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Objective: The authors’ goal was to examine interregional cor-
relations of thalamocortical metabolic activity during a verbal
learning task in schizophrenia.

Method: They used [18F]fluorodeoxyglucose positron emission
tomography in 41 unmedicated patients with schizophrenia
and 59 normal comparison subjects.

Results: A metabolic disconnection was observed in patients

with schizophrenia in the left hemisphere between the medio-

dorsal nucleus and widespread frontotemporal cortical regions,

and stronger-than-normal intercorrelations were found be-

tween the pulvinar and superior temporal, selected parietal,

posterior cingulate, and occipital areas.

Conclusions: Deficits in the functional interrelationships be-

tween the left frontotemporal cortices and the left mediodorsal

nucleus of the thalamus complement inferences from postmor-

tem and magnetic resonance imaging volumetric studies iden-

tifying a thalamic diathesis in schizophrenia.

(Am J Psychiatry 2005; 162:1733–1735)

Dysfunctional thalamocortical pathways are thought
to be important in the pathogenesis of schizophrenia (1).
They may be studied by correlational analysis of meta-
bolic mapping data, a valid and sensitive technique (2, 3)
that has been applied in schizophrenia research with vari-
able results. Some (4) but not all (5) earlier analyses of
thalamocortical intercorrelations demonstrated differ-
ences between normal subjects and patients with schizo-
phrenia. However, those studies used metabolic rates
across the whole thalamus, although abnormalities in
schizophrenia may be more subtle and may involve par-
ticular nuclei, as suggested by our report of selective met-
abolic decreases in the mediodorsal nucleus (6). In this ar-
ticle we apply the metabolic intercorrelation method and
magnetic resonance imaging (MRI) of mediodorsal, cen-
tromedian, and pulvinar regions of interest in a large study
group of unmedicated patients with schizophrenia to test
the hypothesized frontothalamic dysfunction.

Method

Forty-one patients with schizophrenia (32 men, nine women)
were recruited from outpatient and emergency departments of
Mount Sinai School of Medicine. The patients’ mean age was 36.9
years (SD=15.2, range=18–73); 36 were right-handed. All patients
met criteria for schizophrenia (N=37) or schizoaffective disorder
(N=4) as determined by semistructured interview with the Com-
prehensive Assessment of Symptoms and History (7). The pa-
tients were neuroleptic naive (N=15) or had been neuroleptic free
(N=26) for a median period of 3 weeks (range=12 days–22 years);
no patients were receiving depot preparations. Patients’ Brief Psy-
chiatric Rating Scale scores ranged from 25 to 89 (mean=52.4, SD=
12.7, median=51).

Fifty-nine normal subjects (45 men, 14 women) were similarly
screened to exclude any psychiatric anamnesis. The normal sub-

jects’ mean age was 40.1 years (SD=15.9, range=20–81); 57 were
right-handed. Individuals with a positive urine toxicology screen
on the positron emission tomography (PET) day and patients
with a history of substance abuse, neurological disorders, or head
trauma were excluded.

During [18F]fluorodeoxyglucose uptake, participants per-
formed a serial verbal learning task developed for the 32-minute
uptake period (6). PET and MRI scans were acquired and coreg-
istered exactly as reported previously (6, 8), as was morphometry
of the thalamic nuclei and cortical Brodmann’s areas (8–10). We
calculated the product-moment correlation matrices for relative
glucose metabolism among the mediodorsal, pulvinar, and cen-
tromedian nuclei of the thalamus and each of the 39 cortical
Brodmann’s areas identified, with separate analyses for each
hemisphere. Some regional volumetric and PET data from this
group of subjects have been reported (6, 10).

Results

Intercorrelations between the left mediodorsal nucleus
and frontal, temporal (medial and lateral), and selected
parietal cortical regions (Figure 1) demonstrated a meta-
bolic disconnection in patients with schizophrenia, with
especially strong differences between patients and normal
subjects in prefrontal (area 9) and medial temporal (areas
28 and 34) cortices. In the right hemisphere, the only inter-
group difference concerned a single positive correlation
between the mediodorsal nucleus and occipital area 17 in
patients that did not reach statistical significance in nor-
mal subjects.

A positive correlation between the left centromedian nu-
cleus and occipital area 17 was significantly lower in pa-
tients than in normal subjects. In the right hemisphere, a
negative correlation between the centromedian nucleus
and area 7a was seen in patients but not in normal subjects.
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Unexpectedly, positive intercorrelations between the
pulvinar and cortical regions (encountered only in the left
hemisphere: posterior cingulate areas 23 and 31, superior
temporal area 22, parietal area 39, and occipital area 18)
were significantly lower in normal subjects than in patients.

Discussion

A metabolic disconnection between the mediodorsal
nucleus of the thalamus and frontotemporal cortex in the
left hemisphere, as inferred from diminished correlations
between these regions, was observed during a serial verbal
learning task in patients with schizophrenia. These results
replicate and extend previous findings of weaker positive
metabolic intercorrelations between the dorsomedial thal-
amus and the frontal (4) and limbic (11) cortices during a
Continuous Performance Test in patients with schizophre-
nia compared with normal subjects. They further implicate
the mediodorsal nucleus in schizophrenia pathophysiol-
ogy by indicating that in addition to the metabolic and vol-
umetric impairments in the nucleus (reviewed elsewhere
[6, 9, 10]), its connectivity with the frontotemporal cortex
in the left hemisphere may likewise be impaired.

Mediodorsal thalamic pathology in schizophrenia is not
invariable (12, 13) and may be secondary to the nuclear
disconnection from the associative cortical networks (14).
Alternatively, neuronal loss in the mediodorsal nucleus in
patients may result in its failure to activate associative cor-
tical networks, resulting in lower intercorrelations, but this
would not adequately explain the asymmetry of the meta-
bolic disconnections with a backdrop of bilateral volumet-

ric deficits in the nucleus previously reported for this
group of subjects (10). Our unilateral findings accord with
some earlier studies showing that mediodorsal pathology
in patients with schizophrenia was asymmetrically con-
fined to the left hemisphere (4, 14).

Given the putative information-processing role of the
mediodorsal nucleus (15), the mediodorsal/cortical disso-
ciations could be related to the left-hemisphere recogni-
tion-based memory disturbances in schizophrenia. In-
deed, in the serial verbal learning task used in this study,
our patients recalled significantly fewer correct words,
achieved lower semantic clustering strategy scores, and ex-
hibited more perseveration and intrusion errors than nor-
mal subjects (6). Arguably, the verbal memory demands of
the task would be expected to activate functional cortico-
thalamic networks preferentially in the left hemisphere,
thus selectively emphasizing left hemispheric dysfunction
in patients. However, intercorrelations with most of the
temporal, some of the frontal, and other cortical areas in
the right hemisphere were also detected, with no signifi-
cant differences between normal subjects and patients
with schizophrenia.

In the schizophrenia group, stronger-than-normal cor-
relations were observed between the left pulvinar and left
posterior cingulate, superior temporal, lower parietal, and
occipital areas thought relevant to higher-order visual in-
formation processing. In view of the widespread left me-
diodorsal/cortical disconnectivities and the role of the
pulvinar in selective visual attention and information fil-
tering (16, 17), it is plausible that greater pulvinocortical

FIGURE 1. Significant Differences Between Normal Subjects and Patients With Schizophrenia in Correlation Coefficients
Between Relative Glucose Metabolic Ratesa of the Left Mediodorsal Nucleus of the Thalamus and Cortical Brodmann’s Areasb

a Relative glucose metabolic rate was defined as region of interest/mean value for all pixels within the brain outline.
b Significance assessed with Fisher’s z transformation. Color bar illustrates p values for Fisher’s z scores for each cortical Brodmann’s area. All z

scores were positive, reflecting positive and significant correlation coefficients in normal subjects, but none of the correlations reached sta-
tistical significance in patients with schizophrenia. Correlations where significant differences were found in Fisher’s z transformation compar-
isons between normal subjects and patients are presented if at least one of the compared correlation coefficients also reached statistical sig-
nificance.
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activity in these patients may represent a stronger reliance
on compensatory or alternative strategies within a widely
distributed network subservient to across-level visuospa-
tial information processing. Chronic shifting to alternative
cognitive strategies in the patient group, away from the
mediodorsal/cortical functional networks, might in turn
adversely affect mediodorsal nuclear volumes. Studies ap-
plying other neuropsychological paradigms may shed fur-
ther light on the role of thalamocortical disconnectivities
in information processing deficits in schizophrenia.
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