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Increased left anterior insular and inferior
prefrontal activity in post-stroke mania
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Abstract

Background: Post-stroke mania is an infrequent complication after stroke, and the mechanisms underlying this
disorder remain unclear. Although a contralesional release phenomenon has been implicated in post-stroke mania,
empirical findings are lacking.

Case presentation: We present a case report of post stroke mania. Single photon emission tomography (SPECT)
was performed twice, during the manic state and during the remitted euthymic state. The first SPECT study
performed during the manic state demonstrated hypoperfusion in the right temporal and frontal regions due to
right putaminal hemorrhage. It also showed hyperperfusion in the inferior lateral prefrontal lobe, the temporal lobe,
and the medial and lateral parts of the parietal lobe in the left hemisphere. The second SPECT study performed
during the euthymic state demonstrated moderate improvement in the hypoperfusion in the right fronto-temporal
regions. Furthermore, compared to the findings on the first SPECT study, the second study showed that the focal
hyperperfusion in the anterior insular cortex, inferior lateral prefrontal lobes, and superior-middle temporal gyrus in
the left hemisphere had vanished.

Conclusion: Increased left inferior prefrontal and anterior insular activity and reduced extensive right
fronto-temporal lobe activity are involved in the development of post-stroke mania.
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Background
Depression is a common neuropsychiatric consequence
of stroke. In contrast, post-stroke mania is less common
after stroke, and the mechanisms of this disorder remain
unclear [1]. Findings from previous neuroimaging stud-
ies demonstrated that post-stroke mania is more often
associated with lesions in the right hemisphere than in
the left hemisphere [2-4]. One single photon emission
tomography (SPECT) study showed that a patient with
post-stroke mania had a unique pattern of left orbito-
frontal hyperperfusion with extensive right frontal hypo-
perfusion [5]. This finding indicated that manic symp-
toms after stroke could be caused by a contralesional
release phenomenon. In other words, the interruption of
inter-hemispheric inhibition could give rise to increased
activation of the left hemisphere after right hemisphere
damage. However, few neuroimaging studies have
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directly investigated the relationship between changes in
regional cerebral blood flow and the clinical course of
post-stroke mania. In the present study, to investigate
mechanisms of post-stroke mania, changes in regional
cerebral blood flow were examined using SPECT studies
during both the manic state and the remitted euthymic
state on separate days in a patient with post-stroke mania
following a right putaminal hemorrhage. We hypothe-
sized that the regional cerebral blood flow in the manic
state demonstrates right fronto-temporal lobe hypoperfu-
sion due to the brain hemorrhage itself and hyperper-
fusion in the left orbito-fronto-temporo-parietal regions
resulting from contralesional release phenomenon, and
that this increased activity of the left hemisphere would
resolve into the normal state after recovery from post-
stroke mania.

Case presentation
The patient was a 68-year-old, right-handed male office
worker who had retired at the age of 62 years. He had a
past history of hypertension, hyperlipidemia, and gout.
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He had no prior psychiatric history, and no family his-
tory of psychiatric disorders. His medication at the time
was digoxin, atenolol, candesartan, and atorvastatin.
His premorbid personality before the stroke was taci-

turn, serious, and not cyclothymic. In January 2009, he
suffered a right putaminal hemorrhage [Figure 1], which
led to left hemi paralysis. He was admitted to our hos-
pital for treatment and then transferred to another hos-
pital for rehabilitation. After rehabilitation, his left hemi
paralysis improved without any motor complications. Six
weeks after the stroke, however, he developed severe
manic symptoms and was referred to our clinic.
He presented with elevated mood, irritability, motor

excitement, and pressure of speech with racing thoughts.
He was euphoric and always smiling. Since he talked too
fast and his conversational content fluctuated, it was dif-
ficult to understand what he said. He got angry over
trivial events and often threw a newspaper at his wife.
He also had psychomotor agitation and frequently tried
to see estranged friends without a specific reason. He
could not stop talking even when ordered to do so.
Moreover, he also displayed less need for sleep. He
believed that he could get along just fine on a few hours
of sleep at night. These symptoms met the clinical cri-
teria for a manic episode according to the DSM-IV-TR
criteria [6]. His Young Mania Rating Scale (YMRS) [7]
was 42 points, which indicated a severe manic state.
His consciousness level was clear. The findings on his

electroencephalogram were normal. Clinical neuro-
psychological tests were performed during the manic
state. The patient’s full-scale intelligence quotient (FIQ)
on the Wechsler Adult Intelligence Scale III was 102
Figure 1 Right putaminal hemorrhage in a patient with post-
stroke mania.
(verbal IQ 113, performance IQ 88). The Wechsler
Memory Scale-Revised (WMS-R) revealed that he had
mild memory deficits (general memory index 91, visual
memory index 97, verbal memory index 90, delayed
memory index 75). On executive function testing, his
performances were normal on the Wisconsin Card Sort-
ing Test, Modified Stroop Test, and the Word Fluency
Test. Taken together, the neuropsychological assess-
ments demonstrated a mild memory disorder with a
slightly low PIQ and intact executive function.
The patient was treated at our hospital as an out-

patient. He was started on sodium valproate, and the
dose was gradually increased to 600 mg/day. Olanzapine
7.5 mg/day was also introduced. After 2 months, he
showed considerable improvement, and the YMRS score
dropped from 42 to 8. His manic symptoms diminished
2 years after stroke onset, and the YMRS score
decreased to 0 points. During the course of post-stroke
emotional impairment, he did not have a depressive
state.
Single photon emission tomography (SPECT) was per-

formed twice on separate days: during the manic state
(YMRS 42 points) before treatment, and during the re-
mitted state (YMRS 0 points) after treatment, with an
interval of 2 years. At the time of first SPECT scan, he
took sodium valproate 600 mg/day and olanzapine
5 mg/day, and at the time of second SPECT scan, he
continued to take sodium valproate 600 mg/day and did
not take any antipsychotic drug.
Projection data were acquired 30 minutes after an i.v.

bolus injection of 740 MBq of 99mTc-ECD using a 3-
headed rotating gamma camera (Toshiba GCA-9300A/
DI; Toshiba Corporation, Tokyo, Japan) equipped with
an ultra high-resolution fan beam collimator, and a med-
ical image processor (GMS5500U/DI; Toshiba Corpor-
ation, Tokyo, Japan) was used image processing. The
energy window for acquisition was set at 140 keV, with a
width of 20%. The gamma camera was rotated continu-
ously for 16 minutes, and SPECT data were arranged
into 90 projection angles over 360 degrees. Images were
reconstructed in a 128 x 128 matrix using a ramp filter
after the data were processed with a Butterworth filter
(order 8, 0.12 cycles/pixel). SPECT images were spatially
normalized to standardized stereotactic space, smoothed
using a 12-mm FWHM isotropic Gaussian kernel, and
analyzed using the Easy Z-Score Imaging System (eZIS)
[8]. Each SPECT image was compared with the mean
and SD of SPECT images of 20 age-matched healthy
male controls using voxel-by-voxel Z-score analysis after
normalization to global mean voxel values; Z-score =
([control mean]_ [individual value])/(control SD). The
Z-score maps were displayed by projection with an aver-
aged Z-score of 14-m thickness to a surface rendering of
the anatomically standardized MRI template with a two-
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tailed view of a hot color scale (hyper perfusion, Z-score
level >2.0) and a cold color scale (hypo perfusion, Z-
score level >2.0). The extent threshold of the cluster size
was set at z300 voxels.
The first SPECT study performed during the manic

state demonstrated that the patient had hypoperfusion
in the right temporal and frontal regions due to right
putaminal hemorrhage [Figure 2]. It also revealed hyper-
perfusion in the inferior lateral prefrontal lobes, the tem-
poral lobe, and the medial and lateral parts of the
parietal lobes in the left hemisphere. The second SPECT
study performed during the euthymic state demon-
strated moderate improvement of the hypoperfusion in
the right fronto-temporal regions. Furthermore, com-
pared to the findings on the first SPECT study, the sec-
ond study showed that the focal hyperperfusion had
vanished in the anterior insular cortex, inferior lateral
prefrontal lobes, and superior-middle temporal gyrus in
the left hemisphere.
Informed consent was obtained from this patient.

Discussion and conclusions
To the best of our knowledge, this is the first case report
to demonstrate the relationship between the contrale-
sional release phenomenon and the clinical symptoms of
post-stroke mania with direct comparison of regional
cerebral blood flow during the manic state with that
during the remitted euthymic state.
Before we discuss the possible implication of our find-

ings, several diagnostic issues should be considered. The
present patient clearly suffered from post-stroke mania,
and his symptoms met the clinical criteria for a manic
episode according to DSM-IV-TR criteria [6]. His symp-
toms were not a disinhibition syndrome after stroke, be-
cause he had a distinct elevated mood without a
dysphoric state, and neuropsychological examination
revealed that he had normal executive function. Normal
findings on his electroencephalogram provided evidence
that epilepsy was not involved in his manic symptoms.
Furthermore, the development of the manic state could
not be explained by his positive psychological state due
to recovery of neurological symptoms or as a manic de-
fence to the experience of stroke, because his distinct
elevated mood and other manic symptoms were too long
continued and at a pathological level. Therefore, we con-
cluded that he suffered from post-stroke mania with
brain dysfunction.
The first SPECT study demonstrated a unique pattern

of left fronto-temporo-parietal hyperperfusion with ex-
tensive right fronto-temporal hypoperfusion during
manic symptoms. This pattern was consistent with that
due to a contralesional release phenomenon after brain
lesions, and it was similar to a past case report [5]. Inter-
estingly, this imbalance in the regional cerebral blood
flow improved after recovery of his manic symptoms. In
particular, the increased brain activity in the inferior lat-
eral prefrontal lobes, anterior insular cortex, and
superior-middle temporal gyrus in the left hemisphere
disappeared in the remitted euthymic state.
Results of SPECT studies in the present case were con-

sistent with previous findings from functional neuroima-
ging studies of primary mania. For example, Blumberg
et al. demonstrated decreased right prefrontal cortex ac-
tivation and increased left prefrontal cortex activation in
patients with primary mania using PET [9,10]. They pro-
posed that primary mania is associated with an imbal-
ance in prefrontal activity, with right less than left, and
ventral less than dorsal [10]. Similarly, other researchers
showed a pattern of greater left than right regional cere-
bral blood flow in the inferior prefrontal cortex in acute
mania [11], and they suggested that manic symptoms
are related to relatively increased left frontal activity
[12]. It has also been reported that greater left than right
frontal cortical activity is associated with positive affect
and approach motivation, which can generate a manic
state [13]. Thus, it is plausible that the imbalance in
brain perfusion, reduced right fronto-temporal activity,
and increased left inferior prefrontal activity may have
contributed to the development of manic symptoms in
the present patient.
In the present case, the hyperperfusion in the left an-

terior insular cortex vanished after recovery from
mania. Hyperperfusion in the left anterior insular cor-
tex was shown in a previous case report [5]. The anter-
ior insular cortex may be implicated in emotional
awareness [14]. Several neuroimaging studies of emo-
tional awareness reported joint activation of the anter-
ior insular cortex and the anterior cingulate cortex in
the subjective experience of emotional feelings, includ-
ing happiness, sexual arousal, and empathy. Further-
more, activation of the left anterior insular cortex was
reported in subjects hearing pleasant music, seeing a
smile, and experiencing joy [14]. Clinical neurophysio-
logic studies demonstrated that intensive positive feel-
ings in ecstatic seizures can originate from the left
anterior insula, a region that has been suggested to en-
gender self-awareness associated with positive feelings
[15,16]. In addition, it has been proposed that the right
anterior insular cortex is closely associated with nega-
tive emotion, while the left anterior insular cortex is
associated with positive emotion [14]. Therefore, in the
present patient, the hyperactivation in the left anterior
insular cortex may have led to the patient’s pathologic-
ally elevated mood, which is the core symptom of
mania. Moreover, the hypoactivation in the right anter-
ior insular cortex in this patient might have prevented
him from having negative emotions, which exacerbated
his manic symptoms.



Figure 2 SPECT images obtained during a) the manic state and b) the euthymic state, and c) Comparison of regional cerebral blood
flow of the left anterior insula between the manic state and the euthymic state.
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In the present study, we observed the treatment effect
of sodium valproate and olanzapine in improving the
manic symptoms. Therefore, effect of drugs on the re-
gional cerebral blood flow should be considered. This
patient took olanzapine at the time of first SPECT scan,
and sodium valproate at the time of both SPECT scans.
It was reported that olanzapine does not affect regional
cerebral blood flow [17]. Furthermore, it was also shown
that sodium valproate diminishes global cerebral blood
flow in wide areas of the brain [18]. Based on these find-
ings, it is difficult to determine whether there is any kind
of treatment effect or not. It is still unclear whether
these regional changes are related to the cessation of
olanzapine or to a possible effect of sodium valproate. In
order to evaluate this, there is need for another study
design including the pre and post treatment effect of
both drugs (olanzapine and sodium valproate), although
there are restricted studies in this topic.”
In conclusion, the present case showed that increased

left inferior prefrontal and anterior insular activity and
reduced right fronto-temporal lobe activity was involved
in the development of post-stroke mania, possibly due to
an interhemispheric prefrontal and insular imbalance
with a contralesional release phenomenon.
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