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Objective: This study examined whether subcortical volumes of the basal ganglia and

thalarnus in schizophrenic patients are related to neuroleptic exposure and symptom se

verity. Method: Basal ganglia substructures and thalamic volumes were measured with

magnetic resonance imaging in 96 patients with schizophrenia 50 men and 46 women

and 128 healthy comparison subjects 60 men and 68 women. Twenty-one of the patients

were neuroleptic-naive; of the 75 previously treated patients, 48 had received typical

neuroleptics only, and 27 had received typical and atypical neuroleptics. The relation of vol

ume measures to treatment status, exposure to neuroleptics, and symptoms was exam

ined. Results: The neuroleptic-naive patients did not differ from the healthy comparison

subjects in subcortical volumes except for lower thalamic volume. In the neuroleptic-naive

group, volumes did not correlate with severity of negative symptoms, but higher volumes in

both the thalamus and the putamen were associated with more severe positive symptoms.

The previously treated group showed higher volumes in the putamen and globus pallidus

than the healthy comparison subjects and the neuroleptic-naive patients. In the treated

group, a higher dose of a typical neuroleptic was associated with higher caudate, putamen,

and thalamus volumes, whereas a higher dose of an atypical neuroleptic was associated

only with higher thalamic volume. Higher subcortical volumes were mildly associated with

greater severity of both negative and positive symptoms. Conclusions: Increased subcor

tical volumes in treated schizophrenic patients seem to be medication-induced hypertro

phy. This hypertrophy could reflect structural adaptation to receptor blockade and may

moderate the effects of neuroleptic treatment.
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INeuropathological and neuroimaging studies have

examined cortical and subcortical aberrations in

schizophrenia 1-6. The role of the basal ganglia

thalamocortical loop in modulating multiple func

tional domains has been substantiated in research on

animals and humans 7-10. Interest in the potential

role of basal ganglia pathology in schizophrenia has

been spurred by the recognition that the basal gan

glia regulate not only motor behavior but also aspects

of cognitive and limbic behavior 11-13. Extensive

connections of thalamic nuclei with cortical and sub-
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cortical regions buttress their role in gating the cere

bral cortex 14, hut few neuroanatomic studies in

schizophrenia have examined the thalamus 1-4.

Magnetic resonance imaging MRI complements

neuropathological investigations of brain structure.

While most MRI studies of cortical structures have re

ported decreased volume in schizophrenic patients,

some studies of the basal ganglia noted increased vol

ume in the putamen, globus pallidus 6, 15, 16, and

caudate 17. These studies included chronic patients

treated with neuroleptics, which may be associated

with striatal activation, neuronal hypertrophy, and

synaptic adaptation 18, 19. 1-lowever, the association

of early onset and lenticular hypertrophy has also been

interpreted as supporting a neurodevelopmental model

of schizophrenia 15, which attributes enlarged sub-

cortical structures to decreased pruning 20. A longi

tudinal study of 29 first-episode patients and 10 com

parison subjects, followed for 18 months, reported an

increase in caudate volume in the patients relative to
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TABLE 1. CharacterIstics of Neuroleptlc-Naive and Previously Treated Schizophrenic Patients and Healthy Comparison Subjects
in an MRI Study of Subcortlcal Volumes

Schizophrenic Patients N=96

Comparison Subjects
N=128

Neuroleplic-Naive Previously Treated
N=21 N=75

Variable Mean SD Mean SD Mean SD

Age years 28.9 11.3 30.9 8.7
Parents' education level years 13.1 3.5 12.2 2.7
Subjects education level years5 13.4 3.2 12.7 1.9
Age at onset years 24.6 7.4 22.5 7.1
SANS global rating 1.75 1.15 2.17 1.10
SAPS global rating 1.76 0.85 2.08 0.91

27.6 8.6
11.5 2.6
15.1 2.1

a Significant difference between patients and comparison subjects 1=7.60, dh-222, pcO.0001.

the comparison subjects 21. This was associated with

younger age and higher exposure to neuroleptics be

fore the study. In a study that used an image averaging

technique 4, thalamic abnormalities were reported in

39 male patients-most of whom were treated with

neuroleptics for several years-compared with 47

healthy men; consistent with other findings 22, 23,

the thalamus was smaller in the patients. An assess

ment of first-episode neuroleptic-naive patients would

help clarify treatment effects.

To permit a comprehensive assessment of intercon

nected subcortical structures implicated in the patho

physiology of schizophrenia, we evaluated both basal

ganglia regions and the thalamus, We compared a

group of neuroleptic-naive patients with patients

treated with typical and atypical neuroleptics, enabling

an initial investigation of relations between volume,

symptoms, and type of medication.

METHOD

The study participants were 96 patients 54 inpatients and 42 out

patients and 128 healthy comparison subjects from the schizophre

nia Mental Health Clinical Research Center at the University of

Pennsylvania. The patients had a DSM-lV diagnosis of scluzophre

nia 24 established by procedures detailed previously 25. Those

with schizophrenifurm disorder at study entry met the criteria for

schizophrenia at follow-up. The healthy comparison subjects also

underwent standard evaluations 26, 27. There were 21 neurolep

tic-naive patients 13 men and eight women and 75 previously

treated patients 37 men and 38 women. The groups did not differ

in age or parental education, but as expected, the patients had a

lower level ot education table 1. The mean ages at unset of illness

for the neuroleptic-naivc and previously treated patients were not

significantly different, There were five, II, and five left-handers in

the neurnleptic-naive, previously treated, and healthy comparison

groups, respectively. After complete description of the study, written

informed consent `vas obtained from each subject.

Clinical Measures

Rating scales. Evaluations were conducted by trained investiga

tors with established procedures intraclass correlation coefficient

IICCI >0.85 25. The patients' symptoms were rated on the Scale

for the Assessn,ent of Negative Symptoms SANS 28} and the Scale

for the Assessment of Positive Symptoms SAPS 291. The groups

did not differ on the averaged global ratings of the SANS or the

SAPS table I and manifested mild symptoms.

Medkations. A medication record documented for each subject

the duration and doses of psychotropics before he or she entered re

search center protocols 30, 31. information from records, caregiv

ers, and patients was updated at 6-month intervals. Therapeutic in

terventions %vere clinically based, starting with typical neuroleptics

and introducing atypical neurolepties as indicated. Compliance was

assessed by monitoring ingestion, supply, and visits but not blood

levels. Total lifetime dose vas quantified in chiorpromazine-equiva

lent units in milligrams per kilogram of body weight 32.

Forty-eight patients had been treated with typical neuroleptics

only haloperidol, N=28; haloperidol decanoate, N=8; loxapine, N=

6; thioridazine, N=8; molindone, N=3; thiothixene, N=12; fluphen

azine, N=4; fluphenazine decanoate, N=4; erifluoperazine, N=9; per

phenazine, N7; chlorpromazine, N=8. Ti,e number of patients tak

ing various medications exceeds 48 because patients had taken

several medications over the course of their illness. The mean dura

tion of treatment was 1307.2 days SD=1375.9, range=2-S954, and

the mean drug dose was 407.1 chlorproinazine-equivalent units per

day SD=25.3, range=65.9-1095.1. Twenty-two patients had been

treated with typical and then atypical neuroleptics. The typical

neuroleptics were haloperidol N=20, hainperidol decanoate N=1,

loxapine N=7, thioridazine N=6, molindone N=3, thiothixene

N=5, luphenazine N=7, fluphenazine decanoate N=4, trifluo

perazine N=13, perphenazine N=8, and chiorpromazine N=7.

The mean duration of treatment with typical neuroleptics was

1259.6 days SD=1371.7, range=1-4238, and the mean dose was

720.4 chlorpromazine-equivalent units per day SD=936.0, range=

58.2-3723.5. The atypical neurolepeics included clozapine N=15

and risperidone N=14. The mean duration of treatment with the

atypical neuroleptics was 383.4 days SD=492.8, range=5-1601,

and the mean dose was 334.1 chlorprnrnazine-equivalenr units SD=

286.3, range=4.0-919.9. Five patients were treated only with an

atypical neurcieptic, risperidone. The mean treatment duration was

70.4 days SD=66.6, range=1-153, and the mean dose was 272.5

chlorpromazine-equivalent units SD=90.6, range=iS0.0-400.0.

MRI Measurements

Acquisition. Scans were acquired on a GE Signa 1.S-T scanner

Milwaukee, Wis. with uniform protocol and software. is4lUs

spoiled GRASS ptilse sequence, flip angle=35', TR=35 msec, TE=6

msec, field of view=24 cm, number of cxeieations=1 of 1-mm slice

thickness were realigned into a standardized transaxial plane along

tile anterior cammissure-posterior commissure axis. Three-di,nen

sional display and cLitting options derive sagittal and coronal images

perpendicular to these transaxial slices withoLie affecting image qual

ity for purposes of region drawing.

Volumetric ,neasores. A segmentation algorithm 33, 34 used

values of pixels within operator-defined regions of interest, and vol

umetric calculations in milliliters for the caudate, putamen, glohus

pallidus, and thalamus were performed. The borders of the struc

tures were drawn by two investigators RD.M. and V.M. on the ba

sis of a neuroanatomy atlas and input from a neuroradiologist ac

cording to procedures standardized in our laboratory. The reliability

ICC for 10 random cases five patients and five comparison sub

jects analyzed independently, without previous exposure to these

scatis, was as follows: for the caudate, 0.98; putarnen, 0.99; globus

pallidus, 034; thalamus, 0.99. The scans were blinded and mixed,

and all analysis was completed by one researcher V.M..
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FIGURE 1. Regions Defined in an MRI Study of Subcortical Volumes in Patients With Schizophrenia°

The procedure of placing the regions of interest began by display

ing the transaxial images at a magnification factor of 0.89 of actual

size. Operators could enlarge scans 16 or inure times to view pixels

distinctly around small structures such as the thalamostriate vein,

Icept outside the caudate. The delineation between the putamen and

the glohus pallidus and the boundaries for the rhalansus were clearer

on axial than on coronal images. Boundaries were drawn around the

head and body of the catidare nucleus, the putamen, the globus pal

lidus, and the thalamus on full gray scale images. After the segnsen

tation algorithm was allowed to find the true edge of each nucleus,

the lines were drawn at least two pixels from the gray matter edges

of the nuclei in the white matter tracts stirrotinding them figure 1,

The head of the caudate was defined in the transaxial plane as the

mass of gray matter comprising the lateral walls of the lateral ventri

cles bounded inferolaterally by the anterior limb of the internal cap

sule and superolaterally by the external capsule. Region placement

began inferiorly when the operator could see the most inferior aspect

of the third ventricle and when the clsiasmatic cistern `vas no longer

visible, tist abovc the amygdala. The boundary for the head of the

caudate continued superiorly until the thalamus could no longer be

visualized, and the anterior horn of the lateral ventricles became

confluent with the posterior horn. The body of the caudate was de

fined as the portion above the thalamus after the confluence of the

antetior and posterior horns of the lateral ventricles. The nucleus ac

cumbens was included as caudate. The lenticular nucleus was de

fined as the gray matter bounded by the internal and external cap

sules. The boundary between the putamen and the globus pallidus

was determined by two methods. First, when possible, a strip of

white matter was identified between the crisscrossing by fingers of

gray matter between the two regions; second, the boundary was

noted by the difference in color between the two structures, since the

putamen always appeared darker with this acquisition protocol.

Botindaries for the globtis pallidus began inferiorly at the level of the

third ventricle. They extended superiorly until no mt,re gray matter

pixels medial to the boundary for the putainen cotild be detected.

Region tracing for the putamen extended superiorly until the thala

mus disappeated and the body of the caudate became continuous

with the tail. The thalamus was defined as the portion of gray matter

bounded medially and posteriorly by the walls of the third ventricle,

laterally by the internal capsule, and anteriorly by the fornix and

gene of the internal capsule. Region placement began inferiorly

above the inferior cnlliculi when the posterior commissure was no

longer visible and ended when the third ventricle merged with the

posterior horns and the caudate body appeared. A switch from the

full gray scale display to a segmentation map was used to verify that

no more gray matter pixels were present when a specific region was

no longer identified on the nonsegmented MRI.

Data Analysis

The volumes of the caudate, pnramen, globus pallidus, and thala

mus were the dependent measures in a group neuruleptic-naive pa

tients, previously treated patients, healthy comparison subjects-by

region multivariate analysis of covariance MANCOVA, with cra

nial volunse as a covariate. Use of this covariate is necessitated by the

differences in cranial volume between the sexes and between diag

nostic groups. Significant interactions between group and region

were decomposed by contrasting each patient subgroup with the

healthy comparison group by means of univariare ANCOVAs for

each region. The associatioti of volume with medication dose and

with treatment dtiration was examined by correlating volumes with

total lifetime dose in chlorpromazine-equivalenr units and days of

treatment. There were seven patients for whom dose was unavail

able for some epochs; they `vere excluded from the correlational

analysis. Because of the sample size, the gresup of previously treated

patients was subdivided for the correlational analysis into 1 the pa

tients treated with typical neuroleptics only N=44 and 2 the pa
tieisrs treated with typical followed by atypical ncurolcptics N1 9

combined with the patients treated with atypical neuroleptics only

lN=.5. Of the seven patients with missing data, four took typical

neurolcprics only, and three were from the cnmhined group. We re

peated the analysis including the subjects with missing data by using

s C=caudale, P=pulamen, GP=globus pallidus, T=thalamus.
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