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ABSTRACT

Background: Evidence suggests that caudate nucleus abnormalities have a role in
schizophrenia. Structural brain imaging studies on caudate size in schizophrenia are
inconclusive due to confounding factors.

Methods: In this study, caudate volume was measured on coronal Magnetic Resonance
images (1-mm) in consendng |5 never-treated schizophrenia (DSM-IV) patients and
5 age, sex, handedness, education and socioeconomic status matched contrels
using semi-automated Scion image software.

Results: Muitivariate analysis reveated significantly smafler caudate volume in patients
than controls after controlfing for intracranial area (df = 2,27; F = 5.4; p = 0.028).
Separate univariate analysis showed that right (df = 2,27, ¥ = 5.4; p = 0.028) and
left (df = 2,27; F = 5.2; p = 0.031) caudate were significanty smaller in patients than
controls after controlling for intracranial area. Hliness duration did not correfate
significantly with either right {r = - 0.13; p = 0.65) or left {r = - 0.10; p = 0.7)
caudate volume.

Discussion: Significantly smaller caudate nucleus in patients with never-treated
schizophrenia suggests that some aspect of the disease process of schizophrenta
influences the caudate nucleus, In conclusion, smaller caudate volume in never-
treated schizophrenia with lack of correlation berween iliness duration and caudate
size supports neurodevelopmental eciopathogenesis in schizophrenia.
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INTRODUCTION disturbances in thinking and behavior remi-

niscent of schizophrenia (Heckers 1997),

Several lines of evidence implicate the
basal ganglia in the pathophysiology of
schizophtenia (Busatto and Kerwin, 1997,
Ring and Serea-Mestres, 2002). Basal ganglia
play a crivcal role in higher cognitive fane-
tons such as amenton, working memory,
and goal-directed behavior (Middleton and
Strick 19%4; Levy et al 19975 Gravbiel 1997).
Abnormalities of basal ganghia in disorders
such as Huntington’s chorea may result in

Involuntary movements were described in
schizophrenia long before the era of
neuroleptics  (Kracpelin  1919);  unusual
movements are aAlso seen in preschizophrenic
children long before illness onset (Walker
and Lewin 1990),

Magnetic Resonance Imaging (MRI) al-
lows noninvasive in vive examination of the
structural abnormalities of the basal ganglia.
Several MRI studies of the basal ganglia
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have appeared in the literature with conflict-
ing results (Shenton et al 1997).  Studies
have reported either increased volume of
one or other basal ganglia seructures {Breier
er al 1992: Delisi et al 1991; Hokama et
al 1995; Frazier et al 1996) ot no differences
it basal ganglia size (Cotev-Bloom et al
1995; Kelsoe et al 1988; Flaum er al 1995),
Studies have also shown a reducdon in
caudate size in schizophrenia patents (Mion
et al 199%; Dalgalarrondo et al 1994; Young
et al 1991; Brown et al 1996). These
inconsistencies may be related to methodo-
logical issues, eg., use of thick slices with
interslice gaps, making it difficult to avoid
partial volume effects.  Further, most of
these studies involved previousty treated
schizophrenic padents, which suggests that
the observed changes may be related 1o
neurcleptic treatment.

Of the few studies cornparing cavdare
volumes in neuroleptic-naive schizophrenda
patients and conurols subjects, three studies
have reported the caudate nucleus to be
signiftcantly smaller in patients (Shihabuddin
et al 1998; Keshavan et al 1998; Corson et
al 1999 and two studies have found no
differences (Chakos et al 1994; Gur et al
1998). In the eonly Indian study, cavdare
nucleus volume did not differ significantdy
berween patents and controls (McCreadie
et al 2002

Our study attempted (o examine whether
there is an independent underlying struc-
tural sbnortnality of caudate nucleus in
never-treated schizopheenia.

MATERIALS AND METHODS

Subjects

The subjects for the study consisted of
fifteen patients and fifteen age, sex, educa-
don, handedness and socioeconomic stams
matched healthy controls.  The patients
were recruited from National Insttuce of
Mental Health and Neurosciences
(NIMHANS) ourpatient department if they
met DSM-IV criteria for schizophrenia and
had never received antipsychotic medication
or electro convulsive therapy. The Sched-
ules for Clinical Assessment in MNeuropsy-
chratry (SCAN) (Version 2.1) (World Health
Organization, 1998) was administered (GVS)
for the diagnosis of padents. (The firse



author (GVS) underwent training program
for administering SCAN before starting the
study), This diagnosis was re-confirmed by
consensus following independent clinical
interview by two experienced psychiatrists
(BNG & NJR). The diagnosis was found
to be stable at one-year follow-up as re-
assessed by one of these two experienced
psychiatrists (BNG or NJR). Psychopathol-
ogy was assessed by the Posidve and Negative
Syndrome Scale (PANSS) for schizophrenia
(Kay et al, 1987).

Hospital staff members, their reladves
and friends formed the control group. The
controls wete selected after screening using
GHQ {12 items version) {Goldberg et al
1997). A detailed history was taken to rule
out psychosis in any of the family members,
None of the normal controls had any family
history of psychotic llness. Normal con-
trols, as a group, were matched with the
schizophrenia patieots foc age, sex,
handedness, number of years of education
and parental socioeconomic status.

The demographic and clinical informa-
tion regarding the subjects were collected
with the help of a structured proforma. A
detailed history was obtained and a com-
prehensive mental state and physical exami-
nadon was conducted. AH subjects were
right-handed as assessed by Annett’s ques-
tionnaire (Anmnett, 1967). No subject had
any contraindications to MRI  {cardiac
pacemaker, aneurysm clip, cochlear implants,
pregnancy, JUD, history of metal fragment
in eyes, neurostimulators, weight of 250 lbs,
or mote, claustrophobia}, None of the
subjects had any medical illness that may
significantly influence CNS function or
structure, significant neurologic disorder such
as seizure disorder, cerebral palsy, ot history
suggestive of delayed developmental mile-
stones (suggestive of mental recardation),
family history of hereditary neurologic dis-
otder that may complicate diagnosis, life-
time ¢o-morbidity for DSM-IV psychoactive
substance dependence, or lifetime history of
head injury associated with any of the
following: loss of consciousness longer than
10 minutes, seizures, neurclogical deficit,
depressed skull fracture, surgical interven-
ton, or central nervous system infecdon.
Female subjects were neither pregnant nor
were within the postpartum perod. None
of the subjects had dyskinesia (as assessed
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using the Abnormal Involuntary Move-
ments Scale (Guy, 197G)) or parkinsonism
{as assessed using the Simpson and Angus
Scale (Simpson and Angus, 1970). All
participants provided written informed
consent,

MAGNETIC RESONANCE
IMAGING (MRI)
METHODOLOGY

MRi ACQUISITION

Magnetic Resonance Imaging (MRI) was
done with Siemens 1.5 Tesla Magnetom
vision system (Erlangen, Germany) at the
Depariment of Newroimaging and Inter-
ventional Radiclogy, NIMHANS.

The list of MR protocols used in the
study was: Proton Density (PD) & T,
weighted transverse images; T, weighted
corondl images; and T, Magnetization Pre-
pared Rapid Acquisiion Gradient Echo
(MP-RAGE) sequence.

A set of sagittal scout images (21D fast
spin echo, TR=15 msec, echo time (TE)
= 6 msec, FOV = 300 mm, approximarely
3 slices, slice thickness = 8 mm, slice gap
= 0.2 mm, NEX = 1, matrix = 256 x 256,
scan ume = 10 sec) was collected.

This was followed by 1 set of proton
density and T, weighted axial images cov-
ering the whole brain (2D fast echo, TR =
3800 msec, TE = 22 msec and 90 msec,
FOV = 250 mm approximately 21 slices,
slice thickness = 5 mm, slice gap = 0.3 mm,
NEX = 1, matix = 200 x 256, scan time
2 min 5 sec).

This was followed by a set of proton
density and T, weighted coronal images
covering the whole brain (2D fast echo, TR
= 3710 msec, TE = 22 msec and %0 msec,
FOV = 230 mm approximately 21 slices,
slice chickness = 5 mm, slice gap = 0.3 mm,
NEX = 1, matrix = 190 x 256, scan time
2 min 24 sec).

Then, T, weighted three-dimensional
Magnetzation Prepared Rapid Acquisidon
Gradient Echo (MP-RAGE) imaging was
performed in the sagittal plane. (TR = 9.7
msec, TE = 4 msec, nutadon angle = 12°,
FOV = 250 mm, stice thickness 1 mm,
NEX = 1, matrix = 200 x 256, scan tithe
6 min 12 seck. A set of 160 images
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{(approximately) covering the entire brain
was obtained.

MR images were examined by a
neuroradiologist (PNJ) for morphological
abnormalities blind 1o the status of subjects.
The images were transferred on to a per-
sonal computer (PC) platform. They were
stored wicth coded identification.

VOLUMETRIC ANALYSIS
SOFTWARE FOR MRI IMAGE
ANALYSIS

Volumetric measuremnents were conducted
blind to clinical data using Scion Image
It runs on PC and Macintosh
platforms. Measutements can be stored
separately from images. ‘This software
provides valid and reliable measucements of
specific structures using a semi automated
segmentaton approach (Keshavan et al 1995),
This semi ausomated segmenuation method
to measure volorne of brain structures
correlated highly with the point-counting
stereclogical approach as tested by Keshavan
et al 1995, This software has been used
teliably to measure different brain seructures
and volumes in children, adolescents, and
adults.  The functions of this software
include segmentation, magnification and
contrast adjustment, data smoothening and
orientation & location recail.

software.

VOLUMETRIC METHOD

All measurements were automatically
calculated by the computer using the Scion
Image sofrware, The desired structure was
outlined and measured by the rater using
the computer mouse conteolled pointer. The
raters were blind to the subjects’ chinical
details at the time of the brain measure-
meats on coded MRI sections.

MEASUREMENT OF THE
CAUDATE NUCLEUS

The caudate nucleus was measured in
coronal sectdons of MRI scan. The first
step in measuring the caudate was to define
the inferior border. The inferior border of
the caudate was demarcated by drawing a
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line along the length of the anterior com-
missure. The anterior commissure is a thin,
reasonably straight line of white marter that
will appear inferior to the lateral ventricles
at about the point at which the fornix is
first scen. The line was extended to be
placed directly underneath the lateral ven-
tricles to eliminate the wail of the caundate
from the measurement. The first slice was
the most anterior slice where a small patch
of grey mater appears laterally to either the
left or tight lateral ventricle. The rater
continued to trace around the caudate in
successive slices posteriorly through the
brain, being careful not to extend the
outline beyond the line used as the inferior
border. The posterior limit of the caudate
was defined as the first slice at which the
pons is seen.

The firse author (GVS) who was initially
trained by the neuroradiologisc (PNJ) to
measure the caudate performed intet-rater
teliability exercise with another rater in 10
subjects on coded images. The Inter-rater
teliability as measuted by Intra-Class Cor-
reladon Coefficient was 0.94 for the left
caudate nucleus and 095 for the right
caudate nucleus.

MEASUREMENT OF
INTRACRANIAL AREA

Midsagittal section
The intracranial area was measured in the
mid-sagittal scction. From the set of T,

weighted three-dimensional MP-RAGE sag-

ittal images, the midsagittal secdon was

chosen manually. Criteria (Woodruff et al
1993) for the inclusion of midsagirtal slices
include the following:

1. A distnct outline of the CC
2. An easily idendfied cerebral aqueduct

3. Clear visibility of cortical gyral crests
both anteriotly and posteriorly to the
CC and

4. Absence of visible intrusion into gray
and white matter.

All the sclected images were inspected
and approved by the neuroradiologist {(PNJ).
Since the slice thickness was | mm and
uniform image acquisiion software protocol

was used, midsagittal images of all the
subjects satsfied the inclusion criteda.
Intracranial area was measured by tracing
along inner table of the skull, above the
sphenoid sinus, along the basisphenoid, and
across the foramen magnum (Keshavan et
al 2002),

To assess inter-tater reliability, cwo raters
(GVS & PNJ (neuroradiologist)) independ-
entdy rated sixteen coded midsagittal sec-
dons. The rater (GVS) was trained initially
by the neuroradiclogist (PN]). Both the
raters were blind to the clinical details of
the subjects.

The inter-rater reliability was calculated
by intraclass correlation coefficient (ICC).
The intraclass correlation coefficient for the
intracranial area was 0.95.

STATISTICAL TECHNIQUES

Stadstical Package for Social Sciences
(version — 10:0.1) was used for Pearson’s
correlation, Independent samples t-test, chi-
square test, Analysis of Covariance
(ANCOVA), Repeated Measures Multivariate
Analysis of Vatiance (RM - MANOVA).
The alpha was set at 0.05 for statistical
significance,

RESULTS

Demographic and clinical:

The sociodemographic profile and cau-
date volume of the patdents and controls
is given in table 1. The average illness
duration of the padents was 48 months

TABLE | : Demographic Profile

{(range: 6 — 144 months). The Posidve And
Negative Syndrome Scale (PANSS) Scores
(Mean *+ SD) were as follows: Positve
syndrome = 2419; Negative syndrome =
2748; General psychopathology = 4417,
Total PANSS score = 95113

BRAIN MORPHOMETRY

Intracranial area (Mean + SD) did not
differ significantly between padents (127+11
em?) and controls (127£13 em® as tested
by independemt samples t-test (t = -0.06; p
= 0.95). The mean (X SD) of the caudate
volumes are given in table 2.  Repeated
Measures Analysis of Variance RMANOVA)
using the rght and left candate nuclei
volumes as the repeated measures and the
intracranial area as covarate showed signifi-
cant effect of the diagnasis with the patients
having smaller right and left caudate vol-
umes than the controls (df = 2,27, F = 5.4;
p = 0028, To analyze the effect of
diagnosis on individual caudate volumes,
univariate analysis of variance with intrac-
ranial area as covariate (ANCOVA) was
performed separately for the right and left
caudate volumes. Mean rdght and left
caudate volumes were significandy smaller
in the padents than the controls (table 2 &
figure).

Correlation of Caudate Volume with
Hiness duration and psychopathology

Iliness duration did nor correlate signifi-
cantly with either right caudate volume (r
= - 0.13; p = 0.65) or left caudate volume
¢ = - 010; p = 0.7). No significant
cotrelation was found between caudate
volume and PANSS scores (positive syn-
drome, negative syndrome, general psycho-
pathology and total scores).

No Variable* Patients (n=15) Controls (n=15)
Age (years)** KT | 309
Sex (M: F) 7.8 87
Educaton (Years)** 1 + 4 13+ 2

* No significant difference between patient and control groups

** p<0.05, significant

(22)



TABLE 2 : Brain measure comparison
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Brain Structure

Patient {n=15) Controls (n=15) df F* p*

Right Caudate (mL) 23+ 086 27 06 227 7.6 001%*
Left Caudate (ml}) 23 0.6 28 * 06 227 60 0.02**
Intraceanial Area {sqcm) 122 + 1.7 137 £ 23 227 59 (0.02%*
* _ Analysis of Covadance with Intracranial Area as covarate
** . p < 0.05, significant,
RIGHT AND LEFT CAUDATE VOLUMES
Patients versus Controls
34
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Error Plot compating the right and left caudate volumes of the patients and controls.

* - Mean * 2 Standard Error of the caudate volume

DISCUSSION

This study has demonstrated significantly
smaller caudate nucleus volume in patients
with nevet-treated schizophrenia in com-
parison to age, sex, education and
handedness matched conmols. Our find-
ings, together with those of Keshavan et al
(1998}, Shihabuddin et al (1998) and Corson
et al (1999) support the notion that some
aspect of the disease process of schizophre-
fia influences the caudate nuclens. The
average volume teduction (16%) in our
study is almost similar to one of the earlier
studies (which demonstrated 14% volume
reduction) by Keshavan et al (1998). To

our knowledge, this is the first Indian study
to demonstrate a reducdon in caudate
nucleus volume in never-treated schizophre-
nia. The only other Indian smdy by
McCreadie et al (2002) did not show any
difference in candate volume between pa-
dents and controls.

The Schedules for Clinical Assessment in
Neuropsychiatry (Version 2.1) was used
(GVS) for arrving at DSM-IV diagnosis.
This diagnosis was also confirmed by con-
sensus following independent clinical inter-
view by two expetienced psychiatrists (BNG
& NJR). The diagnosis was found to be
stable at follow-up after one year. None
had a change in the disgnosis. Cnly few
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of the previous studies have reported about
the stability of diagnosis. Subjects were
excluded if they had substance dependence,
confounding medical illness and lifetime
history of significant head injury. Preg-
nancy or postpartum perod also was one
of the exclusion criteria. Thus the effect
of confounding factors was minimized.

All patients were treatment-naive. Medi-
cations were started only after completion
of all assessments and investgations. This
was done with informed consent. Many
volumetric studies of the seriaum in schizo-
phrenia have found enlargement of the
striatal regions (Breier et al 1992; Buchanan
et al 1993; Heckers et al 1991; Hokama et
al 1995; Jernigan et al 1991; Swayze ¢t al
1992). Evidence suggests that this enlarge-
ment is a consequence of neurolepdc treat-
ment. Studies by Chakos et al (1994),
Keshavan et al {1994), Elkashef et al {1994),
Rodriguez et al {1997) and Gur et al (1998)
noted that the increase in caudate volume
in schizophrenia patients followed treatment
with typical meurcleptics. Following the
introducton of atypical neuroleptics, several
follow-up studies noted a decrease in vol-
ume when patients were switched from
typical to atypical neuroleptics (Chakos et
al 1995; Frazier et al 1996; Westermoreland
et al 1999). Assessing nevet-treated schizo-
phrenia padents avoided the confounding
effect of neuroleptics.

The caudate nuclei exhibit hemispheric
lateralization with the right caudare being
larger than the left caudate (Watkins et al
2001). Thus handedness may be a factor
influencing the structure and function of
caudate. In this study, handedness was
assessed using Annett’s Handedness Ques-
tonnaire (Annett, 1967) and all subjects
were right handed in this study. ‘This helped
in avoiding the confounding effect of
handedness.

Magnetic Resonance Imaging (MRI) was
done using state-of-the-art Siemens 1.5 Tesla
scanner. The stronger the magnet used for
imaging che bectter will be che image reso-
lution (Filipek et al 1989). Two of the
earlier studies have used lower than 1.5
Tesla scanner for MRI scan of the brain
(0.5 Tesla in the study by McCreadic et al
2002 and 1.0 Tesh in the study by Chakos
et al 1994). Interestingly, these rwo studies
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did not find any difference in caudate
volume,

The slice thickness used in ¢his study was
one mm. Very few studies have used such
a thin MRI slice. The resolution of the
image is affected by section thickness. The
thinner the sbice berter will be the irnage
resolution. The thicker the slice, the more
likely thar voxels will manifest pardal vol-
ume cffects, rather than be fully volumed
(Lim et al 1995).
minimizes the error of estimating volume
over multiple sections (Filipek et al 1989).
Thus the importance of using thin sections
cannot be overestimared for accurawe vol-
ume measutement (Free et al 1995).

Use of thin secdons

The image analysis was done using coded
MR sections. ‘The rater was blind to the
clinieal status of the subject. Measurements
were done using computerized semi-auto-
mated sofrware. These cosured eliminaton
of rater bias,

The brain area measurements were done
under the supervision of z senior
neuroradiologist (PNI).  The semi-auro-
mated Scion Image software provides valid
and reliable measurements of specific struc-
tures using a semi automated segmentation
approach (Keshavan et al 1995). Good
inter-rater reiiability was established with 2
senior neurotadiologist for morphometric
ratings. This ensured reliable brain meas-
urements.

There is intet-individual vardadon in the
size of the brain. To conuol for this
vatiation several methods have been de-
scribed. Use of intracranial area instead of
intracranial volume may be scen as a limiting
factor. But, it has been shown thar the
cotrection process using intracranial volume
as well as intracranial area in the midsagivtal
section helps in the reduction of variance
of volumetric measures of brain structures
(Fece ct al 1995).  Few of the previous
studies have used brain ratio measurements
to correct for the brain size variations.
However, Harvey et al {1990) have recom-
mended a statisdeal corsection using brain
size as a covariate being superior to a ratio
measure while conuolling for brain size
varations.  In this study, Analysis of
Covariance (ANCOVA) smatstic was done
using intra-cranial area as a covariate. This

statistical correction avoided the confound-
ing effect of inter-individual brain size
variations.

Compared to the prior smdies, our smdy
has smaller sample size. However, even
with this smaller sample size difference in
caudate volume was detected by our stady
Our observation of caudate volume reduc-
don in never-treated schizophrenia may
reflect primary pathophysiology of schizo-
phrenia. Recent srudies have shown that
the caudate nucleus is activated during
working memory-trelated tasks (Monchi et al
2001). Thus, caudate may be a part of a
distributed neuronal nerwork subserving
functons associated with the dorsolateral
prefrontal comex (Keshavan er al 1998).
Significantly reduced basal ganglia metabo-
lism has been observed in unmedicated
schizophrenia patients through use of posi-
tron emission tomography (Weisel et al
1987, Buchsbaum er al 1992; Siegel ot al
1993) and single photon emission tomog-
raphy (Vita et al 1995). Thus, this study
finding is also consistent with functional
neuroimaging research in schizophrenia.

Despite the wide range of illness dura-
tion in the padent sample, no significant
correlaton was found berween caudate
volumes and illness duraton. This finding
of lack of assoclation between caundate
volume and iliness duration & che obser-
vation of caudate volume reducton in
never-treated schizophrenia provide some
indirect support for neurodevelopmentally-
mediated pathology in schizophrenia
(Weinberger, 1987). An exaggeration of
petiadolescent synaptic pruning, perhaps in
glutamatergic corticosubcortical neurons, may
be involved (Keshavan ev al 1994). Reduced
activity in these corticostriatal neurons, by
diminishing wophic effects on the striatam,
couwld conceivably lead to reduced synaptic
neurophil, and thereby reduced size of basal
ganglia; this view is consistent with a recent
observation of reduced striatal dendrinic
spin¢ size in postmortem brains of schizo-
phrenia patients (Robetts et 2l 1996),

In summary, this study aimed to examine
whether there is an independent undedying
structural 2bnormality of caudate nucleus in
never-treated  schizopheenia.  Though the
small sample size and use of intracranial
arex instead of intracranial volume as
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covatiate may make one derive cautous
interpretations, the study is methodologi-
cally tigorous owing to the following rea-
S0115:

1. Patents were never-treated,
2. All subjects were right handed,

3.  SCAN interview for esublishing the
diagnosis,

4. Confirmatdon of diagnosis by two
experienced psychiatrists,

B, Stability of diagnosis in all patients at
1-year follow-up as re-assessed by one
of the two experienced psychiatrists,

6. MRI slices were of 1 mm thickness,

7. Ratings of brain measutements were
done in coded MRI sections making
the rater blind to clinical data,

8.  Good inter-rater reliability for brain
measurenments,

9. Use of covariate rather than a ratio
measure to correct for brain size
vagiations,

Thus, this research figor marches with
contemporary candate imaging studies in
schizophrenia.

In conclusion, we have found signifi-
cantly smaller caudate volume in never-
treated schizophrenia. In addition there was
no significant correlation between caudate
volume and illness duration, These findings
suggest neurodevelopmental edopathogenesis
in schizophrenia,
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