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Functional Imaging of Memory Retrieval
in Deficit vs Nondeficit Schizophrenia
Stephan Heckers, MD; Donald Goff, MD; Daniel L. Schacter, PhD; Cary R. Savage, PhD;
Alan J. Fischman, MD, PhD; Nathaniel M. Alpert, PhD; Scott L. Rauch, MD

Background: Neuroimaging studies have provided evidence of abnormal frontal and temporal lobe function in
schizophrenia. Frontal cortex abnormalities have been
associated with negative symptoms and temporal lobe abnormalities with positive symptoms. The deficit and nondeficit forms of schizophrenia were predicted to differ
in prefrontal cortical activity, but not in medial temporal lobe activity.

Results: In all memory conditions, frontal cortex activity was higher in patients without the deficit syndrome
than in patients with the deficit syndrome. During the
attempt to retrieve poorly encoded words, patients without the deficit syndrome recruited the left frontal cortex
to a significantly greater degree than did patients with
the deficit syndrome. The 2 schizophrenia subtypes did
not differ in the activity or recruitment of the hippocampus during memory retrieval.

Methods: Regional cerebral blood flow was studied

using oxygen 15 positron emission tomography
during 3 different memory retrieval conditions in
8 control subjects, 8 patients with the deficit syndrome, and 8 patients without the deficit syndrome.
Behavioral and positron emission tomography data
were analyzed using a mixed-effects model to test for
population differences.
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Conclusion: Frontal cortex function during memory re-

trieval is differentially impaired in deficit and nondeficit schizophrenia, whereas hippocampal recruitment deficits are not significantly different between the 2
schizophrenia groups.
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EUROIMAGING studies
have revealed dysfunctional neural networks in
schizophrenia.1-3 Studies of regional cerebral
blood flow (rCBF) and glucose metabolism have found abnormalities in frontal
cortex and temporal lobe structures at rest
as well as during the performance of cognitive tasks. There is, however, no pattern that is diagnostic for schizophrenia.
For example, frontal and temporal cortex activity at rest have been found to be
lower by some investigators but not by others.1 Similarly, frontal cortex recruitment
during task performance was found to be
decreased in some studies4-14 but not in
others.15-17
The clinical heterogeneity of schizophrenia might explain why it is not associated with a pathognomonic abnormality of brain function. For example, frontal
cortex activity at rest correlates inversely
with the degree of negative symptoms,18-24
and left medial temporal lobe activity at
rest correlates positively with the severity of psychopathology25,26 or the degree
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of reality distortion. 23 Similarly, decreased frontal cortex recruitment during the performance of some cognitive
tasks occurs primarily in patients with
negative symptoms.4,11
Negative symptoms such as anhedonia, avolition, and affective blunting may
be primary features of schizophrenia or
may be secondary to depression or drug
treatment. In about 15% of patients with
schizophrenia, classified as having deficit
syndrome, negative symptoms are primary and enduring features.27 Carpenter
and colleagues28 have postulated that patients with deficit syndrome show more
prominent prefrontal cortex deficits than
the rest of the schizophrenia spectrum, but
that all patients with schizophrenia show
medial temporal lobe abnormalities.
Using positron emission tomography (PET), we have recently provided the
first evidence for an impaired recruitment of the hippocampus in schizophrenia.29 Patients with schizophrenia lacked
the normal modulation of hippocampal activity associated with different modes of
memory recall,30,31 but frontal cortex acti-
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SUBJECTS AND METHODS
SUBJECTS
We studied 16 male subjects with schizophrenia and 8 male
control subjects. Data from 13 patients with schizophrenia and the 8 control subjects were previously analyzed
to test for differences between patients with schizophrenia and normal controls.29
The patients with schizophrenia were recruited
from an outpatient mental health clinic in Boston, Mass,
and diagnosed according to DSM-IV criteria 33 by an
experienced clinician (D.G.). Control subjects were
recruited by advertisement. All subjects provided written
informed consent. Subjects were excluded if English was
a second language or if they had a history of neurological or medical illness, current substance abuse, or lifetime substance dependence. The study was approved 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.
Eight of the 16 patients with schizophrenia were
classified as having deficit syndrome schizophrenia and 8
were classified as having nondeficit syndrome schizophrenia using the Schedule for the Deficit Syndrome.32 The
patients were assessed by a clinician trained in the
administration of the schedule: the total score for negative symptoms ranged from 10 to 15 (minimum, 0; maximum, 24), and the Global Severity Rating scores were 2
(n = 1) or 3 (n = 7).
All subjects were right-handed34 and the 3 groups were
similar in age (controls, 40.0 ± 6.3 years; patients with nondeficit syndrome, 42.6 ± 5.7 years; and patients with deficit syndrome, 40.0 ± 5.0 years). No control subject had a
history of a psychiatric disorder as assessed by the Structured Clinical Interview for DSM-III-R.35 The level of education (controls, 14.9 ± 1.1 years; patients with nondeficit
syndrome, 12.8 ± 2.6 years; and patients with deficit syndrome, 13.2 ± 1.4 years) was significantly different only between the control and deficit syndrome groups (P = .02). The

vation was not impaired. We report on an extension of
our previous sample to a larger group of patients with
deficit or nondeficit syndrome32 similar in sex, age, duration of illness, and medication status. We tested the hypothesis that deficit and nondeficit forms of schizophrenia differ in prefrontal cortical function, but not in medial
temporal lobe function. To achieve this goal, we constrained encoding strategies (shallow or deep) to dissociate frontal cortex activation (associated with low recall accuracy) from hippocampal activation (associated
with high recall accuracy).
RESULTS

subjects’ parental level of education was not significantly
different between groups (controls, 12.6 ± 2.7 years; patients with nondeficit syndrome, 11.0 ± 2.6 years; and patients with deficit syndrome, 11.9 ± 0.6 years; controls vs
nondeficit syndrome: P = .24; controls vs deficit syndrome: P = .50; and deficit vs nondeficit syndrome: P = .33).
Both schizophrenia samples had a similar duration of illness (patients with nondeficit syndrome, 18.1 ± 6.3 years;
patients with deficit syndrome, 17.5 ± 7.5 years; P = .86).
At the time of the PET experiment, schizophrenia
symptoms were assessed with the Positive and Negative Syndrome Scale36 and Scale for the Assessment of Negative
Symptoms.37 The patients with nondeficit syndrome scored
higher on the Positive and Negative Syndrome Scale positive scale (patients with nondeficit syndrome, 17.0 ± 6.3;
patients with deficit syndrome, 11.4 ± 2.6; P = .03). The patients with deficit syndrome scored higher on the Positive
and Negative Syndrome Scale negative scale (patients with
nondeficit syndrome, 17.6 ± 3.3; patients with deficit syndrome, 22.6 ± 6.1; P = .06) and the Scale for the Assessment of Negative Symptoms (total score: patients with nondeficit syndrome, 32.4 ± 8.1; patients with deficit syndrome,
50.0 ± 15.8; P = .01).
All patients with schizophrenia were treated with
typical neuroleptic drugs; the 2 schizophrenia groups
did not differ significantly in medication dosage
(chlorpromazine-equivalent dosages: patients with nondeficit syndrome, 350 ± 216 mg/d; patients with deficit
syndrome, 450 ± 195 mg/d; P = .57). Two patients with
nondeficit syndrome and 5 patients with deficit syndrome were treated with benztropine mesylate (1-2
mg/d).
COGNITIVE TASK
Subjects performed 3 different tasks.29,30 During the baseline condition, subjects were instructed to complete 3-letter word stems (presented on a computer screen) into the
first word that came to mind. Two other conditions (low
recall and high recall), followed an off-line study session.
During the study session, subjects were presented with a
randomized list of 100 target words, consisting of 20 words

(controls, 0.76 [ie, 76% correctly recalled target words]
and 0.28, P,.001; patients with nondeficit syndrome, 0.64
and 0.35, P = .007; patients with deficit syndrome, 0.62
and 0.34, P = .001) (main effect of condition, F1,20 = 255.5,
P,.001). The increment in recall accuracy was significantly different between the 3 groups (diagnosis 3 condition interaction, F2,20 = 8.45; P = .006). This was caused
by different recall accuracy for the control group compared with both schizophrenia groups during low recall
(patients with nondeficit syndrome vs controls, P = .01;
patients with deficit syndrome vs controls, P = .04) and
during high recall (controls vs patients with nondeficit
syndrome, P = .09; controls vs patients with deficit syndrome, P = .02).

RECALL TASK
The 2 schizophrenia groups did not differ in recall accuracy scores. Recall accuracy was significantly greater
during high recall than during low recall in all 3 groups
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PET DATA
First, mean rCBF values were analyzed for each condition (baseline, low recall, and high recall) separately and
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presented once and 20 words presented 4 times. The subjects were instructed to count T junctions (ie, perpendicular lines that cross) in each letter of the target words presented once (perceptual encoding strategy) and to count
meanings of the target words presented 4 times (semantic
encoding strategy). We gave instructions before each study
session to count either T junctions or the number of meanings of the word presented on the screen. All subjects successfully completed an off-line practice trial to ensure that
they were able to follow the instructions. The accuracy of
counting the T junctions during the study session was not
significantly different between the 3 groups (F2,20 = 1.6;
P = .22). During scanning, the subjects were asked to complete 3-letter word stems of words presented either once
(low-recall condition) or 4 times (high-recall condition).
The experiment consisted of 2 runs of each condition. The
2 baseline conditions bracketed the 2 pairs of low-recall/
high-recall sessions, which were counterbalanced for order across subjects.
PET SCANNING
The PET facilities and procedures were identical to those
previously described.29,38 Positron emission tomography data
were acquired with a General Electric Scanditronix
PC4096 15-slice whole-body tomographic scan (General
Electric, Milwaukee, Wis). The slice geometry consists of
contiguous slices with a center-to-center distance of 6.5 mm
(axial field, 97.5 mm) and axial resolution of 6.0 mm fullwidth half maximum. The axial field of view of the PET
camera in a single-bed position precluded total brain coverage. We determined head positioning to ensure maximal coverage of prefrontal areas and complete coverage of
the hippocampus. Positron emission tomography images
were reconstructed with a conventional convolutionbackprojection algorithm, corrected for photon absorption, scatter, and dead-time effects. Subjects underwent six
1-minute scans and inhaled oxygen 15 carbon dioxide beginning 30 seconds after the initiation of the task. Subjects performed tasks while viewing a computer screen and
responded verbally. Each scan was followed by a 10minute washout period.

for all 3 conditions combined, and contrasted between
groups to compare rCBF values during memory retrieval (main effect of group). Second, mean rCBF values contrasted between conditions were analyzed across
all 3 groups to compare rCBF values during 2 different
modes of memory retrieval (main effect of condition).
Third, changes in rCBF values during 2 modes of memory
retrieval—low-success retrieval (contrast: low
recall − baseline) and high-success retrieval (contrast: high
recall − low recall)—were contrasted to compare the recruitment of brain areas during memory retrieval between the groups (group3retrieval condition interaction).
MAIN EFFECT OF GROUP
Consistent with our a priori hypothesis, frontal cortex
rCBF values (means averaged across all 3 conditions)
differed between the 2 schizophrenia subtypes
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DATA ANALYSIS
We analyzed the effects of group and condition on recall
accuracy with a 2-way mixed factor analysis of variance (subject as random effect) with a grouping factor and with condition as a within-subjects variable. Where indicated by significant effects, we performed post hoc 2-tailed t tests.
Realignment of images and transformation into the
standard stereotactic space of Talairach were performed as
described previously.39 Images were smoothed with a 2-dimensional gaussian filter with a width of 15-mm fullwidth at half maximum. Statistical analyses were performed with Statistical Parametric Mapping (SPM) 96
(Wellcome Department of Cognitive Neurology, London,
England). Mixed models in SPM 96 require that data be
collapsed so that each condition is represented as a single
file. That was accomplished with the proportional scaling
option in the random-effects kit. The data were then modeled with explanatory variables for group and condition.
Main effects and interactions were assessed using t statistics subsequently transformed into z scores. Considering
that a mixed-effects model is appropriate to study population differences and that we had strong localizing hypotheses, we used a threshold for parametric maps of uncorrected P,.001 (ie, z.3.09). For completeness, and to
obviate bias, all activations corresponding to z .3.09 are
shown. However, this threshold is only appropriate for those
territories about which unidirectional a priori hypotheses
were posed. Therefore, other loci are shown in italics to
reflect their post hoc status. Since our Talairach transformation algorithm is compatible with SPM 95, we used SPM
95 for the creation of the glass brain projections.
The findings of our original study29 (ie, a lack of hippocampal recruitment but preserved recruitment of prefrontal areas during different modes of memory retrieval
in patients with schizophrenia compared with control subjects) were extended to the larger patient sample of this
study. Herein, we focus on the comparison between patients with schizophrenia with and without the deficit syndrome. We refer to the control sample only as a reference
to illustrate the differences between the 2 schizophrenia subtypes and the normal pattern of memory retrieval.

(Table 1) (Figure 1). Comparable differences were
found in the parietal and temporal cortex. When compared with controls, frontal cortex rCBF was markedly
reduced in patients with deficit syndrome and much
less so in patients with nondeficit syndrome (Figure 1).
The most significant difference between patients with
deficit and nondeficit syndrome was found in the right
prefrontal cortex (Brodmann area 44/9), where the
rCBF values for the patients with nondeficit syndrome
were mainly in the normal range, whereas all patients
with deficit syndrome showed lower rCBF values
(Figure 2). The same pattern of widespread cortical
differences between patients with deficit and nondeficit syndromes was found when each condition (baseline, low recall, and high recall) was tested separately
for group effects. Compared with the patients with
nondeficit syndrome, the patients with deficit syndrome did not show higher levels of rCBF in any cortical or subcortical region.
WWW.ARCHGENPSYCHIATRY.COM
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Table 1. Main Effects*

Region†

x, y, z
Coordinates,
mm‡

z

k

44, 14, 32
−24, 48, 24
60, −38, 24
58, −50, 8
62, −28, 12

4.43
4.15
4.21
4.05
3.22

188
797
64
47
3

6, 56, −12
18, 22, −12
46, 28, 28
42, 30, −4
−22, 34, 36
2, −20, 4
50, −36, 40
6, −56, −4

4.52
3.13
3.99
3.17
3.44
3.89
3.14
3.30

207
3
108
1
15
33
2
5

Thresholds§

Main Effect of Group
Group\
Nondeficit . Deficit

R prefrontal (44/9)
L prefrontal (10)
R parietal (40)
R middle temporal gyrus (21)
R superior temporal gyrus (22/42)
None

Deficit . Nondeficit

Main Effect of Condition
Condition
Low-success retrieval

R prefrontal (11)
R prefrontal (47)
L prefrontal (9)
R thalamus
R parietal (40)
Cerebellum

High-success retrieval

*R indicates right; L, left.
†The numbers in parentheses refer to Brodmann areas; post hoc findings are in italics.
‡Coordinates refer for the 3 axes (x, y, z) of the Talairach-Tournoux brain atlas.
§The 2 thresholds that define the excursion sets are z = 3.09 and k = 1. The maximum excursion ( z) and the vowel extent ( k) are reported for each activation.
\The sample size of each group (deficit, nondeficit, and control) was 8. Subjects are described in the “Subjects” subsection of the “Subjects and Methods” section.

Transverse

Sagittal

80

Coronal
R

Nondeficit
> Deficit
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VPC VAC

R
Control
> Deficit
R

VPC VAC

R
Control
> Nondeficit

Regional Cerebral Blood Flow, %

R

70

65

60
R

Control Group
Deficit Syndrome
Nondeficit Syndrome

VPC VAC

Figure 1. Statistical parametric maps showing main effects of group on
relative regional cerebral blood flow. Significant group differences in regional
cerebral blood flow (z = 3.09, k = 1) within orthogonally oriented “glass
brains” (created using Statistical Parametric Mapping [SPM] 95) are shown.
Note the differential involvement of prefrontal areas in deficit and nondeficit
schizophrenia.

MAIN EFFECT OF RETRIEVAL CONDITION
In all 3 groups combined, low-success retrieval was
associated with the recruitment of the right (areas 11
and 47) and left (area 9) prefrontal cortex as well as
the right thalamus and right parietal cortex (area 40)
(Table 1). However, during high-success retrieval, the
normal pattern of medial temporal lobe recruitment
was not found (Table 1).
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Figure 2. Box plots of prefrontal cortex regional cerebral blood flow (mean
across all 3 conditions for Brodmann area 44/9; coordinates 44, 14, 32) in
controls and the 2 schizophrenia subtypes (n = 8 for each group). The 5
horizontal lines in each box represent the 10th, 25th, 50th, 75th, and 90th
percentiles; all values above the 90th percentile and below the 10th
percentile are plotted separately.

GROUP 3 RETRIEVAL CONDITION
INTERACTIONS
For the contrast of low recall minus baseline, patients with
nondeficit syndrome exhibited significantly greater recruitment of left prefrontal area 47 compared with patients with deficit syndrome (Table 2) (Figure 3).
WWW.ARCHGENPSYCHIATRY.COM

©1999 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 08/22/2014

Table 2. Group-by-Condition Interactions*
Thresholds|
x, y, z
Coordinates§

z

k

Low Success Retrieval (Low Recall − Baseline)
L prefrontal (47)
−34, 30, −8
−36, 16, −12
None

3.16
3.12

6
1

High Success Retrieval (High Recall − Low Recall)
R occipital (19)
40, −78, 16
R superior temporal gyrus (42)
32, −30, 12
None

3.39
3.34

4
3

Group†

Region‡

Nondeficit . Deficit
Deficit . Nondeficit
Nondeficit . Deficit
Deficit . Nondeficit

*L indicates left; R, right.
†The sample size of each group (deficit, nondeficit, and control) was 8. Subjects are described in the “Subjects” subsection of the “Subjects and Methods”
section.
‡The numbers in parentheses refer to Brodmann areas; post hoc findings are in italics.
§Coordinates refer to the 3 axes (x, y, z) of the Talairach-Tournoux brain atlas.
\The 2 thresholds that define the excursion sets are z = 3.09 and k = 1. The maximum excursion ( z) and the vowel extent ( k) are reported for each activation.

Transverse

Sagittal

8
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R
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R
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Figure 3. Statistical parametric maps reflecting the group (nondeficit
schizophrenia vs deficit schizophrenia) 3 condition (low recall − baseline)
interaction. Significant differences in regional cerebral blood flow (z = 3.09,
k = 1) within orthogonally oriented “glass brains” (created using Statistical
Parametric Mapping [SPM] 95) are shown.

There were no areas of significantly greater recruitment
in the patients with deficit syndrome.
For the contrast of high recall minus low recall, there
were no significant differences in the frontal or medial
temporal lobes between the 2 schizophrenia groups (Table
2). Compared with the control group, both schizophrenia samples failed to recruit the hippocampus (z = 3.29
for patients with nondeficit syndrome; z = 2.99 for patients with deficit syndrome) (Figure 4).
COMMENT

Our study provides evidence that the frontal cortex is differentially impaired in deficit and nondeficit schizophrenia; frontal cortex activity during memory retrieval and
left frontal cortex recruitment during retrieval attempt
were significantly greater in patients with nondeficit syndrome. However, the medial temporal lobe is similarly
impaired in deficit and nondeficit schizophrenia; both
schizophrenia groups did not differ in medial temporal
lobe activity and failed to exhibit the normal pattern of
hippocampal recruitment during memory retrieval.
Recent functional neuroimaging studies have demonstrated that the prefrontal cortex and hippocampus are
associated with distinct components of memory retrieval.40-42 The right frontal cortex is consistently activated during intentional declarative or episodic retrieval
of words, faces, scenes, or objects.30,40,43-46 The degree of
right frontal activation during intentional retrieval may reflect the degree of strategic monitoring of memory reARCH GEN PSYCHIATRY/ VOL 56, DEC 1999
1121

Differences in Regional Cerebral Blood Flow
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-4
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Figure 4. Mean ± SEM differences in hippocampal recruitment (D regional
cerebral blood flow) at coordinates 22, −28, −4 for the high-recall minus
low-recall contrast between controls and the 2 schizophrenia subtypes (n = 8
for each group).

trieval.40,47-49 Hippocampal recruitment is associated with
encoding and subsequent successful retrieval of
memory.30,31,41,50-52 The pattern of right prefrontal cortex
and hippocampal activation in our control group29 is consistent with these previous studies of memory retrieval.
Our results add new information to the existing literature regarding frontal and temporal lobe function in
schizophrenia. Schizophrenia has long been associated
with frontal lobe pathologic features.53 More recently, the
theory of hypofrontality in schizophrenia4 has been advanced, based mainly on findings of structural and functional neuroimaging studies. However, the concept of hypofrontality has not remained unchallenged.15,54 We found
hypofrontality when comparing mean rCBF values across
memory retrieval conditions; it was most pronounced in
the patients with deficit syndrome. However, rCBF
WWW.ARCHGENPSYCHIATRY.COM
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changes in prefrontal areas during memory retrieval were
more variable. Furthermore, although the 2 schizophrenia groups differed in frontal cortex activity during
memory retrieval, they did not differ in recall accuracy
scores. This raises 2 questions: How does prefrontal cortex activity relate to task performance?55 and Does a lower
rCBF starting point provide greater capacity for rCBF increases?15,56 To our knowledge, these issues have not yet
been studied in schizophrenia.
Previous studies have reported differential impairment of cognitive function,57-59 brain structure,60 and brain
function61 in deficit and nondeficit schizophrenia. Two
previous studies of cerebral glucose metabolism at rest
have reported differential involvement of frontal and temporal areas in deficit vs nondeficit schizophrenia. Tamminga et al61 reported cortical hypometabolism in patients with deficit syndrome only and hippocampal
hypometabolism in patients with deficit syndrome and
those with nondeficit syndrome. Gur et al62 reported no
differences in temporal lobe metabolism between deficit and nondeficit groups, but found increased left temporal metabolism in patients with negative symptoms as
well as those with Schneiderian delusions and hallucinations. Differences in imaging methods (rest vs activation, metabolism vs blood flow, region-of-interest analysis vs SPM) make it difficult to compare our results with
those in these 2 previous studies. However, the prominent involvement of the medial temporal lobe in both deficit and nondeficit schizophrenia and the decrease of frontal activity primarily in patients with negative symptoms
is a consistent theme in all 3 studies.
Several authors have proposed that temporal lobe
dysfunction is associated with delusions and hallucinations in schizophrenia23,63-67 and in cases of organic psychosis.68 Furthermore, abnormal frontal-temporal connections are proposed to give rise to schizophrenia.69-73
Our study of memory retrieval provides evidence for differential dysfunction of the frontal-temporal neural network in patients with schizophrenia with and without
the deficit syndrome.
We have to consider treatment with neuroleptic medication and small sample size as 2 limitations of our study.
All patients with schizophrenia were stable outpatients,
treated with typical neuroleptics; some were treated with
anticholinergic drugs. This could have affected memory performance and rCBF. We decided to study stable patients
given neuroleptic medication since drug discontinuation
could have worsened hippocampal function and memory
performance.74 Furthermore, there is no evidence that longterm exposure to typical neuroleptics changes blood flow
patterns in schizophrenia in the temporal lobe or in the prefrontal cortex during cognitive activation.75,76 The findings from the direct comparison of patients with deficit syndrome and those with nondeficit syndrome are not
confounded by age or duration of illness and are unlikely
to be confounded by antipsychotic medication (various typical neuroleptics, similar chlorpromazine-equivalent doses).
Although we studied small samples, we used a mixedeffects model in our analysis of the behavioral and PET data.
This allows us to make inferences not only about the study
samples, but also about the populations from which the
samples were drawn.77-79
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In summary, we found evidence for frontal and temporal lobe dysfunction in schizophrenia. Deficit and nondeficit schizophrenia differ in the degree of frontal lobe
dysfunction during memory retrieval but are similarly impaired in hippocampal recruitment.
Accepted for publication August 20, 1999.
This study was supported by a Dupont-Warren Fellowship from Harvard Medical School, Boston, Mass (Dr Heckers); by Staglin Music Festival Investigator Award (Dr Heckers) and a Young Investigator Award (Dr Rauch) from the
National Alliance for Research on Schizophrenia and Depression, Great Neck, NY; and by grants K20MH01215 (Dr Rauch)
and R01MH57915 (Dr Schacter), from the National Institute of Mental Health, Rockville, Md.
We thank Dmitry Berdichevsky, MS, Zakhar Levin, MS,
Avis Loring, RT, Sandra Barrow, BS, Steve Weise, BS, Ed
Amico, MEd, and Dana Ruther, MA, for technical assistance.
Corresponding author: Stephan Heckers, MD, Department of Psychiatry, Massachusetts General Hospital-East,
CNY-9132, Bldg 149, 13th Street, Charlestown, MA 02129
(e-mail: heckers@psych.mgh.harvard.edu).
REFERENCES
1. Gur RE. Functional brain imaging studies in schizophrenia. In: Watson SJ, ed.
Psychopharmacology: The Fourth Generation of Progress [book on CD-ROM].
Philadelphia, Pa: Lippincott-Raven Publishers; 1998.
2. McClure RJ, Keshavan MS, Pettegrew JW. Chemical and physiologic brain imaging in schizophrenia. Psychiatr Clin North Am. 1998;21:93-122.
3. Liddle PF. Functional imaging: schizophrenia. Br Med Bull. 1996;52:486-494.
4. Ingvar DH, Franzen G. Abnormalities of cerebral blood flow distribution in patients with chronic schizophrenia. Acta Psychiatr Scand. 1974;50:425-462.
5. Weinberger DR, Berman KF, Zec RF. Physiologic dysfunction of dorsolateral prefrontal cortex in schizophrenia, I: regional cerebral blood flow evidence. Arch Gen
Psychiatry. 1986;43:114-124.
6. Berman KF, Zec RF, Weinberger DR. Physiologic dysfunction of dorsolateral prefrontal cortex in schizophrenia, II: role of neuroleptic treatment, attention, and
mental effort. Arch Gen Psychiatry. 1986;43:126-135.
7. Berman KF, Illowsky BP, Weinberger DR. Physiological dysfunction of dorsolateral prefrontal cortex in schizophrenia, IV: further evidence for regional and
behavioral specificity. Arch Gen Psychiatry. 1988;45:616-622.
8. Weinberger DR, Berman KF, Illowsky BP. Physiological dysfunction of dorsolateral prefrontal cortex in schizophrenia, III: a new cohort and evidence for a
monoaminergic mechanism. Arch Gen Psychiatry. 1988;45:609-615.
9. Rubin P, Holm S, Friberg L, Videbech P, Andersen HS, Bendsen BB, Stromso N,
Larsen JK, Lassen NA, Hemmingsen R. Altered modulation of prefrontal and subcortical brain activity in newly diagnosed schizophrenia and schizophreniform
disorder: a regional cerebral blood flow study. Arch Gen Psychiatry. 1991;48:
987-995.
10. Berman KF, Torrey EF, Daniel DG, Weinberger DR. Regional cerebral blood flow
in monozygotic twins discordant and concordant for schizophrenia. Arch Gen
Psychiatry. 1992;49:927-934.
11. Andreasen NC, Rezai K, Alliger R, Swayze VW II, Flaum M, Kirchner P, Cohen G,
O’Leary DS. Hypofrontality in neuroleptic-naive patients and in patients with chronic
schizophrenia: assessment with xenon 133 single-photon emission computed
tomography and the Tower of London. Arch Gen Psychiatry. 1992;49:943-958.
12. Catafau AM, Parellada E, Lomena FJ, Bernardo M, Pavia J, Ros D, Setoain J, Gonzalez-Monclus E. Prefrontal and temporal blood flow in schizophrenia: resting and
activation technetium-99m-HMPAO SPECT patterns in young neuroleptic-naive
patients with acute disease. J Nucl Med. 1994;35:935-941.
13. Parellada E, Catafau AM, Bernardo M, Lomena F, Catarineu S, GonzalezMonclus E. The resting and activation issue of hypofrontality: a single photon
emission computed tomography study in neuroleptic-naive and neurolepticfree schizophrenic female patients. Biol Psychiatry. 1998;44:787-790.
14. Stevens AA, Goldman-Rakic PS, Gore JC, Fulbright RK, Wexler BE. Cortical dysfunction in schizophrenia during auditory word and tone working memory demonstrated
by functional resonance imaging. Arch Gen Psychiatry. 1998;55:1097-1103.
15. Frith CD, Friston KJ, Herold S, Silbersweig D, Fletcher P, Cahill C, Dolan RJ, Frackowiak RS, Liddle PF. Regional brain activity in chronic schizophrenic patients
during the performance of a verbal fluency task. Br J Psychiatry. 1995;167:343349.
16. Fletcher PC, McKenna PJ, Frith CD, Grasby PM, Friston KJ, Dolan RJ. Brain activations in schizophrenia during a graded memory task studied with functional
neuroimaging. Arch Gen Psychiatry. 1998;55:1001-1008.

WWW.ARCHGENPSYCHIATRY.COM

©1999 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 08/22/2014

17. Manoach DS, Press DZ, Thangaraj V, Searl MM, Goff DC, Halpern E, Saper CB, Warach
S. Schizophrenia subjects activate dorsolateral prefrontal cortex during a working
memory task as measured by fMRI. Biol Psychiatry. 1999;45:1128-1137.
18. Volkow ND, Wolf AP, Van Gelder P, Brodie JD, Overall JE, Cancro R, GomezMont F. Phenomenological correlates of metabolic activity in 18 patients with
chronic schizophrenia. Am J Psychiatry. 1987;144:151-158.
19. Volkow ND, Wolf AP, Brodie JD, Cancro R, Overall JE, Rhoades H, Van Gelder P.
Brain interactions in chronic schizophrenics under resting and activation conditions. Schizophr Res. 1988;1:47-53.
20. Wiesel FA, Wik G, Sjogren I, Blomqvist G, Greitz T, Stone-Elander S. Regional
brain glucose metabolism in drug free schizophrenic patients and clinical correlates. Acta Psychiatr Scand. 1987;76:628-641.
21. Wolkin A, Sanfilipo M, Wolf AP, Angrist B, Brodie JD, Rotrosen J. Negative symptoms and hypofrontality in chronic schizophrenia. Arch Gen Psychiatry. 1992;
49:959-965.
22. Suzuki M, Kurachi M, Kawasaki Y, Kiba K, Yamaguchi N. Left hypofrontality correlates with blunted affect in schizophrenia. Jpn J Psychiatry Neurol. 1992;46:
653-657.
23. Liddle PF, Friston KJ, Frith CD, Hirsch SR, Jones T, Frackowiak RS. Patterns of
cerebral blood flow in schizophrenia. Br J Psychiatry. 1992;160:179-186.
24. Ebmeier KP, Blackwood DH, Murray C, Souza V, Walker M, Dougall N, Moffoot
AP, O’Carroll RE, Goodwin GM. Single-photon emission computed tomography
with 99mTc-exametazime in unmedicated schizophrenic patients. Biol Psychiatry. 1993;33:487-495.
25. Friston KJ, Liddle PF, Frith CD, Hirsch SR, Frackowiak RS. The left medial temporal region and schizophrenia: a PET study. Brain. 1992;115:367-382.
26. DeLisi LE, Buchsbaum MS, Holcomb HH, Langston KC, King AC, Kessler R, Pickar
D, Carpenter WT Jr, Morihisa JM, Margolin R, Weinberger DR. Increased temporal lobe glucose use in chronic schizophrenic patients. Biol Psychiatry. 1989;
25:835-851.
27. Carpenter WT Jr, Heinrichs DW, Wagman AM. Deficit and nondeficit forms of
schizophrenia: the concept. Am J Psychiatry. 1988;145:578-583.
28. Carpenter WT Jr, Buchanan RW, Kirkpatrick B, Tamminga C, Wood F. Strong
inference, theory testing, and the neuroanatomy of schizophrenia. Arch Gen Psychiatry. 1993;50:825-831.
29. Heckers S, Rauch SL, Goff D, Savage CR, Schacter DL, Fischman AJ, Alpert NM.
Impaired recruitment of the hippocampus during conscious recollection in schizophrenia. Nat Neurosci. 1998;1:318-323.
30. Schacter DL, Alpert NM, Savage CR, Rauch SL, Albert MS. Conscious recollection and the human hippocampal formation: evidence from positron emission
tomography. Proc Natl Acad Sci U S A. 1996;93:321-325.
31. Schacter DL, Savage CR, Alpert NM, Rauch SL, Albert MS. The role of hippocampus and frontal cortex in age-related memory changes: a PET study. Neuroreport. 1996;7:1165-1169.
32. Kirkpatrick B, Buchanan RW, McKenney PD, Alphs LD, Carpenter WT Jr. The Schedule for the Deficit Syndrome: an instrument for research in schizophrenia. Psychiatry Res. 1989;30:119-123.
33. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. Washington, DC: American Psychiatric Association; 1994.
34. White K, Ashton R. Handedness assessment inventory. Neuropsychologia. 1976;
14:261-264.
35. Spitzer RL, Williams JB, Gibbon M, First MB. Structured Clinical Interview for
DSM-III-R. Washington, DC: American Psychiatric Press; 1991.
36. Kay SR, Fiszbein A, Opler LA. The Positive and Negative Syndrome Scale (PANSS)
for schizophrenia. Schizophr Bull. 1987;13:261-276.
37. Andreasen NC. The Scale for the Assessment of Negative Symptoms (SANS):
conceptual and theoretical foundations. Br J Psychiatry Suppl. November 1989:
49-58.
38. Rauch SL, Savage CR, Alpert NM, Miguel EC, Baer L, Breiter HC, Fischman AJ,
Manzo PA, Moretti C, Jenike MA. A positron emission tomographic study of simple
phobic symptom provocation. Arch Gen Psychiatry. 1995;52:20-28.
39. Alpert NM, Berdichevsky D, Weise S, Tang J, Rauch SL. Stereotactic transformation of PET scans by nonlinear least squares. In: Uemura K, Jones T, eds.
Quantification of Brain Function: Tracer Kinetics and Image Analysis in Brain PET.
Amsterdam, the Netherlands: Excerpta Medica; 1993:459-463.
40. Gabrieli JD. Cognitive neuroscience of human memory. Annu Rev Psychol. 1998;
49:87-115.
41. Fletcher PC, Frith CD, Rugg MD. The functional neuroanatomy of episodic memory.
Trends Neurosci. 1997;20:213-218.
42. Ungerleider LG. Functional brain imaging studies of cortical mechanisms for
memory. Science. 1995;270:769-775.
43. Kapur S, Craik FI, Jones C, Brown GM, Houle S, Tulving E. Functional role of the
prefrontal cortex in retrieval of memories: a PET study. Neuroreport. 1995;6:
1880-1884.
44. Nyberg L, Tulving E, Habib R, Nilsson LG, Kapur S, Houle S, Cabeza R, McIntosh AR. Functional brain maps of retrieval mode and recovery of episodic inormation. Neuroreport. 1995;7:249-252.
45. Rugg MD, Fletcher PC, Frith CD, Frackowiak RS, Dolan RJ. Differential activation of the prefrontal cortex in successful and unsuccessful memory retrieval.
Brain. 1996;119:2073-2083.
46. Wagner AD, Desmond JE, Glover GH, Gabrieli JD. Prefrontal cortex and recognition memory: functional-MRI evidence for context-dependent retrieval processes. Brain. 1998;121(pt 10):1985-2002.
47. Fletcher PC, Shallice T, Frith CD, Frackowiak RS, Dolan RJ. The functional roles of
prefrontal cortex in episodic memory, II: retrieval. Brain. 1998;121:1249-1256.

ARCH GEN PSYCHIATRY/ VOL 56, DEC 1999
1123

48. Buckner RL, Koutstaal W, Schacter DL, Dale AM, Rotte M, Rosen BR. Functionalanatomic study of episodic retrieval, II: selective averaging of event-related fMRI
trials to test the retrieval success hypothesis. Neuroimage. 1998;7:163-175.
49. Rugg MD, Fletcher PC, Allan K, Frith CD, Frackowiak RSJ, Dolan RJ. Neural correlates of memory retrieval during recognition memory and cued recall. Neuroimage. 1998;8:262-273.
50. Squire LR, Ojemann JG, Miezin FM, Petersen SE, Videen TO, Raichle ME. Activation of the hippocampus in normal humans: a functional anatomical study of
memory. Proc Natl Acad Sci U S A. 1992;89:1837-1841.
51. Schacter DL, Wagner AD. Medial temporal lobe activations in fMRI and PET studies of episodic encoding and retrieval. Hippocampus. 1999;9:7-24.
52. Nyberg L, McIntosh AR, Houle S, Nilsson L-G, Tulving E. Activation of medial
temporal structures during episodic memory retrieval. Nature. 1996;380:715717.
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