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Abstract Single photon emission computed
tomography (SPECT) with *Tc-HMPAO was used
to compare regional cerebral blood flow (rCBF) in
patients with bipolar disorder and in healthy controls.
The sample of this study consisted of 16 euthymic
bipolar patients who met the DSM-IV criteria and 10
healthy control subjects. The mean regional cerebral
blood flow values of the bipolar euthymic patients
were significantly lower than those of the controls in
the bilateral medial-basal temporal, occipital; medial
frontal; parietal regions and in the cingulate gyrus; the
hypoperfusion in the cingulate had the highest sig-
nificant P value (.001, Bonferroni correction). No
significant differences in rCBF emerged between right
and left-brain regions. The most important findings of
the current study are the presence of regional cerebral
perfusion alterations, particularly in the cingulate
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gyrus in the euthymic bipolar patients. Our results
imply that underlying brain dysfunction may be
independent from manic or depressive episodes in
bipolar disorder. Because of the small number of
subjects, however, this finding should be viewed as
preliminary.
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Introduction

Bipolar disorder appears to be one of the most
important and common psychiatric illness. However,
the specific neurophysiologic basis of this disorder is
still unknown. One of the leading hypotheses con-
cerning the pathophysiology of bipolar disorder sug-
gests that a limbic/paralimbic, including a temporal
lobe abnormality that has been implicated in the
modulation of mood, affect and behavioral facilitation
may underlie the disease [1]. Some studies have
suggested that the pathophysiology of bipolar disor-
der may be related to abnormalities in the frontal
lobe, subcortical structures and limbic system. These
structures include the neuroanatomic circuits that are
involved in mood regulation [2-4].

Researchers have recently reached the potential to
examine specific brain regions of interest in bipolar
disorder by using the new generation of brain imag-
ing technology. This new technology allows them to
understand the pathophysiological mechanism, which
produces the affective symptomatology. Single photon
emission computed tomography (SPECT), which is
one of the neuro-imaging techniques, appears to be a
suitable method to examine the direct in vivo char-
acterization of cerebral abnormalities by identifying
abnormal patterns of regional cerebral blood flow
(rCBF) [5, 6].



Table 1 Demographic and clinical characteristics
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Variables Patients group Control group Statistics significantly
(n = 16) (n=10)
Demographic characteristics
Gender (female/male) 10/6 6/4 X’ =0.16, P > 0.05
Age (years) 31.93 + 8.79 34.00 + 8.86 z = -0.741, P > 0.05*
Education (years) 10.00 + 4.17 10.20 + 4.73 z=-0.111, P > 0.05*
Clinical characteristics
Age of onset (years) 23.18 £ 6.02
Length of illness (years) 9.18 £ 6.94
Total episode number 5.12 £ 5.08

manic/depressive episodes 3.93 + 4.38/0.75 £ 1.18

GAF 70.62 + 5.71
HRSD—17 1.56 + 1.20
BRMAS 1.37 £ 1.66

GAF: Global Assessment Functioning, HRSD-17: Hamilton Rating Scale for Depression, BRMAS: Bech- Rafaelsen Mania Scale

* Mann Whitney U test

Previous studies have demonstrated that bipolar
patients show distinct alterations of CBF during the
different states of their disease [7-9]. For example, a
number of studies have described decreased perfusion
in the cerebral region in depressed bipolar patients,
whereas others have found increased cerebral blood
flow during mania [3, 4, 7, 8]. State-related confounds
are avoided in euthymic bipolar patients and the
abnormalities observed in the euthymic state seem to
reflect the dysfunctional neurophysiology of bipolar
disorder. However, we have limited information about
bipolar patients’ cerebral perfusion, especially during
their euthymic state [9], even though euthymic
bipolar patients are usually better functioning than
acute stage bipolar patients. To address this question,
we used Tc-99m HMPAO single photon emission
computed tomography to compare regional cerebral
blood flow in euthymic bipolar patients and in the
healthy control group. We have strictly defined the
euthymic state, in order to avoid state-related altera-
tions, and our expectations are that the abnormalities
uncovered in the euthymic state are more likely to
reflect the underlying diathesis in bipolar disorder
pathophysiology.

Materials and methods

Subjects and clinical evaluations

A total of 16 euthymic patients (10 female, 6 male) in this study
were diagnosed with bipolar disorder according to the Diagnostic
and Statistical Manual of Mental Disorders Fourth Edition (DSM-
IV) criteria [10]. These subjects were recruited from a patient
sample routinely followed at the Mood Disorder Clinic of the
Department of Psychiatry in Pamukkale University Hospital [11].
The healthy controls were 10 subjects (6 female, 4 male) chosen
among the hospital staff working in clinical and administrative
areas. All of the controls were physically healthy and free of all
medication. Mental health was ascertained by clinical interview. All
control subjects were free of psychopathology as were all their first-
degree relatives. Subjects with bipolar disorder were observed in
the outpatient setting for 2 months to ensure euthymia before the
experimental procedures were administered. All patients who met

the inclusion criteria and gave consent were enrolled into the study.
Subjects were included in the study if they: (1) met the diagnostic
criteria for DSM IV bipolar disorder euthymic phase; (euthymia
was defined as having a Hamilton Depression Scale score below 7
and a Bech-Rafaelsen Mania Scale score below 6 for two consecu-
tive monthly assessments) [12, 13]; (2) had not received ECT within
the last year; (3) showed no systemic or neurological illnesses; (4)
had no present alcohol or drug abuse or history. All the subjects
were right-handed, according to the Turkish version of the Edin-
burgh Handedness Inventory [14]. Co-morbid psychiatric dis-
orders (i.e. anxiety or substance abuse) were not present in the
patient group at the time of testing, as assessed by the Structured
Clinical Interview for DSM-IV Axis I Disorders [10]. Psychological
functioning was assessed according to DSM-IV GAF (Global
Assessment of Functioning) scale with 0-100 scores.

OM2 (OM1 + 5.71 mm)

Fig. 1 (a) Twelve sequential transverse slices (thickness: 5.71 mm) of aligned
parallel to the orbitomeatal line (OM) and (b) 12 ROIs placed on each brain slice
from base to vertex. (c) The graphic image showing rCBF % which was
obtained by using the cerebellar ratio method



146

Fig. 2 Segmental analysis for regions of basal level (a), mid level (b), vertex (c)
and cingulate gyrus (d) in the control case. In the image of each level, it is
being seen cerebellar slice and it's ROIs localisation (left top), 12 ROIs placed on
brain cortical slices (upper line), numerical value as percentage of the ratio of
brain region to cerebellum and R/L ratio (middle line), and demonstration in

All of the patients were receiving pharmacological treatment at
the time of the study. Medications included mood stabilizers (lithium
[n:8], valproate [n:6]) and combination with mood stabilizers and
atypical antipsychotics (lithium + olanzapine [n:1], valproate
+ risperidone [n:1]). About 10 patients had a history of previous
antipsychotic use, while 6 patients had no such history. About 7 of the
16 patients had a family history of mood disorders in a first-degree
relative. Additional clinical information such as age of onset, length
of illness and number of episodes were also recorded (Table 1).

The study protocol was approved by the Local Ethical Com-
mittee of the Medical Faculty of Pamukkale University, and was
conducted in accordance with the Declaration of Helsinki (1996)
[15]. All subjects gave written informed consent to participate.

Brain perfusion SPECT imaging and semiquantitative analysis

Because of the sensitivity of brain perfusion SPECT in detecting
rCBF changes coupled with neuronal activity, sensorial and cogni-
tive stimuli must be kept at a minimum level during tracer injection
and uptake. Visual or auditory stimuli changes blood flow especially

colour scale of semiquantitative analysis (bottom line). Colour scale of graphic
image has been divided to five sections in the level of 20%. Brilliant yellow
shows that the rCBF of cerebral segment is in 80-100% of cerebellar rCBF.
Other colors show hypoperfuse regions

to the frontal, occipital and temporal regions, and results in change
of radiotracer uptake in the brain tissue [16, 17]. Therefore, all
subjects had been taken a rest in the supine position with closed eyes
within a silent and darkened room approximately 20 min before
radiopharmaceutical injection. **™Tc-HMPAO was prepared
according to the manufacturer’s instructions. A total of 555 MBq of
99mTc.HMPAO was injected through IV canula inserted into vena
brachialis of the patient. The Brain SPECT study was performed
30 min after injection [18]. A single-head 360° rotating CamStar AC/
T gamma camera (GE, Milwaukee, Wisc., USA) equipped with a
LEAP collimator and GenieAcq acquisition module was used for
SPECT acquisition. Each patient’s head was fixed in a plastic head
holder apparatus to minimize motion artefact during acquisition.
Data were obtained in 128 X 128 matrix, 1.6 zoom and at 3° intervals
for 20 s/frame. A GE Entegra Process Unit was used in the postac-
quisition processing procedure. A Butterworth filter (0.5:10) was
used for the reconstruction of the SPECT data and then OSEM
processing was applied 10 times in segmental analysis. Attenuation
correction was not applied. Segmental analysis was performed on the
sequential transvers slices (slice thickness = 5.71 mm) of 12 aligned
regions parallel to the orbitomeatal line (OM). Each slice was divided
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Fig. 3 Segmental analysis of the regions of basal (a), mid (b), vertex (c) and
cyngulate gyrus (d) in the euthymic bipolar patient. The regional cerebral blood
flow decreased in following regions: (a) Bilateral gyrus temporalis superior, left
gyrus temporalis medialis, bilateral gyrus temporalis inferior, left gyrus frontalis
superior and left gyrus frontalis medialis in basal brain slices; (b) Left gyrus
frontalis superior, medialis and inferior, bilateral gyrus temporalis superior,

into a total of 12 (as 6 right and 6 left) regions of interest (ROI)
(Fig. 1). Cerebral segments were defined based on the neuroana-
tomic cross sections illustrated in an atlas depicting the relevant slice
levels [19]. The mean regional cerebral blood flow (rCBF) was
determined by using the cerebellar ratio method. Cerebellum ROIs
did not include vermis, they, only covered the hemispheres. An
average count in each of the cerebellar hemisphere ROIs was used for
calculating the ratio of each cerebral segment located in the basal,
medial and vertex levels of brain to cerebellum (Fig. 2).

Statistical analysis

Descriptive statistics for continuous variables including mean + SD,
number and percentage for categorical variables were computed. The
difference between the means of continuous variables in the two
groups was compared using the Independent Samples t-test where
the data fulfilled the assumptions of this test. Where the data did not,
they were compared using the Mann Whitney U test. Significance was
set at 5% (P < .05). P values were also adjusted by the Bonferroni
correction when a large number of comparisons were made.

bilateral gyrus temporalis inferior and gyrus occipitalis in medial brain slices; (c)
Bilateral precentral gyrus, postcentral gyrus, lobus parietali, gyrus temporalis
superior, gyrus temporalis inferior, gyrus occipitalis and additionally cuneus in
superior (vertex) slices; (d) The rCBF of gyrus cinguli almost equals to the rCBF
of cerebellum

To examine possible group differences in laterality we computed
the ratio between the regional blood flow values of the left and right
side regions, respectively for each patient and control, and thus we
obtained a single left/right ratio value for each region and each
participant. The differences between the groups regarding left/right
ratio values were compared by Mann Whitney U test. The Spearman
Correlation Coefficient was used to examine the relationship between
the continuous variables. The statistical analysis was performed with
the statistical package program SPSS (version 13.0) for Windows.

Results

The socio-demographic and clinical variables and the
psychometric scores of the subjects are presented in
Table 1. There were no significant differences in
demographic variables of age, gender composition
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Table 2 Comparison of regional **™Tc- HMPAO uptake ratios, in euthymic patients and normal controls (mean + standard error)

Slice Region Right hemisphere  Controls Test P Left hemisphere  Controls Test P
Euthymic (n:10) statistic Euthymic (n:10) statistic
patients (n:16) patients (n:16)

Vertex Temporal medial 0.84 + 0.24 0.96 + 6.90 —1.74° 0.82 0.81 + 0.23 095 + 7.2 —-2.26° 0.2
Temporal inferior 0.82 £ 0.24 0.75 £ 0.40 -1.03? 030 0.82 £ 0.24 0.77 £ 0.40 —0.87° 0.3
Occipital 0.82 £ 0.23 0.93 £ 6.53 -1.79° 0.73 1.39 + 2.29 0.94 £ 6.00 —1.58° 0.1
Frontal superior 0.90 + 0.10 0.97 + 7.22 1.92 0.06 0.88 = 0.11 0.95 + 7.40 1.67 0.1
Frontal medial 0.89 £ 0.10 0.95 + 6.40 1.64 0.1 0.86 + 0.10 0.92 £ 6.70 1.67 0.1
Presentral 0.86 + 7.50 0.93 £ 6.30 1.95 0.06 0.84 + 1.15 0.90 £ 6.30 1.77 0.08
Postsentral 0.87 £ 0.10 0.95 £ 7.50 2.05 0.50 0.85 £ 0.10 0.94 £ 7.70 2.28 0.03*
Parietal 0.85 £ 0.10 0.94 £ 5.00 2.75 0.01* 0.85 + 0.11 0.94 £ 6.70 232 0.02*

Medial Temporal superior 0.91 £ 0.10 1.03 £ 1.15 2.65 0.01* 0.88 £ 0.10 0.98 = 0.10 2.27 0.03*
Temporal medial 091 + 0.11 1.04 + 0.10 2.93 0.007* 0.89 + 0.10 1.01 = 1.10 2.75 0.01*
Temporal inferior 0.85 £+ 0.20 0.98 £ 0.10 —2.08° 0.03* 0.88 + 0.10 0.98 £ 0.10 239 0.02*
Occipital 0.92 £ 0.11 1.03 £ 0.12 2.24 0.03* 0.92 £ 0.1 1.03 + 0.12 237 0.02*
Frontal superior 0.94 + 0.11 1.03 + 0.10 2.02 0.05* 0.92 + 0.12 1.01 + 9.83 2.05 0.05%
Frontal medial 0.94 + 0.12 1.03 + 9.21 2.00 0.05* 0.89 + 0.11 0.99 + 9.80 2.11 0.04*
Frontal inferior 0.89 £ 0.10 1.00 + 0.10 244 0.02* 0.86 + 0.10 0.97 £ 0.10 2.57 0.01*

Basal Temporal superior 0.86 + 8.72 0.92 + 7.88 1.75 0.09* 0.83 + 8.48 0.90 + 7.17 —2.24° 0.02*
Temporal medial 0.90 £+ 0.10 0.98 = 9.13 2.18 0.03* 0.86 + 1.00 0.95 £+ 8.56 —2.24° 0.02*
Temporal inferior 0.90 + 0.11 0.99 £ 9.04 1.98 0.05* 0.86 + 0.11 0.96 + 8.85 -2.21° 0.02*
Occipital 0.95 + 0.11 1.05 + 0.11 231 0.02* 0.94 + 0.11 1.04 + 9.20 —2.42° 0.01*
Frontal superior 0.88 £ 0.12 0.88 = 0.32 —1.45° 0.14 0.86 £ 0.11 0.87 = 0.31 —1.58% 0.11
Frontal medial 0.86 + 0.11 0.87 £ 031 -1.63° 0.10 0.83 £ 0.10 0.84 £ 031 -1.69° 0.09

Other Cuneus 0.84 £ 0.10 091 £ 6.57 1.84 0.07 0.84 + 0.11 091 + 6.67 1.90 0.06

Regions Cingulate gyrus 0.91 + 7.05 1.04 + 7.50 448 0.000** 0.92 + 7.09 1.05 + 8.67 428 0.000**

2 Refer to Mann-Whitney-U test U values, all others refer to student t-test, t values

*P<.05

** P < .001 (Denotes that significance level survived Bonferroni correction for multiple testing)

and educational level between patients and healthy
controls (P > .05).

Table 2 shows the comparison of the mean values
relative to perfusion in bipolar euthymic patients and
healthy controls. The mean rCBF values of the bipolar
euthymic patients were significantly lower than those
of the controls in bilateral medial-basal temporal,
occipital, medial frontal and cingulate regions. In
addition, the bilateral parietal and left postcentral
vertex regions showed hipoperfusion compared to the
controls (P < .05). For example, Fig. 3 has demon-
strated hypoperfused brain regions in the euthymic
patient. This patient had prominently low rCBFs in
the temporal, frontal, parietal and occipital lobe gy-
ruses. When the P value was Bonferroni-corrected, so
that a P value of 0.0010 (0.05/46, number of ROIs) was
considered significant, only the differences involving
the cingulate gyrus remained statistically significant.
Left to right perfusion ratios did not show significant
differences between the patient and control groups in
any brain slice (P < .05).

The mean rCBF values showed no significant dif-
ferences between female and male patients. The mean
rCBF values were not significantly correlated with
total episode number and length of illness.

Discussion

Although SPECT studies have described patterns of
abnormality in cerebral blood flow during different

mood states or mixed patient groups in unipolar and
bipolar patients, to our knowledge there is no SPECT
report during euthymia in affectively ill patients [3, 5,
20]. The importance of the present study is that it is a
first detailed study performed on a sample entirely
comprised of euthymic bipolar patients.

The major finding in this study is a highly signif-
icantly decreased perfusion in a large brain region in
the bipolar patients during euthymia when compared
with healthy subjects. However, the hypoperfusion in
the cingulate gyrus was the most prominent finding in
the euthymic patients. Because of a lack of studies
conducted during euthymia we cannot directly com-
pare our results with any others. Several studies in
bipolar subjects have also demonstrated regional
alterations in cerebral perfusion and metabolism,
particularly in the anterior cingulate cortex, during
manic and depressive episodes [21, 22]. More re-
cently, the possibly key role of the cingulate gyrus,
which has extensive connections with limbic regions,
has attracted attention in bipolar disorder [23, 24]. In
a recent study Kaur et al. [23] proposed that de-
creased cingulate volumes in children and adolescents
with bipolar disorder could possibly be related to
neurodevolepmental abnormalities. Our finding indi-
cating a more severe hypoperfusion in the cingulate
gyrus may be interpreted as an evidence of that region
playing an important role in the pathophysiology of
bipolar disorder.

The results of the present study indicated signifi-
cantly decreased cerebral blood flow not only in the



cingulate gyrus but also in bilateral medial temporal,
frontal, parietal, and occipital regions in eutyhmic
bipolar patients when compared to healthy controls.
A decreased regional blood flow in temporal lobes has
been frequently reported in both unipolar and bipolar
depression [9, 25]. Previously published studies using
HMPAO-SPECT discovered a lower cerebral blood
flow in a number of brain regions including the left
superior temporal gyrus, the occipital cortex bilater-
ally, and the right parietal cortex as well as in the
superior and middle frontal cortex, and the right
anterior cingulate in depressed bipolar subjects when
compared with healthy volunteers [5, 26]. Findings
are more varied in manic bipolar patients. Rubin et
al. [27] found decreased temporal and frontal blood
flow in manic bipolar patients compared with healthy
subjects. In contrast, some blood-flow studies suggest
that manic patients exhibit increased baseline blood
flow as temporal, frontal and basal ganglia in different
brain regions [28, 29]. Thus, perfusion studies do not
provide a clear conclusion regarding the changes of
cerebral blood flow that accompany mania [3]. In our
euthymic patients group, we found significantly de-
creased cerebral blood flow in brain regions including
all bilateral medial fronto temporal and basal tem-
poral regions. Our data are consistent with the pre-
viously found evidence of the role of frontal temporal
structures in the pathogenesis of bipolar disorder.
Another considerable finding of the present study
is that patients with euthymic bipolar disorder did not
show significant differences in hemispheric asymme-
try in brain regional blood flow compared to healthy
subjects. The existence of a hemispheric lateralization
has also been linked to different mood states. Several
SPECT studies suggest that depressed bipolar patients
exhibit lower baseline blood flow in frontal and
temporal cortical regions, particularly in the left
hemisphere [4, 20, 26]. The left frontal cerebral per-
fusion, which has been observed in both unipolar and
bipolar depressive disorders, appears to be state
dependent [3]. Studies have reported that these
abnormalities tend to disappear and to be reversible
with effective pharmacotherapy, and in these cases
there were no significant differences in uptake be-
tween controls and depressed patients in remission.
However, abnormality was found to be persistent
when recently remitted patients were studied again
when they were off medication [30-32]. On the other
hand, several studies performed during the manic
phase indicate left-right asymmetry, with less perfu-
sion in the right and basal temporal cortex than in the
left and dorsal regions [29, 33]. Gyulai et al. [9] found
that in 12 rapid cycling bipolar patients, radiodrug
distribution was asymmetric in the anterior part of
the temporal lobes in both the depressive/dsysphoric
phases as well as in the manic/hypomanic phases,
being symmetric in the euthymic phases. Our results,
indicating no asymmetry in the euthymic phase,
support Gyulai’s [9] finding on asymmetry being re-
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lated to state in bipolar patients. These findings are
consistent with the hypothesis that certain neuro-
anatomic regions of the central nervous system may
be functionally and reversibly involved during
depressive and manic episodes [3, 34]. Taken to-
gether, all of these results have suggested that asym-
metric brain dysfunction is more related to acute
affective episodes in both depression and mania,
although non-asymmetric but still abnormal dys-
function in temporal and frontal structures is more
likely to reflect an underlying and ongoing disease
process. Nevertheless, it should be borne in mind that
these observations are hypothetical and should be
used with caution until they are confirmed with future
studies on a larger number of patients.

It is well known that duration of illness and number
of episodes influences the prognosis of bipolar illness.
Altshuler et al. [35] initially reported a decreased
temporal volume in male bipolar patients that was
associated with longer duration of illness. However, in
many SPECT studies the relationship between more
chronic illness and altered regional blood flow is not
clearly defined. In our study group, we also did not find
any relationship between brain blood flow and dura-
tion of illness or number of episodes.

The findings here are preliminary and require
replication, as this study has several limitations. First,
the overall number of subjects is relatively small, and
the patients received variable treatment. However, for
ethical reasons, we could not keep the patients med-
ication-free. The influence of psychotropic medica-
tion on brain functions has been investigated in a
number of studies [30, 36-38]. Goodwin et al. [30]
reports that after the withdrawal of lithium, anterior
cingulate and right caudate CBF decrease, whereas
development of mania on lithium withdrawal is
associated with increased anterior cingulate CBF.
There is some evidence indicating that antipsychotics
increase caudate activity and cerebral blood flow [36,
37]. In a study which used functional magnetic reso-
nance imaging, it was found that there is no signifi-
cant difference between the brain activation in any of
the brain region of the medicated and medication free
euthymic bipolar patients [38]. Patients in our study
receiving medications were being treated with differ-
ent mood stabilizers or a combination with mood
stabilizer and atypical antipsychotics, so that specific
medication effects could not be completely excluded
on regional blood flow. However, the nature and ex-
tent of the effects of medication are difficult to
determine. Future studies should ideally examine
drug-free bipolar patients, although this is clearly
difficult in this patient population. Second, the limited
number of patients in the study may decrease the
statistical analysis power. Another limitation, because
we don’t have fan-beam collimator or HR collimator
we could not evaluate the deep cerebral structures.

The results of our study provide strong evidence
about the role of cingulate gyrus abnormalities in
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bipolar patients. This decreased CBF of cingulate re-
gion may underlie the vulnerability to mood episodes
present in bipolar patients. The present study may
also point at a decreased cerebral blood flow of the
bilateral medial fronto temporal and basal temporal
regions in euthymic phases. However hemispheric
asymmetry of rCBFs was not present in the eutymic
bipolar patients. These findings have suggested that
underlying brain dysfunctions tend to show a con-
tinuum during euthymic phase. To our knowledge,
this is the first SPECT study examining the rCBF in
euthymic bipolar patients. Longitudinal studies with
larger numbers of patients are needed in order to
understand brain abnormalities in bipolar mood
disorders.
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