blood flow) from that produced by the
executive task, the finding became equivocal:
the overall analysis of variance across patients and
controls became insignificant, although a post-hoc
test of the difference in prefrontal flow between the
groups remained significant. A subsequent study
comparing a new cohort of 16 schizophrenic patients
with the same control group (Weinbergereta!, 1988)
had almost exactly similar findings.

Subsequentstudiesof thistypeareshownin Table6.
Four of the seven studies replicated the finding of
Weinberger et a! (1986). One of these (Lewis et a!,
1992)did not employ a resting condition and so could
be considered an incomplete test of the hypothesis.
In another study (Andreasen et a!, 1992), which
employedgroupsof neuroleptic-naiveand neuroleptic
free patients, analysis of variance indicated significant
differences among the groups in the left medial
frontal region, but post-hoc tests revealed that only
the drug-naive patients showed a significant failure
to activate. In both these studies, in contrast to the
original study of Weinberger et a! (1986), there was

no correlation between executive test performance
and degree of prefrontal activation in the patients.
There have also been two negative findings (Busatto
et a!, 1994; Gur et a!, 1994). Another study
(Kawasaki eta!, 1993b) failed to find any differences
between patients and controls in the dorsolateral
prefrontal cortex, and so was felt by the authors not
to replicate the original finding of Weinberger et a!
(1986). However, they did find a significant failure
of activation in the left medial prefrontal cortex,
although only on one of two cuts.

One reason for the lack of uniformity of these
fmdings might be the imaging techniques used. These
havebeeneitherâ€˜¿�33Xeinhalation,whichisrelatively
insensitive, or single photon emission computed
tomography (SPECT), which measures the progres
sive extravascular accumulation of a tracer and hence
provides only an indirect measure of changes in
regional blood flow. The fragility of the effect
when it has been found could also reflect the use,
in every study, of an essentially unselected group of
schizophrenic patients. By no means all schizophrenic
patients show neuropsychological deficits: for

Table 5
Functional imaging studies in schizophrenia with neuropsychological task activation
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example, Bentham ci a! (unpublished) found that
between 44 and 74% of a sample of acute and chronic
schizophrenic patients showed normal executive
function depending on the test used, and McKenna
ci a! (1990) found that slightly over 50% of a similar
patient group scored in the normal range on a memory
test. Normal or near-normal prefrontal activation in
a majority of patients with intact neuropsychological
performance could therefore swamp a significant
failure to activate by the minority showing task
deficits. In such circumstances a decisive test of the
hypothesis of task-activated hypofrontality in
schizophrenia might be a study that used a very
sensitive functional imaging technique and which
selected patients who showed clear evidence of a
specific deficit in executive or memory function.

Recently, a study that fulfils these requirements
has been carried out. Liddle, Frith and co-workers
(Liddle ci a!, 1994; Frith ci a!, 1995) examined the
pattern of brain activation using the executive task
of verbal fluency, in which subjects have to generate
words in a given category. The samples consisted of
six normal individuals and three groups of six
medicated chronic schizophrenic patients. The
schizophrenic groups were selected according to their
performance on a standard verbal fluency task: the
first group showed normal performance, the second
showed impaired performance and the third was
quantitatively normal but included more than five
unusual or erroneous words. Six PET scans lasting
2 mm each were carried out on each patient: two of
these were during performance of a verbal fluency
task and the other four incorporated control tasks
that allowed the specific executive components of the
task to be separated from the effects of speaking and
using the semantic lexicon.

The normal subjects showed a pattern of activation
in the left dorsolateral prefrontal cortex and de
activation in the superior temporal cortex bilaterally,
as found previously (Friston ci a!, 1993). Taken
together, the schizophrenic patients showed no failure
of activation in the left prefrontal region, but instead
a trend towards greater activation. This effect was
most marked in the impaired subgroup of patients.
However, the patients did differ from the controls,
in that they showed a lack of deactivation (and if
anything a tendency towards increased activation)
in the superior temporal cortex on the left. Here, all
three groups of schizophrenic patients showed a very
similarpattern.

Hypofrontality in schizophrenia has proved difficult
to establish under resting conditions, although the
phenomenon shows more promise under conditions
of cognitive task activation. However, the first study
that has directly compared patients with and without

evidence of the relevant neuropsychological deficits
appears to have thrown the hypofrontality hypothesis
into doubt. According to Frith, Liddle and co
workers, schizophrenic patients exhibit as much if
not more prefrontal activation than controls during
performance of an executive task.

Conclusion

It is evident, perhaps always has been, that any brain
pathology in schizophrenia is subtle rather than
gross, and takes the form of quantitative differences
that must be isolated against a background of often
wide normal variation rather than the presence of
some easily recognisable lesion. To make matters
worse, schizophrenia is a heterogeneous disorder
clinically and one which many believe will ultimately
be found to be aetiologically heterogeneous as well.
These facts conspire to make any abnormality
difficult to demonstrate in the first place, and
virtually guarantee that its replication will not be a
straightforward matter. In these circumstances it is the
balance of evidence that becomes the deciding factor.
Does this favour the acceptance of any structural or
functional brain abnormality in schizophrenia?

Easily the most consistently replicated brain
abnormality in schizophrenia is structural, and takes
the form of lateral ventricular enlargement. This
finding has had many more positive than negative
replications and has surmounted the important
methodological hurdle of being demonstrable in
studiesusingrigorouslyrepresentativepopulation
controls. Lateral ventricular enlargement has also
been documented in a post-mortem study (Crow ci
a!, 1989) that employed the same â€˜¿�purified'series of
brainsasthestudyofBrutoncia!(1990).Ithasalso
been found to be present in some of the MRI studies,
with the failure to find it in all of them perhaps
merely reflecting the emergent fact that large sample
sizes are necessary to demonstrate the abnormality
unequivocally (particularly when non-medical
control groups are used).

Nevertheless,it is clear that the degreeof enlargement
is small and that a large majority of schizophrenic
patients will have lateral ventricles that are within
the normal range. The studies of Andreasen ci a!
(1990a) and Jones ci a! (1994) also indicate that
uncertaintiesandunresolvedquestionsremain,for
example whether or not ventricular enlargement is
only present in male schizophrenic patients. Lateral
ventricular enlargement does not appear to be
associated with any aspect of the clinical picture and
seems to emerge, as Jones ci a! (1994) concluded, as
a risk factor or trait marker for schizophrenia rather
than something that is of direct causal relevance.
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If not of direct aetiological significance in
schizophrenia, the importance of lateral ventricular
enlargement may be that it indexes structural
pathology elsewhere in the brain. The available CT
scan studies offer few clues to the site or sites of this,
but one post-mortem study has pointed to a
localisation in the left temporal lobe. Crow et a!
(1989), in the study mentioned above, found that
lateral ventricular enlargement in schizophrenia was
largely restricted to the temporal horns, in contrast
to that seen in Alzheimer's disease which was
generalised. Furthermore, significant enlargement was
only present on the left side; on the right side
the difference between patients and controls was
negligible. These fmdings have been corroborated to
some extent in a recent MRI study of the ventricular
system in schizophrenia (Degreef et a!, 1992).

Such a view is of course consistent with the MRI
studies of brain substance in schizophrenia: using con
sistency across studies as a criterion, the case for size
reductions is strongest in the temporal lobe; the hippo
campus and amygdala are particularly implicated;
and there is a noticeable tendency for abnormality to
be found more often on the left side. It is also con
sistent with the general tenor of post-mortem studies
which, even if the case for hippocampal and amygdala
abnormalities is discounted as inconclusive, have
suggested temporal lobe pathology in the form of
size reductions and cellular disorganisation of the
parahippocampal gyrus. However, before these
fmdings are accepted as a convergence of evidence, a
lesson from the CT scan literature should perhaps be
borne in mind that, paradoxically, the larger the
study, the smaller the differences that are found.
With the relatively small numbers and conflicting
findings of the currently available MRI and post
mortem studies not everyone would consider the null
hypothesis to be disproved just yet.

The rather surprising conclusion to be drawn from
a considerable number of functional imaging studies
is that a technique which is sensitive enough to
register differences when the eyes are opened and
closed, reveals no differences between schizophrenic
patients and normal individuals. In particular,
hypofrontality, or more precisely hypofrontality
under resting conditions, does not seem to characterise
schizophrenia as a disorder: positive findings are
greatly outnumbered by negative ones and the two
largest studies, one of them by a group including the
staunchest advocates of hypofrontality over the
years, seem if anything to point to the decidedly less
interesting fmding of hyperoccipitality. Nevertheless,
there are two qualifications to this conclusion that
leave the concept of hypofrontality in schizophrenia
some room for manoeuvre.

One possibility is that functional imaging abnor
malities are associated not with schizophrenia but with
certain schizophrenic symptoms. In the studies that
have examined the clinical correlates of resting hypo
frontality,an associationwithnegativesymptoms
has been a fairly consistent finding. In the most
recent of these studies, Wolkin et a! (1992) found a
marked negative correlation between right dorsolateral
prefrontal cortex metabolism and scores on a negative
symptom scale, but no other symptom scores.

This work has been replicated and extended by
Liddle and co-workers. Liddle et a! (1992) made
detailed clinical ratings on 30 stable chronic schizo
phrenic patients and then performed a pixel-by-pixel
analysis correlating their resting PET scan appearances
with scores for positive, negative and disorganisation
symptoms. Negative symptoms were significantly
negatively correlated with flow in widespread areas
of the prefrontal cortex, particularly on the left side.
There was also a negative correlation with flow in
the left parietal association cortex and a positive
correlation with flow in the heads of the caudate
nuclei bilaterally. Positive symptoms (delusions and
hallucinations) showed positive correlations with the
left temporal and frontal regions, and negative
correlations with a number of right hemisphere
regions. Disorganisation symptoms (formal thought
disorder and inappropriate affect) showed a complex
pattern of positive and negative correlations that
included circumscribed areas within the prefrontal
cortex. Subsequently, Dolan et a! (1993) combined
the 30 patients of Liddle eta! (1992) with 40 patients
meeting diagnostic criteria for major depression who
had undergone PET scanning on the same machine.
The patients were divided into those showing the
symptom of poverty of speech, which is common to
both schizophrenia and depression. This revealed
that patients showing this symptom had significantly
lower flow in the left dorsolateral prefrontal cortex.
Analysis of variance indicated that poverty of speech
was predictive of low left prefrontal flow independent
of diagnosis. Persuasive though these findings are,
it is clear that they are not without complexities and it
should also be pointed out that as yet no study has
shown significantly lower prefrontal flow/metabolism
in schizophrenic patients with negative symptoms
compared to normal individuals.

It is also possible that, as a disorder, schizophrenia
is associated with a subtle form of hypofrontality
that only becomes apparent when the prefrontal
cortex is challenged with a cognitive task. However,
the available group studies combining functional
imaging with neuropsychological task activation have
had both positive and negative findings, and when
positive some qualification to the conclusion has
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invariably been required. In these circumstances, it
might be anticipated that the fmding could be made
more robust by arranging more favourable con
ditions for its appearance. Contrary to expectations,
however, the studies of Liddle, Frith and co-workers
(Liddle cia!, 1994;Frith cia!, 1995),which employed
the most sensitive functional imaging technique,
highly sophisticated methodology and groups of
patients with and without evidence of executive
deficits, seem to indicate no evidence of task
activated hypofrontality, but instead a decoupling
of the normal reciprocal patterns of activity in the
frontal and temporal lobe. This finding should only
be regarded as preliminary, and the findings of this
review would certainly suggest that it needs to be
replicated several times before it can be accepted.
Nevertheless, it suggests that schizophrenia may be
characterised not by any simple focal reductions in
regional brain activity, but rather by complex
alterations in the normal reciprocal patterns of
activation between anatomically related areas of the
cerebral cortex.
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