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Abnormalities in the Thalamus and Prefrontal Cortex
during Episodic Object Recognition in Schizophrenia

Stephan Heckers, Tim Curran, Donald Goff, Scott L. Rauch, Alan J. Fischman,
Nathaniel M. Alpert, and Daniel L. Schacter

Background: Many patients with schizophrenia demon-
strate memory deficits. We studied patterns of brain
activity during episodic recognition of new and previously
seen three-dimensional objects.

Methods: We used15O positron emission tomography to
study regional cerebral blood flow in eight normal sub-
jects and nine patients with schizophrenia during a visual
object recognition task.

Results: In comparison with control subjects, patients
with schizophrenia showed less regional cerebral blood
flow increases in the pulvinar region of the right thalamus
and the right prefrontal cortex during the recognition of
new objects and significantly greater left prefrontal cortex
regional cerebral blood flow increases during the recog-
nition of previously seen objects. Patients with schizophre-
nia exhibited alarm rates to new objects similar to those of
control subjects, but significantly lower recognition rates
for previously seen objects.

Conclusions:Schizophrenia is associated with attenuated
right thalamic and right prefrontal activation during the
recognition of novel visual stimuli and with increased left
prefrontal cortical activation during impaired episodic
recognition of previously seen visual stimuli. This study
provides further evidence for abnormal thalamic and
prefrontal cortex function in schizophrenia.Biol Psychi-
atry 2000;48:651–657 ©2000 Society of Biological
Psychiatry
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Introduction

Schizophrenia is associated with a wide range of cog-
nitive deficits. In particular, patients with schizophre-

nia often present with impaired attention and memory,
abnormal language, and disturbed executive functions
(Goldberg and Gold 1995). Memory function was one of
the first cognitive abilities to be studied in schizophrenia
(Hull 1917), and episodic memory was found to be
particularly impaired (Aleman et al 1999; Goldberg and
Gold 1995). Structural and functional brain abnormalities
proposed to explain memory deficits in schizophrenia
include abnormalities of the prefrontal cortex, medial
temporal lobe, thalamus, and cerebellum.

We have recently provided evidence that schizophrenia
is associated with an impaired recruitment of the hip-
pocampus during episodic memory retrieval (Heckers et al
1998, 1999). Whereas normal subjects activated a frontal–
temporal network to retrieve previously studied words,
schizophrenic patients failed to recruit medial temporal
lobe structures but showed robust and even increased
activation of prefrontal regions. Furthermore, schizo-
phrenic patients performed less accurately and did not
activate medial temporal lobe structures when using a
semantic encoding strategy.

Here we tested the hypothesis that schizophrenia is
associated with performance deficits and abnormal brain
activation patterns during the recognition of visually
presented objects. We studied object recognition in schizo-
phrenia for three reasons: First, schizophrenia is associated
with impairments of nonverbal memory (Aleman et al
1999; Heinrichs and Zakzanis 1998). Second, previous
studies in schizophrenic patients have demonstrated im-
paired recognition of visually presented objects (Aleman
et al 1999; Clare et al 1993). Third, neuroimaging studies
of object recognition in normal subjects have shown
activation of brain regions implicated in the pathogenesis
of schizophrenia: the bilateral medial temporal lobes and
prefrontal areas during the recognition of previously seen
objects and the thalamus, prefrontal, and medial temporal
lobe areas during the recognition of new objects (Schacter
et al 1995, 1997, 1999; Uecker et al 1997). We hypothe-
sized that schizophrenia is associated with impaired rec-
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ognition of previously presented objects and that abnormal
brain activation during the recognition of previously seen
or new objects would involve three regions of interest, i.e.,
the prefrontal cortex, the medial temporal lobe, and the
thalamus.

Methods and Materials

Subjects
Nine patients with schizophrenia and eight normal subjects were
studied. The schizophrenia patients were recruited from an
outpatient mental health clinic in Boston, Massachusetts and
diagnosed according to DSM-IV criteria (American Psychiatric
Association 1994) by an experienced clinician (DG). Control
subjects were recruited by advertisement and did not report any
history of psychiatric disorders as assessed by a structured
clinical interview (Spitzer et al 1991). All subjects provided
written informed consent. Subjects were excluded if they had a
history of neurological or medical illness, current substance
abuse, or lifetime substance dependence. The study was ap-
proved by the Human Subjects Committee of the Massachusetts
General Hospital and the Central Office Research Review
Committee of the Commonwealth of Massachusetts, Department
of Mental Health.

The schizophrenic subjects were chronic, stable outpatients
(mean duration of illness was 16.26 6.1 years). Mean scores on
the positive, negative, and global scales of the Positive and
Negative Syndrome Scale (PANSS) were 12.26 3.6, 21.36 6.3,
and 27.76 5.1, respectively. All subjects were right-handed and
male, and the two groups were matched for age (normal subjects
42.96 4.8 years, schizophrenic patients 41.16 6.3 years). The
control subjects had a higher educational status [control subjects
15.8 6 2.8 years, schizophrenic patients 12.86 1.3 years,
t(15) 5 2.9, p 5 .01], but mean parental educational status was
not significantly different [control subjects 13.36 2.4 years,
schizophrenic patients 12.36 0.3 years,t(14) 5 1.1, p 5 .29].
All patients were treated with typical neuroleptics (mean chlor-
promazine equivalent dose 7256 708 mg/day). Three patients
were treated with benztropine (1–2 mg/day).

Experimental Design
Subjects viewed stimuli presented in the center of a computer
screen positioned about 50 cm in front of their eyes. Stimuli were
presented for 4.5 sec and the screen was blank for 0.5 sec
between stimuli. The stimuli were line drawings (3003 300
pixels) of novel three-dimensional objects (“possible objects”;
Schacter et al 1991; Williams and Tarr 1997). A plus sign was
used in the fixation condition.

The positron emission tomography (PET) experiment con-
sisted of eight PET scans, collected during one scanning session.
There were four experimental conditions (Fixation, View, Rec-
ognition Old, Recognition New) and two runs per condition. For
scans 1 and 8 (Fixation), subjects were instructed to fixate on a
crosshair displayed on the screen. During scans 2 and 7 (View),
subjects were instructed to view line drawings of novel three-
dimensional objects.

Before scan 3, subjects were given a study list of 48 novel
three-dimensional objects, presented twice in randomized order
on the computer screen. The first and last objects on the list were
nontested fillers. To encode the stimuli, subjects were instructed
to decide whether each object could be best used as a tool (e.g.,
scooping, cutting, or pounding) or for support (e.g., stepping,
sitting, or leaning on it). Subjects indicated their choice by
pressing one of two buttons on a keypad. Scan 3 was started 5
min after completion of the second presentation of the study list.

During scans 3–6, subjects were presented either with objects
previously studied (Recognition Old) or with novel objects
(Recognition New). During each scanning block 24 objects were
presented. Six buffer items (two identical to and four different
from the target type) were presented in a random sequence before
and after 12 target objects (either old or new objects). Subjects
were asked to perform a recognition task by pressing one button
for old objects and another for new objects. The type of
recognition scans was pseudorandomized: the first and second as
well as the third and fourth scan were always different from each
other. The four possible scan sequences were counterbalanced
for the first eight subjects in each group. Objects were rotated
through the new, old, and passive viewing conditions so that each
object appeared in each condition two or three times across each
subject group.

PET Facilities and Data Acquisition
PET CAMERA. Positron emission tomography data were

acquired with a Scanditronix PC4096 (General Electric, Milwau-
kee) 15-slice, whole-body tomograph. The slice geometry con-
sists of contiguous slices with center-to-center distance of 6.5
mm (axial field equal to 97.5 mm) and axial resolution of 6.0 mm
full-width half maximum. Images were reconstructed using a
computed attenuation correction and a Hanning-weighted recon-
struction filter set to yield 8.0-mm in-plane spatial resolution
full-width half maximum. Additional corrections were made to
account for photon absorption, scatter, and dead time effects.

IMAGE ACQUISITION. Subjects were positioned in the
scanner with an individually molded thermoplastic mask to
minimize head motion. Head alignment was made, relative to the
canthomeatal line, to ensure maximal coverage of prefrontal
areas and complete coverage of the medial temporal lobes.
Transmission measurements were made using an orbiting pin
source. Subjects underwent eight 1-min scans and inhaled
(15O)CO2 gas beginning 30 sec after the initiation of the task.
Each scan was followed by a 10-min wash-out period.

Data Analysis
BEHAVIORAL DATA. We analyzed the effects of group,

condition, and run on the accuracy of old/new recognition
judgments with a repeated measures analysis of variance
(ANOVA) using subject as a random effect. Where indicated by
significant effects, we performed post-hoc two-tailedt tests.

PET DATA. All images were corrected for interscan move-
ment and were transferred into the standard stereotactic space of
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Talairach as described previously (Alpert et al 1993). Images
were smoothed with a 2D Gaussian filter of width 15 mm
full-width half maximum.

Statistical analyses were performed with SPM96 (Wellcome
Dept. of Cognitive Neurology, London, UK). We used the
random effects kit within SPM96 to collapse data of each
condition into a single file. The data were then modeled with
explanatory variables for group and condition. Main effects and
interactions were assessed usingt statistics subsequently trans-
formed intoz scores. Considering that a mixed effects model is
appropriate to study population differences and that we had
strong localizing hypotheses (for the prefrontal cortex, the
temporal lobe, and the thalamus) we thresholded parametric
maps at an uncorrectedp , .001 (i.e.,z. 3.09). To obviate bias,
we have listed all activations withz . 3.09 in Tables 1–3, but
indicated in italics those areas that were not considered as
regions of interesta priori.

Results

Behavioral Data

Both groups responded with “old” more often to previ-
ously seen objects (control subjects: 87%, schizophrenic
patients: 61%) than to new objects (control subjects: 20%,
schizophrenic patients: 26%) [main effect of condition:
F(1,15) 5 120.1, p , .0001]. There was a significant
group-by-condition interaction [F(1,15)5 9.2, p , .005]
because the hit rate (i.e., “old” judgments to previously
presented objects) was significantly different between the
two groups (t test,p 5 .005) but the false alarm rate (i.e.,
“old” judgments to new objects) did not differ (t test,p 5
.55). No other main effects or interactions were
significant.

PET Data

We focused our analysis on two contrasts to assess
changes in regional cerebral blood flow (rCBF) during
episodic recognition of new objects (contrast: New–Old)
and of previously seen objects (contrast: Old–New). To
confirm the overall pattern of activation associated with
the tasks, results were followed up by contrasts that
compared the “New” and “Old” conditions with the two
low-level baseline conditions in this experiment, “View”
and “Fixation,” respectively.

CONTROL SUBJECTS. Recognition of new objects
(New–Old) was associated with rCBF increases in four
regions of the right hemisphere: the posterior thalamus, the
dorsolateral prefrontal cortex (area 10), the amygdala, and
the posterior parahippocampal gyrus (Table 1). Similar
rCBF increases of the posterior right thalamus were also
seen in the contrasts New–View (22,228, 4; z 5 3.42)
and New–Fixation (22,230, 4;z5 3.84). Prefrontal areas

8 and 9 on the right and areas 10 and 47 on the left also
showed rCBF increases in the contrast New–View.

The recognition of old objects (Old–New) increased
rCBF in right inferior prefrontal area 47 and in anterior
cingulate cortex. Right prefrontal areas 9 and 10 also
showed rCBF increases in the contrast Old–View.

PATIENTS WITH SCHIZOPHRENIA. Recognition of
new objects (New–Old) was associated with rCBF in-
creases in the posterior cingulate/precuneus region (Table
2). In addition, the contrast New–Fixation revealed rCBF
increases in the anterior cingulate cortex.

Recognition of old objects (Old–New) was associated
with rCBF increases in left prefrontal area 8. Similar rCBF
increases in left area 8 (22, 30, 36;z 5 3.39) and more
widespread increases in right prefrontal areas 9/10 (10, 50,
16; z 5 3.86) and 9/46 (46, 32, 28;z 5 3.39) were seen in
the contrast Old–View. In addition to prefrontal areas,
rCBF increases in the contrast Old–New were also found
in right parietal area 39 and the cerebellum.

BETWEEN-GROUP COMPARISONS. We focused our
between-group comparisons on the two contrasts of inter-
est (New–Old and Old–New; Table 3) and included only

Table 1. Brain Regions with Significant rCBF Increases in
Control Subjects

Region (Brodmann areas) Z score Coordinates

New–Old
R thalamus 3.46 22,230, 4
R prefrontal (10) 3.26 12, 56, 20
R amygdala 3.21 24,24, 212
R parahippocampal gyrus 3.15 12,232,24

Old–New
R prefrontal (47) 3.73 46, 18,24
R anterior cingulate(24) 3.14 2, 6, 32

The numbers in parentheses refer to Brodmann areas. Coordinates (in mm)
refer to the three axes (x, y, z) of the Talairach and Tournoux (1988) brain atlas. The
maximum excursion (z) is reported for each activation. All activations withz .
3.09 (p , .001) arelisted. Post hoc findings are in italics. rCBF, regional cerebral
blood flow; R, right.

Table 2. Brain Regions with Significant rCBF Increases in
Schizophrenic Patients

Region (Brodmann areas) Z score Coordinates

New–Old
R posterior cingulate/precuneus (23/31) 3.29 2,248, 24

Old–New
L prefrontal (8) 3.47 26, 30, 36
R parietal (39) 3.43 40,266, 16
Cerebellum 3.24 24, 258,28

The numbers in parentheses refer to Brodmann areas. Coordinates (in mm)
refer to the three axes (x, y, z) of the Talairach and Tournoux (1988) brain atlas. The
maximum excursion (z) is reported for each activation. All activations withz .
3.09 (p , .001) arelisted. Post hoc findings are in italics. rCBF, regional cerebral
blood flow; R, right; L, left.
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those areas for which we had found a condition effect in
the previous within-group analyses.

Recognition of new objects (New–Old) was associated
with different patterns of rCBF changes in the two groups:
control subjects showed greater rCBF increases in the
right prefrontal cortex (area 10) and right posterior thala-
mus, and patients with schizophrenia showed greater rCBF
increases in the right posterior cingulate/precuneus region.
Similarly, greater thalamic rCBF increases in the control
group were also found in the two contrasts New–View (22,
234, 4; z 5 2.40) and New–Fixation (20,236, 4; z 5
3.21). Further analysis at a lowerz score (z . 2.33,p ,
.01) revealed that the rCBF differences in the contrast
New–Old extended anteriorly into the thalamus, but not
posteriorly into the hippocampus (Figure 1).

Recognition of old objects (Old–New) was associated
with greater rCBF increases in left prefrontal area 8 in the
patients with schizophrenia. Greater prefrontal rCBF in-

creases in the schizophrenia subjects was also seen in the
contrast Old–View (22, 30, 36;z 5 2.90).

Discussion

Patients with schizophrenia showed attenuated activation
of the right thalamus and right prefrontal cortex during the
recognition of new objects and greater left prefrontal
cortical activation during the recognition of previously
seen objects. Patients with schizophrenia produced false
alarm rates to new objects similar to the control subjects
but significantly lower recognition rates for previously
presented objects. These data provide evidence that
schizophrenia is associated with decreased right hemi-
spheric thalamic and prefrontal activation during the
recognition of novel visual stimuli and with increased left
prefrontal cortex activation during impaired episodic rec-
ognition of old visual stimuli. We will first consider the
PET data of the control group and then discuss the
relevance of our findings to schizophrenia.

Recognition of novel objects was associated with an
activation of the pulvinar region in the right posterior
thalamus. This is consistent with the thalamic activation
during the recognition of novel objects observed using a
similar experimental paradigm (Uecker et al 1997). Pre-
vious PET and functional magnetic resonance imaging
studies have reported activation of thalamic nuclei, includ-
ing the pulvinar, during tasks that modulated attention and
arousal, especially when responding to visually presented
stimuli (Corbetta et al 1991; Heinze et al 1994; Kinomura
et al 1996; LaBerge and Buchsbaum 1990; Portas et al
1998b; Vandenberghe et al 1997). Furthermore, electro-
physiological studies in the behaving monkey have dem-
onstrated a modulation of neural activity in pulvinar nuclei
during the recognition of visually presented objects (Pe-
tersen et al 1985). The thalamic activation seen in the

Figure 1. Positron emission tomography (PET) statistical map comparing the contrast (New–Old) between control subjects and
schizophrenic patients. The PET image is coregistered with an average normal magnetic resonance image, transformed to Talairach
space. The images are horizontal slices through the thalamus and medial temporal lobes atz5 0 and 4, 8, and 12 mm above the anterior
commissure–posterior commissure line. Compared with the control group, the right thalamus was significantly less activated (p , .01,
z . 2.33) in the schizophrenia group, with a maximum excursion (z 5 3.30) in the pulvinar (at coordinates 22,234, 4).

Table 3. Brain Regions with Significant Differences of rCBF
Increases in the Two Groups

Region (Brodmann areas) Z score Coordinates

New–Old
Control subjects. schizophrenic patients

R Prefrontal (10) 4.01 12, 58, 20
R Thalamus 3.30 22,234, 4

Schizophrenic patients. control subjects
R posterior cingulate/precuneus (23/31) 3.32 2,248, 24

Old–New
Control subjects. schizophrenic patients

No regions
Schizophrenic patients. control subjects

L Prefrontal (8) 4.01 26, 30, 36

The numbers in parentheses refer to Brodmann areas. Coordinates (in mm)
refer to the three axes (x, y, z) of the Talairach and Tournoux (1988) brain atlas. The
maximum excursion (z) is reported for each activation. All activations withz .
3.09 (p , .001) arelisted. Post hoc findings are in italics. rCBF, regional cerebral
blood flow; R, right; L, left.
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contrast New–View in our experiment is most likely
related to attentional modulation, because the stimuli were
comparable (novel stimuli), but the instructions required
greater attention to new objects during the recognition
testing compared with passively viewed objects. The
thalamic activation seen in the contrast New–Old indicates
a greater involvement of the pulvinar when recognizing
novel objects compared to previously seen objects.

We found activation of prefrontal areas during the
recognition of old objects, which replicates the results of
previous studies using a similar experimental design
(Schacter et al 1995, 1997; Uecker et al 1997). We found
the most significant rCBF increase during the Old–New
contrast in right prefrontal area 47. Previous studies have
shown that right inferior prefrontal areas contribute to
episodic memory for visuospatial stimuli (Wagner 1999).
During episodic retrieval, visuospatial representations of
the target object may be maintained in working memory as
part of the retrieval process (Wagner 1999). The magni-
tude of right prefrontal activation, however, might not
systematically vary with recognition performance (Wag-
ner et al 1998).

The control subjects in our study showed medial tem-
poral lobe activation only during the contrast New–Old.
Two previous PET studies of episodic object recognition
had reported medial temporal lobe activation during the
recognition of old objects (Schacter et al 1995, 1997), and
a more recent PET study (Schacter et al 1999) had
reported medial temporal lobe activation for the recogni-
tion of old as well as new objects. Our study, which
employed an experimental design similar to the recent
study by Schacter et al (1999), confirms their finding of
medial temporal lobe activation in the contrast New–Old.
It is not clear why we did not find medial temporal lobe
activation during the recognition of previously seen ob-
jects, but several differences in study design have to be
considered: 1) our control subjects were more accurate in
recognizing old objects than were those in Schacter et al’s
experiment; 2) our subjects were given only one study
exposure to target objects (compared to two), which was
followed by four (compared to six) recognition test scans;
3) the target objects in each scan followed six buffer items
(compared to one); and 4) our subjects were all male,
whereas those in Schacter et al’s study were all female,
and our subjects were older and had achieved a lower level
of education than those in the Schacter et al experiment.
Future studies should explore which of these differences
are responsible for the contrasting patterns of results.

The patients with schizophrenia did not show tha-
lamic activation during the recognition of novel objects,
neither in the New–Old contrast nor in comparison with
the two baseline conditions. This difference was signif-
icant as a group-by-condition interaction for the con-

trasts New–Old and New–Fixation. This provides evi-
dence for an impairment of thalamic function in
schizophrenia during tasks that require subjects to pay
attention to or recognize novel visual objects. This
finding is of interest, because recent neuroimaging
studies have demonstrated functional abnormalities, and
some, but not all, have reported structural abnormalities
of the thalamus in schizophrenia (Andreasen et al 1994,
1996; Arciniegas et al 1999; Buchsbaum et al 1996;
Hazlett et al 1999). Specifically, thalamic glucose
metabolism was reduced during a visual continuous
performance task (Buchsbaum et al 1996) and a serial
verbal learning task (Hazlett et al 1999). Furthermore,
thalamic rCBF decreases in schizophrenia, in the con-
text of an overall impaired prefrontal–thalamic– cer-
ebellar circuitry, have been found during the recall of
complex narrative material (Andreasen et al 1996). Our
experiment provides the first evidence that thalamic
function during the recognition of novel visual stimuli
is impaired in schizophrenia.

The patients with schizophrenia were less accurate in
recognizing previously seen objects and showed greater
activation of left prefrontal area 8 in the contrast
Old–New. This is consistent with previous neuropsy-
chological and neuroimaging studies. First, two com-
prehensive reviews of studies investigating neurocogni-
tive deficits in schizophrenia have concluded that
nonverbal recognition memory is significantly impaired
in schizophrenia (Aleman et al 1999; Heinrichs and
Zakzanis 1998). We did not collect response time data,
which could have provided additional information about
the nature of the object recognition deficit in our study
group. For example, differences in object recognition
between the two groups could be strategic in nature (and
may be likely, given the evidence for frontal contribu-
tions to strategic aspects of memory retrieval [Buckner
et al 1998; Schacter et al 1996]). Second, numerous
neuroimaging studies have provided evidence that the
recruitment of the prefrontal cortex during the perfor-
mance of various cognitive tasks is abnormal in schizo-
phrenia (Kotrla and Weinberger 1995). One abnormal
pattern is that of greater rCBF increase in the setting of
normal or impaired performance (Frith et al 1995;
Manoach et al 1999). Our data are consistent with these
studies, possibly indicating a decreased efficiency of
prefrontal cortex function during task performance.
Furthermore, the schizophrenic patients activated left
prefrontal cortex during the recognition of old objects,
whereas the control subjects activated right prefrontal
cortex during the recognition of old objects. Previous
studies have shown that prefrontal activation during
episodic memory retrieval tends to lateralize, with
visuospatial stimuli eliciting right and semantic/phono-
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logical stimuli eliciting left prefrontal activation pat-
terns (Wagner 1999). The lack of hemispheric asymme-
try for the recognition of visually presented objects as
seen in the patients with schizophrenia might indicate a
different strategy, a failure of right prefrontal cortex
recruitment, or a disinhibition of left prefrontal cortex
activity that interferes with normal visuospatial memory
processes. Interestingly, recent neuroimaging studies
have provided evidence for an abnormality of left
hemispheric activity during the performance of cogni-
tive tasks in schizophrenia (Gur and Chin 1999).

The patients with schizophrenia did not show any medial
temporal lobe activation during object recognition. Because
our control group also did not show robust medial temporal
lobe activation, we did not find significant group-by-condi-
tion interactions. Previous studies have demonstrated that
episodic recognition is associated with the recruitment of a
frontal–temporal neural network. Data from this experiment
provide evidence that the prefrontal component of this
network is dysfunctional in schizophrenia but cannot speak to
a possible involvement of the medial temporal lobe.

We have to consider several details of our study
design that might limit the generalizability of our
results. First, all subjects were male and all schizo-
phrenic subjects were chronic, stable outpatients,
treated with typical neuroleptics. We decided not to
interfere with the current treatment of the patients, for
practical, ethical, and scientific reasons. For example,
discontinuation of neuroleptic medication might impair
memory function in chronic schizophrenic patients
(Gilbertson and van Kammen 1997). Second, we stud-
ied small samples; however, we used a mixed effect
model analysis to test for population inferences
(Holmes and Friston 1998; Woods 1996). Third, we do
not have information about brain structure in our
subjects. It is possible that some of the functional
abnormalities noted in our schizophrenia sample are
attributable to structural differences (e.g., smaller tha-
lamic or prefrontal cortex volumes); however, thalamus
volume differences are not consistently found in schizo-
phrenia (Arciniegas et al 1999; Portas et al 1998a) and
a recent study by Hazlett et al demonstrated functional
abnormalities of the thalamus without concurrent vol-
ume loss in schizophrenia (Hazlett et al 1999).

In conclusion, we found evidence for abnormal tha-
lamic and prefrontal cortical function during episodic
object recognition in schizophrenia. Object recognition
paradigms provide a tool to study thalamic and prefron-
tal dysfunction in schizophrenia. Future studies are
needed to elucidate the mechanisms underlying de-
creased thalamic and abnormal (decreased right and
increased left) prefrontal activation during object rec-
ognition in schizophrenia.
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