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Temporal Lobe Perfusion Asymmetries in Schizophrenia
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Structural and functional neuroimaging techniques have consis
tently demonstrated that abnormal lateralization of temporal lobes
may be important in identifying the pathophysiologic processes in
schizophrenia. The exact nature of these reported abnormalities has
not been consistent. Methods: We examined temporal lobe perfu
sion using HMPAO-SPECT in 22 individuals with schizophrenia in an
effort to establish whether temporal lobe perfusion asymmetry is
seen in these individuals, as compared to a group of 22 age- and
sex-matched controls. Results: We found that the asymmetry
index, a measure of perfusion differences between two homologous
compared areas, was lower (more negative) in schizophrenic indi
viduals. The asymmetry indices of patients considered with the
results from globally corrected ROI means indicated that the left
temporal lobes of individuals with schizophrenia were significantly
hypoperfused when compared to controls. This finding does not
appear to be caused by medication effects, demographic variables,
handedness, imaging artifacts or analysis techniques. Conclusion:
In our sample, patients with schizophrenia appear to have significant
left hypoperfusion relative to right of their temporal lobes. Abnormal
lateralization of temporal lobe blood flow may have important clinical

Received Apr. 5,1996; revision accepted Aug. 16,1996.
For correspondence or reprints contact: James M. Russell, MD, Department of

Psychiatry and Behavioral Science, Route 0428, Clinical Research Center, The Univer
sity of Texas Medical Branch, Galveston, TX 77555-0428.

implications by assisting with diagnosis and appropriate treatment
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-IVraeplin et al. (7) originally hypothesized that abnormalities
in the temporal lobe are pathophysiologically related to some
schizophrenic symptoms. Flor-Henry et al. (2) demonstrated
that temporal lobe epileptics with left-sided foci tended to have
a schizophrenic-like psychosis, while those with right-sided
foci were more likely to have manic-depressive symptoms.
Later studies of psychosis following cerebral trauma, tumors
and infections have continued to strengthen the association
between schizophrenia and the left temporal lobe (3 ).

Reduced temporal lobe volume, with the left generally more
frequent than right, and the presence of language abnormalities
have implicated dysfunction of the temporal limbic cortex in
individuals with schizophrenia (3-8). Functional neuroimaging

studies, utilizing PET and SPECT, have consistently reported
temporal lobe perfusion abnormalities in the brains of individ
uals with schizophrenia (9-17). The results of these studies are
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inconsistent with regard to the specific type of abnormality.
However, all have consistently identified the temporal lobes as
abnormal in most individuals with schizophrenia.

The pathophysiology of schizophrenia clearly cannot be
localized to the temporal-limbic system alone. Schizophrenia is
an illness that involves many complex neural pathways includ
ing the basal ganglia, frontal cortex, temporal cortex and
parietal cortex (9,15,18-25). Current theories of schizophrenic
symptomatology reflect an underlying disorganization of the
cognitive systems in the temporal lobe and limbic areas. This is
especially true of those systems involving auditory sensation,
auditory and visual perception, storage of sensory input, lan
guage systems, behavior affect and emotion modulation (26-

28). Our study attempts to evaluate the degree and nature of
temporal lobe cerebral blood flow asymmetry in neuroleptic-
naive or neuroleptic-free individuals with schizophrenia. The
present study will show that there are asymmetric rCBF
changes in our patient population in the posterior superior
temporal lobe cortex. This was carried out by using reliable
quantitative analysis techniques of 99mTc-HMPAO SPECT

scans that were spatially normalized to a standardized stereo-
taxic space.

MATERIALS AND METHODS

Subjects
Fifty-five patients between the ages of 18 and 65 yr and of varied

ethnicity who met presumptive DSM-III-R criteria for schizophre
nia were selected from the Admissions Service in the Department
of Psychiatry at the University of Texas Medical Branch from
January to December 1993 (29). All patients were either neuro-
leptic-naive or had not had neuroleptic treatment for a period of at
least 6 wk. Individuals with a history of developmental mental
deficiency, intravenous drug abuse, cocaine abuse/dependence,
alcohol dependence and other serious, frequent and/or recent illicit
drug use/abuse, serious neurologic (i.e., seizure disorder, neoplas-
tic, autoimmune or infectious disorder of the brain, cerebrovascular
disease) or serious medical disorder (i.e., general neoplastic,
autoimmune or infectious disorder) were excluded from the study.
Because the diagnosis of schizophrenia is unreliable while an
individual is actively psychotic, all patients were diagnosed once
stabilized utilizing the DSM-III-R checklist by a board-certified
psychiatrist blind to the results of the SPECT scan. Of the 55
patients scanned, 23 individuals did not meet DSM-III-R criteria
for schizophrenia, and 10 individuals were excluded due to a
history of intravenous drug abuse or head trauma that was not
identified during the initial screening process. The resulting 22
subjects are reported here.

Fifty control subjects (18-55 yr) were screened for history of
illicit drug use, alcohol abuse, serious neurologic or medical
disorders, psychiatric disorders, psychiatric disorders in first de
gree relatives or history of head injury with loss of consciousness.
Twenty-two of these subjects were selected for the control group.

Patient Preparation
Within 72 hr of admission and before initiation of current

neuroleptic treatment, regional cerebral blood flow was measured
using SPECT with the radiotracer 99"Tc-d,l-hexamethylpropylene
amine oxime (99mTc-HMPAO). Technetium-99m-HMPAO is an

intravenously administered compound that is highly lipophilic and
quickly crosses the blood brain barrier. It reaches equilibrium in the
brain within 2 min and subsequently is changed to a hydrophilic
form, making it impermeable to the blood brain barrier (30).
Before performing the SPECT study, all subjects had an intrave
nous line established while lying down with his or her eyes open
and ears unplugged in a quiet darkened room with low ambient

sound and light. After approximately 30 min, each patient received
a 20 mCi (740 MBq) 99mTc-HMPAO intravenous injection while

still lying down in the same quiet darkened room. Because of the
chemical properties of 99mTc-HMPAO, regional cerebral blood

flow as measured by the SPECT scan is a function of the resting
state at the time of the injection (37 ).

Scan Procedure and Image Acquisition
SPECT scanning commenced 1 hr after tracer administration

using a dual-headed gamma camera with a 12-mm FWHM reso
lution collimator. Standard head positioning was based on uniform
alignment of the external auditory meatus using automated table
positioning and camera head-detector ratio values and was main
tained with a plastic head holder. Imaging of radiotracer distribu
tion was achieved in a 35-min acquisition. The radius of rotation
was kept as small as possible between 14 and 18 cm. Each detector
head acquired 64-cm projections for 30 sec each over 180Â°
providing a total of 128 images over 360Â°which generated a 64 X
64 X 16 three-dimensional pixel matrix. Tomographie images were
reconstructed from the three-dimensional 64 X 64 X 16 matrix in
the transverse plane using filtered backprojection algorithms with a
Butterworth filter, using a Nyquist frequency cutoff of 0.5 and
order of 5. The volume images of transverse slices were then
attenuation corrected, and the images were transferred to a SUN
Sparcstation 20â„¢(Mountain View, CA) for further processing.

Quantitative Analysis
Image Manipulation. All subsequent image manipulation and

data analysis was carried out on a SUN Sparcstation 20â„¢running
SunOS v5.3â„¢ and Openwindows v3.3â„¢ (SUN Microsystems,

Mountain View, CA). The software for image manipulation in
cludes Matlabâ„¢ (Mathworks Inc., Natick, MA), SPMÂ©(32)
Analyzeâ„¢ (Biomedicai Imaging Resource, Mayo Foundation,

Rochester, MN).

Image Processing and Normalization
Whole brain mean pixel intensity values are obtained in Ana

lyzeâ„¢by placing a region of interest (ROI) around the brain image

with the ROI trace based on 30% of the maximum pixel value. All
brain image slices were then sampled and averaged to arrive at a
mean pixel intensity value for that image. Image intensity is then
smoothed in SPMe over a 6-mm volume to eliminate high spatial

frequency noise. Image thresholding was carried out in the Ana
lyzeâ„¢ two-dimensional Morphology subroutine. The intensity

threshold was set at 70% of the whole brain mean. This eliminates
low intensity background noise inherent in the images and effec
tively removes brain edge "halo" due to partial volume error,

without losing any image data specific to the brain. This is
absolutely necessary for accurate spatial normalization. The images
were then spatially normalized in SPMÂ°to a standardized stereo-
taxic space based on the Talairach and Tournoux atlas (33 ) using
12 parameter linear affine normalization algorithms. The normal
ization routine also includes further smoothing, to a total of 12 mm.
This corresponds to the resolution (12 mm FWHM) of the SPECT
scanner. Final image format is 16-bit, with a size of 65 X 87 X 26,
voxel size 2X2X4 mm.

Image Analysis
Data from normalized images was gathered in Analyzeâ„¢ using

ROIs. We used ROIs of the temporal lobe cortex in image slices
1-12 (corresponding to Talairach atlas Z coordinates of â€”28mm

to +16 mm). The ROI series was created from the corresponding
temporal lobe slices in the transverse series of the Talairach and
Tournoux atlas (33 ). Briefly, the transverse series was scanned into
digital images, and a volume image was created in Analyzeâ„¢ from

that series. The temporal lobe diagram in each slice was used to
create the ROI for that slice. This was then fitted on the normalized
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FIGURE 1. Temporal lobe ROI series. The transverse slices 1-12 of the
spatially normalized SPECT image were used. This corresponds to the
transverse image slices in the Talairach and Toumoux atlas from -28
mm-16 mm. An ROI was drawn around the temporal lobe cortex in each of

the corresponding slices from a spatially normalized structural (MR) image
and matched to the atlas images for fit. This series was then used to measure
mean values in the normalized images.

MR image that comes with SPM, as well as the SPECT template,
to ensure that no extracerebral voxels were included in the ROIs.
Thus, the ROI contour is from the reference image, and the SPECT
data images are spatially normalized to fit the reference image
space via a three-dimensional, 12-parameter linear warp. The left
and right temporal lobes were measured with identical but mirrored
ROIs to ensure uniformity. The ROI series is shown in Figure 1.

The global pixel intensity of each image varies based on several
factors, including the individual's blood flow, absorption of "Tc-

HMPAO, rate of equilibration, interval between the time of
injection and the SPECT scan and variation in the amount of time
from creation of the radiolabeled tracer to initiation of scan. This
global variation can be standardized by using the asymmetry index.
Mean ROI values were used to generate asymmetry indices by
subtracting each right region from the homologous left region and
dividing the difference by the mean of the left and right regions
(L - R/[L + R/2] X 100) (24). The resulting index yields a

percentage difference between the right and left when compared to
the average flow of both temporal lobes in each individual.
Because the left temporal lobe values are entered first in the
equation, a negative value indicates left temporal hypoperfusion (or
right hyperperfusion), whereas a positive value would indicate
right temporal hypoperfusion (or left hyperperfusion). Since abso
lute quantification of rCBF in ml/100g/min with 99mTc-HMPAO is

not possible with our equipment and software, the terms hyperper
fusion and hypoperfusion in this study are strictly relative.

Global variation also can be corrected by adjusting ROI values
from each brain to a global average. The whole brain mean pixel
value was obtained by averaging pixel intensities from the 26
transverse slices, including parts of the cerebellum. The whole
brain mean pixel values from both patient and control groups were
then averaged to arrive at a global mean. The global mean values
from each group were not significantly different (patients - 360 Â±
26, controls - 362 Â±19), and thus, both groups were used together.

TABLE1Subject

characteristicsTotal

subjects
Age (mean Â±s.d.)
SexMaleFemaleHandednessLeftRight

RaceBlackHispanic

WhiteAsianNative

AmericanMedication
statusNaiveUnmedicated

>6 wkPatients22

32Â±91394187211201012Controls2232Â±6111102274

821nana

The global mean was then divided by the individual whole brain
mean to obtain a correction factor for that specific brain. This
correction factor was multiplied by individual ROI mean values to
correct them for global variation. Once temporal lobe ROIs are
corrected for global perfusion changes, mean perfusion values
within groups are generated for each transverse slice, and for each
side of the brain.

Statistical Analysis
ANOVA was used to assess for significant differences in

asymmetry indices and mean perfusion values of patients with
schizophrenia versus controls, males versus females, left-handed
versus right-handed patients and of neuroleptic naive versus
neuroleptic free patients. In addition, ANOVA was used to assess
significance of any possible correlation between the seven-point
psychometric rating and medication status, handedness and sex. A
possible relationship between age and asymmetry index was
examined with correlation coefficients.

RESULTS
The demographic characteristics of the 22 subjects with

DSM-III-R schizophrenia and 22 controls are shown in Table I.
There was no significant correlation of asymmetry index with
age in the present study. The age range for both patients and
subjects was from 18-50 yr of age. Table 2 shows the results
from examining the seven-point rating scale as a factor of
neuroleptic status, handedness or sex. There was no significant
difference of any of the seven items on the rating scale with
handedness or sex. However, there appeared to be a slight
increase in the rating scale for unusual thought content and
disorganization in those patients who were neuroleptic free as
compared to the neuroleptic naive group. Patients in this group
were most often readmitted due to noncompliance and/or
nonresponsiveness to neuroleptic therapy, and thus, could
represent a population selected for on these two specific items
in the rating scale. Table 3 displays the correlation that the
seven-point rating scale had with the asymmetry index. The
Talairach z-coordinate corresponds to the identical transverse
slice in the Talairach and Tournoux atlas (33). Unusual thought
content was slightly negatively correlated with AI in several of
the transverse planes. Other than this, the psychometric rating
scale had no significant correlations with asymmetry in the
ROIs measured. Table 4 displays the asymmetry index in each
transverse slice ROI for both neuroleptic free versus neuroleptic
naive patients. There was no significant difference between
these two sets of patients in regards to this index. Table 5 shows
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TABLE 2

HallucinationsGrandiositySuspiciousnessUnusual

thoughtsDisorganizationBlunt

affectAlogiaNaive4.2

Â±0.42.2
Â±0.73.6
Â±0.64.4
Â±0.33.7
Â±0.63.5
Â±0.73.5
Â±0.7Unmed5.4

Â±0.52.8
Â±0.64.9
Â±0.45.5
Â±0.4*5.5
Â±0.4*3.9

Â±0.53.7
Â±0.5i

11,41mmRight4.9

Â±0.42.8
Â±0.54.0
Â±0.55.0
Â±0.34.5
Â±0.53.6
Â±0.53.4
Â±0.5nun

I1-..-ULeft4.8

Â±1.01.3
+0.64.0

Â±0.65.0
Â±0.75.5
Â±0.94.5
Â±0.94.5
Â±1.2>-/Â»Male5.0

Â±0.52.5
Â±0.54.3
Â±0.45.2
Â±0.44.6
Â±0.63.9
Â±0.64.1
Â±0.6wnFemale4.7

Â±0.72.7
Â±0.84.3
Â±0.84.9
Â±0.44.8
Â±0.43.4
Â±0.62.9
Â±0.5All

patients4.9

Â±0.42.5
Â±0.54.3
Â±0.45.0
Â±0.34.7
Â±0.43.7
Â±0.43.6
Â±0.4

*p < 0.05.

A seven-point psychometric scale composed of six BPRS items and alogia was used to rate patients. Patient groups were analyzed according to

neuroleptic status, handedness and sex. Data for each group are mean Â±s.e.m.

the comparison of asymmetry indices of patients to controls.
Patients were significantly more asymmetric in slices â€”4mm
through 16 mm. This data is still significant with the left-handed
patients removed from the study. However, there is a small but
significant difference between the left-handed patients and the
right-handed patients in the two most superior slices, as
demonstrated in the latter part of Table 5. While it is well
known that some left-handed individuals have reversed asym
metry, especially in regards to temporal lobe function, these
four patients had left temporal hypoperfusion instead of right
temporal lobe hyperperfusion. This was demonstrated with
comparison of globally corrected ROI means (data not shown).
Thus, a putative reversal of function in these patients does not
account for the change in asymmetry index.

Overall, our results showed an increase in temporal lobe
perfusion asymmetry in patients as compared to controls. This
is evident in the significantly lower (more negative) asymmetry
indices for patients shown in Table 5. These results indicate that
the superior transverse slices of the temporal lobe are those that
are significantly different.

While the asymmetry index gives an indication of both the
magnitude of change and the direction of change, it reports only
on relative perfusion levels between the two areas compared.
Comparison of globally corrected ROI means is another method
of examining this data and does give an indication of where the
actual perfusion change lies. This method in general requires a
reference region to be used as a standard. Other studies have
used ROI/hemisphere ratios (9), the mean of all the ROIs (34)
or the cerebellum (35 ) as a standard. Another study has reported
differing results when using cerebral versus cerebellar standards
(36), and other studies have shown changes in the cerebellum in
schizophrenic patients (37,38). Thus, we chose to use the whole
brain mean pixel average as a reference. Once temporal lobe

ROIs are corrected for global perfusion changes, mean perfu
sion values are generated. There was no significant difference in
the results obtained when within group global averages were
used as compared to a combined group global average.

Table 6 shows that the perfusion change seen is left posterior
superior temporal cortex hypoperfusion. There was no signifi
cant difference between the right temporal ROIs of patients and
control subjects. However, the left temporal ROIs of schizo
phrenic patients were significantly lower than the control group
in the more superior transverse slices from â€”12mm-16 mm,

confirming that the changes seen in this study are found in the
posterior and superior regions of the left temporal cortex.

DISCUSSION
Functional neuroimaging techniques have thus far reported

inconsistent abnormalities in the temporal lobe and subcortical
limbic structures. Consequently, it is critical to appreciate that
evidence of temporal lobe abnormalities signifies neither spec
ificity for schizophrenia nor specificity for anatomical localiza
tion. There have been SPECT and PET study reports of both
medial and inferior temporal hypoperfusion. These perfusion
inhomogeneities have been observed bilaterally in some and
unilaterally in others (10,11,13,16). Others have found evi
dence for left superior temporal perfusion changes. That HM-
PAO-SPECT study found left posterior temporal hypoperfusion
and interhemispheric asymmetry in neuroleptic-naive patients
(34). The perfusion changes seen in the present study agree
with this latter study; however, we saw no changes in the
inferior or medial temporal areas. No right temporal areas of
increased or decreased perfusion was noticed, although a trend
towards right temporal hyperperfusion was noted in the most
superior ROIs of male schizophrenic patients (data not shown).

Reduced temporal lobe volume, with the left more frequent

TABLE 3

Talairach z-coordinate (mm)

Rating -4 12 16

HallucinationsGrandiositySuspiciousnessUnusual

thoughtsDisorganizationBlunt

affectAlogia-0.13-0.240.02-0.280.150.090.19-0.17-0.230.02-0.33-0.02-0.040.00-0.14-0.190.05-0.280.02-0.07-0.03-0.19-0.19-0.03-0.33-0.01-0.050.00-0.17-0.19-0.04-0.34-0.010.000.02-0.19-0.15-0.08-0.35-0.020.050.08-0.10-0.120.00-0.230.050.090.09

The correlation between psychometric ratings and AI was examined. Correlation coefficients are shown here for only the most superior seven ROIs for
the sake of brevity. The only significant correlations are for unusual thought content.
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TABLE4Tal

airÃ¤ch2-coordinate-28-24-20-16-12-8-40481216Neuroleptic
statusNaive-2.8

Â±2.0-1.8
Â±2.0-2.5
Â±1.7-4.1

Â±1.6-7.6
Â±1.9-9.1

Â±2.1-8.8
Â±1.8-10.3

Â±2.1-10.4
Â±2.0-9.7
Â±2.1-9.4
Â±2.2-9.2
Â±2.5Free-4.7

Â±2.4-4.8

Â±2.3-5.1
Â±2.1-6.0

Â±1.7-7.9
Â±2.0-9.2
Â±1.9-10.3

Â±2.0-10.6
Â±2.1-11.3
Â±2.2-10.7

Â±2.4-10.2
Â±2.7-9.5
Â±3.0

Neuroleptic status does not affect the asymmetry index in the present
population. There was no significant difference between the two groups of
patients. Data are mean Â±s.e.m.

than right, have implicated dysfunction of the temporal cortex
in individuals with schizophrenia. The left temporal lobe has
consistently been identified as having decreased volume in grey
and white matter. Since volume of cerebral matter would
certainly have an effect on perfusion, this factor should be
considered when making conclusions about temporal lobe
perfusion asymmetry (3-8,39). However, 16 of the 22 subjects

did undergo either CT or MRI, and only one showed an
abnormality; this was very mild diffuse atrophy. Six subjects
did not undergo either CT or MRI. It is important to note
though, these were not morphometric studies designed to assay
for subtle size differences.

Decreased cerebral volume is not the only possible explana
tion for these changes. Dysfunction in the left temporal lobe
could result from a left-sided compensation for an overactive
right temporal lobe, from a defect in interhemispheric regula
tion, or it could represent the corollary to a dysfunctional event
elsewhere in the brain. However, the current study did not show
any right-sided changes in the patient group indicative of an
overactive right temporal lobe, although there was a trend
towards right temporal hyperperfusion in male patients. The
absence of a consensus among investigators underscores the
current lack of a cohesive pattern to findings in the temporal

lobes of individuals with schizophrenia. Despite these disparate
findings as to the nature of the perfusion abnormalities ob
served, there is still a general consistency in anatomically
implicating the left temporal lobe an area of dysfunction in
schizophrenia. In addition, there are methodological consider
ations that may account for the different functional imaging
findings in the temporal lobes of schizophrenic subjects across
investigators.

It is important to note that despite the evidence suggesting an
association between schizophrenia and temporal lobe patho-
physiology, this association has not consistently been demon
strated in all individuals with schizophrenia. Temporal lobe
dysfunction has not been demonstrated uniformly throughout
the schizophrenic population. This lack of specificity has led to
the hypotheses that heterogeneity of clinical symptomatology in
schizophrenia may be a reflection of the variability of underly
ing pathophysiology and a cause for these inconsistent findings
(14). Such hypotheses have spawned experimental approaches
focused on attempts to define diagnostic subtypes of individuals
with schizophrenia or symptom domains in an effort to distin
guish between symptom related and syndrome related blood
flow patterns (14,40,41 ). It is, in fact, possible that there may be
several diseases present, each indicative of a specific regional
blood flow pattern, yet all possessing a group of core symptoms
which when present together clinically are called schizophrenia.

CONCLUSION
This study provides quantitative evidence for significant left

posterior and superior temporal lobe cortical hypoperfusion in
individuals with schizophrenia. The results from this study
investigating the nature and degree of lateral ized temporal lobe
cerebral blood flow in schizophrenia emphasize the necessity
for further investigations exploring the significance of the
temporal lobe pathophysiology as a component of the etiologic
basis of the schizophrenias. We also need to further explore the
role that sex has in correlation to the frequency of left temporal
lobe hypoperfusion in this disease. Subsequent studies should
concentrate on describing certain subtypes of schizophrenia that
exhibit temporal lobe abnormalities, as well as on defining the
role of the temporal lobe as it corresponds to the functional
framework of the neuropathophysiology of schizophrenia. Such
investigations will broaden our understanding of lateralized
temporal lobe function in schizophrenia and will, therefore.

Talairachz-coordinate-28-24-20-16-12-8-40481216Patients-3.8

Â±-3.4-3.9-5.1-7.8-9.1-9.6

Â±-10.5
Â±-10.8
Â±-10.2

Â±-9.8
Â±-9.4

Â±1.61.51.4121.41.41.3*1.5*1.5*1.6*1.7*2.0*Patients

vs.TABLEcontrolsubjectsPatients

noLH-2.8-2.5-3.3-4.6-7.3-8.5-8.6:-9.5:-9.9:-9.1

:-8.4:-7.5:1.51.61.51.31.51.5:1.4:1.6*:

1.6*:1.6*1

1.6*:
1.7*5Control

subjects-3.2

Â±-3.6
Â±-3.8
Â±-3.2
Â±-5.9
Â±-6.1
Â±-6.5
Â±-6.5
Â±-6.9
Â±-5.6
Â±-4.8
Â±-3.9

Â±1.00.80.70.60.80.80.70.80.80.91.11.2Patients:

LHvsLH-8.4

Â±5.7-7.3-6.3-7.8-10.3-12.1-14-15-14.6-15.3-16.2-17.74.73.72.23.74.23.63.53.74.65.5*6.4*RHRH-3.1Â±1.5-2.8
Â±1.6-3.6

Â±1.6-4.9-7.7-8.9-9-9.9-10.4-9.6-9.1-8.41.41.51.51.41.61.61.61.61.6

*p < 0.05.

Asymmetry index is lower in patients than in control subjects. This decrease is still significant after removal of the left-handed patients from the experiment.
There is a significant difference between the left- and right-handed patients in the two most superior ROIs. Results are mean Â±s.e.m.
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TABLE6Talairachz-coordinate-28-24-20-16-12-8-40481216Left

temporalROIControl316

Â±3328
Â±2336Â±2348

Â±2350Â±3354Â±3358

Â±2367
Â±3359
Â±3363
Â±3358
Â±3361

Â±3Patient305

Â±4322
Â±3332
Â±3344Â±3338

Â±3T339
Â±3*343
Â±3Â§353
Â±3*348
Â±3f349
Â±3*344
Â±4*348

Â±4*Right

temporalROIControl326

Â±5340Â±3349

Â±3360
Â±3372
Â±2376
Â±2382
Â±2391
Â±3385
Â±3384
Â±3376
Â±3376

Â±3Patient317

Â±5334Â±4346Â±4362

Â±3366
Â±4372
Â±4378
Â±4393
Â±5397
Â±5387
Â±5380
Â±5382

Â±512.13.14.15.16.17.18.19.

*p < 0.05.

tp<0.01.
*p < 0.005.
Â§p< 0.001.

ROI mean pixel intensity analysis demonstrates left posterior superior
temporal hypoperfusion. There was no significant difference in the right
temporal lobe nor in lower portions of the left temporal lobe. Results are
mean Â±s.e.m.

improve our ability to increase the specificity by which we
diagnose and treat these patients.
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