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Objective: This study investigated prefrontal cortex function in the manic state of bipo-
lar disorder. Method: High-sensitivity [15O]H2O positron emission tomography and a
word generation activation paradigm were used to study regional cerebral blood flow in
five manic and six euthymic individuals with bipolar disorder and in five healthy individu-
als. Results: Decreased right rostral and orbital prefrontal cortex activation during word
generation and decreased orbitofrontal activity during rest were associated with mania.
Conclusions: The data support the presence of rostral and orbital prefrontal dysfunction
in primary mania. These findings, when seen in the context of the human brain lesion and
the behavioral neuroanatomic literatures, may help to explain some of the neurobehavioral
abnormalities characteristic of the manic state. 

(Am J Psychiatry 1999; 156:1986–1988)

Behaviors similar to those in bipolar disorder have
been associated with prefrontal cortex lesions. Depres-
sive symptoms are more often associated with left pre-
frontal lesions, and manic symptoms more frequently
with right prefrontal lesions (1). Previous functional
neuroimaging studies of mania, performed while sub-
jects were in resting states, reported decreased ante-
rior-posterior cortical gradients, decreased prefrontal
and basotemporal activity, and increased ventral ante-
rior cingulate activity (1–8). The current study is, to
our knowledge, the first to use a high-sensitivity
[15O]H2O positron emission tomography (PET) tech-
nique (9), in combination with a reliable neuropsycho-

logical probe of prefrontal function (10), to measure
regional cerebral blood flow (rCBF) as an index of lo-
cal neuronal activity (11) in mania.

METHOD

We studied 11 subjects with bipolar I disorder, without comorbid
axis I or II disorders (except for substance abuse in remission for at
least 5 years): five manic subjects (four women, one man; mean age=
34.2 years, SD=12.2) and six euthymic subjects (four women, two
men; mean age=32.5 years, SD=11.0). Five nonpatient subjects (four
women, one man; mean age=30.0 years, SD=6.7) were also studied.
Diagnoses were established by the Structured Clinical Interview for
DSM-IV Axis I and II Disorders (12). Subjects were right-handed,
spoke English as a first language, and were without neurologic or
medical illness. Subjects denied family history of psychotic or anxi-
ety disorder, and nonpatients also denied family history of mood dis-
order. Patient medication regimens included mood stabilizers, ben-
zodiazepines, typical and atypical antipsychotics, antidepressants,
thyroid hormone, and antihistamine. A full spectrum of manic
symptoms were represented in the manic population. Mean mania
scores (13) were as follows: for the manic group, 21.8 (SD=6.7); the
euthymic group, 2.5 (SD=4.5); and the nonpatient group, 0.2 (SD=
0.4). After complete description of the study to the subjects, written
informed consent was obtained.

Four scans were performed in each of three conditions (order
counterbalanced): activation—the generation of single words begin-
ning with letters presented binaurally at a rate of one every 5 sec-
onds, control—repetition of letters presented at the same rate, and
rest. All scans were performed with the subjects’ eyes closed, lights
dimmed, and low noise levels. “Word generation” connotes the sub-
traction of the activation and control conditions.
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A General Electric ADVANCE positron emission tomograph was
operated in three-dimensional mode (14). [15O]H2O delivery and
data acquisition were performed according to a previously published
technique (9). Image processing included image realignment, trans-
formation into standard stereotactic space (15), and smoothing with
a 15-mm Gaussian filter. Global flow was normalized to a mean of
50 ml/100 g per minute by analysis of covariance. Multiple linear re-
gression analyses between groups (within and across conditions)
were performed at every voxel with Statistical Parametric Mapping
96 according to the general linear model, and probability estimates
were performed according to the theory of random fields (16). All
Statistical Parametric Mapping maxima above a significance level of
p<0.001 (one-tailed) for relative between-group decreases in mania
are reported.

RESULTS

There was decreased activation during word genera-
tion in the right middle frontal gyrus (Brodmann’s area
10) in the manic group compared to both the euthymic
group (Talairach coordinates x=30, y=56, z=8; and t
statistic transformed to the unit normal distribution z=
3.21) and the healthy group (coordinates x=30, y=54,
z=20; and z=4.13). An additional area of decreased ac-
tivation was detected in the comparison of the manic
and euthymic bipolar groups in right orbitofrontal cor-
tex (Brodmann’s area 11) (coordinates x=18, y=18, z=
–26; and z=3.01) (p=0.0013). Figure 1 shows the com-
parison of the manic and euthymic groups. There was
no significant difference between groups in response
time or accuracy during word generation (p<0.05).

Adjusted rCBF measured while subjects were at rest
was 21.8% lower in orbitofrontal cortex in the manic
group (mean=54.76, SD=3.36) than in the healthy group

(mean=70.01, SD=3.02) in an area that extended bilat-
erally with a maxima at x=–2, y=46, z=–28; and z=3.18.

DISCUSSION

This study of primary mania provides evidence of
decreased right rostral and orbital prefrontal cortex
activation during a probe of prefrontal function and
decreased bilateral orbitofrontal cortex activity while
subjects were at rest.

Decreased prefrontal executive control may underlie
the cognitive and emotional symptoms of mania.
Dysfunction of rostral prefrontal cortex may lead to
impaired planning, judgment, and insight (17). Im-
pairment of orbitofrontal cortex may result in inap-
propriate behavioral responses to changing inner drive
and external environmental contexts (18). Disrupted
orbitofrontal cortex modulation of amygdala and hy-
pothalamus (18) could contribute to the manic dysreg-
ulation of more primitive motivational, chronobio-
logic, and endocrinologic processes. Right hemispheric
dysfunction during activation in mania is consistent
with reports of secondary mania in right prefrontal
brain lesions (1).

These observations are limited by the small group
size and by patient medication due to issues associated
with studying acutely manic patients in this setting.
Generalization will require replication and minimiza-
tion of these limitations. However, this preliminary
study is the first to employ high-sensitivity PET paired
with a prefrontal probe to examine regional brain ac-
tivity in mania. The findings, when seen in the context

FIGURE 1. Brain Areas of Decreased Activation in the Manic Group (N=5) Compared to the Euthymic Group (N=6) of Patients With
Bipolar Disordera

a Frontal (left), right lateral (right), and ventral (bottom) brain surface renderings demonstrate areas of decreased rCBF (p<0.005) superim-
posed on a T1-weighted magnetic resonance imaging template.
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of the human lesion and behavioral neuroanatomic lit-
eratures, may help to explain some of the neurobehav-
ioral abnormalities characteristic of the manic state.
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