
BackgroundBackground AlthoughbrainvolumeAlthoughbrainvolume

changes are found in schizophrenia, only achanges are found in schizophrenia, only a

limitednumberof structuralmagneticlimitednumberof structuralmagnetic

resonanceimagingstudieshave exclusivelyresonanceimaging studieshave exclusively

examined antipsychotic-na|ve patients.examined antipsychotic-na|«ve patients.

AimsAims To comprehensively investigateTo comprehensively investigate

multiple brain structures in a single samplemultiple brain structures in a single sample

of patientswhowere antipsychotic-na|ve.of patientswhowere antipsychotic-na|«ve.

MethodMethod Twenty antipsychotic-na|veTwentyantipsychotic-na|«ve

patientswith first-episode schizophreniapatientswith first-episode schizophrenia

and 20 healthycomparison subjectswereand 20 healthycomparison subjectswere

included.Intracranial, total brain, frontalincluded.Intracranial, totalbrain, frontal

lobe, grey andwhitematter, cerebellar,lobe, grey andwhitematter, cerebellar,

hippocampal, parahippocampal, thalamic,hippocampal, parahippocampal, thalamic,

caudate nucleus and lateral and thirdcaudate nucleus and lateral and third

ventricular volumesweremeasured.ventricular volumesweremeasured.

Repeated-measures analyses ofRepeated-measures analyses of

(co)variancewere conductedwith(co)variancewere conductedwith

intracranialvolume as covariate.intracranialvolume as covariate.

ResultsResults Thirdventricle volumeThirdventricle volume

enlargementwas found inpatientsenlargementwas found inpatients

comparedwiththehealthy subjects.Nocomparedwiththe healthy subjects.No

differenceswere found in other braindifferenceswere found in other brain

regions.regions.

ConclusionsConclusions These findings suggestThese findings suggest

that somebrain abnormalities are presentthat somebrain abnormalities are present

inthe early stages of schizophrenia.in the early stages of schizophrenia.

Moreover, it suggests that brainMoreover, it suggests that brain

abnormalities reported inpatientswithabnormalities reported inpatientswith

chronic schizophrenia develop in a laterchronic schizophrenia develop in a later

stage ofthe disease and/or aremedicationstage ofthe disease and/or aremedication

induced.induced.

Declaration of interestDeclaration of interest None.None.

Numerous imaging studies have reportedNumerous imaging studies have reported

morphological brain abnormalities inmorphological brain abnormalities in

schizophrenia, including studies in first-schizophrenia, including studies in first-

episode schizophrenia (for reviews seeepisode schizophrenia (for reviews see

McCarleyMcCarley et alet al, 1999; Wright, 1999; Wright et alet al, 2000)., 2000).

However, it is difficult to establish whetherHowever, it is difficult to establish whether

these structural brain abnormalities arethese structural brain abnormalities are

caused by the disease or are from the effectscaused by the disease or are from the effects

of treatment. Imaging studies in patientsof treatment. Imaging studies in patients

with schizophrenia who have never beenwith schizophrenia who have never been

exposed to antipsychotic medication mayexposed to antipsychotic medication may

help to clarify whether brain changes arehelp to clarify whether brain changes are

already present in an early stage of the dis-already present in an early stage of the dis-

ease and are independent of medicationease and are independent of medication

use. This current study examineduse. This current study examined multiplemultiple

brain structures in a singlebrain structures in a single sample of anti-sample of anti-

psychotic-naıve patients with schizophreniapsychotic-naı̈ve patients with schizophrenia

compared with a sample of carefullycompared with a sample of carefully

matched healthy comparison subjects.matched healthy comparison subjects.

Intracranial volume, total brain, grey andIntracranial volume, total brain, grey and

white matter of the cerebrum, frontal lobe,white matter of the cerebrum, frontal lobe,

cerebellar, hippocampal, parahippocampal,cerebellar, hippocampal, parahippocampal,

thalamic, caudate nucleus and lateral andthalamic, caudate nucleus and lateral and

third ventricular volumes were assessed.third ventricular volumes were assessed.

As evidence is accumulating that medi-As evidence is accumulating that medi-

cation may alter brain structures (increasescation may alter brain structures (increases

in basal ganglia volumes have been relatedin basal ganglia volumes have been related

to antipsychotic intake (Chakosto antipsychotic intake (Chakos et alet al,,

1994; Keshavan1994; Keshavan et alet al, 1994; Scheepers, 1994; Scheepers

et alet al, 2001) and decreases in frontal lobe, 2001) and decreases in frontal lobe

volume have been related to the amountvolume have been related to the amount

of antipsychotic medication used (Gurof antipsychotic medication used (Gur

et alet al, 1998, 1998aa; Madsen; Madsen et alet al, 1998)), the, 1998)), the

study of brain morphology in anti-study of brain morphology in anti-

psychotic-naıve patients with schizophreniapsychotic-naı̈ve patients with schizophrenia

is crucial for an understanding of theis crucial for an understanding of the

disease. Studies comparing antipsychotic-disease. Studies comparing antipsychotic-

naıve patients with first-episode schizo-naı̈ve patients with first-episode schizo-

phrenia with healthy comparison subjectsphrenia with healthy comparison subjects

have examined only one or a few brainhave examined only one or a few brain

structures (Table 1). These studies have in-structures (Table 1). These studies have in-

consistently reported brain volume changesconsistently reported brain volume changes

in antipsychotic-naıve patients with schizo-in antipsychotic-naı̈ve patients with schizo-

phrenia compared with healthy volunteers,phrenia compared with healthy volunteers,

which could be caused by factors such aswhich could be caused by factors such as

a large variation in scanning acquisitiona large variation in scanning acquisition

and volumetric measures, inclusion of smalland volumetric measures, inclusion of small

numbers of subjects, inclusion of patientsnumbers of subjects, inclusion of patients

with a diagnosis other than schizophreniawith a diagnosis other than schizophrenia

and failure to match for age, gender, socioand failure to match for age, gender, socio--

economic class or handedness. In addition,economic class or handedness. In addition,

some studies were not designed to exclu-some studies were not designed to exclu-

sively compare antipsychotic-naıve patientssively compare antipsychotic-naı̈ve patients

with healthy comparison subjects.with healthy comparison subjects.

METHODMETHOD

SubjectsSubjects

Twenty patients in their first psychotic epi-Twenty patients in their first psychotic epi-

sode of schizophrenia were recruited fromsode of schizophrenia were recruited from

the First-Episode Schizophrenia Researchthe First-Episode Schizophrenia Research

programme at the University Medicalprogramme at the University Medical

Centre Utrecht. Patients had not receivedCentre Utrecht. Patients had not received

antipsychotic treatment prior to scanning.antipsychotic treatment prior to scanning.

All patients met DSM–IV (AmericanAll patients met DSM–IV (American

Psychiatric Association, 1994) criteria forPsychiatric Association, 1994) criteria for

schizophrenia (11 paranoid, 8 undifferen-schizophrenia (11 paranoid, 8 undifferen-

tiated, 1 disorganised type), on the basistiated, 1 disorganised type), on the basis

of the Comprehensive Assessment of Symp-of the Comprehensive Assessment of Symp-

toms and History (CASH; Andreasen &toms and History (CASH; Andreasen &

Arndt, 1992) rated by two independentArndt, 1992) rated by two independent

raters. Nineteen patients (one patient wasraters. Nineteen patients (one patient was

lost to follow-up) had the diagnosis con-lost to follow-up) had the diagnosis con-

firmed after 1 year. The start of prodromalfirmed after 1 year. The start of prodromal

symptoms and psychotic illness wassymptoms and psychotic illness was

measured by a shortened version of themeasured by a shortened version of the

Interview for the Retrospective AssessmentInterview for the Retrospective Assessment

of the Onset of Schizophrenia (IRAOS;of the Onset of Schizophrenia (IRAOS;

HafnerHäfner et alet al, 1992). Severity of illness was, 1992). Severity of illness was

measured with the Positive and Negativemeasured with the Positive and Negative

Symptom Scale (PANSS; KaySymptom Scale (PANSS; Kay et alet al, 1987)., 1987).

Twenty healthy comparison subjects wereTwenty healthy comparison subjects were

recruited and carefully matched for gender,recruited and carefully matched for gender,

age, parental education and handedness.age, parental education and handedness.

They were all screened with theThey were all screened with the Sched-Sched-

ule for Affective Disorders and Schizo-ule for Affective Disorders and Schizo-

phrenia – Lifetime Version (SADS–L;phrenia – Lifetime Version (SADS–L;

Endicott & Spitzer, 1978) and fulfilledEndicott & Spitzer, 1978) and fulfilled

criteria for ‘never mentally ill’. All subjectscriteria for ‘never mentally ill’. All subjects

were physically healthy (except one patientwere physically healthy (except one patient

who had congenital hypothyroidism, butwho had congenital hypothyroidism, but

was stable on supplementation medi-was stable on supplementation medi-

cation), had neither a history of head injurycation), had neither a history of head injury

nor a diagnosis of drug or alcohol misuse ornor a diagnosis of drug or alcohol misuse or

dependence. All patients and healthy com-dependence. All patients and healthy com-

parison subjects provided written informedparison subjects provided written informed

consent to participate in the study. Forconsent to participate in the study. For

demographic and clinical data see Table 2.demographic and clinical data see Table 2.

Brain imagingBrain imaging

MRI acquisitionMRI acquisition

Magnetic resonance images (MRIs) wereMagnetic resonance images (MRIs) were

acquired on a Philips NT scanner operat-acquired on a Philips NT scanner operat-

inging at 1.5 T. A T1-weighted three-at 1.5 T. A T1-weighted three-

dimensional fast field echo (3D-FFE:dimensional fast field echo (3D-FFE: echoecho

time (TE)time (TE)¼4.6 ms, repetition time4.6 ms, repetition time

(TR)(TR)¼30 ms, flip angle30 ms, flip angle¼303088, field of view, field of view
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(FOV)(FOV)¼256/80% mm) with 160–180256/80% mm) with 160–180

contiguous coronal 1.2-mm slices, andcontiguous coronal 1.2-mm slices, and

a T2-weighted dual echo turbo spin-echoa T2-weighted dual echo turbo spin-echo

(DTSE: TE1(DTSE: TE1¼14 ms, TE214 ms, TE2¼80 ms,80 ms,

TRTR¼6350 ms, flip angle6350 ms, flip angle¼909088, FOV, FOV¼256/256/

80% mm) with 120 contiguous coronal80% mm) with 120 contiguous coronal

1.6-mm slices of the whole head were1.6-mm slices of the whole head were

used for the quantitative measurements.used for the quantitative measurements.

In addition, a T2-weighted DTSEIn addition, a T2-weighted DTSE

(TE1(TE1¼9 ms, TE29 ms, TE2¼100 ms, TR100 ms, TR¼2200 ms,2200 ms,

flip angleflip angle¼909088, FOV, FOV¼250/100% mm)250/100% mm)

with 17 axial 5-mm slices and 1.2-mmwith 17 axial 5-mm slices and 1.2-mm

gap of the whole head was acquired forgap of the whole head was acquired for

clinical neurodiagnostic evaluation. Pro-clinical neurodiagnostic evaluation. Pro-

cessing was carried out on the neuroima-cessing was carried out on the neuroima-

ging computer network of theging computer network of the

Department of Psychiatry. BeforeDepartment of Psychiatry. Before

quantitative assessments, 10 images werequantitative assessments, 10 images were

randomly chosen and cloned for interraterrandomly chosen and cloned for interrater

reliability purposes determined by the in-reliability purposes determined by the in-

traclass correlation coefficient (ICC). Alltraclass correlation coefficient (ICC). All

images were coded to ensure blindnessimages were coded to ensure blindness

for subject identification and diagnosis,for subject identification and diagnosis,

scans were entered into Talairach framescans were entered into Talairach frame

(no scaling) (Talairach & Tournoux,(no scaling) (Talairach & Tournoux,

1988) and corrected for inhomogeneities1988) and corrected for inhomogeneities

in the magnetic field (Sledin the magnetic field (Sled et alet al, 1998)., 1998).

Volume measurementsVolume measurements

Intracranial, total brain, cerebral grey andIntracranial, total brain, cerebral grey and

white matter, lateral ventricles and thirdwhite matter, lateral ventricles and third

ventricle and cerebellar volumes wereventricle and cerebellar volumes were

measured automatically by using histogrammeasured automatically by using histogram

analysis algorithms and series of mathe-analysis algorithms and series of mathe-

matical morphological operators to connectmatical morphological operators to connect

all voxels of interest (Schnackall voxels of interest (Schnack et alet al,,

20012001aa,,bb). Intracranial volume was seg-). Intracranial volume was seg-

mented on the DTSE scans, with the fora-mented on the DTSE scans, with the fora-

men magnum being used as inferiormen magnum being used as inferior

boundary. Total brain volumes were seg-boundary. Total brain volumes were seg-

mented on the 3D-FEE (T1-weighted) scansmented on the 3D-FEE (T1-weighted) scans

and contained grey and white matter tissueand contained grey and white matter tissue

only. In lateral ventricle segmentation auto-only. In lateral ventricle segmentation auto-

matic decision rules bridged connectionsmatic decision rules bridged connections

not detectable and prevented ‘leaking’ intonot detectable and prevented ‘leaking’ into

cisterns. The third ventricle was limited bycisterns. The third ventricle was limited by

coronal slices, clearly showing the anteriorcoronal slices, clearly showing the anterior

and posterior commissures; the upperand posterior commissures; the upper

boundary was a plane through the plexusboundary was a plane through the plexus

choroideus ventriculi tertii in the mid-choroideus ventriculi tertii in the mid-

sagittal slice perpendicular to this slice.sagittal slice perpendicular to this slice.

The cerebellum was limited by the tentor-The cerebellum was limited by the tentor-

ium cerebelli and the brain-stem. All imagesium cerebelli and the brain-stem. All images

were checked after the measurements andwere checked after the measurements and

corrected manually if necessary. The inter-corrected manually if necessary. The inter-

rater reliability of the measurements deter-rater reliability of the measurements deter-

mined by the ICC based on 10 brains wasmined by the ICC based on 10 brains was

0.95 and higher. Segmentation of the fron-0.95 and higher. Segmentation of the fron-

tal lobe was performed automatically usingtal lobe was performed automatically using

the ANIMAL anatomical segmentationthe ANIMAL anatomical segmentation

algorithm (Collinsalgorithm (Collins et alet al, 1994), which, 1994), which

was validated previously for frontalwas validated previously for frontal

lobe volume measurements (Mandllobe volume measurements (Mandl et alet al,,

1999).1999).

Quantitative measurements of theQuantitative measurements of the

caudate nucleus, thalamus, hippocampuscaudate nucleus, thalamus, hippocampus

and parahippocampus were obtainedand parahippocampus were obtained

manually, from the 3D-FFE image usingmanually, from the 3D-FFE image using

AnalyzeAnalyzeTMTM (Robb, 1995). The caudate(Robb, 1995). The caudate

nucleus was anteriorly defined in the firstnucleus was anteriorly defined in the first

slice in which it was clearly visible. Its med-slice in which it was clearly visible. Its med-

ial border was the lateral ventricle. Later-ial border was the lateral ventricle. Later-

ally, it was limited by the internal capsule,ally, it was limited by the internal capsule,

excluding the interconnecting grey matterexcluding the interconnecting grey matter

striae between caudate and putamen visiblestriae between caudate and putamen visible

in the internal capsule; posteriorly, by thein the internal capsule; posteriorly, by the

last slice before the one in which the poster-last slice before the one in which the poster-

ior commissure was clearly visible. Its infer-ior commissure was clearly visible. Its infer-

ior border was defined: anteriorly by theior border was defined: anteriorly by the

white matter connecting the rostrus cor-white matter connecting the rostrus cor-

poris callosi and the capsula externa. Then,poris callosi and the capsula externa. Then,

from the first slice where the putamen isfrom the first slice where the putamen is

clearly visible until the slice anterior toclearly visible until the slice anterior to

the slice in which the anterior commissurethe slice in which the anterior commissure

crosses the midline, the nucleus accumbenscrosses the midline, the nucleus accumbens

was separated by a line from the most infer-was separated by a line from the most infer-

ior point of the lateral ventricle to the mostior point of the lateral ventricle to the most

inferior point of the internal capsuleinferior point of the internal capsule

(adapted from Chakos(adapted from Chakos et alet al, 1994). The, 1994). The

thalamus was anteriorly defined in the firstthalamus was anteriorly defined in the first

slice in which it was clearly visible, andslice in which it was clearly visible, and

precisely demarcated in the subsequentprecisely demarcated in the subsequent

slices until the first slice after the coronalslices until the first slice after the coronal

slice that included the posterior commis-slice that included the posterior commis-

sure. Its lateral border was defined by thesure. Its lateral border was defined by the

internal capsule; its medial border by theinternal capsule; its medial border by the

third ventricle and its inferior boundarythird ventricle and its inferior boundary

was defined by the anterior commissure–was defined by the anterior commissure–

posterior commissure plane. Segmentationposterior commissure plane. Segmentation

of the hippocampusof the hippocampus was started in thewas started in the

coronal slice in which the mammillarycoronal slice in which the mammillary

bodies were visible and stopped whenbodies were visible and stopped when

the fornix was visible as athe fornix was visible as a continuouscontinuous

tract (adapted from Watsontract (adapted from Watson et alet al, 1992)., 1992).

Parahippocampal gyrus segmentationParahippocampal gyrus segmentation

began in the coronal slice in which the opticbegan in the coronal slice in which the optic

tract is situated above the amygdala. Thetract is situated above the amygdala. The

posterior commissure was its posteriorposterior commissure was its posterior

border. Single operators performed theborder. Single operators performed the

volume measurements of the above-namedvolume measurements of the above-named

structures. The ICC for the left and rightstructures. The ICC for the left and right

caudate nucleus was 0.98 and 0.99, forcaudate nucleus was 0.98 and 0.99, for

the thalamus, 0.77 and 0.86, for thethe thalamus, 0.77 and 0.86, for the

hippocampus, 0.81 and 0.80 and for thehippocampus, 0.81 and 0.80 and for the

parahippocampal gyrus, 0.77 and 0.75.parahippocampal gyrus, 0.77 and 0.75.

s 6 8s 6 8

Table 2Table 2 Demographic and clinical data for antipsychotic-na|ve patients with schizophrenia and healthyDemographic and clinical data for antipsychotic-na|«ve patients with schizophrenia and healthy

comparison subjectscomparison subjects

Patients (Patients (nn¼20)20) Controls (Controls (nn¼20)20) tt oror ww22 PP

Gender,Gender, nn

MaleMale 1616 1616 ww22¼0.000.00 1.001.00

FemaleFemale 44 44

Handedness,Handedness, nn

RightRight 1818 1818 ww22¼0.000.00 1.001.00

LeftLeft 22 22

Age, years (mean (s.d.))Age, years (mean (s.d.)) 27.63 (6.43)27.63 (6.43) 27.24 (6.30)27.24 (6.30) tt¼0.200.20 0.850.85

Weight, kg (mean (s.d.))Weight, kg (mean (s.d.)) 75.50 (14.64)75.50 (14.64) 77.05 (11.68)77.05 (11.68) tt¼0.370.37 0.720.72

Height, cm (mean (s.d.))Height, cm (mean (s.d.)) 175.45 (175.45 (9.43)9.43) 184.68 (184.68 (7.94)7.94) tt¼3.303.30 0.002*0.002*

Parental education level, yearsParental education level, years

(mean (s.d.))(mean (s.d.))

12.3 (3.8)12.3 (3.8) 14.1 (2.7)14.1 (2.7) tt¼1.181.18 0.110.11

Education, years (mean (s.d.))Education, years (mean (s.d.)) 11.6 (3.0)11.6 (3.0) 12.7 (3.0)12.7 (3.0) tt¼1.671.67 0.250.25

Subtype of schizophrenia accordingSubtype of schizophrenia according

to DSM^IV,to DSM^IV, nn

ParanoidParanoid 1111

DisorganisedDisorganised 11

UndifferentiatedUndifferentiated 88

Prodromal phase, months (mean (Prodromal phase, months (mean (s.d.))s.d.)) 48.1 (48.1 (61.1)61.1)

Psychosis, months (mean (s.d.))Psychosis, months (mean (s.d.)) 17.5 (27.2)17.5 (27.2)

PANSS positive symptoms (mean (s.d.))PANSS positive symptoms (mean (s.d.)) 21.1 (5.1)21.1 (5.1)

PANSS negative symptoms (mean (s.d.))PANSS negative symptoms (mean (s.d.)) 21.3 (6.3)21.3 (6.3)

PANSS psychopathology (mean (s.d.))PANSS psychopathology (mean (s.d.)) 38.0 (11.1)38.0 (11.1)

PANSS, Positive and Negative Symptom Scale. *PANSS, Positive and Negative Symptom Scale. *PP440.05.0.05.
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Statistical analysesStatistical analyses

Repeated-measures analysis of covarianceRepeated-measures analysis of covariance

was conducted for total brain, greywas conducted for total brain, grey

and white matter of the cerebrum (totaland white matter of the cerebrum (total

brain, excluding cerebellum and brain-brain, excluding cerebellum and brain-

stem), frontal lobe, cerebellum, hippocam-stem), frontal lobe, cerebellum, hippocam-

pus, parahippocampus, thalamus, caudatepus, parahippocampus, thalamus, caudate

volumes and ventricles, with groupvolumes and ventricles, with group

(patients, healthy comparison subjects) as(patients, healthy comparison subjects) as

the between-subjects variable and, if applic-the between-subjects variable and, if applic-

able, side (left, right) and matter (grey,able, side (left, right) and matter (grey,

white) as the within-subjects variable.white) as the within-subjects variable.

Intracranial brain volume served as covari-Intracranial brain volume served as covari-

ate for total brain, grey and white matter ofate for total brain, grey and white matter of

the cerebrum, cerebellar, lateral and thirdthe cerebrum, cerebellar, lateral and third

ventricle volume measures. Total brainventricle volume measures. Total brain

volume served as covariant for frontal lobe,volume served as covariant for frontal lobe,

hippocampal, parahippocampal, thalamichippocampal, parahippocampal, thalamic

and caudate volumes.and caudate volumes.

To examine associations between sig-To examine associations between sig-

nificant brain volume differences andnificant brain volume differences and clini-clini-

cal variables (prodromal phase, durationcal variables (prodromal phase, duration

of untreated psychosis, PANSS scores)of untreated psychosis, PANSS scores)

Pearson’s correlations were calculated withPearson’s correlations were calculated with

intracranial volume as a covariate. Tointracranial volume as a covariate. To

assess the power of the study a powerassess the power of the study a power

analysis, uncorrected for intracranialanalysis, uncorrected for intracranial

volume, was carried out with a probabilityvolume, was carried out with a probability

of 0.7 at anof 0.7 at an aa level of 0.05.level of 0.05.

RESULTSRESULTS

As seen in Table 2, patients and healthyAs seen in Table 2, patients and healthy

comparison subjects did not significantlycomparison subjects did not significantly

differ for gender, handedness, age, weightdiffer for gender, handedness, age, weight

and parental education. Although notand parental education. Although not

matched for education, patients did notmatched for education, patients did not

differ from healthy comparison subjectsdiffer from healthy comparison subjects

on years of education. Patients and healthyon years of education. Patients and healthy

comparison subjects did significantly differcomparison subjects did significantly differ

in height, but as intracranial volume wasin height, but as intracranial volume was

used as covariate, the results presented be-used as covariate, the results presented be-

low are uncontrolled for height. However,low are uncontrolled for height. However,

results did not change when height wasresults did not change when height was

used as a covariate.used as a covariate.

Mean (s.d.) volumes of total brain,Mean (s.d.) volumes of total brain,

frontal brain, grey matter, white matter,frontal brain, grey matter, white matter,

cerebellum, hippocampus, parahippo-cerebellum, hippocampus, parahippo-

campus, thalamus, caudate nucleus, lateralcampus, thalamus, caudate nucleus, lateral

ventricles and third ventricle are presentedventricles and third ventricle are presented

in Table 3 for patients and healthyin Table 3 for patients and healthy

comparison subjects.comparison subjects.

Intracranial volume and totalIntracranial volume and total
brain measuresbrain measures

Intracranial volume (Intracranial volume (FF¼2.59, d.f.2.59, d.f.¼1,38,1,38,

PP¼0.12), total brain volume (0.12), total brain volume (FF¼0.55,0.55,

d.f.d.f.¼1,37,1,37, PP¼0.47) and cerebral volume0.47) and cerebral volume

((FF¼0.36, d.f.0.36, d.f.¼1,37,1,37, PP¼0.56) did not0.56) did not

differ significantly between the twodiffer significantly between the two

groups, nor was there a significant inter-groups, nor was there a significant inter-

action effect of group with matter (grey,action effect of group with matter (grey,

white) of the cerebrum (white) of the cerebrum (FF¼0.21,0.21,

d.f.d.f.¼1,38,1,38, PP¼0.65).0.65).

Frontal lobe and cerebellumFrontal lobe and cerebellum

Frontal lobe volume (Frontal lobe volume (FF¼0.34, d.f.0.34, d.f.¼1,37,1,37,

PP¼0.56) and cerebellar volume (0.56) and cerebellar volume (FF¼0.34,0.34,

d.f.d.f.¼1,37,1,37, PP¼0.57) did not differ0.57) did not differ

significantly between the two groups.significantly between the two groups.

Hippocampus, parahippocampus,Hippocampus, parahippocampus,
thalamus and caudate nucleusthalamus and caudate nucleus

Hippocampus (Hippocampus (FF¼0.11, d.f.0.11, d.f.¼1,37,1,37, PP¼0.74),0.74),

parahippocampus (parahippocampus (FF¼2.05, d.f.2.05, d.f.¼1,37,1,37,

PP¼0.16), thalamus (0.16), thalamus (FF¼0.28, d.f.0.28, d.f.¼1,37,1,37,

PP¼0.60), and caudate nucleus (0.60), and caudate nucleus (FF¼1.23,1.23,

d.f.d.f.¼1,37,1,37, PP¼0.27) did not differ signifi-0.27) did not differ signifi-

cantly between the two groups.cantly between the two groups.

VentriclesVentricles

Lateral ventricle volume (Lateral ventricle volume (FF¼0.15,0.15,

d.f.d.f.¼1,37,1,37, PP¼0.70) did not significantly0.70) did not significantly

differ between the two groups. However,differ between the two groups. However,

third ventricle volume was significantlythird ventricle volume was significantly

larger in patients compared with thelarger in patients compared with the

comparison subjects (comparison subjects (FF¼8.92, d.f.8.92, d.f.¼1,37,1,37,

PP¼0.005) (Fig.1).0.005) (Fig.1).

No significant interaction effects ofNo significant interaction effects of

group with matter or with side for any ofgroup with matter or with side for any of

these measures were found. No correlationsthese measures were found. No correlations

were found between third ventricle volumewere found between third ventricle volume

and the clinical data. Excluding the patientand the clinical data. Excluding the patient

with congenital hypothyroidism and herwith congenital hypothyroidism and her

matched comparison subject did not altermatched comparison subject did not alter

the results.the results.

DISCUSSIONDISCUSSION

This study compared multiple brain struc-This study compared multiple brain struc-

tures in a sample of antipsychotic-naıvetures in a sample of antipsychotic-naı̈ve

patients with schizophrenia with those ofpatients with schizophrenia with those of

matched healthy comparison subjects.matched healthy comparison subjects.

Volumes of the cranium, total brain, greyVolumes of the cranium, total brain, grey

and white matter of the cerebrum, frontaland white matter of the cerebrum, frontal

lobe, cerebellum, hippocampus, parahippo-lobe, cerebellum, hippocampus, parahippo-

campus, thalamus, caudate nucleus andcampus, thalamus, caudate nucleus and

lateral and third ventricles were measured.lateral and third ventricles were measured.

We found third ventricle enlargement inWe found third ventricle enlargement in

the patients. The other structures werethe patients. The other structures were

similar in both patients with schizophreniasimilar in both patients with schizophrenia

and healthy comparison subjects.and healthy comparison subjects.

Third ventricle enlargementThird ventricle enlargement
in antipsychotic-na|ve patientsin antipsychotic-na|« ve patients
with schizophreniawith schizophrenia

To our knowledge, third ventricle volumeTo our knowledge, third ventricle volume

has not been examined with MRI inhas not been examined with MRI in

patients with schizophrenia who werepatients with schizophrenia who were

antipsychotic-naıve. Third ventricle en-antipsychotic-naı̈ve. Third ventricle en-

largement has been reported in studies oflargement has been reported in studies of

first-episode schizophrenia examiningfirst-episode schizophrenia examining

mixed (antipsychotic-naıve and -treatedmixed (antipsychotic-naı̈ve and -treated

subjects) samples of patients (for reviewsubjects) samples of patients (for review

s 6 9s 6 9

Table 3Table 3 Volumes (cmVolumes (cm33) of brain regions in antipsychotic-na|ve patients with schizophrenia and comparison) of brain regions in antipsychotic-na|«ve patients with schizophrenia and comparison

subjectssubjects

RegionRegion Patients with schizophreniaPatients with schizophrenia

((nn¼20)20)

Comparison sub-Comparison sub-

jects (jects (nn¼20)20)

EffectEffect

sizesize

ObservedObserved

powerpower

CraniumCranium 1463.25 (130.71)1463.25 (130.71) 1538.87 (164.37)1538.87 (164.37) 0.060.06 0.350.35

Total brainTotal brain 1281.57 (118.70)1281.57 (118.70) 1353.94 (138.96)1353.94 (138.96) 0.080.08 0.410.41

GreymatterGreymatter 669.87 (58.66)669.87 (58.66) 691.93 (54.92)691.93 (54.92) 0.040.04 0.220.22

White matterWhite matter 455.19 (66.27)455.19 (66.27) 499.47 (90.85)499.47 (90.85) 0.080.08 0.400.40

Frontal lobeFrontal lobe 280.99 (30.69)280.99 (30.69) 299.64 (32.39)299.64 (32.39) 0.080.08 0.450.45

CerebellumCerebellum 142.78 (14.71)142.78 (14.71) 148.52 (13.03)148.52 (13.03) 0.040.04 0.250.25

CaudateCaudate 9.22 (1.08)9.22 (1.08) 9.19 (1.24)9.19 (1.24) 0.000.00 0.050.05

ThalamusThalamus 14.37 (1.31)14.37 (1.31) 14.97 (2.09)14.97 (2.09) 0.030.03 0.180.18

HippocampusHippocampus 8.01 (0.77)8.01 (0.77) 8.36 (0.80)8.36 (0.80) 0.050.05 0.280.28

ParahippocampusParahippocampus 4.93 (0.94)4.93 (0.94) 5.63 (1.14)5.63 (1.14) 0.110.11 0.550.55

Lateral ventriclesLateral ventricles 13.18 (6.90)13.18 (6.90) 14.82 (12.21)14.82 (12.21) 0.010.01 0.080.08

Third ventricle*Third ventricle* 0.85 (0.32)0.85 (0.32) 0.62 (0.36)0.62 (0.36) 0.110.11 0.540.54

Values aremean (s.d.). Effect sizemeasured by the eta-squared based on the raw data.Values aremean (s.d.). Effect sizemeasured by the eta-squared based on the raw data.
**PP440.05.0.05.
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see Fannonsee Fannon et alet al, 2000). A possible volume, 2000). A possible volume

reduction in surrounding diencephalicreduction in surrounding diencephalic

brain regions could explain the third ventri-brain regions could explain the third ventri-

cle enlargement, although in our study thiscle enlargement, although in our study this

was not expressed in a reduction of thala-was not expressed in a reduction of thala-

mic volume. The absence of a reduction inmic volume. The absence of a reduction in

thalamic volume in our study is consistentthalamic volume in our study is consistent

with the studies performed in anti-with the studies performed in anti-

psychotic-naıve patients with schizophreniapsychotic-naı̈ve patients with schizophrenia

(Buchsbaum(Buchsbaum et alet al, 1996; Gur, 1996; Gur et alet al, 1998, 1998bb).).

Interestingly, third ventricle enlargementInterestingly, third ventricle enlargement

but also thalamic volume decrease werebut also thalamic volume decrease were

found in the healthy siblings of patientsfound in the healthy siblings of patients

with schizophrenia (Staalwith schizophrenia (Staal et alet al, 1998,, 1998,

19991999aa; Lawrie; Lawrie et alet al, 1999; Seidman, 1999; Seidman et alet al,,

1999), suggesting that these findings could1999), suggesting that these findings could

be related to a genetic vulnerability forbe related to a genetic vulnerability for

schizophrenia. The discrepancy of anschizophrenia. The discrepancy of an

increase of third ventricle without a corre-increase of third ventricle without a corre-

sponding decrease in thalamic volume insponding decrease in thalamic volume in

this study might be related to the relativelythis study might be related to the relatively

limited number of patients included, orlimited number of patients included, or

could imply that other regions in the proxi-could imply that other regions in the proxi-

mity of the third ventricle, such as themity of the third ventricle, such as the

hypothalamus, are involved. Abnormalitieshypothalamus, are involved. Abnormalities

in the hypothalamic–pituitary–adrenal axisin the hypothalamic–pituitary–adrenal axis

have been suggested to be present in schizo-have been suggested to be present in schizo-

phrenia (Tandonphrenia (Tandon et alet al, 1991; Jansen, 1991; Jansen et alet al,,

2000; Walder2000; Walder et alet al, 2000); however, to date, 2000); however, to date

no study has been published measuring theno study has been published measuring the

hypothalamus in schizophrenia.hypothalamus in schizophrenia.

No volume changes in brain tissueNo volume changes in brain tissue

This study found normal total brain andThis study found normal total brain and

frontal lobe volume in antipsychotic-naıvefrontal lobe volume in antipsychotic-naı̈ve

patients. This finding is inconsistent withpatients. This finding is inconsistent with

the findings by Gurthe findings by Gur et alet al (1998(1998aa, 2000, 2000bb),),

demonstrating total brain and frontal lobedemonstrating total brain and frontal lobe

reduction, specifically in prefrontal greyreduction, specifically in prefrontal grey

matter, in antipsychotic-naıve patients withmatter, in antipsychotic-naı̈ve patients with

schizophrenia. In these studies, however, aschizophrenia. In these studies, however, a

mixed sample of antipsychotic-naıvemixed sample of antipsychotic-naı̈ve

patients and previously treated patientspatients and previously treated patients

with schizophrenia was examined. Ourwith schizophrenia was examined. Our

finding of a normal hippocampus infinding of a normal hippocampus in

antipsychotic-naıve patients is congruentantipsychotic-naı̈ve patients is congruent

with the only other MRI study (Laaksowith the only other MRI study (Laakso

et alet al, 2001) designed to examine hippo-, 2001) designed to examine hippo-

campal volumes in antipsychotic-naıvecampal volumes in antipsychotic-naı̈ve

patients compared with healthy compari-patients compared with healthy compari-

son subjects. Similar caudate nucleus vol-son subjects. Similar caudate nucleus vol-

umes in both antipsychotic-naıve patientsumes in both antipsychotic-naı̈ve patients

and healthy comparison subjects have alsoand healthy comparison subjects have also

been reported in one study (Gurbeen reported in one study (Gur et alet al,,

19981998bb), but not in others (Keshavan), but not in others (Keshavan et alet al,,

19981998aa; Shihabuddin; Shihabuddin et alet al, 1998; Corson, 1998; Corson

et alet al, 1999). The latter studies found, 1999). The latter studies found

reduced volumes in patients. Differencesreduced volumes in patients. Differences

in the various samples, such as diagnosisin the various samples, such as diagnosis

and handedness, as well as variations inand handedness, as well as variations in

quantitative assessment techniques mightquantitative assessment techniques might

explain these inconsistencies.explain these inconsistencies.

Relative paucity of brainRelative paucity of brain
abnormalitiesabnormalities

The relative paucity of brain abnormalitiesThe relative paucity of brain abnormalities

found in this study may actually be thefound in this study may actually be the

most striking finding. It stands in markedmost striking finding. It stands in marked

contrast with findings in patients with morecontrast with findings in patients with more

chronic schizophrenia, where volume re-chronic schizophrenia, where volume re-

ductions in total brain and medialductions in total brain and medial

temporal lobe structures as well as volumetemporal lobe structures as well as volume

enlargement of lateral ventricles have beenenlargement of lateral ventricles have been

reported consistently (for review see Wrightreported consistently (for review see Wright

et alet al, 2000). However, the most likely, 2000). However, the most likely

reason for this relative paucity of brainreason for this relative paucity of brain

abnormalities is a lack of power, as onlyabnormalities is a lack of power, as only

20 patients and 20 healthy comparison sub-20 patients and 20 healthy comparison sub-

jects were included in this study. Severaljects were included in this study. Several

other explanations, besides the lack ofother explanations, besides the lack of

power, can be suggested to explain this dis-power, can be suggested to explain this dis-

crepancy. First, progression of the illnesscrepancy. First, progression of the illness

could lead to an increase of brain abnorm-could lead to an increase of brain abnorm-

alities. A limited number of longitudinalalities. A limited number of longitudinal

studies in patients with first-episode schizo-studies in patients with first-episode schizo-

phrenia have been conducted suggestingphrenia have been conducted suggesting

that brain abnormalities may indeedthat brain abnormalities may indeed

become more prominent over time (DeLisibecome more prominent over time (DeLisi

et alet al, 1997; Gur, 1997; Gur et alet al, 1998, 1998aa) at least in a) at least in a

subgroup of patients with poor outcomesubgroup of patients with poor outcome

(Lieberman(Lieberman et alet al, 2001). Second, medi-, 2001). Second, medi-

cation might increase brain abnormalitiescation might increase brain abnormalities

and could contribute to these brain volumeand could contribute to these brain volume

changes as suggested by Gurchanges as suggested by Gur et alet al (1998(1998aa))

and Madsenand Madsen et alet al (1998). Third, finding(1998). Third, finding

few brain abnormalities in antipsychotic-few brain abnormalities in antipsychotic-

naıve patients could be the result of a selec-naı̈ve patients could be the result of a selec-

tion bias favouring the inclusion of patientstion bias favouring the inclusion of patients

who have a less severe form of schizo-who have a less severe form of schizo-

phrenia. Two characteristics of our sample,phrenia. Two characteristics of our sample,

high education and a later age of onset,high education and a later age of onset,

suggest it might indeed not be representa-suggest it might indeed not be representa-

tive of all patients with first-episode schizo-tive of all patients with first-episode schizo-

phrenia. In our study no difference betweenphrenia. In our study no difference between

patients and healthy comparison subjectspatients and healthy comparison subjects

on years of education existed. A total of 9on years of education existed. A total of 9

patients of 20 had even completed part orpatients of 20 had even completed part or

all of university training. In addition, theirall of university training. In addition, their

mean age at onset was at about 27 years.mean age at onset was at about 27 years.

Interestingly, high education and a laterInterestingly, high education and a later

age of onset are both related to good out-age of onset are both related to good out-

come (Johnstonecome (Johnstone et alet al, 1989; Weiselgren, 1989; Weiselgren

& Lindstrom, 1996), which in turn appears& Lindstrom, 1996), which in turn appears

to be associated with a relative lack of brainto be associated with a relative lack of brain

abnormalities at presentation of illnessabnormalities at presentation of illness

(Staal(Staal et alet al, 1999, 1999bb). It has also been). It has also been

s 7 0s 7 0

Fig. 1Fig. 1 Third ventricle volume in antipsychotic-na|ve patients with first-episode schizophrenia and healthyThird ventricle volume in antipsychotic-na|«ve patients with first-episode schizophrenia and healthy

comparison subjects. ��comparison subjects. ���� indicatesmean third ventricle volume for the patients and controls.�� indicatesmean third ventricle volume for the patients and controls.
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suggested that grey matter volume is relatedsuggested that grey matter volume is related

to IQ (Andreasento IQ (Andreasen et alet al, 1993). Therefore, in, 1993). Therefore, in

this study a level of education (and presum-this study a level of education (and presum-

ably premorbid IQ) similar in patients toably premorbid IQ) similar in patients to

that of the healthy comparison subjectsthat of the healthy comparison subjects

could have resulted in finding no decre-could have resulted in finding no decre-

ments in (regional) grey matter volume.ments in (regional) grey matter volume.

Thus, although the relative paucity of brainThus, although the relative paucity of brain

volume abnormalities in our sample couldvolume abnormalities in our sample could

be indicative of progressive brain changesbe indicative of progressive brain changes

in schizophrenia because of illnessin schizophrenia because of illness

and/or medication, alternatively it couldand/or medication, alternatively it could

have been the result of a selection biashave been the result of a selection bias

that may be hard to avoid whenthat may be hard to avoid when

studying antipsychotic-naıve patients withstudying antipsychotic-naı̈ve patients with

schizophrenia.schizophrenia.

Future studiesFuture studies

Although it may be practically impossibleAlthough it may be practically impossible

to determine whether brain abnormalitiesto determine whether brain abnormalities

in schizophrenia result from the progres-in schizophrenia result from the progres-

sion of the illness and/or medication, thesion of the illness and/or medication, the

suggestion of medication having an effectsuggestion of medication having an effect

on brain volume changes should be an in-on brain volume changes should be an in-

centive for future longitudinal studies tocentive for future longitudinal studies to

carefully monitor medication intake.carefully monitor medication intake.

REFERENCESREFERENCES

American Psychiatric Association (1994)American Psychiatric Association (1994) DiagnosticDiagnostic
and Statistical Manual of Mental Disordersand Statistical Manual of Mental Disorders (4th edn)(4th edn)
(DSM^IV).Washington,DC: APA.(DSM^IV).Washington,DC: APA.

Andreasen, N. C. & Arndt, S.Andreasen,N. C. & Arndt, S. (1992)(1992) TheThe
comprehensive assessment of symptoms and historycomprehensive assessment of symptoms and history
(CASH); An instrument for assessing diagnosis and(CASH); An instrument for assessing diagnosis and
psychopathology.psychopathology. Archives of General PsychiatryArchives of General Psychiatry,, 4949,,
615^623.615^623.

__ , Flaum,M., Swayze,V.,, Flaum,M., Swayze,V., et alet al (1993)(1993) Intelligence andIntelligence and
brain structure in normal individuals.brain structure in normal individuals. American Journal ofAmerican Journal of
PsychiatryPsychiatry,, 150150, 130^134., 130^134.

Buchsbaum, M. S., Someya,T.,Teng,C.Y.,Buchsbaum, M. S., Someya,T.,Teng,C.Y., et alet al
(1996)(1996) PETand MRI of the thalamus in never-medicatedPETand MRI of the thalamus in never-medicated
patients with schizophrenia.patients with schizophrenia. American Journal ofAmerican Journal of
PsychiatryPsychiatry,, 153153, 191^199., 191^199.

Chakos, M.H., Lieberman, J. A., Bilder, R. M.,Chakos, M.H., Lieberman, J. A., Bilder, R. M., et alet al
(1994)(1994) Increase in caudate nuclei volumes of first-Increase in caudate nuclei volumes of first-
episode schizophrenic patients taking antipsychoticepisode schizophrenic patients taking antipsychotic
drugs.drugs. American Journal of PsychiatryAmerican Journal of Psychiatry,, 151151, 1430^1436., 1430^1436.

Collins, D. L., Neelin, P., Peters,T. M.,Collins, D. L., Neelin, P., Peters,T. M., et alet al (1994)(1994)
Automatic 3D intersubject registration of MRAutomatic 3D intersubject registration of MR
volumetric data in standardized Talairach space.volumetric data in standardized Talairach space. JournalJournal
of Computer Assisted Tomographyof Computer Assisted Tomography,, 1818, 192^205., 192^205.

Corson, P.W., Nopoulos, P., Andreasen,N. C.,Corson, P.W., Nopoulos, P., Andreasen, N. C.,
et alet al (1999)(1999) Caudate size in first-episode neuroleptic-Caudate size in first-episode neuroleptic-
na|ve schizophrenic patients measured using an artificialna|«ve schizophrenic patients measured using an artificial
neural network.neural network. Society of Biological PsychiatrySociety of Biological Psychiatry,, 4646,,
712^720.712^720.

DeLisi, L. E., Sakuma, M.,Tew,W.,DeLisi, L. E., Sakuma, M.,Tew,W., et alet al (1997)(1997)
Schizophrenia as a chronic active brain process: a studySchizophrenia as a chronic active brain process: a study
of progressive brain structural change subsequent to theof progressive brain structural change subsequent to the
onset of schizophrenia.onset of schizophrenia. Psychiatry ResearchPsychiatry Research,, 7474, 129^140., 129^140.

Endicott, J. & Spitzer, R. L. (1978)Endicott, J. & Spitzer, R. L. (1978) DiagnosticDiagnostic
interview: the Schedule for Affective Disorders andinterview: the Schedule for Affective Disorders and

Schizophrenia.Schizophrenia. Archives of General PsychiatryArchives of General Psychiatry,, 3535,,
837^844.837^844.

Fannon, D., Chitnis, X., Doku,V.,Fannon, D.,Chitnis, X., Doku,V., et alet al (2000)(2000)
Features of structural brain abnormality detected inFeatures of structural brain abnormality detected in
first-episode psychosis.first-episode psychosis. American Journal of PsychiatryAmerican Journal of Psychiatry,,
157157, 1829^1832., 1829^1832.

Gur, R. E.,Cowell, P.,Turetsky, B. I.,Gur, R. E.,Cowell, P.,Turetsky, B. I., et alet al (1998(1998aa)) AA
follow-up magnetic resonance imaging study offollow-up magnetic resonance imaging study of
schizophrenia.Relationship of neuroanatomical changesschizophrenia.Relationship of neuroanatomical changes
to clinical and neurobehavioral measures.to clinical and neurobehavioral measures. Archives ofArchives of
General PsychiatryGeneral Psychiatry,, 5555, 145^152., 145^152.

__ , Maany,V., Mozley, P. D.,, Maany,V., Mozley, P. D., et alet al (1998(1998bb)) SubcorticalSubcortical
MRI volumes in neuroleptic naive and treated patientsMRI volumes in neuroleptic naive and treated patients
with schizophrenia.with schizophrenia. American Journal of PsychiatryAmerican Journal of Psychiatry,, 155155,,
1711^1717.1711^1717.

__ ,Turetsky, B. I., Cowell, P. E.,,Turetsky, B. I., Cowell, P. E., et alet al (2000(2000aa))
Temporolimbic volume reductions in schizophrenia.Temporolimbic volume reductions in schizophrenia.
Archives of General PsychiatryArchives of General Psychiatry,, 5757, 769^775., 769^775.

__ ,Cowell, P. E., Latshaw, A.,, Cowell, P. E., Latshaw, A., et alet al (2000(2000bb)) ReducedReduced
dorsal and orbital prefrontal gray matter volumes indorsal and orbital prefrontal gray matter volumes in
schizophrenia.schizophrenia. Archives of General PsychiatryArchives of General Psychiatry,, 5757,,
761^768.761^768.

H�fner,H., Riecher-Rossler, A.,Hambrecht, M.,H�fner,H., Riecher-Rossler, A.,Hambrecht, M.,
et alet al (1992)(1992) IRAOS: an instrument for the assessmentIRAOS: an instrument for the assessment
of onset and early course of schizophrenia.of onset and early course of schizophrenia. SchizophreniaSchizophrenia
ResearchResearch,, 66, 209^223., 209^223.

Ichimiya,T.,Okubo,Y., Suhara,T.,Ichimiya,T.,Okubo,Y., Suhara,T., et alet al (2001)(2001)
Reduced volume of the cerebellar vermis in neuroleptic-Reduced volume of the cerebellar vermis in neuroleptic-
naive schizophrenia.naive schizophrenia. Biological PsychiatryBiological Psychiatry,, 4949, 20^27., 20^27.

Jansen, L. M., Gispen-deWied,C. C. & Kahn, R. S.Jansen, L. M.,Gispen-deWied,C. C. & Kahn, R. S.
(2000)(2000) Selective impairments in the stress response inSelective impairments in the stress response in
schizophrenic patients.schizophrenic patients. PsychopharmacologyPsychopharmacology,, 149149,,
319^325.319^325.

Johnstone, E. C.,Owens, D. G., Bydder,G. M.,Johnstone, E. C.,Owens, D. G., Bydder,G. M., et alet al
(1989)(1989) The spectrum of structural brain changes inThe spectrum of structural brain changes in
schizophrenia: age of onset as a predictor of cognitiveschizophrenia: age of onset as a predictor of cognitive
and clinical impairment and their cerebral correlates.and clinical impairment and their cerebral correlates.
Psychological MedicinePsychological Medicine,, 1919, 91^103., 91^103.

Kay, S. R., Fiszbein, A. & Opler, L. A.Kay, S. R., Fiszbein, A. & Opler, L. A. (1987)(1987) TheThe
positive and negative syndrome scale (PANSS) forpositive and negative syndrome scale (PANSS) for
schizophrenia.schizophrenia. Schizophrenia BulletinSchizophrenia Bulletin,, 1313, 261^276., 261^276.

Keshavan, M. S., Bagwell,W.W.,Haas,G. L.,Keshavan, M. S., Bagwell,W.W.,Haas,G. L., et alet al
(1994)(1994) Changes in caudate volume with neurolepticChanges in caudate volume with neuroleptic
treatment (letter).treatment (letter). LancetLancet,, 353353, 1434., 1434.

__ , Rosenberg, D., Sweeney, J. A.,, Rosenberg, D., Sweeney, J. A., et alet al (1998(1998aa))
Decreased caudate volume in neuroleptic-naiveDecreased caudate volume in neuroleptic-naive
psychotic patients.psychotic patients. American Journal of PsychiatryAmerican Journal of Psychiatry,, 155155,,
774^778.774^778.

__ ,Haas,G. L., Kahn,C. E.,, Haas,G. L., Kahn, C. E., et alet al (1998(1998bb)) SuperiorSuperior
temporal gyrus and the course of early schizophrenia:temporal gyrus and the course of early schizophrenia:
progressive, static, or reversible?progressive, static, or reversible? Journal of PsychiatricJournal of Psychiatric
ResearchResearch,, 3232, 161^167.,161^167.

s 71s 71

CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Third ventricle enlargement in antipsychotic-naive first-episode patients withThird ventricle enlargement in antipsychotic-naive first-episode patients with
schizophrenia suggests abnormalities in schizophrenia in the diencephalic region ofschizophrenia suggests abnormalities in schizophrenia in the diencephalic region of
the brain at the onset of the disease.the brain at the onset of the disease.

&& Antipsychoticmedicationmightbepartly implicated for brain abnormalities foundAntipsychoticmedicationmightbepartly implicated for brain abnormalities found
in schizophrenia.in schizophrenia.

&& The relative paucity of brain abnormalities in patients with first-episodeThe relative paucity of brain abnormalities in patients with first-episode
schizophrenia suggests that an underlying neurodegenerative process cannot beschizophrenia suggests that an underlying neurodegenerative process cannot be
excluded.excluded.

LIMITATIONSLIMITATIONS

&& The study groupwas relatively small as a result of the inclusion requirements suchThe study groupwas relatively small as a result of the inclusion requirements such
as noprior antipsychotic use andno illictdrugor alcoholmisuse/dependence,which isas noprior antipsychotic use andno illictdrugor alcoholmisuse/dependence,which is
highly prevalent in first-episode schizophrenia.highly prevalent in first-episode schizophrenia.

&& Although previous education in patients suggested a high (premorbid) IQ, noAlthough previous education in patients suggested a high (premorbid) IQ, no
formal IQ testing was performed.formal IQ testing was performed.

&& Patients were carefullymatched to the healthy comparison subjects but they didPatients were carefullymatched to the healthy comparison subjects but they did
significantly differ in height.However, when heightwas used as a covariate results didsignificantly differ in height.However, when heightwas used as a covariate results did
not change.not change.
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