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Objective: Ventriculomegaly has been
reported in bipolar disorder, although
whether it occurs at illness onset or pro-
gresses during the course of the disorder is
unknown. In addition, it is unknown
whether ventriculomegaly in bipolar disor-
der reflects acquired volume loss or under-
development of periventricular structures.

Method: Magnetic resonance imaging
was used to measure the volumes of the
lateral and third ventricles and periven-
tricular structures (caudate, putamen,
thalamus, hippocampus). Patients with
DSM-IV bipolar disorder, 18 who were
having a first episode and 17 with multi-
ple episodes, were compared with 32
healthy subjects.

Results: The lateral ventricles were sig-
nificantly larger in the patients with mul-
tiple-episode bipolar disorder than in the
first-episode patients or the healthy sub-
jects, even after periventricular and total
cerebral volumes were taken into ac-

count. Having larger lateral ventricles was
associated with a higher number of prior
manic episodes. The multiple-episode pa-
tients had a smaller total cerebral volume
than the healthy subjects but not the first-
episode patients. The putamen was signif-
icantly larger in the first-episode patients
(and nearly so in the multiple-episode pa-
tients) than in the healthy subjects, al-
though there was no difference between
patient groups.

Conclusions: Lateral ventriculomegaly
was greater in bipolar disorder patients
who had had repeated manic episodes,
but it does not appear to be secondary to
small critical periventricular structures. A
larger than normal striatum, which has
been reported in previous studies, was ob-
served in first-episode patients. These re-
sults support the importance of prospec-
tively studying neuroanatomic changes in
bipolar disorder.

(Am J Psychiatry 2002; 159:1841-1847)

Abnormally large brain ventricles have been reported
frequently, albeit inconsistently, in bipolar disorder (1, 2).
Inconsistencies among studies may reflect differences in
clinical characteristics of patient groups (1, 2). Specifically,
groups with less chronic or severe illness may be less likely
to have ventriculomegaly. For example, first-episode or
adolescent patients have only somewhat larger ventricles
than healthy subjects (3, 4). In addition, Hauser et al. (5)
found lateral ventriculomegaly in bipolar disorder type I
but not bipolar disorder type II, suggesting that the se-
verity of the manic phase, which differentiates these
subtypes, may be associated with ventriculomegaly.
Therefore, lateral ventriculomegaly might progress with
repeated affective episodes and greater illness severity in
bipolar disorder.

Evidence for an association between illness duration
and ventriculomegaly in patients with severe mental ill-
ness can be drawn from studies of chronic schizophrenia,
in which progressive ventricular enlargement has been re-
ported (6, 7). Ventricular enlargement in schizophrenia
appears to be more pronounced than in affective disor-
ders (8); this difference may reflect the differences in
course severity between these illnesses. Again, these ob-
servations suggest that ventricular enlargement may oc-
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cur as a consequence of the severity or chronicity of major
mental illness.

The most direct approach to determining whether ven-
tricular enlargement develops progressively in bipolar
disorder would be to recruit first-episode patients and ex-
amine ventricular measurements longitudinally. The fea-
sibility of such a study is uncertain in the absence of stud-
ies that estimate the rate at which this hypothesized
progression occurs. An alternative cross-sectional ap-
proach is to compare ventricular volumes in first-episode
patients to volumes in those who have experienced re-
peated affective episodes. Significantly larger ventricles in
multiple- than first-episode patients would support the
hypothesis that ventricular size progresses during the
course of bipolar disorder, particularly if enlargement is
associated with course severity variables (e.g., number of
affective episodes). In contrast, no differences in ventricu-
lar volumes between first- and multiple-episode bipolar
patients would imply that progressive ventricular enlarge-
ment is unlikely.

The neuropathologic meaning of large ventricles is un-
clear but may reflect small volumes of periventricular
brain regions. Several periventricular structures (e.g., stri-
atum, thalamus, hippocampus) appear to modulate mood
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and cognition and so may be relevant to the expression of
affective symptoms. Studies of patients with unipolar de-
pression suggest associations between greater lateral ven-
tricular volume and basal ganglia abnormalities (2). To our
knowledge, these associations have not been directly ex-
amined in bipolar disorder.

With these considerations in mind, we used magnetic
resonance imaging (MRI) to compare lateral and third
ventricular volumes in first- and multiple-episode bipolar
patients. We predicted that the multiple-episode patients
would have larger ventricles than the first-episode pa-
tients and that the volumes would be associated with
course of illness. In addition, we studied differences
among groups in periventricular structures, to determine
associations with ventricular volumes. The periventricular
structures measured included the thalamus, which is
adjacent to the lateral and third ventricles; the hippo-
campus, which abuts the temporal horn of the lateral ven-
tricle; and the striatum (i.e., caudate and putamen), which
bounds the main body of the lateral ventricles.

Method

Subjects

Patients 16-35 years old who met the DSM-1V criteria for bipo-
lar disorder, type I, with a manic or mixed current episode, were
recruited from consecutive admissions to the University of Cin-
cinnati Hospital and the Cincinnati Children’s Hospital Medical
Center. All patients were hospitalized and had a score of at least
15 on the Young Mania Rating Scale (9) at the time of the MRI
scan. Eighteen patients met the criteria for the “first-episode
group,” defined as having 1) no prior manic episodes, 2) no prior
psychiatric hospitalizations, and 3) no prior treatment with
mood-stabilizer or antipsychotic medications. Seventeen pa-
tients met the criteria for the “multiple-episode group,” defined
as having had 1) two or more prior manic episodes, 2) one or
more prior psychiatric hospitalizations, and 3) prior antipsy-
chotic or mood-stabilizer treatment. We recruited 32 healthy sub-
jects, also 16-35 years old, from the hospitals’ catchment areas.
The healthy subjects had no axis I DSM-IV psychiatric disorder
and no first-degree relatives with a known history of psychiatric
disorders. Patients or healthy subjects were excluded for 1) any
substance use disorder within 3 months of the scan, 2) medical or
neurological illness that might influence brain structure, 3) con-
traindications to receiving an MRI, 4) a positive pregnancy test in
women, or 5) mental retardation or a documented IQ of less than
70. Each subject (or, if under 18, the subject’s legal guardian) pro-
vided written informed consent after the study procedures were
explained. All subjects were deemed competent to consent (or as-
sent if under 18 years old) for the study by the investigators and
their primary clinicians. This study was approved by the Univer-
sity of Cincinnati and Children’s Hospital Medical Center investi-
gational review boards. None of these subjects was included in
other imaging publications from this research group (3, 10, 11).

Both the patients and healthy subjects were evaluated by using
the Structured Clinical Interview for DSM-1V Axis I, Patient Ver-
sion (SCID) (12), administered by investigators (M.P.D, C.M.A.,
S.M.S)) extensively trained in the use of this instrument and with
excellent established interrater reliability (kappa>0.90) (13). The
clinical variables extracted from the SCID included age at illness
onset (i.e., the age of the first affective episode), numbers of prior
manic and depressive episodes, current affective state (i.e., manic
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or mixed), history of prior substance use disorders, and number
of previous hospitalizations. Ratings on the Young Mania Rating
Scale were obtained at the time of the MRI scan by trained raters
(M.PD, C.M.A,, M.E.Z.); the interrater reliability for total scores
was measured with the intraclass correlation coefficient (ICC)
and was judged to be good (ICC>0.80) (13). Finally, current and
prior use of antipsychotics, antidepressants, and mood stabilizers
was reviewed with each subject and recorded. All patients were
receiving medications at the time of the MRI scan (Table 1). Treat-
ment was prescribed by inpatient clinicians who were not study
personnel. The first-episode patients had been receiving medica-
tion for only a few days as part of the current hospitalization (by
definition), so it is unlikely that these medications influenced
neuroanatomy.

Image Acquisition

MRI scans were obtained with a 1.5-T GE Signa system by using
three-dimensional inversion-recovery-prepped fast spoiled gra-
dient recall acquisition with axial-plane graphic prescription
from a sagittal localizer (TR=15 msec, TE=5 msec, TI=300 msec,
flip angle=20°) in order to obtain whole-brain T;-weighted im-
ages with an in-plane field of view of 24 cm? and a 256x256-pixel
matrix. The third (z) dimension of acquisition was defined so that
1.5-mm-thick axial slices covered the entire brain (approximately
124 image slices per subject). The data matrix was then interpo-
lated to a 256x256x256-pixel matrix on reconstruction to provide
an approximately 1-mm isotropic image data set.

Image Analysis

Image analysis proceeded as described in previous reports (10,
11). Briefly, the image data were analyzed by using Brainlmage,
version 3.4.11 (A. Reiss et al., 1995). Before measurements of the
specific regions of interest, all image sets were reformatted into
the same three-dimensional space. Specifically, the sagittal plane
was defined as the plane bisecting the left and right cerebral
hemispheres in both axial and coronal views in which the poste-
rior commissure was most clearly visualized and the cerebral aq-
ueduct was most patent. An orthogonal axial plane was then de-
fined as the slice that intersected both the anterior and posterior
commissures at the midline. Finally, the coronal plane was de-
fined as the plane orthogonal to the axial and sagittal planes. One
exception to this orientation was for measurements of the hippo-
campus, in which the axial plane was defined as the orthogonal
(to the sagittal plane) slice that was parallel to the left hippocam-
pal long axis (11, 14). The measurements were performed by
trained raters (M.PD., M.E.Z., G.E.G., N.PM,, J.R.) with estab-
lished high interrater reliability (ICC>0.90), who were blind to
subject identity and group. Our procedures for establishing reli-
ability involve extensive training with experienced raters (10, 11).
The boundaries of the regions of interest were previously pub-
lished (10, 11), and so we describe them only briefly here.

The total cerebrum was measured coronally, beginning at the
most anterior point of the prefrontal cortex and ending at the
most posterior point of the occipital cortex. Measurements were
made every fifth slice and included both gray and white matter
but not cerebrospinal fluid. The brainstem and cerebellum were
excluded from this measurement.

The lateral ventricles were measured in every coronal slice in
which they were visible, including the temporal horns, by seg-
menting CSF from brain tissue. The left and right lateral ventricles
were measured separately.

The third ventricle was measured coronally in every slice in
which it was visible, beginning posteriorly at the point where the
superior colliculus merges with the cerebrum (inferior to the thal-
amus) and proceeding anteriorly to the optic chiasm.

The striatum included separate measurements of the caudate
and putamen. The head and body of the caudate were traced in

Am | Psychiatry 159:11, November 2002



STRAKOWSKI, DELBELLO, ZIMMERMAN, ET AL.

TABLE 1. Demographic and Clinical Characteristics of Patients With First-Episode and Multiple-Episode Bipolar Disorder

and Healthy Comparison Subjects

First-Episode

Multiple-Episode

Healthy Subjects

Characteristic Patients (N=18) Patients (N=17) (N=32) Analysis
Mean SD Mean SD Mean SD F df p
Age (years) 22 6 25 6 24 6 1.24 2,64 >0.25
Education (years) 12 2 13 2 13 2 0.79 2,64 >0.40
Number of prior hospitalizations 0 0 6 5 20.89 1,33 <0.0001
Age at onset of bipolar disorder (years) 20 5 15 4 8.83 1,33 0.006
Duration of illness (years) 2 3 10 5 31.33 1,33 <0.0001
Young Mania Rating Scale total score 38 9 33 8 0 0 285.58 2,64 <0.00012
N % N % N % X2 df p

Female sex 7 39 11 65 16 50 2.35 2 >0.30
Caucasian ethnicity 12 67 12 71 26 81 1.49 2 >0.40
Prior alcohol use disorder 4 22 4 24 0 0 8.32 2 <0.022
Prior drug use disorder 6 33 2 12 0 0 12.17 2 0.0022
Psychosis 16 89 16 94 0.31 1 >0.50
Mixed state 7 39 9 53 0.70 1 >0.40
Prior manic episodes® 35.00 2 <0.0001

0 18 100 0 0

2-6 0 0 5 29

>6 0 0 12 71
Prior depressive episodes 19.16 2 0.0003

0 13 72 2 12

1or2 5 28 4 24

3-6 0 0 2 12

>6 0 0 9 53
Medications before index hospitalization

Mood stabilizers® 0 0 16 94 31.21 1 <0.0001

Antidepressants 1 6 7 41 6.29 1 0.02

Typical antipsychotics 0 0 10 59 14.82 1 0.0001

Atypical antipsychotics 0 0 8 47 10.98 1 0.0009
Medications at time of MRI scan

Mood stabilizers® 17 94 14 82 1.26 1 >0.20

Antidepressants 1 6 5 29 3.50 1 0.08

Typical antipsychotics 3 17 8 47 3.75 1 0.053

Atypical antipsychotics 9 50 9 53 0.03 1 >0.80

4 The two patient groups significantly differed from the healthy subjects but not from each other.
b patients with multiple episodes each had at least two prior manic episodes.

¢ Lithium, divalproex, and carbamazepine.

each slice until the tail turned inferolaterally. The putamen was
traced in its entirety. It was bounded laterally and anteriorly by
the external capsule and separated from the globus pallidus by
the lateral medullary lamina.

The thalamus was manually traced in its entirety in the coronal
plane. The medial boundary was the lateral ventricle, and the lat-
eral boundary was the posterior limb of the internal capsule (11).

The hippocampus was separated from the amygdala by iden-
tifying the alveus (11, 14) and measured posteriorly to the coro-
nal slice in which the right and left superior colliculi were jointly
visualized.

Statistical Analysis

All analyses were performed by using the Statistical Analysis
System for Windows, version 8 (SAS Institute, Cary, N.C., 2000).
Total cerebral volumes were compared by using analysis of vari-
ance. A multivariate analysis of variance (MANOVA) tested the
primary hypothesis that the multiple-episode patients would
have significantly larger ventricles than the other two groups. The
dependent variables were right and left lateral ventricular and
third ventricular volumes. The independent variable was group
(i.e., first-episode patient, multiple-episode patient, healthy sub-
ject). To identify specific group differences after omnibus analy-
sis, Tukey’s honestly significant difference test was performed.
Periventricular structures in the three groups were compared by
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using MANOVA in which the volumes of the caudate, putamen,
thalamus, and hippocampus were the dependent variables.
Right- and left-sided periventricular measurements were com-
bined to reduce the number of dependent variables, since no sig-
nificant laterality differences among groups were observed in
preliminary comparisons.

A two-step analysis identified clinical correlates of lateral ven-
tricular volumes. For this analysis, left and right lateral ventricular
volumes were combined (since no specific laterality differences
were observed, as noted subsequently). First, we performed sim-
ple correlations between lateral ventricular volumes and clinical
variables: duration of illness, age at illness onset, number of prior
manic episodes, number of prior depressive episodes, total Young
Mania Rating Scale score, history of alcohol or drug use disorder,
affective state (mixed or manic), presence or absence of psycho-
sis, and prior exposure to medications. Clinical variables that
demonstrated associations with lateral ventricular measure-
ments at p<0.10 were then entered into a multivariate regression
controlled by group. From this regression, significant associations
(p<0.05) between clinical variables and lateral ventricular mea-
surements were identified. Ranked scores were used for ratings of
prior manic and depressive episodes, since several subjects re-
ported chronic symptoms, which made it difficult to distinguish
specific episodes.
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TABLE 2. MRI Measurements of Regional Brain Volumes
for Patients With First-Episode and Multiple-Episode Bipo-
lar Disorder and Healthy Comparison Subjects

Volume (cm>3)

First Multiple-
Episode Episode Healthy
Patients Patients Subjects
(N=18) (N=17) (N=32)
Region Mean SD Mean SD Mean SD
Total cerebrum? 914 90 850 137 946 118
Ventricles?
Left lateral ventricle® 30 141 66 3.5 46 2.0
Right lateral ventricle® 32 14 72 3.7 43 2.1
Third ventricle 09 03 10 0.4 08 0.3
Periventricular
structuresd
Caudate
Unadjusted 124 1.5 11.8 1.5 120 1.3
Adjusted® 124 1.2 122 1.3 1.8 1.2
Putamen
Unadjusted 130 1.3 124 1.5 122 1.4
Adjus’[ede'f 130 1.1 128 1.2 120 1.2
Thalamus
Unadjusted 120 1.2 11.6 2.0 123 1.6
Adjusted® 120 1.4 121 1.5 121 1.4
Hippocampus
Unadjusted 72 1.1 77 1.2 79 0.7
Adjusted® 72 1.0 79 1.0 78 1.0

a Significant difference among groups (F=3.76, df=2, 64, p<0.03) and
significantly smaller volume in multiple-episode patients than in
healthy subjects (Tukey’s honestly significant difference test,
p<0.05) but not first-episode patients (p>0.20)

bsignificant difference among groups (lambda=0.64, df=6, 124,
p<0.0001, multivariate analysis of variance).

¢ Significantly greater volume in multiple-episode patients than in
both other groups (p<0.05, Tukey’s honestly significant difference
test).

dsignificant difference among groups (lambda=0.76, df=6, 122,
p<0.01, multivariate analysis of variance).

€ Comparisons of periventricular structures covaried by total cere-
bral volume, so the values were adjusted for cerebral volume.

f Significantly greater volume in first-episode patients than in
healthy subjects (p<0.01, protected t test of adjusted means). Non-
significantly greater volume in multiple-episode patients than in
healthy subjects (p=0.03).

Results

The three groups were demographically and clinically
well matched (Table 1). The differences between groups
that we observed were expected from the group defini-
tions (e.g., more hospitalizations in multiple-episode than
first-episode patients). Because the groups were matched
by age, the patients with multiple prior manic episodes
had a significantly earlier illness onset than the first-epi-
sode patients. Age at onset was not significantly associ-
ated with the volume of any region of interest (r<0.10, N=
35, p>0.50). In addition, the patients had significantly
more past alcohol and drug use disorders than the healthy
subjects (although they did not differ from each other
according to Fisher’s exact test; p>0.90 for alcohol and
p>0.20 for drug use disorders). Neither of these variables
was significantly correlated with the region-of-interest
measurements (r<0.27, N=35, p>0.10).

Group means for the region-of-interest measurements
are listed in Table 2. The total volume of cerebral tissue sig-
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nificantly differed among groups, and the multiple-epi-
sode patients’ volumes were significantly smaller than
those of the healthy subjects but not the first-episode pa-
tients. The cerebral volumes of the first-episode patients
and healthy subjects did not significantly differ (p>0.60).

MANOVA of the ventricular volumes revealed significant
group differences. Specifically, the multiple-episode pa-
tients had significantly larger right and left lateral ventri-
cles than both the first-episode patients and healthy sub-
jects (Table 2). The latter two groups did not significantly
differ from each other. Laterality differences in these ven-
tricular volumes were not observed among groups. To de-
termine whether differences in total cerebral volume ex-
plained these group differences, we performed analysis of
covariance (MANCOVA), covarying total cerebral volume.
The results remained essentially unchanged (lambda=0.61,
df=6, 122, p<0.0001), suggesting that the differences in ven-
tricles were not secondary to differences in cerebral vol-
ume. In addition, removing subjects with any drug or alco-
hol use disorder did not appreciably change the results
(lambda=0.69, df=6, 102, p<0.004). To further illustrate
group differences, the distributions of the measurements
of total (right and left combined) lateral ventricular vol-
ume, as the percentage of total cerebral tissue volume, are
provided in Figure 1. All of the first-episode patients’ (and
all but one of the healthy subjects’) measurements were
less than the median (1.7%) and mean (1.7%) values of the
multiple-episode patients. There was no significant differ-
ence among groups in the volume of the third ventricle
(p>0.10 for all comparisons).

As in prior studies (4, 15), age was associated with lateral
ventricular volume (r=0.27, N=67, p<0.03). However, the
interaction between age and group was not significant (F=
0.16, df=2, 61, p>0.20), suggesting no differential age ef-
fects on ventricular volume among groups.

Because total cerebral volume was significantly cor-
related with the volumes of the caudate (r=0.53, N=67,
p<0.0001), putamen (r=0.53, N=67, p<0.0001), thalamus (r=
0.54, N=67, p<0.0001), and hippocampus (r=0.36, N=67, p=
0.003), cerebral volume was covaried in the comparisons of
periventricular structures. The MANCOVA of periventricu-
lar structures identified significant group differences
(lambda=0.74, df=8, 120, p<0.02). Protected t tests (based
on adjusted means) were used to identify specific group
differences, adjusting for multiple comparisons by defin-
ing alpha as <0.01. The first-episode patients had signifi-
cantly greater putamen volumes than the healthy subjects
(Table 2), although the difference between the multiple-
episode patients and healthy subjects was also nearly sig-
nificant. The patient groups did not significantly differ in
putamen volumes (p>0.60). There were no significant dif-
ferences among groups in caudate volume (p>0.10 for all
comparisons) or thalamic volume (p>0.80 for all compari-
sons). The differences among groups in hippocampal vol-
ume did not meet the adjusted significance level, although
nearly significant differences were observed in the com-
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parisons of the first-episode patients with both the multi-
ple-episode patients (p=0.05) and healthy subjects (p=
0.05). Hippocampal volume did not differ between the
multiple-episode patients and healthy subjects (p>0.70).

To determine whether group differences in lateral ven-
tricular volume were explained by differences in periven-
tricular volumes, MANCOVA of the ventricular volume
was performed. After covarying for periventricular vol-
umes, we found that the differences in lateral ventricular
volume among groups remained essentially unchanged
(lambda=0.60, df=6, 116, p<0.0001). To extend this evalua-
tion further, we performed simple correlations to deter-
mine whether higher ventricular volumes were associated
with lower periventricular volumes, or the converse (i.e.,
higher periventricular volumes associated with lower ven-
tricular volumes). None of the ventricular measurements
exhibited a significant inverse correlation with any of the
periventricular measurements.

Simple correlations identified associations at the p<0.10
level between lateral ventricular measurements and sev-
eral course variables, including duration of illness (r=0.42,
N=35, p<0.02), number of prior manic episodes (r=0.69,
N=35, p<0.0001), number of prior depressive episodes (r=
0.41, N=35, p<0.02), and prior exposure to mood stabiliz-
ers (r=0.59, N=35, p<0.0002) and atypical antipsychotics
(r=0.51, N=35, p<0.002). As planned, these variables were
then entered into a multivariate regression so that we
could look at the unique association for each clinical mea-
sure after accounting for the effects of the other measures.
In this analysis, only the number of prior manic episodes
was significantly associated with lateral ventricular vol-
ume (semipartial r?=0.19, N=35, p<0.02).

Discussion

To our knowledge, this is the first study to compare MRI
ventricular and periventricular volumes in patients with
first- and multiple-episode bipolar disorder. We also be-
lieve that it is one of only two studies comparing first- and
multiple-episode patients on any neuroanatomic mea-
sure (10). Comparing these types of patients is one step to-
ward clarifying whether morphometric changes occur
during the course of bipolar illness. These results may
guide subsequent prospective research into the progres-
sion of neuroanatomic changes in bipolar disorder.

The multiple-episode patients had significantly larger
lateral ventricles than the first-episode patients and
healthy subjects. One explanation of this difference is that
patients with ventriculomegaly at illness onset have a
worse illness course and, therefore, become overrepre-
sented in multiple-episode groups. If this is correct, then
there should be some first-episode patients with pro-
nounced lateral ventriculomegaly. However, scatterplots
of ventricular volumes from the patient groups showed
that all of the first-episode patients had lateral ventricular
volumes that were less than the median measurement of
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FIGURE 1. Individual Volumes of Combined Right and Left
Lateral Ventricles, Relative to Total Cerebrum, in Patients
With First-Episode (N=18) and Multiple-Episode (N=17) Bi-
polar Disorder and Healthy Comparison Subjects (N=32)2
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2 Horizontal lines indicate mean values.

the multiple-episode group and that were similar to those
of healthy subjects. Therefore, within the constraints of
this cross-sectional study, there is no evidence that the
ventriculomegaly observed in the multiple-episode group
was present at the time of the first manic episode.

An alternative explanation is that ventricular size pro-
gresses during the course of bipolar disorder. This possi-
bility is supported by the difference in distribution of ven-
tricular volumes between the patient groups as well as
associations between lateral ventricular volume and
course variables, including duration of illness, numbers of
prior manic and depressive episodes, and prior treatment.
Of these, the number of prior manic episodes was the
most strongly linked to ventricular volume and, when
controlled for, diminished the associations with the other
variables. Brambilla et al. (16) also reported a correlation
between ventricular volume and prior number of affective
episodes in bipolar disorder.

Previously, we found significantly smaller cerebellar
vermal volume in multiple- than in first-episode bipolar
patients (10). In that study, vermal volume was inversely
associated with the number of prior depressive episodes.
Brambilla et al. (16) also reported an inverse correlation
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between vermal size and the number of affective episodes
in bipolar disorder. Coupled with the results of our current
study, these findings suggest that neuroanatomic changes
occur in bipolar disorder in response to repeated affective
episodes.

In this study, multiple-episode patients had a mean lat-
eral ventricular volume that was 122% greater than that of
first-episode patients with an 8-year difference in dura-
tion of illness. If the ventriculomegaly of the multiple-epi-
sode group occurred as a steady, progressive increase in
lateral ventricular volume during this period of 8 years,
these results predict a change of 15% per year. However,
changes associated with normal aging might account for
some of these effects. Nonetheless, given these assump-
tions, prospectively studying 15-20 first-episode patients
for 2-3 years would provide sufficient statistical power to
detect progression in ventricular volumes (17). The results
of this cross-sectional study, then, support the feasibility
of a prospective study of MRI neuroanatomic changes in
bipolar disorder.

The specific neurophysiologic mechanisms underlying
ventriculomegaly remain elusive (1-8). Covarying for the
volumes of periventricular structures and total cerebral
volume did not affect the differences observed. Therefore,
the greater ventricular volume does not appear to result
from smaller volumes of these structures or generally
smaller total cerebral tissue volume. Other studies have
shown periventricular white matter lesions in bipolar dis-
order (18), and histopathological studies suggest low glial
density in bipolar disorder (19). Therefore, ventriculome-
galy could reflect a loss of periventricular white matter.
Since we did not specifically measure this, we cannot ad-
dress this possibility directly.

Differences in striatal volumes between patients and
healthy subjects were observed in the current study and
are consistent with previous findings (11, 20). Specifically,
the first-episode patients had significantly larger putamen
volumes than the healthy subjects (and the difference be-
tween the multiple-episode patients and healthy subjects
was nearly significant), although the patient groups did
not differ from each other. This observation suggests that,
in contrast to lateral ventriculomegaly, enlargement of
striatal structures is unlikely to be progressive. Studies of
unaffected family members, particularly children, of bipo-
lar probands are needed to determine whether striatal ab-
normalities exist before the onset of bipolar illness. If so,
these results would suggest that an abnormally large stria-
tum represents a neuroanatomic marker or vulnerability
factor for bipolar disorder.

In schizophrenia, caudate enlargement has been associ-
ated with antipsychotic use over 18 months (21). However,
the first-episode patients in our study had no antipsy-
chotic exposure before the index hospitalization and, at
most, only a few days of antipsychotic exposure before the
MRI scan. Therefore, the larger putamen observed in
these bipolar patients appears to be due to a mechanism
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different from that for patients with schizophrenia who
are receiving antipsychotic medication.

To our knowledge, there have been no histopathological
studies of the striatum in bipolar disorder to help interpret
this finding. Functional imaging studies suggest that, at
least during depression, metabolism and blood flow are
decreased in the striatum of bipolar patients (1). In addi-
tion, studies using magnetic resonance spectroscopy have
identified higher concentrations of choline in the striatum
of patients with bipolar disorder than in healthy subjects
(1). Together, these studies suggest that the striatum is
structurally, functionally, and chemically abnormal in bi-
polar disorder.

The striatum is integrally involved in subcortical-corti-
cal loops that connect prefrontal, thalamic, and medial
temporal structures that constitute the neural networks
thought to modulate human mood and cognitive states
(22). The ventral striatum specifically projects to orbito-
frontal and medial prefrontal cortical regions that are in-
volved in the modulation of socially appropriate emo-
tional behavior (23) and that may be dysfunctional in
bipolar disorder (1). Therefore, a larger than normal stria-
tum may represent an anatomic correlate to dysfunction
within these important brain networks. Studies of bipolar
patients that integrate imaging modalities (e.g., functional
and structural) to examine this brain region are needed in
order to clarify the clinical significance of this finding.

Several limitations of this study need to be considered
when interpreting findings. First, only hospitalized,
acutely manic patients were included, which limits com-
parisons with less severely ill populations, as well as other
bipolar subgroups (e.g., bipolar disorder, type II). Most of
these patients exhibited psychosis during the affective ep-
isode. Although psychosis was not associated with any re-
gion of interest, this may reflect the high rate, and low vari-
ability, of psychosis in these patients. Second, medication
histories were reduced to dichotomous variables to sim-
plify analyses and minimize the difficulties inherent in ob-
taining reliable treatment information from patients. This
approach, although pragmatic, did not permit more de-
tailed evaluation of potential medication effects. Third,
there is no consensus for defining a “first-episode” bipolar
population. As has been suggested, identifying a patient at
the time of the first hospitalization, first treatment, or first
manic episode provides a reliable index (13). In contrast,
trying to identify the onset of illness on the basis of “pro-
dromal” cyclothymic or hypomanic symptoms is limited
by the difficulty of making these diagnoses retrospectively
(13). We believe that the criteria used in this study are a
logical application of these prior suggestions. Finally, the
multiple-episode patients were significantly younger at
illness onset than the first-episode patients. Although age
at onset was not significantly associated with any region of
interest, it is possible that patients with an earlier onset
have a more severe phenotype of the illness and are there-
fore more likely to have structural brain abnormalities
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than patients with later onsets. In particular, the multiple-
episode patients’ mean age at onset was during a time
when major neuroplastic events occur (24). Therefore, the
greater ventricular volume may represent a greater loss of
cerebral tissue during this time period. Despite these lim-
itations, our findings suggest that prospective studies of
neuroanatomic changes during the course of bipolar dis-
order are feasible and might help clarify the functional
neuroanatomy of this disorder.
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