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Metabolic dysfunction and microvascular abnormality may
contribute to the pathogenesis of schizophrenia. Most previ-
ous studies of cerebral perfusion in schizophrenia measured
total cerebral blood volume (CBV) and cerebral blood flow
(CBF) in the brain, which reflect the ensemble signal from the
arteriolar, capillary, and venular compartments of the micro-
vasculature. As the arterioles are the most actively regulated
blood vessels among these compartments, they may be the
most sensitive component of the microvasculature to meta-
bolic disturbances. In this study, we adopted the inflow-based
vascular-space-occupancy (iVASO) MRI approach to inves-
tigate alterations in the volume of small arterial (pial) and
arteriolar vessels (arteriolar cerebral blood volume [CBVa])
in the brain of schizophrenia patients. The iVASO approach
was extended to 3-dimensional (3D) whole brain coverage,
and CBVa was measured in the brains of 12 schizophrenia
patients and 12 matched controls at ultra-high magnetic field
(7T). Significant reduction in grey matter (GM) CBVa was
found in multiple areas across the whole brain in patients
(relative changes of 14%—-51% and effect sizes of 0.7-2.3).
GM CBVa values in several regions in the temporal cortex
showed significant negative correlations with disease dura-
tion in patients. GM CBVa increase was also found in a few
brain regions. Our results imply that microvascular abnor-
mality may play a role in schizophrenia, and suggest GM
CBVa as a potential marker for the disease. Further investi-
gation is needed to elucidate whether such effects are due to
primary vascular impairment or secondary to other causes,
such as metabolic dysfunction.
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Introduction

Schizophrenia is a psychiatric disorder that is character-
ized by positive symptoms (eg, hallucinations, delusions,
thought disorder), negative symptoms (eg, affective
blunting, anhedonia), cognitive deficits, and social
impairments.! While the acute phase of schizophrenia is
predominantly defined by positive symptoms, long-term
disability particularly relates to cognitive dysfunction.’
Metabolic dysfunction in the brain may occur early and
act causally in the disease pathogenesis.*> As the sup-
ply of adequate oxygen and energy substrates for local
metabolic demands is controlled by blood vessels in the
brain, microvascular abnormalities may contribute to the
neuropathology of the disease.® Moreover, cerebrovas-
cular pathology is frequently associated with cognitive
dysfunction in general.” Cerebral blood volume (CBV)
is a sensitive physiological parameter that reflects the
homeostasis of the microvasculature. It has been demon-
strated that baseline CBV measures correlate with basal
metabolism®® and can predict progression to psychosis.>!?
In addition, baseline CBV is a major modulator for the
blood-oxygen-level-dependent (BOLD) effect,!'"!* which
has been used in numerous functional MRI (fMRI) stud-
ies in schizophrenia. Since BOLD fMRI measures rela-
tive changes between the baseline and activated states
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(for instance, during a functional task), the investigation
of potential alterations in baseline hemodynamic param-
eters in patients may provide crucial information for
proper interpretation of BOLD signal changes detected
in fMRI studies of schizophrenia.

Abnormalities in total CBV (a measure that includes
blood within arterial, capillary and venous vessels) in
schizophrenia have been studied using contrast enhanced
MRI methods, typically by acquiring images after
intravenous injection of an exogenous contrast agent.
Widespread reductions in total CBV in schizophrenia
patients compared to controls have been observed in both
hemispheres of the brain,' frontal cortex,'*!>1® and visual
cortex.'” There is some evidence of a negative correlation
between disease duration and total CBV in the frontal
lobe.!” Increase in total CBV in schizophrenia, found less
frequently than decreased total CBYV, has been reported
in the cerebellum,'®!"” basal ganglia and some regions in
the occipital lobe," orbitofrontal cortex,!” and hippocam-
pus.>10-2021 Tn addition, altered cerebral blood flow (CBF)
in schizophrenia has been detected with various meth-
ods such as MRI, positron emission tomography (PET)
and single-photon emission computerized tomography
(SPECT),'#162235 although results thus far have been con-
flicting and inconclusive.

Histological studies in postmortem human brain tis-
sue have not revealed significant differences between
schizophrenia patients and controls in capillary diameter,
length, cross-sectional area and length density in several
cortical and sub-cortical regions.’**3® This implies that
the total CBV changes measured in previous studies may
come from microvascular compartments other than the
capillaries, ie, arterial, arteriolar or venous vessels. Blood
vessels in the brain are predominantly regulated by vascu-
lar smooth muscle cells in the arterioles and pial arteries
and, to a lesser extent by the pericytes in the capillar-
ies.?*#” Small arteries and arterioles are most responsive to
changes in metabolism.* Therefore, the measurement
of changes in arteriolar blood vessels separately may fur-
nish information that is not obtainable from total CBV
and CBF measures, and may provide a more sensitive
quantitative marker for the disease. Based on the wide-
spread decrease of total CBV and unchanged capillary
measures reported in the literature, we hypothesized that
CBYV of pial arteries and arterioles (arteriolar cerebral
blood volume [CBVa]) may be significantly reduced in
some cortical and sub-cortical regions in schizophrenia.

To test this hypothesis, we applied the recently devel-
oped inflow-based vascular-space-occupancy (iVASO)
MRI technique®> with large-vessel signal crushing to
investigate potential abnormalities in CBVa in the grey
matter (GM) of the brain in schizophrenia patients
compared with matched control subjects. The iVASO
approach is completely noninvasive, and does not require
the administration of exogenous contrast agents. We have
extended iVASO MRI from a single-slice technique to a
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3-dimensional (3D) sequence with whole brain coverage.
This study was performed on ultra-high magnetic field (7.0
Tesla or 7T) to take advantage of the enhanced sensitivity.
Part of this work has been reported in abstract form.>

Methods

Participants

Twelve patients with a diagnosis of schizophrenia or
schizoaffective (n = 2) disorder and 12 age and sex
matched normal controls were recruited and scanned in
this Johns Hopkins Institutional Review Board approved
study. All participants gave written informed consent
before scanning. Demographic data and clinical mea-
sures are summarized in table 1. None of the subjects had
other neurologic history or neurological signs on exam,
or a history of vascular diseases. As tobacco smoking
could potentially affect brain perfusion, current smok-
ing status (cigarettes smoked per day) was determined for
patients and controls. Current schizophrenia symptom
severity was assessed with the Brief Psychiatric Rating
Scale (BPRS).%” Diagnosis was based on clinical records
and clinical referrals at the point of ascertainment, and
was confirmed by symptom evaluation on entry into
the study. All patients, but none of the controls, were
receiving antipsychotic medicines. A Montreal Cognitive
Assessment (MoCA)*® was performed on each partici-
pant on the day of scanning.

MRI
All scans were performed on a 7T Philips MRI scanner
(Philips Healthcare). A 32-channel phased-array head

Table 1. Demographic and Clinical Data for the Study
Participants

Control Schizophrenia

Subjects Patients P Value?
N 12 12 N/A
Sex (male) 75% 75% 1
Age (y) 37.4+16.6° 39.6+18.4 73
Disease duration (y) N/A 19.0£17.8 N/A
Smoking status (cig/d) 1.7%3.1 23+24 .55
BPRS score® 23.1£34 38.1£8.4 <.00001
Medication? N/A 93.9+130.7 N/A
MoCA:® score 25.5+3.0 22.8+3.8 .04

Note: *P values from 2-sample ¢ tests between the 2 groups for
age, smoking status, Brief Psychiatric Rating Scale (BPRS) and
Montreal Cognitive Assessment (MoCA) scores; or from chi-
square test for the categorical variable sex.

"Mean * SD.

‘Please see Methods section for references. BPRS subscales are
reported in supplementary table 1.

dMedication reported with derived chlorpromazine equivalent
dose in dose-year (milligram).

*Please see Methods section for references. MoCA subscales are
reported in supplementary table 2.
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coil (Nova Medical) was used for RF reception and a
head-only quadrature coil for transmit. High-resolution
anatomical images were acquired with a 3D magne-
tization prepared 2 rapid acquisition gradient echoes
(MP2RAGE) sequence®-® (voxel = 0.65 mm isotropic) to
minimize B1 field inhomogeneity induced artifacts at 7T.

GM CBVa was measured using 3D iVASO MRI with
whole brain coverage. In iVASO MRI, a spatially selective
inversion is employed to zero out (null) the inflowing arte-
rial blood signal. CBVa can then be calculated from the
difference signal between the arterial blood nulled scan
and a control scan without blood nulling.** Interleaved
nulling and control images are acquired at multiple post-
inversion delay times (TI) to account for the heterogene-
ity of vascular transit times, from which absolute CBVa
can be quantified using the iVASO theory.*® To sensitize
this method to CBVa predominantly in the pial arteries
and arterioles, crushing gradients can be incorporated to
suppress signals from fast-flowing blood in large arter-
ies. The iVASO approach was originally developed in
single-slice mode using a gradient-echo (GRE) echo-
planar-imaging (EPI) readout. We have now extended it
to a 3D sequence with whole brain coverage by adopt-
ing a 3D spoiled fast GRE (also known as T1-enhanced
turbo field echo, TFE or TurboFLASH) readout. This
readout has been preciously implemented for VASO MRI
at 7T, which showed less geometrical distortion than EPI
and low power deposition.’" A low-high (also known as
“centric”) phase encoding was used so that the center of
k-space, which determines the gross signal intensity in
the image, was acquired at the first echo. A hyperbolic
secant adiabatic pulse optimized in our previous 7T work
on the same scanner was used for spatially nonselective
inversion.®® An optimized frequency offset corrected
inversion (FOCI) pulse was used for spatially selective
inversion in iVASO to ensure sharp edges of the inver-
sion slab. The following iVASO parameters were used:
TR/TT = 10 000/1383, 5000/1093, 3800/884, 3100/714,
2500/533, and 2000/356ms; 3D fast GRE readout (TI
calculated based on a blood T1 value of 2587 ms at 7T%?),
TR, (this is the time of repetition [TR] between 2
echoes during the fast GRE readout)/TE .= 4.2/2.2ms;
voxel = 3.5 % 3.5X 5mm?, 20 slices; parallel imaging accel-
eration (SENSE) = 2 X 2; crusher gradients of b = 0.3/
mm? and velocity encoding (Venc) = 10cm/s on z-direc-
tion. A reference scan (TR = 20s, other parameters iden-
tical) was obtained to determine the scaling factor M0
in iVASO images so that absolute CBVa values can be
calculated.

Data Analysis

The statistical parametric mapping (SPM) software pack-
age (Version 8, Wellcome Trust Centre for Neuroimaging;
http://www.fil.ion.ucl.ac.uk/spm/) and other in-house
code programmed in Matlab (MathWorks) were used
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for image analysis. iVASO images were motion corrected
using the realignment routine in SPM. Anatomical images
were co-registered with iVASO images and normalized to
the Montreal Neurological Institute (MNI) space using
SPM. GM, white matter (WM), and cerebrospinal fluid
(CSF) maps were generated from the anatomical images
using the SPM segmentation algorithm. No spatial
smoothing was performed in the analysis. The surround
subtraction method® was used to calculate the difference
signal from the nulling and control iVASO images. Partial
volume effects of WM and CSF on the iVASO difference
signal in GM were corrected.®* A signal-to-noise ratio
(SNR) threshold of 1 SD below the mean SNR was used
to exclude voxels with insufficient SNR from further anal-
ysis.*s Whole-brain GM CBVa maps were numerically fit-
ted from the iVASO difference signals at all TIs with the
iVASO equations.® Two-sample ¢ tests were performed
to examine group difference in GM CBVa values in the
whole brain on a voxel-by-voxel basis. Age, sex, smok-
ing status, regional GM volume from anatomical scans
and residual motion parameters (after motion correc-
tion) were all accounted for as covariates in the analysis.
Significant clusters of decreased or increased GM CBVa
were identified, and clusters of 10 or fewer voxels were
excluded. The IBASPM116 atlas® ¢ (PickAtlas software,
Wake Forest University) was used to identify anatomical
regions within the significant clusters (note that an ana-
tomical region from the atlas may have both decreased
or increased CBVa clusters in its sub-regions). Effect
size was estimated with Cohen’s d. Correlations between
CBVa values and disease duration, antipsychotic medica-
tion dosage, BPRS and MoCA scores (including the total
score and subscales for both BPRS and MoCA) were
evaluated using adjusted R? from linear regression. Note
that for correlations between CBVa and disease duration,
BPRS and MoCA scores, partial correlations were calcu-
lated with age, smoking status, and medication dosage as
covariates. Multiple comparisons were corrected with the
false-discovery rate (adjusted P < .05).7

Results

As shown in table 1, age and sex were matched between
schizophrenia patients and control subjects (P > .1). The
average numbers of cigarettes smoked per day were com-
parable between the 2 groups. Schizophrenia patients had
significantly higher BPRS scores (P < .001), and slightly
lower total MoCA scores (P < .05) compared to control
subjects. No significant differences were found in motion
parameters derived from the SPM realignment routine
between the 2 groups. Figure 1a demonstrated a represen-
tative whole brain CBVa map calculated from the iVASO
images from 1 subject.

Tables 2 and 3 summarize the main findings in the
group comparisons. Widespread reduction of GM CBVa
was found in multiple brain regions in schizophrenia
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Fig. 1. (a) Representative whole brain arteriolar cerebral blood
volume (CBVa) map (ml blood/100ml brain tissue) calculated from
the inflow-based vascular-space-occupancy (iVASO) images from 1
subject. (b) Map of relative CBVa changes between schizophrenia
patients and control subjects overlaid on Montreal Neurological
Institute (MNI) normalized anatomical images. The relative change
is defined as [100 X (schizophrenia — control)/control] %. Only
voxels that show significant CBVa difference between the 2 groups
(adjusted P < .05) are highlighted.

patients compared to controls (n = 12) with relative
changes of 14%-51% and effect sizes of 0.7-2.3. Most
of these changes were detected in both hemispheres in
corresponding regions, although the cluster sizes varied
between the left and right hemispheres in some regions.
There were also some GM CBVa increases detected in a
few brain regions with relative changes of 16%-85% and
effect sizes of 0.6-1.5. Some brain regions showed both
decreased and increased GM CBVa values in different
sub-regions. No significant difference was found in mean
GM CBVa over the whole brain (including all GM voxels,
not just significant clusters) between patients and controls.
Figure 1b displays the regions with significant decreased
or increased GM CBVa in schizophrenia patients on MNI
normalized anatomical images, with an intensity reflect-
ing the relative changes in each significant voxel.

We found significant negative correlations (figure 2)
between disease duration and GM CBVa values in the
superior temporal gyrus, middle temporal gyrus and
Heschl’s gyrus (also known as transverse temporal
gyrus). Age, smoking status and medication dosage were
included as covariates in the correlation analysis. The dis-
ease durations of the 12 patients included in this analysis
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can be split into 2 sub-groups with moderate (n = 7) or
long (n = 5) disease duration, however the sample size of
each sub-group was too small to detect significant differ-
ences between them. GM CBVa did not significantly cor-
relate with BPRS and MoCA scores (including subscales
for both BPRS and MoCA), and antipsychotic medica-
tion dosage in schizophrenia patients.

Discussion

The present study, to our knowledge, is the first to inves-
tigate microvascular alterations in arteriolar vessels in
the brain of schizophrenia patients. Most previous stud-
ies in the literature measured total CBV and CBF in the
brain (see Introduction), which reflects the sum of signals
from the arterial, capillary and venous compartments in
the microvasculature. However, different types of blood
vessels have distinct functions and underlying physiol-
ogy, and can be affected differentially by the pathology.
A few studies have examined capillaries in postmortem
human brain tissue from schizophrenia patients using
microscopy,**® but did not find significant changes when
compared to normal brains. The arterioles are the most
actively regulated blood vessels in the microvasculature,
and thus may be more sensitive to metabolic distur-
bances or other functional alterations in the brain.*#
We therefore adopted the recently developed iVASO
MRI approach to compare absolute CBV in pial arter-
ies and arterioles (CBVa) in the brains of schizophrenia
patients and control subjects. To achieve whole brain cov-
erage, we extended iVASO MRI from its original single
slice version to a 3D pulse sequence using a 3D fast GRE
readout. As a noninvasive MRI technique, iVASO MRI
utilizes magnetically labeled proton spins in the water
molecules in blood as intrinsic endogenous contrast
agents to measure absolute CBVa in physiological units
(ml blood/100ml brain tissue). This may be a potential
advantage for clinical applications compared to the cur-
rently widely used total CBV methods that require the
injection of exogenous contrast agents. Besides the inva-
siveness and inconvenience of contrast media injection,
Gadolinium based contrast agents (the most common
type) have been associated with nephrogenic systemic
fibrosis in subjects with renal diseases.”’”> More recently,
concerns have been raised on brain deposits of such con-
trast agents long after the administration in subjects with
normal renal function.”

The main finding from this study was the widespread
reduction in CBVa in GM in schizophrenia patients com-
pared to control subjects. This is congruent with previous
reports of hypoperfusion in the brain of schizophrenia
patients. Decrease in total CBV (sum of arterial, capillary
and venous CBV) in schizophrenia has been observed!
in the frontal'®>!® and occipital cortex.”” Reduced
CBF was also found in the frontal lobe,'***3* temporal
lobe, 2223234 parietal lobe, 2222 occipital lobe,!32330
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Fig. 2. Correlations analysis. Scatter plots showing correlations
between grey matter (GM) arteriolar cerebral blood volume
(CBVa) in the superior temporal gyrus (“Temporal_Sup”), middle
temporal gyrus (“Temporal_Mid”), and Heschl gyrus (“Heschl,”
also known as transverse temporal gyrus), and disease duration
in schizophrenia patients. R*: adjusted R’ from linear regression.
Age, smoking status and medication dosage were included as
covariates in the correlation analysis.

precuneus,?3! cingulate cortex,”>?>? fusiform,? insula,?
and thalamus.’>* In addition to these areas, we identified
additional regions with decreased GM CBVa, including
the angular gyrus, cuneus, Heschl’s gyrus, lingual gyrus
and the sensorimotor regions, all of which have been
implicated in schizophrenia.” Interestingly, a similar
study from our group using iVASO MRI at 7T found
increased rather than decreased GM CBVa in many of the
same brain regions in Huntington’s disease,*® demonstrat-
ing specificity of our current findings and suggesting that

Arteriolar Cerebral Blood Volume in Schizophrenia

the CBVa abnormalities detected in schizophrenia are not
likely due to some undetected systemic bias or artifact.

The GM CBVa values in schizophrenia patients
showed significant correlations with disease duration in
several regions in the temporal cortex, such as the supe-
rior and middle temporal gyri and the Heschl’s gyrus.
The temporal lobe is thought to be one of the most rel-
evant brain regions to schizophrenia,”>’® with evidence
of volume reduction”*® and deficits in activity during
functional tasks as measured by event-related potential
(ERP).* PET.*?> and fMRIL,** and abnormal functional
connectivity.*> 8 Heschl’s gyrus, also known as the trans-
verse temporal gyrus, forms part of the primary auditory
cortex, and is the first functional unit processing incom-
ing auditory information. Given the salience of auditory
hallucinations to schizophrenia, deficits in the auditory
cortex of individuals with schizophrenia have received
considerable attention.’3%% The significant correlations
between CBVa and disease duration that we detected in
these regions of the temporal cortex suggest that CBVa
could be a sensitive and quantitative indicator for track-
ing disease progression in schizophrenia. No correlation
between CBVa and clinical symptoms (BPRS and sub-
scales) and cognitive functions (MoCA and subscales)
reached statistical significance in our data, possibly due to
limited sample size. Future studies are merited to investi-
gate the link between regional CBVa levels and symptoms
of psychosis such as delusion' in order to validate CBVa
as a potential biomarker for schizophrenia.

Several brain regions with significantly increased GM
CBVa were also identified in our data, although the
number and size of the regions were much smaller than
those with decreased CBVa. Further investigation with a
larger sample size is warranted to validate these effects.
Increased total CBV and/or CBF in schizophrenia have
previously been described in regions including the cer-
ebellum, 81922262 occipital cortex," frontal cortex,!%3>%
cingulate cortex,” and hippocampus.>'*?*222 Qur data
indicate both decreased and increased GM CBVa values
in some of these regions, which implies that different sub-
regions in one brain structure can be affected differently
by the neuropathology of schizophrenia. Indeed, similar
heterogeneity was demonstrated in a recent study that
found increased total CBV in the CA1 subfield of the hip-
pocampus, but a trend of decreased total CBV in CA2
and CA3 subfields in schizophrenia patients.?® This type
of regional heterogeneity might be one of the factors that
contribute to some of the inconsistent results reported in
previous studies on brain perfusion in schizophrenia.

A prominent line of argument is that the pathophysiol-
ogy of schizophrenia is restricted to particular regions of
the brain, such as the prefrontal cortex.”'> Many imaging
studies have also emphasized these selective regions.!®!”3
On the other hand, evidence has emerged of much more
widespread abnormalities.>** Our data, demonstrating
changes in CBVa in multiple cortical and sub-cortical
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regions, is consistent with this latter hypothesis, with
implications for the type of pathophysiology underlying
schizophrenia.

A vascular theory for the pathogenesis of schizo-
phrenia has been proposed,® which postulates that the
impaired microvascular system disrupts the regulation
of energy supply for brain tissues and eventually leads
to metabolic abnormalities in the brain and the schizo-
phrenia clinical syndrome. Although no such causal
relationship can be inferred from our present study, our
results provide some evidence that microvasculature
anomalies may be an important component in the patho-
genesis of schizophrenia. Such abnormalities in the cere-
bral vasculature have also been detected at the molecular
and cellular levels in postmortem brain tissue studies.
Transcriptional alterations in the cerebral vascular endo-
thelial cells isolated from brain tissues from schizophre-
nia patients have been demonstrated using laser capture
microdissection.”* An electron microscopy study revealed
that the number of pericapillary oligodendrocytes in
the prefrontal cortex was significantly lower in schizo-
phrenia patients compared to controls.”> Astrocytes are
important glial cells that can regulate the contractility
of some of the intracerebral arteries.” *® A recent study
demonstrated that the volume fraction and area density
of the mitochondria in the astrocytes from the brains
of schizophrenia patients correlated negatively with dis-
case duration.” Immunohistological studies have also
suggested decreased numbers of astrocytes adjacent to
blood vessels in the prefrontal and cingulate cortex and
the hippocampus in schizophrenia.'®!°! These molecular
and cellular deficits reported in schizophrenia all support
our observation of altered cerebral vasculature in the cur-
rent study. Further investigation is required to determine
whether the vascular abnormalities observed here reflect
a fundamental pathogenic process in schizophrenia, a sec-
ondary but contributing factor in the pathogenesis, or an
epiphenomenon. Regardless of the pathogenic relevance,
the microvascular changes detected here may have poten-
tial to be used as a quantitative marker for the disease.

Our results must be interpreted in the light of sev-
eral potential confounding effects. First, regional
atrophy in the brain has been documented in schizophre-
nia, 830323780102 which may distort GM CBVa values in
patients due to partial volume effects, the distinct CBVa
values in WM, and the absence of CBV in CSFE. To cor-
rect for this confounding factor, we adopted a previously
published correction method® when calculating the
1VASO difference signals in GM (see Methods section).
We also included GM volume derived from high resolu-
tion anatomical images as a covariate in all subsequent
statistical analyses to account for any residual partial
volume effects. Importantly, as noted above, in a study
of Huntington’s disease using the same methodology,>
we found increased (instead of decreased) GM CBVa in
patients who have more prominent regional brain atrophy
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than schizophrenia patients in this study. Secondly, it is
well-known that tobacco use is more prevalent in schizo-
phrenia patients than the general population, and that
chronic smoking significantly alters cerebral perfusion.!®
Therefore, the current smoking status of each study par-
ticipant was recorded in cigarettes smoked per day, and
the average numbers were comparable between controls
and patients in this study. Moreover, smoking status was
included as a covariate for group comparison and cor-
relation analysis here. A more detailed investigation on
the effects from smoking on CBVa is merited, and a
quantity better reflecting the cumulative tobacco expo-
sure of the participants such as pack-year should be used
in such follow-up studies. Thirdly, the GM CBVa values
in a few sub-regions in controls (tables 2 and 3) showed
some discrepancies compared to values reported in our
previous studies of normal subjects (1.27£0.13ml/100 ml
averaged in cortical GM).*® While tobacco use in controls
may potentially contribute to this discrepancy, some
brain regions may be more sensitive to large-vessel par-
tial voluming and CSF pulsation effects in iVASO MRI.#
Nevertheless, as these technical effects are likely to affect
data from patients and controls in a similar manner, we
expect negligible influence on our main findings from
group comparisons. Finally, an important caveat is that
the patients, not controls, in this study were all receiv-
ing antipsychotic medicines. Whether such antipsychotic
drugs themselves affect cerebral perfusion, or the extent
to which the therapeutic effect of antipsychotics nor-
malizes cerebral perfusion, remains to be determined.
Previous studies that attempted to address this question
are inconsistent, with some evidence that antipsychotics
have no effect on total CBV>!1%1420 and CBFE,*>!*1% but
contrary evidence has also been reported.'®1% A further
complication is that different pharmacological classes
of antipsychotics may have a different effect on cerebral
perfusion.!'" In our data, no significant correlation was
found between CBVa and medication dosage in patients;
and medication dosage was included as a covariate when
assessing correlations between CBVa and disease dura-
tion, BPRS and MOCA scores (including subscales).
Future study is merited to determine if CBVa abnormali-
ties are also presenting in unmedicated patients, and to
determine whether antipsychotics differentially affect dif-
ferent brain regions.

Conclusion

We report widespread reduction in CBVa in the GM
of schizophrenia patients. GM CBVa values in several
regions in the temporal cortex correlated negatively with
disease duration in patients. Increase in GM CBVa was
also found in a few cortical and sub-cortical regions. Our
results indicate that microvascular abnormalities may be
a fundamental aspect of the pathogenesis of schizophre-
nia, and that brain changes in schizophrenia appear to



be widespread. Future studies with a larger cohort and
longitudinal follow-up are merited to determine the onset
and characterize the progression of GM CBVa changes,
and to determine whether CBVa could be used as a poten-
tial marker for brain changes in schizophrenia.
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Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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