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Abnormalities in the Distributed Network of 
Sustained Attention Predict Neuroleptic 
Treatment Response in Schizophrenia

 

Robert M. Cohen, Ph.D., M.D., Thomas E. Nordahl, Ph.D., M.D., William E. Semple, Ph.D.,

 

Paul Andreason, M.D., and David Pickar, M.D.

 

The regional cerebral metabolic rates of 19 male medication-
withdrawn schizophrenic patients were determined by 
positron emission tomography (PET) while performing an 
auditory discrimination task (CPT). Regardless of the 
accuracy of their CPT performance, the schizophrenic 
patients had lower metabolic rates in their prefrontal cortex 
and higher rates in their posterior putamen compared to 41 
healthy males. Abnormally low right anterior midprefrontal 
cortex metabolic rates predicted better clinical response 

while high basal ganglia rates and low mid-cingulate rates 
predicted poor treatment response to neuroleptics. The 
findings imply that the sustained attention pathway and its 
distributed network of brain structures are likely to play an 
important role in the expression of psychotic symptoms and 
the mediation of their response to antipsychotics. 
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Failure to execute goal-directed behavior is a prominent
manifestation of schizophrenia. Sustained attention on
continuous performance tasks (CPT) has served as a
laboratory model of this failure in positron emission to-
mography (PET) studies of regional glucose metabolic
rates (Cohen et al. 1988a). In PET studies (Buchsbaum et
al. 1990, 1992a; Cohen et al. 1987), medication-with-
drawn and neuroleptic-naive patients with schizophre-

nia performing CPT, and in our study, regardless of
performance and medication status, were found to have
abnormally low functional activity of the midprefrontal
cortex area that served as the biological determinant of
this task in normal controls (Cohen et al. 1987, 1988c,
1992). These studies, although consistent with earlier
data from a variety of methods on the importance of the
right prefrontal cortex in attentional processes (Mesu-
lam 1981), and subsequent and concurrent other PET
studies utilizing cerebral blood flow as a measure of ac-
tivation (Posner and Petersen 1990), were all performed
at low resolutions and most, if not all, with calculated
attenuation corrections.

Using a tomograph with improved resolution, and
one in which an empirically determined attenuation
correction could be used, was expected to lead to more
accurate localized metabolic rate determinations, par-
ticularly for brain regions small in size and located in
the inferior parts of the brain, e.g., subcortex. This ex-
pectation was borne out in a new study of normal con-
trols performing CPT (Cohen et al. 1992) that provided
evidence of basal ganglia involvement in the task per-
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formance of normal controls that had previously gone
undetected. The new findings were consistent with ear-
lier animal and human studies of basal ganglia involve-
ment in attentional processes (see Mesulam, 1981 and
Cohen et al., 1992 for references). The importance of this
finding for understanding the phenotypic expression of
schizophrenia attained greater significance as a result of
the findings of Buchsbaum and his colleagues (Buchs-
baum et al. 1992a). These investigators not only found
diminished basal ganglia metabolism in addition to di-
minished frontal cortex metabolism in patients never
medicated before with neuroleptics, but also that lower
subcortical metabolic rates, prior to neuroleptic treat-
ment, predicted a favorable clinical response to halo-
peridol (Buchsbaum et al. 1992c) and clozapine (Buchs-
baum et al. 1992b). Since neuroleptics increase basal
ganglia metabolic rates (Cohen et al. 1988b, 1997; DeLisi
et al. 1985), the above basal ganglia findings suggest
that neuroleptics exert a normalizing metabolic effect
on the basal ganglia and by inference on its functional
activity in neuroleptic responsive schizophrenics.

The following PET scan study in neuroleptic resis-
tant patients with schizophrenia was undertaken to: 1)
Replicate our previous findings of a decrease in func-
tional activity of the prefrontal cortex in schizophrenia
with special reference to the possibility that poor CPT
performance is the cause of the diminished prefrontal
cortex activity; 2) Determine if reduced functional activ-
ity of this region during CPT is associated with more
negative symptoms at the time of scan as suggested by
the work of Wolkin et al. (1992) and Tamminga et al.
(1992); 3) Compare with a higher resolution tomograph
the functional activity of the basal ganglia of schizo-
phrenic patients to that of normal controls, and if found
to differ, evaluate whether basal ganglia activity is re-
lated to patient symptoms at the time of their scan; and
4) replicate Buchsbaum et al. (1992a, b) findings of pre-
treatment left caudate, right posterior putamen, thala-
mus, and hippocampal functional activity as predictors
of neuroleptic treatment response while conducting an
exploratory analysis of the predictiveness of CPT per-
formance itself and the functional activities of those
other brain regions that act as biological determinants
of this performance, the right midprefrontal cortex and
mid-cingulate.

 

MATERIALS AND METHODS

Subjects

 

Forty-one male normal controls (aged 31.4 

 

6

 

 8.6 years)
and 19 male schizophrenic patients (aged 32.6 

 

6

 

 6.2
years) participated in the study after giving informed
consent. Each normal volunteer was interviewed by a
psychiatrist, received a physical examination, com-
pleted an MMPI, and submitted blood and urine sam-

ples for routine laboratory evaluation. On the basis of
all the available information, volunteers were pro-
scribed from participating if they had any serious medi-
cal illness, any history of significant mental (DSM-III-R
criteria) or neurologic disorder, or first-degree relatives
with histories consistent with DSM-III-R diagnoses of
schizophrenia, major mood disorder, or alcohol abuse.
All patients were given a modified SADS and met
DSMIII-R criteria for schizophrenia based on the evalu-
ation of two psychiatrists. Patients were excluded if a
significant medical or neurological problem was present.
The patients were residing on a research unit at the
NIH at the time of scan and throughout treatment, and
were the same patients previously reported in Pickar et
al. 1992 and Cohen et al. 1997.

Within two weeks of admission, subjects were begun
on “blind” medication regimens and neuroleptics were
converted to the typical neuroleptic fluphenazine hy-
drochloride. The dose of fluphenazine was titrated clin-
ically and maintained for at least four weeks. Placebo
substitution was made after varying periods of continu-
ous fluphenazine treatment, both to maintain the blind
treatment protocol and to limit the number of drug-free
patients on the ward at one time. All patients were
maintained on a regimen of placebo for at least 2.5
weeks. It was during this time that the “pre-treatment”
scans were obtained. At the completion of the placebo
period, clozapine treatment was begun.

Patient symptoms were measured using the Bunney-
Hamburg Rating Scale for psychosis (BHRS-P) (Bunney
and Hamburg 1963), the Brief Psychiatric Rating Scale
(BPRS) (Overall and Gorham, 1961), and the Scale for
the Assessment of Negative Symptoms (SANS) (An-
dreasen 1984). The average BHRS-P was 7.50 

 

6

 

 2.63, the
total BPRS was 64.5 

 

6

 

 19.6, and the SANS was 68.7 

 

6

 

21.2 for the medication-withdrawn patients who had
not received neuroleptics for an average of 19.9 

 

6

 

 4.7
days (range 13–31 days) prior to scan. Age at onset was
18.6 

 

6

 

 5.43 years and duration of illness 13.2 

 

6

 

 8.94
years. Number of hospitalizations prior to stay at NIH
was 6.53 

 

6

 

 5.71. A detailed description of the patient
populations and their clinical and biologic responses to
fluphenazine and clozapine treatment has been re-
ported (Pickar et al. 1992). Changes in patient ratings
were based on the differences between ratings obtained
during the 5th and 6th weeks following the initiation of
neuroleptic treatment in comparison to those obtained
during the week that the patient was scanned while re-
ceiving placebo.

 

PET Scan Procedure

 

Subjects, with eyes patched, began their auditory dis-
crimination task several minutes prior to the injection of
4 to 5 mCi of [

 

18

 

F]FDG and completed the task 30 min-
utes after injection. The auditory discrimination task in
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which subjects must identify one of three auditory
tones was described in detail elsewhere (Cohen et al.
1988c). In brief, scanning, beginning 30 min after iso-
tope injection, was performed on a Scanditronix (Essex,
Mass) PET scanner with a 5–6 mm full-width-half-max-
imum in-plane resolution and a 

 

z

 

 axis resolution of 11.8
mm. A transmission scan was used to calculate attenua-
tion and the tracer input curve was calculated from
blood samples obtained from the radial artery. Four
sets of seven planes were obtained for each subject
starting at 5 mm above the plane parallel to the canth-
omeatal line (CM). The interslice interval was approxi-
mately 3.5 mm.

 

Data Analysis

 

CPT Performance.  

 

The CPT performance measures
obtained directly were those of hits (HITS, the number
of targets correctly identified) and false alarms (FA, the
number of distractors incorrectly identified as targets).
An accuracy measure LNCPT, calculated as 

 

ln

 

[HITS/
(FA 

 

1

 

 1)], is used to correct for subject response bias.
LNCPT is highly correlated to the more usual model-
dependent signal analysis parameter 

 

d

 

’ (Cohen et al.
1992), and has been demonstrated to correlate with
right midprefrontal cortex activity (Cohen et al. 1992),
and to be sensitive to a neuropsychiatric disorder with
attention abnormalities (Matochik et al. 1996) as well as
a drug known to affect attention processes (Cohen et al.
1994). Because of technical difficulties, CPT response
records were only recoverable for 34 of the normal con-
trols and 14 of the schizophrenic patients limiting the
number of subjects that could be used in these analyses
relating to CPT performance.

Based on the performance of the normal controls, the
schizophrenic patients were divided into two sub-
groups, a group of subjects with LNCPT measures that
were greater than 1 standard deviation below the mean
of the normal controls (LOW, n 

 

5

 

 8), and a second
group (HIGH, n 

 

5

 

 6) of more accurately performing
schizophrenic patients, those performing at better than
or equal to 1 standard deviation below the mean of the
normal controls. As intended, the LOW subgroup tended
toward fewer HITS (LOW 

 

5

 

 85.9 

 

6

 

 69.7, HIGH 

 

5

 

136.5 

 

6

 

 32.8, 

 

t

 

 

 

5

 

 1.64, 

 

p

 

 

 

5

 

 .13) and more FA (LOW 

 

5

 

35.3 

 

6

 

 46.1, HIGH 

 

5

 

 5.33 
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 4.08, 

 

t

 

 

 

5

 

 1.57, 

 

p

 

 

 

5

 

 .14) and
performed significantly less accurately (LNCPT: LOW 

 

5

 

1.14 

 

6

 

 1.37, HIGH 

 

5

 

 3.26 

 

6

 

 0.73, 

 

t

 

 

 

5

 

 3.40, 

 

p

 

 

 

,

 

 .006) than
the HIGH subgroup. LNCPT of HIGH was not statisti-
cally different from that of the NC (

 

t

 

 

 

5

 

 0.52, 

 

p

 

 

 

5

 

 NS).
Although the specific method that was used to subdi-
vide the schizophrenic patients based on their perfor-
mance was arbitrary, a variety of different subdividing
schemes were tried, including those based on splitting
the sample into two equal halves from poorest to high-
est performers, and another schema in which only the

four most accurately performing patients with schizo-
phrenia comprised the HIGH subgroup. All of the
methods examined gave results which did not differ in
substance from that which is reported in the manu-
script.

 

Regional Metabolic Data.  

 

Raw pixel values were con-
verted to glucose metabolic rates in 

 

m

 

moles of glucose
per 100 g of tissue per minute by means of previously
reported kinetic constants (Brooks 1982; Phelps et al.
1979; Sokoloff et al. 1977). To extract regional glucose
metabolic rates, 60 rectangular boxes were located in five
standard planes (plane A, 94 mm above CM line; plane
B, 81 mm above CM line; plane C, 67 mm above CM
line; plane D, 53 mm above CM line; and plane E, 40
mm above CM line) chosen from one of the four seven-
plane scan sets (Cohen et al. 1988c, 1992; Semple et al.
1993) (Figure 1). The location and size of the regions of
interest (ROIs) on the transverse planes have been pre-
viously illustrated (Andreason et al. 1994). Global gray
glucose metabolic rate, an estimate of the average gray
matter-rich glucose metabolic rate was determined by
averaging the glucose metabolic rates obtained from all
the gray matter-rich areas of the cortex sampled in
Planes B-E (an adequate match for Plane A could not be
found in a few subjects). Normalized regional glucose
metabolic rate, the localized metabolic measure used in
all the statistical analyses, was obtained by dividing the
absolute regional metabolic rate for a ROI by the global
gray glucose metabolic rate. Anatomical structures
were judged as contained within ROIs according to the
human brain atlas of Matsui and Hirano (Matsui and
Hirano 1978).

 

Statistical Analysis

 

Because we had only observed abnormalities in normal-
ized and not absolute global regional metabolic rates in
patients with schizophrenia in prior studies, only nor-
malized regional metabolic rates are examined in the
current study. Regional absolute metabolic rates are
highly correlated with global glucose metabolic rates
whereas the use of normalized metabolic rates mini-
mizes the contribution of the global metabolic rate to re-
gional rates (Clark et al. 1984). To reduce the likelihood
of a Type 1 error in the metabolic rate comparisons of 60
regions in the schizophrenic patients compared to the
normal controls, we chose to use multivariate analyses
and to examine only regions in which there were 

 

a priori

 

reasons for doing so. The prefrontal cortex was exam-
ined based on our earlier findings (Cohen et al. 1987)
that the metabolic rates of prefrontal cortex regions of
interest, but not regions of interest in the pre-motor or
orbital frontal cortex were reduced in the schizophrenic
patients. When the prefrontal cortex is referred to in the
text in the comparison between groups, it is the mean of
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the left and right anterior and posterior ROIs of the fron-
tal cortex in Planes B, C, and D. The basal ganglia was
also examined for differences because of the reports of
both abnormally high and abnormally low metabolic
rates in schizophrenia (Buchsbaum et al. 1992a; Early et
al. 1987; Resnick et al. 1988; Wolkin et al. 1985). When
the multivariate analyses were significant, student 

 

t

 

-tests
were performed to localize the findings.

Because of the arbitrariness of classifying subjects as
responders or non-responders, predictors of treatment
response were examined initially by product-moment cor-
relations between regional metabolic rates and changes in
behavior ratings. To limit the possibility of Type I error,
the correlations were restricted to the two regions of the
basal ganglia, left caudate and right posterior putamen,
as well as the thalamus and hippocampus, all previously
reported by Buchsbaum and his colleagues (Buchsbaum
et al. 1992c) to be treatment response predictors, and to
the two other brain regions that have been determined
to be important biological determinants of CPT, the
right anterior frontal cortex region of Plane C (CRAF, also
referred to as the right anterior midprefrontal cortex)
and the mid-cingulate (Cohen et al. 1988c, 1992, 1994;
Matochik et al. 1996).

One disadvantage of the correlation approach is the
inability to specify whether it is the ‘responders’ or the
‘non-responders’ who actually have abnormal metabolic
rates. To determine this, subgroups need to be defined
and group comparisons performed. Based on the sug-

gestion of Kane et al. (1988) to use the criterion of a 20%
reduction in BPRS in treatment resistant schizophrenic
patients to define treatment response to clozapine, our
patient group was divided into responders (R) and non-
responders (NR) with respect to their fluphenazine and
clozapine treatment trials. An initial multivariate analy-
sis of the same six regions evaluated by correlation
analysis was performed to determine if responders and
non-responders to fluphenazine and clozapine differed.
Because the numbers in these subgroups were small,
and only data that was consistent with the correlational
data would be interpreted as significant, we decided to
perform student 

 

t

 

-tests to localize changes if a 

 

p

 

 

 

,

 

 .1
was found in the multivariate analysis.

Finally, although comparisons are made between
clozapine and fluphenazine, it is of considerable impor-
tance to note that all patients who were scanned in both
the fluphenazine- and clozapine-treatment states were
treated first with fluphenazine. Thus, we cannot ex-
clude the possibility that any differences we observed
relate primarily to time rather than the selective effect
of either antipsychotic.

 

RESULTS

 

As expected from our earlier data (Cohen et al. 1987,
1988b), the regional normalized metabolic rates of the
prefrontal cortex of this new group of medication-with-

Figure 1. Schematic representation of regions sampled in the left and right hemispheres (Left and Medial, Right) is shown.
Regions labeled as Medial, although sampled from the medial portion of the cortex, are represented where possible as incom-
plete boxes on the lateral surface. The boxes outlined by dashed lines are sampled from the surface of the frontal cortex medial to
the temporal lobe.
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drawn patients with schizophrenia (Pickar et al. 1992;
Cohen et al. 1997) were found to be lower than that of
the normal controls (NC 

 

5

 

 1.051 

 

6

 

 0.020, SZ 

 

5

 

 1.017 

 

6

 

0.040, 

 

t

 

 

 

5

 

 4.33, 

 

df

 

 

 

5

 

 58, 

 

p

 

 

 

,

 

 .0001, 2-tailed). A multivari-
ate analysis of the entire frontal cortex by Plane and
subsequent univariate analyses of individual regions
confirmed differences in Planes B, C, and D of both left
and right hemispheres, but not in Planes A (premotor
cortex) and E (orbital frontal cortex) (see Table 1). For
example, CRAF (the right anterior frontal cortex ROI of
Plane C), the region most closely associated with CPT
performance in normal controls was 4.6% lower in the
schizophrenic patients in the current study compared to
4.9% in our previous study.

The multivariate analysis of the ROIs of the basal
ganglia revealed a significant difference between the
schizophrenic patients and normal controls that was lo-
calized to the posterior putamen (see Table 1).

 

Effect of CPT Performance on Regional
Metabolic Differences

 

As expected for the CPT, the schizophrenic patients
(SZ) performed less accurately than the normal controls
(LNCPT: SZ 

 

5

 

 2.11 

 

6

 

 1.54, NC 
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 3.51 

 

6

 

 1.14, 

 

t

 

 

 

5

 

 3.4, 

 

p

 

 

 

5

 

.002; HITS: (SZ 

 

5

 

 107.6 

 

6

 

 60.9, NC 

 

5

 

 180.9 6 31.3, t 5
5.52, p , .0001; FA: SZ 5 22.4 6 37.3, NC 5 10.1 6 22.4,
t 5 1.41, p 5 NS). To examine the possibility, as we did
in our earlier study, whether or not the lower prefrontal
cortex metabolic rate observed in schizophrenic pa-
tients could be attributed to their poor CPT perfor-
mance, the patients were divided into the two sub-
groups of HIGH (n 5 6) and LOW performing patients
(n 5 8) (see Materials and Methods). The prefrontal cor-

tex metabolic rate of LOW (1.026 6 0.049) and HIGH
(1.008 6 0.023) patients did not differ. The absence of
difference was also observed for the right anterior fron-
tal cortex ROI in Plane C (CRAF: LOW 5 1.019 6 0.046,
HIGH 5 1.006 6 0.105), the region to which perfor-
mance accuracy localizes to in normals (Cohen et al.
1987, 1992). The absence of a prefrontal cortex differ-
ence between the two subgroups suggests that the di-
minished prefrontal cortical metabolic rates of the
schizophrenic patients do not simply derive from their
poor CPT performance. This conclusion was strength-
ened by the finding that the multivariate analysis of the
frontal cortex comparing the HIGH and LOW sub-
groups was not significant, T2 5 2.68, F(5, 7) 5 0.34, p 5
NS whereas that comparing the normal controls and the
HIGH subgroup was significant, T2 5 37.7, F(5, 41) 5
6.87, p , .0001. Finally, there was no significant correla-
tion between CRAF and LNCPT (r 5 0.18, NS) in the
schizophrenic patients.

The subgroup analysis indicated that it was unlikely
that the poor performance of the schizophrenic patients
contributed to their abnormally high putamen metabolic
rates. Although, the multivariate analysis of HIGH vs.
LOW subgroups for the regions comprising the basal
ganglia revealed a T2 5 33.89, F(6, 7) 5 3.30, p , .07, the
univariate tests were significant only for higher meta-
bolic rates in the right caudate (LOW 5 1.061 6 0.106,
HIGH 5 0.944 6 0.075, t 5 2.29, p 5 .04) and left ante-
rior putamen (LOW 5 1.13 6 0.122, HIGH 5 0.994 6
0.100, t 5 2.22, p , .05), not in the posterior putamen of
the LOW subgroup, the region found to differ in the
schizophrenia, normal control comparison. Further, the
multivariate analysis of the basal ganglia of HIGH vs.
normal controls was significant T2 5 25.56, F(6, 40) 5

Table 1. Multivariate Analysis of Normalized Metabolic Rates of Schizophrenic Patients 
Compared to Normal Controls: Means (s.d.)

Controls
(n 5 41)

Patients
(n 5 19)

%
NC-PTS t-Value p Value

Frontal cortex by Plane
Hotelling’s T**2 5 29.8, F(5, 53) 5 5.55, p , .0004

Frontal cortex
A Plane (94 mm above CM line) 1.045 (0.056) 1.026 (0.067) 1.9% 1.18 NS
B Plane (84 mm above CM line) 1.066 (0.036) 1.026 (0.077) 3.8% 2.72 ,.009
C Plane (67 mm above CM line) 1.062 (0.043) 1.026 (0.041) 3.5% 3.01 ,.004
D Plane (53 mm above CM line) 1.025 (0.031) 0.999 (0.045) 2.6% 2.55 ,.02
E Plane (40 mm above CM line) 0.989 (0.055) 1.007 (0.043) 21.8% 21.28 NS

Basal ganglia
Hotelling’s T**2 5 21.8, F(6, 53) 5 3.32, p , .008

Brain region
L caudate 1.011 (0.098) 1.006 (0.123) 0.6% 0.19 NS
R Caudate 0.989 (0.097) 1.005 (0.097) 21.7% 20.61 NS
L ant putamen 1.065 (0.126) 1.060 (0.124) 0.5% 0.14 NS
R ant putamen 1.009 (0.105) 1.021 (0.152) 21.2% 20.35 NS
L post putamen 0.946 (0.103) 1.047 (0.122) 210.6% 23.32 ,.002
R post putamen 0.933 (0.097) 1.008 (0.121) 28.0% 22.57 ,.02
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3.79, p , .005 with the univariate analyses of left (SZ 5
1.04 6 0.091, NC 5 0.946 6 0.103, t 5 2.1, p 5 .04) and
right (SZ 5 1.050 6 0.147, NC 5 0.933 6 0.097, t 5 2.59,
p , .02) posterior putamen ROIs significantly different
as was the case for the total group of schizophrenics.

Regression Analysis of Functional Activities in the 
Sustained Attention Network and Schizophrenic 
Symptoms (Table 2)

Lower pre-treatment right posterior putamen and hip-
pocampal metabolic rates were significantly associated

with higher pre-treatment BPRS symptom ratings.
CRAF showed a similar trend with respect to BPRS rat-
ings and a significant effect with respect to SANS.

Predictors of Neuroleptic Response (Tables 3 and 4)

Lower pre-treatment left caudate, right posterior puta-
men, right anterior midprefrontal cortex, and higher
mid-cingulate functional activities were associated with
better treatment response to neuroleptics. Poor CPT
performance also appeared to predict better treatment
response, but the data failed to reach statistical signifi-
cance, perhaps because of the reduced number of sub-
jects for which CPT data was available (fluphenazine,
12; clozapine, 8). Although the number of significant
correlations with behavioral measures of change were
greater for clozapine than fluphenazine, this could in
part be attributed to the patient sample differences (see
Table 4 where only subjects who were treated with both
fluphenazine and clozapine are included) and the order
of treatment. As noted in the Materials and Methods,
patients were first treated with fluphenazine, then
withdrawn from medications during a placebo period
in which the “pre-treatment” scan was obtained, and
then placed on clozapine. Moreover, no single cloza-
pine response correlation was significantly different
from that observed for fluphenazine response.

Table 2. Product-Moment Correlations with Respect to 
Symptom Ratings in Medication-Withdrawn Patients at 
Time of Pet Scan (n 5 19)

BHRS-P BPRS SANS

r p Value r p Value r p Value

L caudate 20.31 NS 20.43 ,.07 20.38 ,.11
R post putamen 20.54 ,.02 20.51 ,.03 20.34 NS
Cingulate 20.01 NS 0.12 NS 20.07 NS
Hippocampus 20.33 NS 20.48 ,.04 20.31 NS
Thalamus 20.32 NS 20.30 NS 20.12 NS
CRAF 20.38 ,.12 20.43 ,.07 20.53 ,.03
LNCPT

(n 5 13)
20.49 ,.10 20.30 NS 20.22 NS

Table 3. Product-Moment Correlations of Pre-Treatment Normalized Regional Metabolic Rates with Changes in Symptom 
Ratings Following 5–6 Weeks of Fluphenazine and Clozapine Treatment

Changes in Symptom Ratings

FLU (n 5 18) CLOZ (n 5 14)

BHRS-P BPRS SANS BHRS-P BPRS SANS

ABS % ABS % ABS % ABS % ABS % ABS %

L Caudate 20.47 20.36 20.37 20.35 20.29 20.21 20.36 20.29 20.53 20.56 20.40 20.35
(,.05) (,.15) (,.12) (NS) (NS) (NS) (NS) (NS) (5.05) (,.04) (NS) (NS)

R post putamen 20.36 20.26 20.41 20.33 20.26 20.21 20.57 20.45 20.65 20.64 20.55 20.50
(,.14) (NS) (,.09) (NS) (NS) (NS) (.04) (,.11) (,.02) (,.02) (,.05) (,.07)

Cingulate 0.04 0.03 0.27 0.26 0.25 0.20 0.45 0.45 0.49 0.54 0.65 0.60
(NS) (NS) (NS) (NS) (NS) (NS) (,.11) (,.11) (,.08) (,.05) (,.02) (,.03)

Hippocampus 20.17 20.10 20.24 20.21 20.22 20.16 20.16 20.06 20.47 20.25 20.17 0.04
(NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (,.09) (NS) (NS) (NS)

Thalamus 20.38 20.29 20.36 20.29 20.19 20.09 0.14 0.35 20.04 0.11 0.13 0.22
(,.12) (NS) (,.15) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS)

CRAF 20.55 20.61 20.39 20.37 20.26 20.11 20.65 20.76 20.49 20.63 20.58 20.72
(,.02) (5.007) (NS) (,.13) (NS) (NS) (,.02) (.002) (,.08) (,.02) (,.04) (.004)

LNCPT 20.48 20.40 20.49 20.45 20.49 20.36 20.55 20.46 20.47 20.42 20.40 20.42
(,.12) (NS) (,.11) (,.11) (,.11) (NS) (NS) (NS) (NS) (NS) (NS) (NS)

Product moment correlations between symptom ratings scales (BHRS-P, Bunney-Hamburg Rating Scale; BPRS, Brief Psychiatric Rating Scale; and
SANS, Scale for the Assessment of Negative Symptoms) and pretreatment normalized metabolic rates of brain regions considered part of the sub-
strata of sustained attention (CRAF, the right anterior prefrontal cortex ROI of Plane C). Correlations are listed as r values for both the actual change
scores (ABS) and percentage change from time of scan (%). p values are listed in parentheses immediately below r values. The subject numbers for
each analysis are as listed except for LNCPT, a measure of CPT accuracy, in which there were only 12 subjects in the fluphenazine group and eight
subjects in the clozapine group. Although p values were considered significant only if ,.05, we elected to show all p values ,.15.
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The unexpected high number of correlations, al-
though supportive of the sensitivity of the metabolic
rate of regions of the brain involved in CPT perfor-
mance in relation to clozapine treatment response,
raised the question of specificity. Therefore, the remain-
ing 60 regions of interest were evaluated for their infor-
mativeness to predict percentage change in BPRS in re-
sponse to clozapine. Not a single additional significant
correlation was observed (data not shown).

Subgrouping by Treatment Response.  To facilitate the
interpretation of associations between pre-treatment lo-
calized brain activities and treatment response, compar-
isons were made between responder and non-responder
subgroups and the normal controls for the same six re-
gions considered part of the biological substratum of
sustained attention by multivariate analysis. The Ho-
telling’s T2 for the comparison of responders to nonre-
sponders for fluphenazine was 23.08 (F(6, 11) 5 2.64, p ,
.08) and for clozapine was 93.50 (F(6, 7) 5 9.09, p 5
.005). Student t-tests were performed to localize and
quantify the direction of the differences between the re-
sponders and non-responders, the results of which are
tabulated in Table 5. In addition, Table 5 lists the results
of t-tests performed to compare the response patient
subgroups and the normal controls for the primary pur-
pose of describing in which response subgroup the ab-
normality appears to be when differences between re-
sponders and non-responders were found.

Consistent with the association data, an abnormally
high right posterior putamen metabolic rate was found
in neuroleptic non-responders, whereas there was a
trend for higher left caudate metabolic rates in non-
responders compared to responders. While not appar-
ent in the correlation analyses, thalamic activity was
lower in fluphenazine responders than in non-respond-
ers. The latter findings agree with the data of Buchs-
baum et al. (1992a, b) who also evaluated response by
subgroups, although his classification schema was dif-
ferent than the current one.

Abnormally low CRAF was found in the neuroleptic
responders subgroups, whereas an abnormally low
mid-cingulate activity was observed in the clozapine-
treatment nonresponders subgroup. To place the CRAF
findings in perspective, we examined all of the remain-
ing members of the original 60 ROIs obtained for each
subject. CRAF was the only region to demonstrate a sta-
tistically significant difference, by t-test, between the cloz-
apine-treatment responders and non-responders sub-
groups.

DISCUSSION

An important goal of imaging studies of schizophrenia
is to identify regions or neuroanatomical pathways ei-
ther responsible for the behavioral phenotype or that

Table 4. Product-Moment Correlations of Pre-treatment Normalized Regional Metabolic Rates with Changes in Symptom 
Ratings Following 5–6 Weeks of Fluphenazine and Clozapine Treatment in the 13 Patients that Received Both Treatments

Changes in Symptom Ratings

FLU CLOZ

BHRS-P BPRS SANS BHRS-P BPRS SANS

ABS % ABS % ABS % ABS % ABS % ABS %

L caudate 20.56 20.61 20.41 20.42 20.47 20.46 20.50 20.49 20.63 20.69 20.46 20.44
(,.05) (,.03) (NS) (NS) (,.11) (,.12) (,.09) (,.09) (,.03) (5.009) (,.12) (5.13)

R post putamen 20.33 20.28 20.34 20.26 20.18 20.11 20.64 20.55 20.68 20.70 20.56 20.53
(NS) (NS) (NS) (NS) (NS) (NS) (,.02) (,.06) (5.01) (5.008) (,.05) (,.07)

Cingulate 0.32 0.37 0.51 0.52 0.42 0.40 0.57 0.65 0.55 0.63 0.71 0.69
(NS) (NS) (,.08) (,.07) (NS) (NS) (,.05) (,.02) (,.05) (,.03) (5.007) (5.009)

Hippocampus 20.05 20.03 20.14 20.10 20.26 20.18 20.23 0.02 20.53 20.31 20.20 0.01
(NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (,.07) (NS) (NS) (NS)

Thalamus 20.27 20.16 20.31 20.23 20.26 20.24 0.05 0.29 20.12 0.03 0.08 0.16
(NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS) (NS)

CRAF 20.51 20.58 20.34 20.34 20.29 20.25 20.50 20.59 20.38 20.52 20.57 20.67
(,.08) (,.04) (NS) (NS) (NS) (NS) (,.09) (,.04) (NS) (,.07) (,.05) (,.02)

LNCPT 20.52 20.42 20.59 20.55 20.63 20.63 20.40 20.23 20.36 20.28 20.34 20.29
(n 5 7) (NS) (NS) (NS) (NS) (,.14) (,.14) (NS) (NS) (NS) (NS) (NS) (NS)

This is essentially the same table as Table 3 except that ony those patients that had completed both fluphenazine and clozapine treatment trials are
included.
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act as mediators of clinical response. However, imaging
studies inferring regional functional activities from re-
gional metabolic rates or cerebral blood flow determi-
nations are dynamically dependent upon what the
brain is engaged in doing and, thus, have meaning only
in this context. While there are benefits, therefore, to
simplifying this context to facilitate the interpretation of
these measurements, there are also potential pitfalls as
the context may preclude the likelihood of studying just
those pathways that may be abnormal in schizophrenia
(Weinberger et al. 1986).

The behavioral constraints we chose remain a com-
promise. Although the CPT may be deemed a complex
task, it is one of the simplest complex tasks that schizo-
phrenic patients and individuals at risk for schizophrenia
have been reliably determined to perform abnormally
(Erlenmeyer-Kimling and Cornblatt 1987; Nuechterlein
1991; Nuechterlein et al. 1994). An added benefit of the
manner of the current experimental design with respect
to schizophrenia and functional activity measures, is
that it emphasizes aspects of sustained attention over
other cognitive elements such as sensory and motor
processes. Moreover, the contributions to functional ac-
tivation of random behavior that a patient may engage
in intermittently during the task are likely to be aver-

aged out because of the thirty minutes during which
the metabolic measurement is made.

Having found apparent abnormalities in the prefron-
tal cortex of patients with schizophrenia, we were faced
with the problem of distinguishing whether the differ-
ences in regional activation patterns were the biological
determinants of the differences in cognitive phenotype
or whether the poor performance of the patients was
the cause of the differences in regional activation pat-
terns, i.e., the “chicken and egg” problem (Cohen et al.
1986). One solution that has been suggested to avoid
this problem is to find tasks in which schizophrenic pa-
tients perform normally, but in which they demonstrate
different activation patterns (Cohen et al. 1986; Levy
1996). However, assuming one could identify such a
task, results from functional imaging studies of schizo-
phrenic patients performing this task, would still be
subject to ambiguity because of the inherent difficulty
of demonstrating that patients and controls use the
same cognitive strategy to perform the task (Cohen et
al. 1986).

The inference we derived from our earlier data, and
for which the current data remain consistent with, is
that the lower prefrontal cortex values in the medica-
tion-withdrawn patients with schizophrenia cannot pri-

Table 5. Comparison of Pre-Treatment Normalized Regional Metabolic Rates of Fluphenazine and Clozapine Responders 
Compared to Non-Responders

FLU CLOZ

Comparison to NC

Mean (SD)
(n 5 41)

p Values

FLU CLOZ
R

(n 5 7)
NR

(n 5 11) p value
R

(n 5 7)
NR

(n 5 7) p value NC vs. R NC vs. NR NC vs. R NC vs. NR

L caudate 0.944 1.050 .08 0.952 1.081 .07 1.011 ,.10 NS ,.14 ,.12
(0.085) (0.133) (0.084) (0.152) (0.098) ‘

R post putamen 0.920 1.061 ,.02 0.963 1.085 ,.06 0.933 NS ,.001 NS ,.001
(0.095) (0.111) (0.126) (0.087) (0.097)

Cingulate 0.957 0.948 NS 1.014 0.899 .07 0.979 NS NS NS ,.03
(0.109) (0.133) (0.071) (0.137) (0.075)

Hippocampus 0.739 0.799 NS 0.788 0.808 NS 0.750 NS ,.02 ,.11 ,.003
(0.078) (0.087) (0.104) (0.041) (0.045)

Thalamus 0.903 1.011 ,.05 0.956 0.978 NS 0.983 ,.10 NS NS NS
(0.081) (0.115) (0.098) (0.138) (0.119)

CRAF 0.978 1.010 NS 0.963 1.051 ,.02 1.054 ,.02 NS .003 NS
(0.044) (0.060) (0.037) (0.078) (0.075)

LNCPT 1.47 2.19 NS 0.98 2.15 NS 3.51 ,.003 ,.009 ,.005 .02
(1.51) (1.51) (2.43) (1.89) (1.14)

Means of normalized metabolic rates are listed with standard deviations in parentheses immediately below the means for each region considered
part of the substrata of sustained attention for fluphenazine (FLU) and clozapine (CLOZ) responders (R) and non-responders (NR) subgroups. Re-
sponders were defined as having obtained a 20% or greater drop in their Brief Psychiatric Rating Scale score after 5–6 weeks of neuroleptic treatment.
The number of subjects in each group is as listed except for the analysis of LNCPT, a measure of CPT accuracy. Number of subjects for LNCPT were
four and eight for fluphenazine R and NR respectively, and two and six for clozapine R and NR, respectively. Although p values were considered sig-
nificant only if ,.05, we elected to show all p values ,.15.
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marily be attributed to the failure of these patients to
perform the CPT as well as the normal controls. First,
the prefrontal cortex area that shows diminution of
functional activity is much greater than that which
shows a metabolic response to the tasks in normal sub-
jects (Cohen et al. 1987, 1988c, 1992). For example, only
the right prefrontal cortex of Plane C is found to have
higher metabolic rates in normal subjects performing
the CPT compared to “resting” normal subjects whereas
the schizophrenic patients have diminished activity in
both the left and right prefrontal hemispheres of Planes,
B, C, and D. Second, those patients with schizophrenia
who performed within a standard deviation of the
mean of the normal controls were as affected or more
affected than the poorest performing patients. This is
observed both by the analysis of the subgroups where
patients are classified on the basis of performance, and
by the absence of correlations between performance ac-
curacy and prefrontal cortex activity.

Under identical conditions, we have also measured
regional functional activities in two other populations
that perform the CPT very poorly, patients with Thy-
roid Resistance Disorder (Matochik et al. 1996), and
normal subjects who have received scopolamine (Co-
hen et al. 1994). Both of these populations demonstrate
the poor performance on the CPT is insufficient to pro-
duce the deficits observed in the prefrontal cortex of the
schizophrenic patients.

In addition to the replication of the prefrontal cortex
findings, the new data suggests that schizophrenic pa-
tients, while performing CPT, have abnormally high
posterior putamen functional activity. The posterior
putamen results, though preliminary, are consistent with
some reports of striatal hyperactivity (Early et al. 1987;
Resnick et al. 1988; Wolkin et al. 1985). Because of the
small size of the striatum, its location in the inferior part
of the brain and its responsiveness to task and perfor-
mance, and possibly with symptom profile at the time
of scan (Table 2) together with the differences in tomo-
graphs, task conditions, and region of interest approach
that different investigators have used, it is not surpris-
ing that basal ganglia findings in schizophrenic popula-
tions have demonstrated variability (Buchsbaum 1995).

The clear implication of finding, for the second time,
that the HIGH and LOW performance subgroups of the
medication-withdrawn schizophrenic patients did not
differ significantly in glucose metabolic rates in task-
relevant brain areas, is of an apparent uncoupling of
these regions from the biological determination of this
task in schizophrenia (Cohen et al. 1987, 1988a, b). A
possible explanation for this uncoupling is that schizo-
phrenic patients use different pathways from those
used by normal individuals in performing the CPT be-
cause of a fundamental abnormality in this pathway for
sustained attention. Structures within the basal ganglia
may play some part in this second pathway, as HIGH

and LOW performing subgroups differed with respect
to functional activity in the right caudate and left ante-
rior putamen. Whether the abnormality in sustained at-
tention observed is a model for the more general failure
to execute goal directed behavior in schizophrenia re-
mains to be established.

Predictors of Neuroleptic Response

However, accepting the evidence in favor of abnormali-
ties in the biological substrata of sustained attention in
schizophrenia, the question that naturally arose was
whether information about CPT performance and the
functional activation of those brain regions required to
perform CPT, could contribute to our understanding of
the phenotype of schizophrenia including symptoma-
tology and response to neuroleptic treatment. The cur-
rent data suggests that it does.

Abnormal activities in these brain structures, e.g., the
right midprefrontal cortex and posterior putamen, and
poor CPT performance are found primarily in those
schizophrenic patients with the highest symptom rat-
ings at the time of scan (see Table 2). Consistent with
the earlier reports of prefrontal cortical metabolic rates
by Wolkin et al. (1992) and Tamminga et al. (1992), di-
minished activity in the right anterior midprefrontal
cortex is associated with higher negative symptom rat-
ings. The fact that these findings in schizophrenic pa-
tients scanned at rest were essentially the same as what
we found in patients performing CPT during their scan
is consistent with the earlier hypothesis of an uncou-
pling between prefrontal cortex activity and CPT per-
formance.

Without specifically alluding to the role of these
brain structures in CPT, Buchsbaum and his colleagues
(Buchsbaum et al. 1992a, b) reported that diminished
pre-treatment activities in the left caudate and right
posterior putamen were the best predictors of clinical
response to haloperidol and clozapine, whereas dimin-
ished activities of the left anterior thalamus and left hip-
pocampal regions were somewhat less informative. Al-
though, not always reaching statistical significance in
our two-tailed tests, our results with clozapine and
fluphenazine (Tables 3–5) are that those patients with
lower left caudate, right posterior putamen, thalamic,
and hippocampal activity during their placebo period
were more likely to have better clinical responses than
those with higher metabolic rates in these regions. In
addition, the two other regions of the brain most closely
associated with CPT performance, CRAF and the mid-
cingulate also appear to be correlated with neuroleptic
treatment response, but in opposite directions from
each other as is the direction of their change in response
to CPT in normals. Whereas in normal subjects per-
forming CPT, CRAF functional activity is high, mid-cin-
gulate activity is low.
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Compensation vs. Normalization

Since neuroleptics, in general, appear to increase striatal
and thalamic relative metabolism, our data, that those
patients with lower subcortical metabolic rates have the
best responses to neuroleptic treatment, appears to be
consistent with Buchsbaum et al.’s (Buchsbaum et al.
1992c) proposal that neuroleptics work by correcting
abnormally low subcortical activity. However, before
accepting this interpretation, it is important to consider
additional data that bear on the issue.

First, the existing PET literature would suggest that
basal ganglia metabolic rates are raised to levels of ac-
tivity that are higher than normal by many neuroleptics
(Cohen et al. 1997). Second, in our population, neither
of these two basal ganglia regions nor the thalamus
have lower than normal metabolic rates. Third, al-
though responders to clozapine and fluphenazine in
our cohort have lower than normal left caudate metabo-
lism, they have normal right posterior putamen values,
whereas non-responders have somewhat higher than
normal caudate metabolic rates and clearly higher than
normal right posterior putamen rates.

Thus, our data is equally consistent with neurolep-
tics having difficulty improving the symptoms of those
patients who already have higher than normal subcorti-
cal metabolic rates. Our own working hypothesis has been
that neuroleptics engender changes in regional functional
activities that compensate for rather than correct schizo-
phrenic abnormal brain activity (Cohen et al. 1997). The
logical implications of the compensation hypothesis are
that some symptoms of schizophrenia remain despite
the adaptation engendered by neuroleptic treatment, and
that compensation may occur in some patients prior to
neuroleptic treatment. Conceptually, the pre-treatment
and post-treatment states are most parsimoniously
viewed as part of the same continuum with respect to
the relationship between basal ganglia metabolic rates
and symptoms. However, as with any initially linear
correlation in nature, at some point the linear relation-
ship between basal ganglia metabolic rate and symp-
toms would be expected to break down as a result of as-
ymptotically approaching a ceiling effect for symptom
improvement through alteration of basal ganglia func-
tional activity. Regardless of theoretical explanation, the
association of basal ganglia metabolic rates with treat-
ment response and symptom presentation offers an ex-
planation for the divergent subcortical findings in
schizophrenia.

Notably, it was also the schizophrenic patients with
the poorest CPT performance and the highest ratings who
were the ones most responsive to neuroleptic treatment.
Thus, these results, taken together, are consistent with the
dual-process model of cognitive abnormality in schizo-
phrenia proposed by Kay and Singh (1979) and the similar
proposals of others to explain the findings that neuro-

leptics improved only some of the cognitive abnormali-
ties associated with schizophrenia. Applying this model
to the current data, the neuroleptic responsive elements
would include those that contribute to high BHRS-P
and BPRS ratings and poor CPT performance, and are,
at least in part, measurable as the functional activities of
the biological substrata of sustained attention, e.g., the
right midprefrontal cortex. While favorable clinical re-
sponse was associated with effective resolution of the
attentional deficit in the Kay and Singh study (Kay and
Singh 1979), it is clear that there frequently remain as-
pects of attention and other important symptoms that
are still abnormal following neuroleptic treatment.

Conclusions

In summary, our findings that treatment-resistant schizo-
phrenics demonstrate frontal hypometabolism in the pres-
ence of striatal hyperactivity is very similar to the data
reported by two other groups working with schizophrenic
patients who had never received neuroleptics before
(Biver et al. 1995; Rubin et al. 1991). Rubin et al. (1991)
interpreted their results, obtained while patients per-
formed the Wisconsin Card Sort, as suggestive of impaired
striatal suppression on the left side. The requirements
of CPT are also associated with suppression of “quiet-
ing” of a number of brain regions including the basal
ganglia and mid-cingulate. Thus, our data contains an ele-
ment that can be viewed as evidence that a disconnection
between the frontal cortex and other brain regions, e.g.,
the striatum (Buchsbaum et al. 1992a; Robbins 1990) and
temporal lobe (Friston and Frith 1995), is responsible for
the symptoms of schizophrenia. However, the case would
be stronger were there abnormally high activities in these
regions in the presence of normal prefrontal cortex activ-
ity, were there not an inverse correlation between striatal
activity and symptoms, and were it not for the fact that
neuroleptics increase striatal activity rather than quiet it.

The current data show that pre-treatment metabolic
rates of brain regions that are part of the attention net-
work are informative with respect to neuroleptic response
prediction. Most notably abnormally low CRAF in a
schizophrenic patient is predictive of a good antipsychotic
response to clozapine or fluphenazine, whereas rela-
tively high basal ganglia and low mid-cingulate activi-
ties are associated with poor treatment response. These
findings imply that the sustained attention pathway
and its distributed network of brain structures play an
important role in the expression of psychotic symptoms
and the mediation of response to antipsychotics.
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