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Abstract
Background—We have previously demonstrated that putaminal but not caudate volumes are
associated with poor outcome in patients with chronic schizophrenia. Present longitudinal study was
designed to investigate progressive differences in striatal volumes among chronic schizophrenia
patients with different outcomes and healthy subjects.

Method—Structural MRI scans were acquired at baseline and at follow-up four years later to
evaluate volumetric changes in 26 poor-outcome schizophrenia patients, 23 good-outcome patients
and 16 healthy subjects.

Results—Schizophrenia patients with different outcomes entered the study with similar volumes
of the caudate nucleus and putamen. The rate of decline in volumes of the putamen was greater in
patients with poor outcome than in the good-outcome group, so that their putaminal but not caudate
volumes were significantly smaller at the time of follow-up. There were no differences in baseline
and follow-up volumes of the putamen or in the rate of their progression among patients with
schizophrenia and healthy comparison subjects. The caudate volumes were lower in schizophrenia
patients than healthy subjects at baseline and follow-up, but showed no differential patterns of
progression between the groups.

Conclusions—Volumes of the putamen may represent a longitudinal marker of treatment
responsiveness and outcome in patients with chronic schizophrenia.
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1. Introduction
Striatal abnormalities have been postulated and described in patients with schizophrenia, but,
as attested by their recent review (Brandt and Bonelli, 2008), still remain inconclusive. While
most of the first-episode schizophrenia studies reported normal volumes of the caudate nucleus,
with only a third revealing volumetric reductions, findings in chronic schizophrenia patients
were equally divided between its enlargement and no volumetric change. Fewer studies have
assessed volumes of the putamen, but with near unanimity in reporting no changes in first-
episode and putaminal enlargement in chronic schizophrenia patients. Given these indications
of striatal expansion in chronic schizophrenia and the rich dopaminergic innervation of the
basal ganglia, a relationship between the acute exposure to antipsychotic agents and striatal
enlargement has been proposed, with differential effects from the typical and atypical
antipsychotics (Shihabuddin et al., 1998). Whether typical vs. atypical affiliation of the agents
plays a differential role in striatal changes in the long run has not been firmly established (Gur
et al., 1998; Mamah et al., 2007; Navari and Dazzan, 2009; Zhou et al., 2003). Several short-
term longitudinal studies appear to support enlargement of the caudate nucleus in first-episode
and chronic schizophrenia patients following exposure to typical neuroleptic agents (Chakos
et al., 1994; Keshavan et al., 1994; Lieberman et al., 2001) and atypical agents (Massana et al.,
2005; Okugawa et al., 2007), others revealed no progressive changes or even decline in its
density with mostly atypical agents (Glenthoj et al., 2007; Heitmiller et al., 2004; Lang et al.,
2001; McClure et al., 2008; Stip et al., 2008; Tauscher-Wisniewski et al., 2005) and a typical
agent (Glenthoj et al., 2007), or its enlargement with the typical and shrinkage with the atypical
neuroleptization (Chakos et al., 1995; Corson et al., 1999; Lang et al., 2004; Scheepers et al.,
2001). Two longer-term studies that compared schizophrenia patients and healthy subjects
found no progressive changes in the caudate nucleus or decline in its density (DeLisi et al.,
1997; van Haren et al., 2007) in patients over at least 4 years of follow-up. Brief exposure of
schizophrenia patients to quetiapine was reported to result in decreased putaminal density
(Stip et al., 2008) and to risperidone - in putaminal enlargement (Glenthoj et al., 2007), but the
single longitudinal assessment of the putamen with normal control group published to date
uncovered no morphometric differences between schizophrenia patients and healthy
comparison subjects (Wang et al., 2008).

We previously reported larger putamens in schizophrenia patients with good outcome than
poor-outcome (Kraepelinian) patients and proposed that rather than being a consequence of
prolonged neuroleptic exposure putaminal enlargement may be a marker of responsiveness to
antipsychotic treatment with the corrolary that its shrinkage may be associated with poor
clinical outcome (Buchsbaum et al., 2003). In the present study, we followed a cohort of chronic
good-outcome and poor-outcome schizophrenia patients over a four-year period in order to
compare longitudinal progression of volumes of both the caudate nucleus and putamen.

2. Methods
2.1. Subjects

49 patients with schizophrenia (age at baseline scan 42.69±12.29 years) and 16 healthy subjects
(age at baseline 41.63±12.23 years, t63=0.30, p=ns) were scanned twice approximately 4 years
apart (4.10±0.54 years for schizophrenia patients and 4.22±0.52 years for healthy subjects,
t63=0.76, p=ns; see full sample description in Mitelman et al., 2009). Schizophrenia patients
and healthy subjects did not significantly differ in major demographic characteristics. Based
on the predominant pattern of antipsychotic treatment over the three-year period preceding the
baseline scan (available for 37 participants), schizophrenia patients were divided into those
treated with predominantly typical antipsychotics (30%), atypical antipsychotics (24%), no
antipsychotics (30%), and a mixture of both antipsychotic types (16%).
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Patients with schizophrenia were classified into the good-outcome (n=23) and poor-outcome
(n=26) subgroups based on the criteria by Keefe et al (1987). These required that poor-outcome
patients for at least five years prior to study contact displayed: 1) continuous hospitalization
or complete dependence on others for food, clothing, and shelter; 2) no useful employment;
and 3) no evidence of symptom remission. Patients classified as poor-outcome (age 47.35±11.9
years) were outpatients, living in supervised group home setting, who were significantly older
at baseline scan than patients with good outcome (37.44±10.68 years, t47=3.05, p=0.004), but
did not significantly differ in length of between-scan interval (3.98±0.4 years vs. 4.24±0.65
years, respectively, t47=1.76, p=0.09, a trend level) or MMSE scores (25.79±3.56 vs. 27.32
±2.36, t=1.6, p=0.12). PANSS assessments at baseline showed that patients with poor outcome,
as compared to the good-outcome group, had more severe positive (22.4±6.64 vs. 15.39±4.92,
t47=4.12, p=0.0002), negative (22.36±7.40 vs. 15.35±5.08, t47=3.79, p=0.0004), and general
psychopathology scores (45.12±10.05 vs. 35.32±14.63, t47=2.7, p=0.01), as well as more years
since initiation of antipsychotic treatment (24.77±11.71 vs. 12.29±8.78, t41=3.94, p=0.0003).

2.2. Image acquisition and analysis
T1-weighted MR images were acquired using a 1.5T Signa 5× scanner (GE Medical Systems)
with a 3D-SPGR sequence (TR=24msec, TE=5msec, flip angle=40°, matrix size 256×256,
field of view 23cm, slice thickness 1.2mm, total slices 128). SPGR images were resectioned
to standard position using the algorithm of Woods et al (1993), a 6-parameter rigid-body
transformation, and the standard MNI brain. The caudate nucleus and putamen were outlined
precisely as in our previous reports (Buchsbaum et al., 2003; Shihabuddin et al., 1998). Their
baseline volumes were separately entered into ANCOVAs (age at scan date as covariate) with
two independent groups (schizophrenia patients vs. healthy subjects or good-outcome vs. poor-
outcome patients) and repeated measures for hemisphere (right, left). Same analyses were
performed for nuclear volumes at follow-up scan. For longitudinal assessments, volumes of
the caudate and putamen were separately entered into a multiway ANCOVA with two
independent groups (schizophrenia patients vs. healthy subjects or good-outcome vs. poor-
outcome patients), repeated measures of time (baseline, follow-up) and hemisphere (right, left),
with age at baseline scan as covariate. These analyses were performed with both absolute and
relative (to total brain size) volumes. Three strategies were employed to estimate effects of
antipsychotic treatment on longitudinal volume change. First, we ran these ANCOVAs adding
years since initiation of antipsychotic treatment till scan date as the second covariate, with this
variable not available for 5 subjects. Second, similar analyses were run on two groups of
schizophrenia patients: those with predominantly typical or atypical antipsychotic treatment
over the three-year period preceding the baseline scan. Finally, product-moment correlations
between the years since initiation of antipsychotic pharmacotherapy and baseline-to-follow-
up volume changes in patients were assessed.

3. Results
At baseline, there were no significant differences in absolute and relative volumes of the
caudate nucleus or putamen among any of the compared groups (Table 1). There was a trend
towards lower relative right caudate volumes in schizophrenia patients than in healthy subjects
(F1, 60=3.87, p=0.054).

Absolute and relative volumes of the caudate nucleus and putamen dwindled over the time to
follow-up in both schizophrenia patients and healthy subjects, with no significant between-
group differences in the rate of progressive changes. Both absolute and relative volumes of the
putamen decreased over the time to follow-up significantly more in patients with poor outcome
than in the good-outcome group (diagnostic group×time interaction, F1, 46=6.31, p=0.02, and
with duration of antipsychotic treatment as additional covariate, F1, 39=5.09, p=0.03; Fig. 1).
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Simple interactions for each hemisphere confirmed faster decline in the poor-outcome group
for the left putamen (diagnostic group×time interaction, F1, 46=7.12, p=0.01, and with duration
of antipsychotic treatment as additional covariate, F1, 39=5.92, p=0.02).

At follow-up (controlled for differences in duration of antipsychotic treatment), patients with
poor outcome ended up with significantly smaller absolute and relative putaminal volumes in
comparison to the good-outcome patient group (main effect of diagnostic group, F1, 39=5.13,
p=0.03). Follow-up simple interactions confirmed significantly smaller putaminal volumes for
the left hemisphere only (F1, 39=7.65, p=0.008). Relative volumes of the caudate nucleus at
follow-up were smaller in schizophrenia patients than in healthy subjects (main effect of
diagnostic group, F1, 62=4.71, p=0.03).

ANCOVA comparisons of schizophrenia patients divided into those predominantly treated
with typical or atypical antipsychotics over the three-year period preceding the baseline scan
produced no significant interactions involving the diagnostic group. No significant correlations
were found between the longitudinal changes in the caudate and putaminal volumes and the
number of years since initiation of neuroleptic treatment. No significant interactions between
any of the measures and subjects' sex were elicited.

4. Discussion
Poor outcome in patients with chronic schizophrenia is associated with a more pronounced
shrinkage of the putamen, which begins approximately two decades after the onset of the
disease. We have recently demonstrated that in contrast to the deceleration of cortical gray
matter decline with age in this cohort of patients with good outcome, cortical shrinkage in the
poor-outcome group as they age remains unabated (Mitelman et al., 2009). Present results may
suggest the dynamic spread of pathological changes, at this phase of the illness extending
beyond the cortex.

Volumes of both the caudate nucleus and putamen in right and left hemispheres at baseline
and follow-up were lower in schizophrenia patients than in healthy subjects and in poor-
outcome patients than in patients with good outcome (Table 1). Most of the differences,
however, did not reach statistical significance and may be subtle.

Poor-outcome schizophrenia is characterized by a treatment-resistant and unremitting course
(Harvey et al., 1991; Mitelman et al., 2007), so that progressive decline of the putaminal
volumes to the excess of that seen in patients with good outcome may be a marker of treatment
resistance. We thus propose that expansion of the putamen - as reported in several cross-
sectional studies - is not merely the consequence of exposure to antipsychotic agents but may
specifically signify responsiveness to their therapeutic effects. Contrasting changes in
putaminal volumes following a brief exposure to quetiapine (Stip et al., 2008) and risperidone
(Glenthoj et al., 2007), as well as no significant changes with other typical and atypical agents
(Glenthoj et al., 2007; Wang et al., 2008) may thus not be due to the pharmacological particulars
of the employed antipsychotics, but rather due to the variable patient responsiveness to
treatment. If confirmed, further studies should evaluate clinical utility of the putaminal
volumetry in monitoring antipsychotic efficacy in patients with schizophrenia.
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Figure 1.
Distribution of progressive changes in volumes (mm3) of the left putamen in schizophrenia
patients with different outcomes
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Table 1
Volumes of the caudate nucleus and putamen (in mm3)

Caudate nucleus Putamen
Left Right Left Right

Healthy subjects
Baseline 4626±886 4891±873 4802±1005 4681±728
Follow-up 4005±890 4231±909 4364±806 4307±655
Schizophrenia patients
Baseline 4272±822 4424±922 4873±846 4701±780
Follow-up 3518±635 3799±721 4382±603 4283±632
Poor-outcome patients
Baseline 4134±714 4249±929 4846±954 4658±902
Follow-up 3402±666 3679±786 4179±639 4110±714
Good-outcome patients
Baseline 4427±921 4623±893 4903±725 4750±630
Follow-up 3649±585 3936±630 4611±475 4477±465
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