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Objective: Three thalamic nuclei—the
mediodorsal nucleus, pulvinar, and cen-
tromedian nucleus—each have unique
reciprocal circuitry with cortical and sub-
cortical areas known to be affected in
schizophrenia. To determine if the disor-
der is also associated with dysfunction in
the mediodorsal nucleus, pulvinar, and
centromedian nucleus, relative glucose
metabolism in these regions was mea-
sured in a large group of unmedicated
patients with schizophrenia.

Method: [18F]-deoxyglucose positron
emission tomography (PET) and matching
T1-weighted magnetic resonance imaging
(MRI) scans were obtained for 41 unmedi-
cated patients with schizophrenia and 60
age- and sex-matched healthy subjects.
The PET and MRI images for each subject
were coregistered, and the whole thala-
mus, mediodorsal nucleus, pulvinar, and
centromedian nucleus were traced on the
MRI image. Relative glucose metabolism
in these regions was assessed.

Results: Patients with schizophrenia
showed significantly lower relative glu-
cose metabolism in the mediodorsal nu-
cleus and the centromedian nucleus and
significantly higher relative glucose me-
tabolism in the pulvinar, compared with
the healthy subjects. Lower relative glu-
cose metabolism in the total thalamus,
mediodorsal nucleus, and pulvinar was
associated with greater overall clinical
symptoms as measured by the Brief Psy-
chiatric Rating Scale. Lower relative glu-
cose metabolism in the pulvinar was asso-
ciated with more hallucinations and
more positive symptoms, while lower rel-
ative glucose metabolism in the me-
diodorsal nucleus was associated with
more negative symptoms.

Conclusions: The findings suggest that
patients with schizophrenia exhibit dys-
function in thalamic subdivisions with dis-
tinct cortical connections and that these
thalamic subdivisions have specific associ-
ations with clinical symptoms.

(Am J Psychiatry 2004; 161:305–314)

The thalamus comprises multiple nuclei that relay and
filter sensory and higher order inputs to and from the ce-
rebral cortex and limbic structures (1). Deficits in the fron-
tal lobes, temporal lobes, and the striatum have been
found in schizophrenia in both structural and functional
imaging studies; these findings are reviewed elsewhere (2,
3). Since each thalamic subdivision has a unique recipro-
cal circuitry with these affected cortical and subcortical
areas (4), separate assessment of these nuclei is impor-
tant. Three nuclei visible on magnetic resonance imaging
(MRI) scans—the mediodorsal nucleus, pulvinar, and the
centromedian nucleus—are of particular interest in schizo-
phrenia because of their reciprocal connections with the
frontal, temporal, and basal ganglia regions that show
schizophrenia-related abnormalities.

The mediodorsal nucleus is activated in tasks involving
memory and attention (5, 6). It has interconnections with
the dorsolateral prefrontal cortex (7), a key area of func-
tional and structural alteration in schizophrenia (3, 8). Un-
til the mid-1970s it was thought that the prefrontal cortex
received its thalamic input solely from the mediodorsal
nucleus; however, it is now apparent that the pulvinar also
contributes to its innervation (9, 10). The pulvinar, impor-

tant in visual and possibly auditory attention (11, 12), also
has prominent interconnections with the temporal lobe, a
second area of morphometric (2, 13) and functional
change (14–16) in schizophrenia. Last, the centromedian
nucleus, one of the intralaminar nuclei, directly influences
the sensorimotor and premotor cortices (17), as well as the
prefrontal cortex (18). Lesions of the intralaminar nuclei
produce signs of attentional impairment and executive
dysfunction similar to those observed with frontal cortical
damage (19). This pattern of connectivity suggests that
lower levels of activity of the centromedian nucleus might
decrease activity in striatal and thalamocortical circuitry
and result in less cortical activation. Schizophrenia-asso-
ciated abnormalities of the mediodorsal nucleus (20–24),
pulvinar (20, 21), centromedian nucleus (21), ventral pos-
terior nucleus (25), and anterior nucleus (26) have been
demonstrated in postmortem studies. The importance of
the thalamus for attentional processing, a key psychologi-
cal deficit in schizophrenia, led to the early hypothesis
that the etiology of schizophrenia might be related to a de-
fect in brain circuitry involving three nuclei of the thala-
mus (mediodorsal nucleus, pulvinar, and centromedian
nucleus) and the goal-oriented prefrontal cortex (27).
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Crosson (28) suggested that the mediodorsal nucleus is a
critical element in an attentional “selective engagement”
system that affects semantic functions in schizophrenia.
Andreasen (8) postulated that the “cognitive dysmetria” of
schizophrenia results from an abnormality in the prefron-
tal-thalamic-cerebellar circuitry.

Using a coregistered MRI template to trace the thala-
mus, we found relatively lower levels of glucose metabo-
lism in the region of the mediodorsal nucleus in blinded
ratings of never-medicated schizophrenia patients and
healthy comparison subjects (29). With the increased res-
olution of positron emission tomography (PET) (4.5-mm
full width at half maximum) and the coregistered struc-
tural MRI, we confirmed lower relative glucose metabo-
lism in the region of the mediodorsal nucleus in unmedi-
cated schizophrenia patients, compared with healthy
volunteers, while whole thalamus metabolic rates did not
differ between groups (30). In an [18F]-deoxyglucose
(FDG) PET study, a relatively lower metabolic rate in the
whole thalamus was found in patients with schizophrenia,
compared with healthy subjects (31). During a novel
memory task in a study using [15O]H2O PET, patients
showed less regional cerebral blood flow (rCBF) in the
right thalamus, compared with healthy subjects (32). Oth-
ers have also reported lower rCBF in the right thalamus
during word recognition in patients, compared with
healthy subjects, while task performance did not signifi-
cantly differ between the groups (14). Heckers et al. (33) re-
ported attenuated right thalamic activation in schizophre-
nia patients in the pulvinar region of the right thalamus
during a visual object recognition task. A functional MRI
(fMRI) study reported less activation in the left thalamus
during a sustained attention task in medicated schizophre-
nia patients, compared to healthy subjects (34), while an-
other study reported greater activation during a working
memory task in patients, compared with healthy subjects
(35). Higher rCBF was found in the pulvinar (Talairach [36]
coordinates x=–12, y=–25, z=6) in patients with chronic
schizophrenia (37), as well as in neuroleptic-naive patients
(coordinates x=13, y=–22, z=18) (see reference 38).

PET with FDG provides a method for assessing the up-
take of glucose into the brain as an index of regional meta-
bolic activity. FDG is taken up in a manner similar to glu-
cose but is metabolically trapped as a marker in a 30–40-
minute period during which a behavioral task can be car-
ried out. The patient is then moved to the scanner, and a
series of slice images of FDG localization are obtained with
the multiple rings of the scanner surrounding the head. To
our knowledge, there is no published report on relative glu-
cose metabolism in thalamic nuclei traced from coregis-
tered MRI scans. We hypothesized that 1) schizophrenia
patients have less relative glucose metabolism in these
three subdivisions of the thalamus (mediodorsal nucleus,
centromedian nucleus, and pulvinar), compared with
healthy subjects; 2) greater dysfunction in these nuclei is
associated with greater symptom severity and poorer

memory performance; and 3) relative glucose metabolism
in the mediodorsal nucleus is an independent contributor
to determinations of group membership.

Method

Subjects

Forty-one patients with schizophrenia (32 men, nine women;
mean age=36.9 years, SD=15.2, range=18–73; 36 right-handed
subjects) were recruited. The patients were evaluated with the
Comprehensive Assessment of Symptoms and History (39) and
received a diagnosis of either schizophrenia (N=37) or schizoaf-
fective disorder (N=4) according to DSM-IV criteria. The patients
either had never been medicated (N=15) or had been neuroleptic
free for a minimum of 2 weeks (N=26). Their total psychopathol-
ogy scores on the 18-item Brief Psychiatric Rating Scale (BPRS)
(40) ranged from 25 to 89 (mean=52.4, SD=12.7, median=51). Sixty
healthy volunteers (45 men, 15 women; mean age=40.1 years,
SD=15.9, range=20–81; 58 right-handed subjects) received a
Comprehensive Assessment of Symptoms and History interview
to exclude those with psychiatric illness in themselves or in their
first-degree relatives.

All participants were screened by medical history, physical ex-
amination, and laboratory testing. Individuals with a history of
substance abuse/dependence, neurological disorders, or head
trauma and those with a positive urine test for drugs of abuse on
the day of the PET scan were excluded. After a complete descrip-
tion of the study, all participants provided written informed con-
sent. Volumetric data (21, 41) and PET data (relative glucose
metabolism in the whole thalamus [30]) from a subset (N=27 pa-
tients and N=32 healthy subjects) of the scans have been reported
earlier.

PET FDG Uptake Task and Procedure

Before the procedure, participants were read standard instruc-
tions about the serial verbal learning task (42), which was devel-
oped for the 32-minute FDG uptake period and is analogous to
the California Verbal Learning Test (43). Scores were recorded for
total number of correctly recalled words, recall by semantic clus-
tering, recall by serial ordering, intrusions (words not in the list),
and perseverations (repetition of a correct word on the same
trial).

PET and MRI Acquisition

PET scans (20 slices, 6.5-mm thickness) were obtained (30)
with a head-dedicated scanner (General Electric model PC2048B)
(General Electric, Milwaukee) with measured resolution of 4.5
mm in plane (range=4.2–4.5 mm across 15 planes). T1-weighted
axial MRI scans were acquired with the GE Signa 5x system (Gen-
eral Electric, Milwaukee) (TR=24 msec, TE=5 msec, flip angle=
40°, slice thickness=1.2 mm, pixel matrix=256×256, field of view=
23 cm, total slices=128).

PET and MRI Coregistration and Thalamic Tracing

The PET and MRI scans were obtained in the axial plane (can-
thomeatal line) by using the same individually molded thermo-
plastic head holder for both procedures. PET images were coreg-
istered to the MR images by using brain slice edges described in
detail elsewhere (44). The edges of the thalami and thalamic nu-
clei were traced on contiguous 1.2-mm axial MR images by using
a method with demonstrated intertracer reliability that we have
used previously (41) (Figure 1).

Design and Statistical Analysis

This study used a two-by-three-by-two (group by thalamic nu-
clei by hemisphere) mixed factorial analysis of variance (ANOVA)
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design. We report both univariate F and multivariate Rao’s R to
control for inflated degrees of freedom. As follow-up to significant
interaction effects, simple interactions were evaluated for each
key factor (e.g., nucleus). Pearson product-moment correlations
were used for all correlational analyses.

Results

Center-of-Mass Analysis for Relative Glucose 
Metabolism in the Thalamic Nuclei

The group (healthy comparison subjects, schizophrenia
patients)-by-thalamic nuclei (mediodorsal nucleus, pulvi-
nar, or centromedian nucleus)-by-hemisphere (left, right)
mixed-design ANOVA for relative glucose metabolism
confirmed a significant group-by-thalamic nuclei interac-
tion indicating that patients had lower relative glucose
metabolism in the mediodorsal and centromedian nuclei,
but not in the pulvinar (F=7.46, df=2, 198, p=0.0008; Rao’s
R=10.03, df=2, 98, p=0.0001; Figure 2, leftmost panel). The
main effect of group was also significant, indicating that
patients had lower overall relative glucose metabolism av-
eraged across the three nuclei and both hemispheres (pa-
tients: mean=0.91, SD=0.15; comparison subjects: mean=
0.96, SD=0.17; F=4.63, df=1, 99, p<0.04). The main effects
for thalamic nuclei and hemisphere, as well as the interac-
tion of thalamic nucleus and hemisphere, also reached
significance (p≤0.002), but none of the other interactions
with group was significant.

Two-way ANOVAs for each of the three thalamic nuclei
were used to follow up the significant group-by-thalamic
nuclei interaction effect. For the mediodorsal nucleus
(Figure 2, leftmost panel), there was a significant main ef-
fect of group indicating that patients had lower relative
glucose metabolism averaged across the left and right

hemispheres in the mediodorsal nucleus, compared with
the healthy subjects (patients: mean=0.98, SD=0.14; com-
parison subjects: mean=1.05, SD=0.17; F=6.13, df=1, 99,
p<0.02). The group-by-hemisphere interaction was also
significant (F=4.56, df=1, 99, p<0.04; Figure 2, rightmost
panel), indicating that the healthy subjects had higher rel-
ative glucose metabolism in the left mediodorsal nucleus
compared with the right, while the patients showed the
opposite pattern. Follow-up simple effects tests indicated
that the patients showed lower relative glucose metabo-
lism in the left mediodorsal nucleus, compared with the
healthy volunteers (F=10.58, df=1, 99, p<0.002), but glu-
cose metabolism in the right mediodorsal nucleus was not
significantly different between groups (p=0.27).

The follow-up ANOVA for the centromedian nucleus
showed a significant main effect for group indicating that
the patients had significantly less relative glucose metabo-
lism in the centromedian nucleus, compared with the
healthy subjects, averaged across the left and right hemi-
spheres (patients: mean=0.71, SD=0.16; comparison sub-
jects: mean=0.80, SD=0.19; F=9.48, df=1, 99, p<0.003). The
follow-up ANOVA for the pulvinar failed to reach signifi-
cance for the main effect of group or the group-by-hemi-
sphere interaction (all p>0.05).

Average Relative Glucose Metabolism 
in the Thalamic Nuclei

A parallel set of ANOVAs was performed to analyze aver-
age relative glucose metabolism for all pixels within the
region-of-interest outlines. The group (healthy comparison
subjects, schizophrenia patients)-by-thalamic nuclei
(mediodorsal nucleus, pulvinar, or centromedian nucleus)-
by-hemisphere (left, right) ANOVA for average relative glu-

FIGURE 1. Magnetic Resonance (MR) and [18F]-Deoxyglucose (FDG) PET Images Showing Outlines of the Thalamic Nucleia

a Thalamic regions of interest (whole thalamus, mediodorsal nucleus, pulvinar, and centromedian nucleus) were traced on serial 1.2-mm thick
MR images and coregistered to FDG PET images. Panel A shows an MR image acquired with spoiled-gradient recalled acquisition in steady
state with the whole thalamus outlined. Panel B shows the locations of the mediodorsal nucleus, centromedian nucleus, and pulvinar ob-
tained from examination of gradient-filtered (2-D differentiated) images by visual tracing; enhanced edges are marked by arrows. Panel C
shows the outlines of the thalamic regions of interest. The regions were traced with a dual cursor, one in a gradient-filtered image window
and one on a raw spoiled-gradient recalled acquisition image. Panels D and E show FDG PET images with the gradient-filter derived regions
of interest superimposed. Areas of higher relative glucose metabolism are shown in red, areas of lower relative glucose metabolism are
shown in blue. The high level of activity within the mediodorsal nucleus is typical of PET images.

A B C D E

Mediodorsal nucleusMediodorsal nucleus

Centromedian nucleusCentromedian nucleus

PulvinarPulvinar
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cose metabolism within the region of interest yielded a sig-
nificant interaction of group and thalamic nucleus (F=8.63,
df=2, 198, p=0.0003; Rao’s R=11.36, df=2, 98, p<0.00001;
Figure 2, second panel from the left). This interaction effect
indicated that patients had lower relative glucose metabo-
lism in the mediodorsal and centromedian nuclei but
higher relative glucose metabolism in the pulvinar. The
main effect for group and other interactions with group
failed to reach significance. The follow-up ANOVA for the
pulvinar showed a significant main effect for group indi-
cating that the patients had higher relative glucose metab-
olism averaged across the left and right hemispheres in
the pulvinar, compared with the healthy subjects (pa-
tients: mean=1.03, SD=0.13; comparison subjects: mean=
0.96, SD=0.13; F=6.73, df=1,99, p<0.02). The follow-up
ANOVA for average relative glucose metabolism in the
centromedian nucleus failed to reach significance for the
main effect of group or the group-by-hemisphere interac-
tion (both p>0.05).

Weighted Area Relative Glucose Metabolism 
in the Thalamic Nuclei

Weighted area relative glucose metabolism for each of
the thalamic nuclei was computed, as described previ-
ously (29), by using the following formula: average relative
glucose metabolism within nucleus × total thalamic vol-
ume for same nucleus/whole brain volume × 10,000. Next,
we conducted a parallel set of ANOVAs to analyze the
weighted area relative glucose metabolism. The group-by-
thalamic nucleus (mediodorsal nucleus, pulvinar, centro-
median nucleus)-by-hemisphere ANOVA yielded a signifi-
cant main effect for group, indicating that the patients had
lower weighted area relative glucose metabolism across

the three nuclei and the two hemispheres (F=4.29, df=1,
99, p<0.05). There were no group interactions. However,
because we had specific hypotheses about the mediodor-
sal nucleus, we conducted separate ANOVAs to analyze
the data for each of the three nuclei.

Mediodorsal nucleus. A main effect of group indicated
that schizophrenia patients had significantly lower weighted
area relative glucose metabolism in the mediodorsal nu-
cleus, compared with the healthy subjects (patients:
mean=34.88, SD=6.62; comparison subjects: mean=38.49,
SD=7.89; F=7.64, df=1, 99, p<0.007). There was also a signif-
icant group-by-hemisphere interaction reflecting greater
relative glucose metabolism in the left mediodorsal nu-
cleus, compared with the right, in the comparison subjects,
but the opposite pattern in the patients (F=4.56, df=1, 99,
p<0.03; Figure 2, third panel from the left). Simple effects
tests indicated that schizophrenia patients had signifi-
cantly lower weighted area relative glucose metabolism in
the left mediodorsal nucleus, compared with the healthy
subjects (F=13.28, df=1, 99, p<0.0001), but not in the right
mediodorsal nucleus (p>0.05).

Pulvinar. T h e  g ro u p- by- h e m i sp h e re  AN OVA f o r
weighted area relative glucose metabolism in the pulvinar
failed to show a main effect for group or an interaction
with group.

Centromedian nucleus. Patients had significantly less
metabolism in the centromedian nucleus, compared with
the healthy subjects, as indicated by a main effect for
group (patients: mean=17.36, SD=4.45; comparison sub-
jects: mean=19.76, SD=5.59) (F=6.87, df=1, 99, p<0.02).
The group-by-hemisphere interaction was not significant.

FIGURE 2. Center-of-Mass, Average-Within-Region, and Weighted Area Relative Glucose Metabolic Rates in the Thalamic
Nuclei in Patients With Schizophrenia and Healthy Comparison Subjects

a Significant difference between groups (p<0.05).
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Relative Glucose Metabolism 
in the Whole Thalamus

No significant differences in relative glucose metabo-
lism in the whole thalamus were found between the pa-
tients and the comparison subjects (patients: mean=1.11,
SD=0.10; comparison subjects: mean=1.08, SD=0.09; p=
0.13); group and higher-order interactions with group
were not significant.

To determine whether relative glucose metabolism was
reduced in schizophrenia in the portions of the thalamus
excluding the key nuclei (mediodorsal nucleus, pulvinar,
and centromedian nucleus), we conducted a group
(healthy subjects, schizophrenia patients)-by-hemisphere
(left, right) mixed-design ANOVA. For each hemisphere,
the dependent variable was the cross-product of the rela-
tive volume of whole thalamus multiplied by the average
relative glucose metabolism in whole thalamus (multi-
plied by 10,000) minus the cross-products of the relative
volume and the relative glucose metabolism within each
of the three regions of interest (mediodorsal nucleus,
pulvinar, and centromedian nucleus) multiplied by
10,000. Neither the main effect of group (p=0.23) nor the
group-by-hemisphere interaction was significant (p=0.74)
(left hemisphere in the patients: mean=96.33, SD=15.51;
left hemisphere in the comparison subjects: mean=93.18,
SD=31.94; right hemisphere in the patients: mean=102.75,
SD=13.93; right hemisphere in the comparison subjects:
mean=97.73, SD=15.83) 

Effect Sizes

The effect sizes (45) for the differences between the
healthy comparison subjects and the schizophrenia pa-
tients shown in Figure 2 were in the medium range for cen-
ter-of-mass relative glucose metabolism in the mediodor-
sal nucleus (effect size=0.45) and in the centromedian
nucleus (effect size=0.50) and in the small range for center-
of-mass relative glucose metabolism in the pulvinar (effect
size=0.28). The effect sizes for average relative glucose me-
tabolism in the within-edge region of interest were in the
medium range for the pulvinar (effect size=0.50) and in the
small range for the mediodorsal nucleus (effect size=0.21)
and the centromedian nucleus (effect size=0.28). The effect
sizes for weighted area relative glucose metabolism in the
mediodorsal nucleus for each hemisphere were in the me-
dium range for the left hemisphere (effect size=0.76) and in
the small range for the right hemisphere (effect size=0.27).
The effect sizes for center-of-mass relative glucose metab-
olism in the mediodorsal nucleus for each hemisphere
were in the medium range for the left hemisphere (effect
size=0.73) and in the small range for the right hemisphere
(effect size=0.27).

Serial Verbal Learning Task Performance 
and Thalamic Function

The patients recalled significantly fewer correct words,
compared with the healthy comparison subjects (patients:

mean=7.94, SD=3.71; comparison subjects: mean=12.89,
SD=1.96) (t=8.62, df=96, p<0.00001). The patients had
lower semantic clustering strategy scores than the compar-
ison subjects (patients: mean=3.08, SD=2.80; comparison
subjects: mean=7.55, SD=2.83) (t=7.65, df=96, p<0.00001),
more perseveration than the comparison subjects (pa-
tients: mean=1.03, SD=1.63; comparison subjects: mean=
0.55, SD=0.69) (t=–2.03, df=96, p<0.05), and more intru-
sion errors than the comparison subjects (patients: mean=
0.35, SD=0.62; comparison subjects: mean=0.08, SD=0.16)
(t=–3.18, df=96, p≤0.002). The two groups did not differ
on use of the serial ordering strategy (patients: mean=
0.52, SD=0.40; comparison subjects: mean=0.72, SD=
1.25) (p=0.35).

Among the comparison subjects, no significant positive
correlation between good performance and relative glu-
cose metabolism in the thalamus or thalamic nuclei was
observed. In contrast, in the patient group, greater average
relative glucose metabolism both in the whole thalamus
and the mediodorsal nucleus was associated with greater
recall (Table 1). Better use of semantic clustering was asso-
ciated with greater relative glucose metabolism in the
whole thalamus, mediodorsal nucleus, pulvinar, and cen-
tromedian nucleus. Greater average relative glucose me-
tabolism in the mediodorsal nucleus was associated with
fewer perseverative errors.

Clinical Symptoms and Thalamic Function

The patients’ mean score for the 18-item BPRS on the
day of the PET scan was 52.4 (SD=12.7, range=25–89). The
mean value for the negative symptom composite score was
9.4 (SD=2.8, range=4–14), and the mean for the positive
symptom composite score was 22.0 (SD=7.9, range=9–46).

Greater average relative glucose metabolism in the
whole thalamus, mediodorsal nucleus, and pulvinar was
generally associated with fewer clinical symptoms, includ-
ing hallucinations, as indexed by the BPRS (Table 1).

Thalamic Function and Age

Among the comparison subjects, relative glucose me-
tabolism in the left (r=0.40, df=58, p<0.01) and right whole
thalamus (r=0.35, df=58, p<0.01) increased with age. Aver-
age relative glucose metabolism in the right pulvinar (r=
0.29, df=58, p<0.03) and left and right centromedian nu-
cleus also increased with age (r=0.36, df=58, p<0.01, and r=
0.29, df=58, p<0.03, respectively). The correlation for the
left pulvinar and age only approached significance (r=
0.24, df=58, p=0.07). Age was not correlated with relative
glucose metabolism in the left and right mediodorsal nu-
cleus (r=0.16, df=58, p=0.21, and r=0.02, df=58, p=0.87,
respectively).

The patients showed the same correlational pattern as
the healthy volunteers, with greater average relative glu-
cose metabolism in the left and right total thalamus in-
creasing with age (r=0.35, df=39, p<0.03, and r=0.33, df=39,
p<0.04, respectively). Relative glucose metabolism in the



310 Am J Psychiatry 161:2, February 2004

THALAMIC NUCLEI IN SCHIZOPHRENIA

http://ajp.psychiatryonline.org

mediodorsal nucleus, pulvinar, and centromedian nu-
cleus was not associated with age in the patient group (all
r≤0.17, df=39, p≥0.29).

Discriminant Analysis

All 12 variables (mediodorsal nucleus, pulvinar, and
centromedian nucleus volume and relative glucose me-
tabolism values for each hemisphere) were first included
in the discriminant analysis model, and at each step, the
variable that contributed the least to the prediction of
group membership was removed. This analysis classified
88.3% of the healthy comparison subjects (53 of 60) and
46.3% of the schizophrenia patients (19 of 41) correctly, re-
sulting in correct classification of a total of 71.3% of the
subjects. This discriminant analysis was based on only
two of the 12 possible variables—relative glucose metabo-
lism in the left mediodorsal nucleus and relative glucose
metabolism in the right pulvinar. The F to remove was 12.9
for the left mediodorsal nucleus (p≤0.001) and 16.7 for the
pulvinar (p≤0.0001). The F value associated with this dis-
criminant function was F=10.5 (df=2, 980, p<0.0001).

Discussion

Metabolic Rate and Nuclear Volume

We found significantly lower relative metabolic rates in
patients with schizophrenia than in healthy subjects in the
mediodorsal nucleus, which is primarily associated with
the prefrontal cortex, and in the centromedian nucleus,
which is primarily associated with the striatum but also
projects to the prefrontal cortex. Although we had previ-
ously found smaller volumes of the pulvinar in patients
with schizophrenia (20, 21), lower relative metabolic rates
in this region were not seen in the patients in the present
study. This finding was true for the center-of-mass analy-
sis, which minimizes partial volume effects at the cost of
having center-weighted assessment; the traced area anal-
ysis, which weights all pixels in the MRI-based thalamic
outline equally; and the traced area-by-relative rate, which
would be nonsignificant if the metabolic rate were slightly
higher per unit area. The data shown in Figure 2 suggest
that some metabolic compensation for lower volume may
be taking place in the pulvinar in patients with schizo-
phrenia. The negative correlation between activity in the

TABLE 1. Correlation of Thalamic Relative Glucose Metabolism With Scores on the Brief Psychiatric Rating Scale (BPRS) and
Serial Verbal Learning Task Performance Measures in Patients With Schizophrenia (N=41) and Healthy Comparison
Subjects (N=60)

Pearson Product-Moment Correlation (r)

BPRS Scorea Serial Verbal Learning Task Performanceb

Brain Region, 
Hemisphere, and Group Total

Negative
Symptomsc

Positive
Symptomsd Hallucinations

Correctly
Recalled Words

Perseverative
Errors

Intrusion
Errors

Semantic 
Clustering

Serial
Ordering

Thalamus
Left

Patients –0.45* –0.26 –0.39* –0.37* 0.39* –0.01 –0.17 0.48* 0.15
Comparison subjects 0.01 0.28* 0.18 0.01 –0.05

Right
Patients –0.31 –0.29 –0.23 –0.21 0.41* –0.09 –0.21 0.47* 0.11
Comparison subjects –0.06 0.25 0.17 –0.03 –0.08

Mediodorsal nucleus
Left

Patients –0.24 –0.09 –0.29 –0.25 0.23 –0.44* –0.20 0.18 0.22
Comparison subjects 0.07 0.24 0.14 0.03 –0.15

Right
Patients –0.34* –0.42* –0.24 –0.25 0.34* 0.02 –0.09 0.43* 0.04
Comparison subjects 0.03 0.15 0.09 –0.02 0.07

Pulvinar
Left

Patients –0.52* –0.38* –0.42* –0.39* 0.30 0.10 –0.30 0.47* 0.04
Comparison subjects 0.08 0.11 0.10 0.10 0.13

Right
Patients –0.34* –0.38* –0.19 –0.22 0.25 –0.05 –0.28 0.41* 0.11
Comparison subjects –0.10 0.17 0.12 –0.13 0.12

Centromedian nucleus
Left

Patients –0.26 –0.11 –0.11 –0.14 0.18 0.19 0.08 0.32* –0.22
Comparison subjects –0.00 0.17 –0.00 0.04 –0.15

Right
Patients –0.13 –0.17 –0.01 –0.07 0.17 0.07 0.17 0.23 –0.03
Comparison subjects 0.06 0.04 0.09 0.07 –0.15

a BPRS scores were not obtained for one patient.
b Serial verbal learning task performance data were unavailable for three patients who were unable to remember more than one word per

word list. 
c Sum of the BPRS subscores for emotional withdrawal, motor retardation, and blunted affect.
d Sum of the BPRS subscores for conceptual disorganization, grandiosity, hostility, suspiciousness, hallucinatory behavior, unusual thought con-

tent, and excitement.
*p<0.05.
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pulvinar and positive symptoms suggests that this in-
creased activity may be a compensatory mechanism that
functions to control positive symptoms. Observation of
longitudinal course and the effects of medication will be
valuable in evaluating this speculation.

Specificity of Findings to Mediodorsal Nucleus, 
Pulvinar, and Centromedian Nucleus

We detected no differences in metabolic rate between
patients and comparison subjects in the whole thalamus
or the whole thalamus excluding the three nuclei (me-
diodorsal nucleus, pulvinar, and centromedian nucleus),
indicating that the findings have a degree of nuclear spec-
ificity. These changes are consistent with a deficit in the
frontostriatothalamic circuitry of patients with schizo-
phrenia, which was suggested in our earlier findings of di-
minished correlations between metabolic rate in the
frontal lobe and thalamus (46) and lower metabolic rates
in the region of the mediodorsal nucleus (29, 30) and the
striatum (44).

Imaging Limitations

Interpretation of these data is limited by the accuracy of
our spatial assessment of the nuclei of the thalamus. The
volume of the mediodorsal nucleus (400–600 mm3) is rela-
tively large, compared with the PET resolution of 4.5 mm
full-width at half-maximum in-plane or about 125 mm3 in
three dimensions. We have demonstrated the reliability of
our mediodorsal nucleus tracings (21, 41), and others have
noted the distinctive appearance of the mediodorsal nu-
cleus on MRI images (47). However, the alignment of the
PET and MRI images is critical and may have an error in
the range of 1–2 mm. The mediodorsal nucleus was traced
on the coregistered MRI, and PET pixels were identified
with respect to the thalamic outline. Thus, errors due to
variation in the position of the thalamus within the entire
brain outline, as may occur in whole-slice statistical prob-
ability mapping, do not contribute to potential error in
our study. While the PET images may not be perfectly reg-
istered, we have no indication that coregistration errors
are systematically different in patients and in healthy
comparison subjects. Greater motion in patients with
schizophrenia during image acquisition might produce
lower-resolution images with greater variation in registra-
tion error, but this effect is unlikely to yield lower meta-
bolic rates in the patient group. An enlarged third ventri-
cle, especially if combined with head movement in the y
direction, might lower mediodorsal nucleus metabolic
rates; however, our assessment of head motion during
fMRI procedures suggests that head flexion is more com-
mon and an actual shift of the head laterally (moving the
third ventricle into the region of the mediodorsal nucleus)
is uncommon. It is noteworthy that the metabolic values
in the pulvinar, which is adjacent to the larger ventricular
atrium, did not show lower metabolic rates, diminishing
the likelihood that this artifact occurred. Last, we obtained

only activation FDG values, rather than examining a com-
parison of activation with rest or a control task. Although
[15O]H2O PET affords the capability of acquiring two scans
on the same day (e.g., rest and task), the PET scanner’s 4.5-
mm resolution with FDG as tracer would be diminished
substantially. Previous fMRI activation studies in healthy
subjects and patients with schizophrenia have shown be-
tween-group differences in activation in nearly the geo-
metric center of the mediodorsal nucleus (coordinates x=
3, y=–17, z=5) during an auditory oddball task (48) and in
the mediodorsal nucleus with a center reported near the
posterior lateral edge of the mediodorsal nucleus at coor-
dinates x=–10, y=–22, z=8 (49).

Age and Diagnostic Specificity

Relative metabolic rates in the thalamus increased with
age, as in another recent study (50). Another study showed
that bipolar disorder patients do not have smaller whole
thalamus size (51), but detailed measurement of the me-
diodorsal nucleus and pulvinar are necessary to demon-
strate diagnostic specificity for schizophrenia. Patients
with obsessive-compulsive disorder, who show hyper-
frontal function that has been considered the opposite of
the pattern found in schizophrenia, also show increased
thalamic activity in single photon emission computed to-
mography scans (52), as do patients with anorexia nervosa
(53). These findings suggest that lower thalamic function
is not common to all psychiatric disorders.

Striatum-Thalamus Interactions 
and Centromedian Nucleus

Deficits in the frontostriatothalamic circuits in schizo-
phrenia have been proposed and reviewed (54–56). FDG
PET studies have confirmed lower metabolic rates in all
three areas (57), and studies of N-acetyl-D-aspartic acid
concentrations have demonstrated lower metabolic rates
in frontal and striatal areas (58). Since the centromedian
nucleus sends an excitatory projection to the striatum
(18), diminished centromedian nucleus activity would be
consistent with the lower levels of striatal and cortical ac-
tivation seen in patients with schizophrenia, compared to
healthy subjects.

Pulvinar, Laterality, and Schizotypal Disorder

In a previous study (41) that included subjects with
schizotypal personality disorder, we found smaller vol-
umes of the mediodorsal nucleus to be specific to schizo-
phrenia, while smaller volumes of the pulvinar were seen
both in patients with schizophrenia and in those with
schizotypal personality disorder. On the basis of that ob-
servation and the widespread connections of the pulvinar
with the temporal association and sensory cortex (4), we
previously suggested that the pulvinar abnormalities
might be linked to the associational and perceptual distur-
bances common to both schizophrenia and schizotypal
personality disorder (30). The negative correlation be-
tween pulvinar activity and hallucinatory experience ob-
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served in the present study is consistent with that inter-
pretation. It is noteworthy that this correlation is strongest
for the left pulvinar, since the pulvinar is connected with
asymmetrical areas of the superior temporal and inferior
parietal lobes (59). Left temporal deficits are important in
schizophrenia (60–62). Left temporal volume deficits have
been reported (63) and observed in some of the patients in
the present study (64). No group-by-hemisphere interac-
tion was significant for the pulvinar, whereas the group-
by-hemisphere interaction was significant for the me-
diodorsal nucleus, confirming a greater left-sided meta-
bolic deficit in schizophrenia. Last, it should be noted that
post hoc t tests indicated relative metabolic rates for the
within-edge region of interest that were higher in the pa-
tients with schizophrenia than in the healthy comparison
subjects, consistent with exploratory rCBF studies (37, 38).

Medial Dorsal Nucleus

Given the connection of the mediodorsal nucleus with
the prefrontal cortex, our finding of lower relative glucose
metabolism in the mediodorsal nucleus in the patients
with schizophrenia is consistent with the cognitive dysme-
tria theory of schizophrenia (65). This model implicates
connectivity among nodes located in the prefrontal region,
the thalamic nuclei, and the cerebellum. A disruption in
this circuitry produces difficulty in prioritizing, processing,
coordinating, and responding to information. Among the
patients in our study, greater mediodorsal nucleus dys-
function was associated with less use of semantic cluster-
ing, poorer verbal memory performance, and more severe
negative symptoms. Thus, our mediodorsal nucleus find-
ing is consistent with the “poor mental coordination” as-
pect of cognitive dysmetria, as well as with the attentional
and memory deficits widely observed in schizophrenia.

Received March 13, 2003; revision received June 24, 2003; ac-
cepted July 10, 2003. From the Department of Psychiatry, Mount Si-
nai School of Medicine. Address reprint requests to Dr. Hazlett, De-
partment of Psychiatry, Box 1505, Mount Sinai School of Medicine, 1
Gustave L. Levy Pl., New York, NY 10029; erin.hazlett@mssm.edu (e-
mail). 

Supported by NIMH grants MH-60023 and MH-56489 to Dr. Buchs-
baum and MH-58673 to Dr. Hazlett. Support for acquisition and anal-
ysis of data on healthy subjects was provided by the Charles Dana
Foundation. 

The authors thank T.-C. Wei, Ph.D., for image analysis programming.

References

1. Jones E: Cortical development and thalamic pathology in
schizophrenia. Schizophr Bull 1997; 23:483–501

2. Shenton ME, Dickey CC, Frumin M, McCarley RW: A review of
MRI findings in schizophrenia. Schizophr Res 2001; 49:1–52

3. Buchsbaum M, Hazlett E: Positron emission tomography
studies of abnormal glucose metabolism in schizophrenia.
Schizophr Bull 1998; 24:343–364

4. Jones E: The Thalamus. New York, Plenum Press, 1985

5. Burgess PW, Scott SK, Frith CD: The role of the rostral frontal
cortex (area 10) in prospective memory: a lateral versus medial
dissociation. Neuropsychologia 2003; 41:906–918

6. Krasnow B, Tamm L, Greicius MD, Yang TT, Glover GH, Reiss AL,
Menon V: Comparison of fMRI activation at 3 and 1.5 T during
perceptual, cognitive, and affective processing. Neuroimage
2003; 18:813–826

7. Giguere M, Goldman-Rakic PS: Mediodorsal nucleus: areal,
laminar, and tangential distribution of afferents and efferents
in the frontal lobe of rhesus monkeys. J Comp Neurol 1988;
277:195–213

8. Andreasen NC: The role of the thalamus in schizophrenia. Can
J Psychiatry 1997; 42:27–33

9. Goldman-Rakic PS, Porrino LJ: The primate mediodorsal (MD)
nucleus and its projection to the frontal lobe. J Comp Neurol
1985; 242:535–560

10. Romanski LM, Giguere M, Bates JF, Goldman-Rakic PS: Topo-
graphic organization of medial pulvinar connections with the
prefrontal cortex in the rhesus monkey. J Comp Neurol 1997;
379:313–332

11. Grieve KL, Acuna C, Cudeiro J: The primate pulvinar nuclei: vi-
sion and action. Trends Neurosci 2000; 23:35–39

12. Wester K, Irvine DR, Hugdahl K: Auditory laterality and atten-
tional deficits after thalamic haemorrhage. J Neurol 2001; 248:
676–683

13. Gur RE, Turetsky BI, Cowell PE, Finkelman C, Maany V, Gross-
man RI, Arnold SE, Bilker WB, Gur RC: Temporolimbic volume
reductions in schizophrenia. Arch Gen Psychiatry 2000; 57:
769–775

14. Ragland JD, Gur RC, Raz J, Schroeder L, Kohler CG, Smith RJ,
Alavi A, Gur RE: Effect of schizophrenia on frontotemporal ac-
tivity during word encoding and recognition: a PET cerebral
blood flow study. Am J Psychiatry 2001; 158:1114–1125

15. Liddle PF, Lane CJ, Ngan ET: Immediate effects of risperidone
on cortico-striato-thalamic loops and the hippocampus. Br J
Psychiatry 2000; 177:402–407

16. Sitskoorn MM, Appels MC, Hulshoff Pol HE, Kahn RS: Evidence
of fronto-thalamic involvement in schizophrenia. Prog Brain
Res 2000; 126:343–355

17. Fenelon G, Francois C, Percheron G, Yelnik J: Topographic dis-
tribution of pallidal neurons projecting to the thalamus in
macaques. Brain Res 1990; 520:27–35

18. Marburg DL: The effect of lesions in the centromedian nucleus
of the thalamus on the monkey’s performance in delayed al-
ternation and object reversal tasks. Int J Neurosci 1973; 5:207–
214

19. Van der Werf YD, Witter MP, Uylings HB, Jolles J: Neuropsychol-
ogy of infarctions in the thalamus: a review. Neuropsychologia
2000; 38:613–627

20. Byne W, Buchsbaum MS, Mattiace LA, Hazlett EA, Kemether E,
Elhakem SL, Purohit DP, Haroutunian V, Jones L: Postmortem
assessment of thalamic nuclear volumes in subjects with
schizophrenia. Am J Psychiatry 2002; 159:59–65

21. Kemether EM, Buchsbaum MS, Byne W, Hazlett EA, Hazendar
M, Brickman AM, Platholi J, Bloom R: Magnetic resonance im-
aging of mediodorsal, pulvinar, and centromedian nuclei of
the thalamus in patients with schizophrenia. Arch Gen Psychi-
atry 2003; 60:983–991

22. Pakkenberg B: Pronounced reduction of total neuron number
in mediodorsal thalamic nucleus and nucleus accumbens in
schizophrenics. Arch Gen Psychiatry 1990; 47:1023–1028

23. Popken GJ, Bunney WE Jr, Potkin SG, Jones EG: Subnucleus-spe-
cific loss of neurons in medial thalamus of schizophrenics. Proc
Natl Acad Sci USA 2000; 97:9276–9280

24. Young KA, Manaye KF, Liang C, Hicks PB, German DC: Reduced
number of mediodorsal and anterior thalamic neurons in
schizophrenia. Biol Psychiatry 2000; 47:944–953

25. Danos P, Baumann B, Bernstein HG, Stauch R, Krell D, Falkai P,
Bogerts B: The ventral lateral posterior nucleus of the thala-



Am J Psychiatry 161:2, February 2004 313

HAZLETT, BUCHSBAUM, KEMETHER, ET AL.

http://ajp.psychiatryonline.org

mus in schizophrenia: a post-mortem study. Psychiatry Res
2002; 114:1–9

26. Danos P, Bauman B, Bernstein H, Franz M, Stauch R, Northoff
G, Krell D, Falkai P, Bogerts B: Schizophrenia and anteroventral
thalamic nucleus: selective decrease of parvalbumin-immu-
noreactive thalamocortical projection neurons. Psychiatry Res
Neuroimaging 1998; 82:1–10

27. McLardy T: Thalamic attention circuitry normal and psychotic.
Med Hypotheses 1984; 15:231–239

28. Crosson B: Subcortical mechanisms in language: lexical-se-
mantic mechanisms and the thalamus. Brain Cogn 1999; 40:
414–438

29. Buchsbaum MS, Someya T, Teng CY, Abel L, Chin S, Najafi A,
Haier RJ, Wu J, Bunney WE Jr: PET and MRI of the thalamus in
never-medicated patients with schizophrenia. Am J Psychiatry
1996; 153:191–199

30. Hazlett EA, Buchsbaum MS, Byne W, Wei T-C, Spiegel-Cohen J,
Geneve C, Kinderlehrer R, Haznedar MM, Shihabuddin L, Siever
LJ: Three-dimensional analysis with MRI and PET of the size,
shape, and function of the thalamus in the schizophrenia spec-
trum. Am J Psychiatry 1999; 156:1190–1199

31. Clark C, Kopala L, Li DK, Hurwitz T: Regional cerebral glucose
metabolism in never-medicated patients with schizophrenia.
Can J Psychiatry 2001; 46:340–345

32. Crespo-Facorro B, Paradiso S, Andreasen NC, O’Leary DS,
Watkins GL, Boles Ponto LL, Hichwa RD: Recalling word lists
reveals “cognitive dysmetria” in schizophrenia: a positron
emission tomography study. Am J Psychiatry 1999; 156:386–
392

33. Heckers S, Curran T, Goff D, Rauch SL, Fischman AJ, Alpert NM,
Schacter DL: Abnormalities in the thalamus and prefrontal cor-
tex during episodic object recognition in schizophrenia. Biol
Psychiatry 2000; 48:651–657

34. Volz H, Gaser C, Hager F, Rzanny R, Ponisch J, Mentzel H, Kaiser
WA, Sauer H: Decreased frontal activation in schizophrenics
during stimulation with the continuous performance test—a
functional magnetic resonance imaging study. Eur Psychiatry
1999; 14:17–24

35. Manoach DS, Gollub RL, Benson ES, Searl MM, Goff DC, Halpern
E, Saper CB, Rauch SL: Schizophrenic subjects show aberrant
fMRI activation of dorsolateral prefrontal cortex and basal gan-
glia during working memory performance. Biol Psychiatry
2000; 48:99–109

36. Talairach J, Tournoux P: Co-Planar Stereotaxic Atlas of the Hu-
man Brain: Three-Dimensional Proportional System. Stuttgart,
Germany, Georg Thieme, 1988

37. Kim J-J, Mohamed S, Andreasen NC, O’Leary DS, Watkins GL,
Boles Ponto LL, Hichwa RD: Regional neural dysfunctions in
chronic schizophrenia studied with positron emission tomog-
raphy. Am J Psychiatry 2000; 157:542–548

38. Andreasen NC, O’Leary DS, Flaum M, Nopoulos P, Watkins GL,
Boles Ponto LL, Hichwa RD: Hypofrontality in schizophrenia:
distributed dysfunctional circuits in neuroleptic-naive patients.
Lancet 1997; 349:1730–1734

39. Andreasen NC, Flaum M, Arndt S: The Comprehensive Assess-
ment of Symptoms and History (CASH): an instrument for as-
sessing diagnosis and psychopathology. Arch Gen Psychiatry
1992; 49:615–623

40. Overall JE, Gorham DR: The Brief Psychiatric Rating Scale. Psy-
chol Rep 1962; 10:799–812

41. Byne W, Buchsbaum MS, Kemether E, Hazlett EA, Shinwari A,
Mitropoulou V, Siever LJ: Magnetic resonance imaging of the
thalamic mediodorsal nucleus and pulvinar in schizophrenia
and schizotypal personality disorder. Arch Gen Psychiatry
2001; 58:133–140

42. Hazlett E, Buchsbaum M, Mohs R, Spiegel-Cohen J, Wei T-C,
Azueta R, Haznedar M, Singer M, Shihabuddin L, Luu-Hisa C:

Age-related shift in brain region allocation during successful
memory performance. Neurobiol Aging 1998; 19:437–445

43. Delis DC, Kramer JH, Kaplan E, Ober BA: The California Verbal
Learning Test Manual. New York, Psychological Corp, 1987

44. Shihabuddin L, Buchsbaum M, Hazlett E, Haznedar M, Harvey
P, Newman A, Schnur D, Spiegel-Cohen J, Wei T, Machac J, Kne-
saurek K, Vallabhojosula S, Biren M, Ciaravolo T, Luu-Hsia C:
Dorsal striatal size, shape, and metabolic rate in neuroleptic-
naive and previously medicated schizophrenic patients per-
forming a verbal learning task. Arch Gen Psychiatry 1998; 55:
235–243

45. Cohen J: Statistical Power Analysis for the Behavioral Sciences.
New York, Academic Press, 1969

46. Katz M, Buchsbaum MS, Siegel BV, Wu J, Haier RJ, Bunney WE:
Correlational patterns of cerebral glucose metabolism in
never-medicated schizophrenics. Neuropsychobiology 1996;
33:1–11

47. Kim DM, Xanthakos SA, Tupler LA, Barboriak DP, Charles HC,
MacFall JR, Krishnan KR: MR signal intensity of gray matter/
white matter contrast and intracranial fat: effects of age and
sex. Psychiatry Res 2002; 114:149–161

48. Kiehl KA, Liddle PF: An event-related functional magnetic reso-
nance imaging study of an auditory oddball task in schizophre-
nia. Schizophr Res 2001; 48:159–171

49. Kumari V, Gray JA, Honey GD, Soni W, Bullmore ET, Williams SC,
Ng VW, Vythelingum GN, Simmons A, Suckling J, Corr PJ,
Sharma T: Procedural learning in schizophrenia: a functional
magnetic resonance imaging investigation. Schizophr Res
2002; 57:97–107

50. Willis MW, Ketter TA, Kimbrell TA, George MS, Herscovitch P,
Danielson AL, Benson BE, Post RM: Age, sex and laterality ef-
fects on cerebral glucose metabolism in healthy adults. Psychi-
atry Res 2002; 114:23–37

51. Caetano SC, Sassi R, Brambilla P, Harenski K, Nicoletti M,
Mallinger AG, Frank E, Kupfer DJ, Keshavan MS, Soares JC:
MRI study of thalamic volumes in bipolar and unipolar pa-
tients and healthy individuals. Psychiatry Res 2001; 108:161–
168

52. Alptekin K, Degirmenci B, Kivircik B, Durak H, Yemez B, Der-
ebek E, Tunca Z: Tc-99m HMPAO brain perfusion SPECT in drug-
free obsessive-compulsive patients without depression. Psychi-
atry Res 2001; 107:51–56

53. Takano A, Shiga T, Kitagawa N, Koyama T, Katoh C, Tsukamoto
E, Tamaki N: Abnormal neuronal network in anorexia nervosa
studied with I-123-IMP SPECT. Psychiatry Res 2001; 107:45–50

54. Bunney WE, Bunney BG: Evidence for a compromised dorsolat-
eral prefrontal cortical parallel circuit in schizophrenia. Brain
Res Brain Res Rev 2000; 31:138–146

55. Carlsson M, Carlsson A: Interactions between glutamatergic
and monoaminergic systems within the basal ganglia: implica-
tions for schizophrenia and Parkinson’s disease. Trends Neuro-
sci 1990; 13:272–276

56. Tekin S, Cummings JL: Frontal-subcortical neuronal circuits and
clinical neuropsychiatry: an update. J Psychosom Res 2002; 53:
647–654

57. Buchsbaum MS, Hazlett EA, Haznedar MM, Spiegel-Cohen J,
Wei TC: Visualizing fronto-striatal circuitry and neuroleptic ef-
fects in schizophrenia. Acta Psychiatr Scand Suppl 1999; 395:
129–137

58. Bustillo JR, Lauriello J, Rowland LM, Jung RE, Petropoulos H,
Hart BL, Blanchard J, Keith SJ, Brooks WM: Effects of chronic
haloperidol and clozapine treatments on frontal and caudate
neurochemistry in schizophrenia. Psychiatry Res 2001; 107:
135–149

59. Pearson R: Dorsal thalamus, in Gray’s Anatomy. Edited by Will-
iams P. New York, Churchill-Livingstone, 1995, pp 1080–1091



314 Am J Psychiatry 161:2, February 2004

THALAMIC NUCLEI IN SCHIZOPHRENIA

http://ajp.psychiatryonline.org

60. Crow TJ, Colter N, Frith CD, Johnstone EC, Owens DG: Develop-
mental arrest of cerebral asymmetries in early onset schizo-
phrenia. Psychiatry Res 1989; 29:247–253

61. Heckers S, Goff D, Weiss AP: Reversed hemispheric asymmetry
during simple visual perception in schizophrenia. Psychiatry
Res 2002; 116:25–32

62. Tabares-Seisdedos R, Balanza-Martinez V, Pallardo Y, Salazar-
Fraile J, Selva G, Vilela C, Vallet M, Leal C, Gomez-Beneyto M:
Similar effect of family history of psychosis on sylvian fissure
size and auditory P200 amplitude in schizophrenic and bipolar
subjects. Psychiatry Res 2001; 108:29–38

63. Marsh L, Sullivan EV, Morrell M, Lim KO, Pfefferbaum A: Struc-
tural brain abnormalities in patients with schizophrenia, epi-

lepsy, and epilepsy with chronic interictal psychosis. Psychiatry
Res 2001; 108:1–15

64. Downhill JE, Buchsbaum MS, Hazlett EA, Barth S, Lees Roit-
man S, Nunn M, Lekarev O, Wei T, Shihabuddin L, Mitrop-
oulou V, Silverman J, Siever LJ: Temporal lobe volume de-

termined by magnetic resonance imaging in schizotypal
personality disorder and schizophrenia. Schizophr Res 2001;
48:187–99

65. Andreasen NC, Paradiso S, O’Leary DS: “Cognitive dysmetria” as
an integrative theory of schizophrenia: a dysfunction in corti-
cal-subcortical-cerebellar circuitry? Schizophr Bull 1998; 24:
203–218


