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Abstract

Objectives—Diffusion tensor imaging
(DTI), a technique capable of examining
water diffusion in different tissues and the
organisation of white matter tracts, was
used to investigate the neuropathology of
the corpus callosum in vivo in patients
with schizophrenia.

Methods—Diffusion tensor imaging was
performed in 20 schizophrenic patients
and 25 healthy controls. Two complemen-
tary measures, mean diffusivity and frac-
tional anisotropy, which are considered to
be sensitive indices of axonal integrity,
were obtained from regions of interest in
the genu (anterior) and splenium (poste-
rior) of the corpus callosum.
Results—Mean diffusivity was signifi-
cantly increased and fractional anisotropy
significantly reduced in the splenium but
not the genu of the corpus callosum in the
schizophrenic group compared with con-
trols. There were no significant sex differ-
ences in the DTI measures for either the
schizophrenic or control group. Clinical
variables such as age, duration of illness,
dose of antipsychotic medication, and
schizophrenic symptoms did not predict
the DTI changes in the schizophrenic
patients.

Conclusions—The presence of DTI
changes in the splenium but not the genu
of the corpus callosum suggests that there
may be a focal disruption of commisural
connectivity in schizophrenia. However,
these findings do not exclude the possi-
bility of abnormalities in other areas of
the corpus callosum or other regions of
white matter and further research using
different methods of analysis may enable
us to clarify this. Diffusion tensor imaging
is a valuable tool in investigating the
structure of white matter in schizophre-
nia.

(¥ Neurol Neurosurg Psychiatry 2000;68:242—-244)
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Structural abnormalities of the corpus callo-
sum in schizophrenia have been documented

and a meta-analysis' has established that most
MRI studies have found a reduction in the area
of the corpus callosum in schizophrenic
patients compared with controls. However, less
is known about the pathology or the functional
significance of these structural abnormalities.
Earlier postmortem studies” * found no abnor-
mality in axonal counts but a more recent study
has reported disruption of axonal density in
most areas of the corpus callosum in female
schizophrenic patients.*

Diffusion tensor imaging (DTI), a non-
invasive MRI technique, is capable of examin-
ing water diffusion and the organisation of
fibres in white matter tracts. Water diffusion in
tissue is modified by its structural environ-
ment; in white matter, water diffusion is greater
along fibre tracts than across them resulting in
anisotropic diffusion.” ® This technique pro-
vides quantitative measures of directionally
averaged diffusion (mean diffusivity) and
diffusion anisotropy (fractional anisotropy).
Increased mean diffusivity has been reported in
multiple sclerosis lesions and normal appearing
white matter which may reflect oedema, demy-
elination, and axonal loss.” Reduced fractional
anisotropy provides further evidence of struc-
tural damage and may reflect a disruption in
the organisation of tracts.” * These two comple-
mentary measures are therefore considered to
be sensitive indices of axonal integrity. The aim
of our study was to investigate the neuropathol-
ogy of the corpus callosum in schizophrenia
using DTI.

Methods

SUBJECTS

Twenty patients (15 men, five women) with a
mean age of 37.65 years and who fulfilled the
DSM 1V diagnosis of schizophrenia were
recruited from the Maudsley and Bethlem
Hospitals for the study. Their mean duration of
psychiatric symptoms was 13.75 years and they
had a history of exposure to neuroleptic medi-
cation. All patients were on antipsychotic
medication at the time of the study (mean dos-
age 367.5 mg per day equivalent to chlorpro-
mazine, British National Formulary 1998).
Psychiatric symptoms were assessed using the
positive and negative syndrome scale
(PANSS).°
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Regions of interest in the corpus callosum (genu and splendium); (A) echoplanar imaging; (B) mean diffusivity; (C)

fractional anisotropy.

Twenty five controls (16 men, nine women)
with a mean age of 33.84 years were selected to
match the patient group for sex and age.

Any subjects with a history of neurological or
systemic illness, head injury, and drug or alco-
hol misuse were excluded from the study. All
subjects were assessed to be right handed apart
from one patient and one control, using the
Annett questionnaire' for hand preference.
Informed consent was obtained from all
subjects.

MRI

Diffusion tensor imaging was performed on a
Signa 1.5 Tesla scanner (GE, Milwaukee,
USA) equipped with shielded magnetic field
gradients of up to 22 mT/m. A standard quad-
rature head coil was used for RF transmission
and reception of the NMR signal. Head motion
was minimised with standard foam pad immo-
bilisation as provided by the manufacturer.
Diffusion weighted echo planar images (DW-
EPI) were acquired in the axial plane (TE=78
ms, 96X96 matrix, field of view=24 cmX24 cm,
slice thickness=5 mm) at 12 slice locations
centred on the lateral ventricles. The diffusion
sensitising gradients were applied along seven
non-collinear directions at four gradient
strengths corresponding to b values from 0 to
700 s/mm®. Images were acquired in two sets of
contiguous interleaved slices due to image
storage limitations. Five acquisitions of each set
were performed and co-added after magnitude
reconstruction to improve signal to noise ratio.
Cardiac gating was utilised via a peripheral
pulse oximeter; image acquisition was triggered
from every second R wave to reduce signal
modulation due to brain pulsation. Maps of the
diffusion tensor elements, mean diffusivity (D),
and fractional anisotropy (FA) were calculated
on a pixel by pixel basis as described by Basser
et al."

Mean (SD) diffusiviry and fractional anisotropy

Schizophrenic (n=20)  Control (n=25)

Mann-Whitney

D (splenium)
D (genu)

FA (splenium)
FA (genu)

0.943 (0.138)
0.808 (0.067)
0.776 (0.047)
0.820 (0.057)

0.840 (0.073) z=—2.51, p<0.01
0.804 (0.053) NS
0.820 (0.067) 2=-2.36, p <0.02
0.823 (0.047) NS

D=mean diffusivity (x10> mm?s).
FA=fractional anisotropy (dimensionless units).

IMAGE ANALYSIS

Images were displayed on a Sun workstation
and the regions of interest (ROIs), standard-
ised at 28.1 mm?’ were outlined on the
non-diffusion weighted (b=0) echoplanar im-
ages and not directly on the DTI images to
avoid any bias in placing them. The ROIs were
placed in the genu (anterior) and splenium
(posterior) of the corpus callosum on the slice
in which they were visualised to be of maximal
thickness. Adjacent slices were checked to
ensure that partial volume effects from CSF
were minimised. As DTT images were coregis-
tered with the echoplanar images, the ROIs
were automatically transferred to the corre-
sponding diffusion maps to obtain D and FA
measurements (figure).

STATISTICAL ANALYSIS
Non-parametric tests (Mann-Whitney, Spear-
man’s correlation coefficient) were used for
group comparisons and the correlation analy-
sis. Regression analysis was applied to deter-
mine if clinical variables predicted the DTI
changes.

Results

D was significantly increased and FA signifi-
cantly reduced in the splenium of the corpus
callosum in the schizophrenic group compared
with controls (p<0.01 and p<0.02 respec-
tively). However, D and FA in the genu did not
significantly differ between the two groups.
These results are shown in the table. In
addition, there were no significant sex differ-
ences in D and FA for either the schizophrenic
or control group.

Using forward regression analysis, none of
the clinical variables—namely, age, duration of
illness, dose of antipsychotic medication, posi-
tive or negative schizophrenic symptoms—
predicted the DTI changes in the schizo-
phrenic group.

Discussion

We have used DTI to demonstrate that
neuropathological abnormalities in the corpus
callosum are present in schizophrenia. In this
study, DTI changes were detected in the sple-
nium but not the genu of the corpus callosum
suggesting that these changes may be focal.
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Our study confirms the findings in a prelimi-
nary study'” which reported a reduction in FA
in the corpus callosum in a small group of
schizophrenic patients compared with non-age
matched controls. In our sample, we selected
age matched controls to compare with the
patients as it has been demonstrated that there
are age related changes in FA.” We found a
reduction in FA and an increase in D in the
splenium suggesting a disruption of axonal
integrity likely to be related to the density or
organisation of fibres. It is possible that DTI
changes may also reflect myelin abnormalities.
However, a recent study'* demonstrated similar
FA values in partially myelinated or unmyeli-
nated white matter structures in the infant
brain compared with the fully myelinated adult
brain indicating that the contribution of myelin
abnormalities to changes in anisotropy may be
less significant than that from axonal abnor-
malities.

We chose to examine the corpus callosum
using the ROI methodology in this study as it is
a large fibre tract that can be easily identified
and is large enough for the ROI to be reliably
placed with minimal intersubject variability in
the directionality and spread of fibre tracts. In
the two areas of the corpus callosum sampled
in this study, abnormalities were only present
in the splenium and this makes it less likely that
these changes are related to medication effects.
It has been demonstrated that the interhemi-
spheric fibres from the inferotemporal and
occipital lobes transverse the splenium whereas
those from the frontal lobes transverse the
genu.” It is therefore possible that the DTI
changes in the splenium may have resulted
from a focal disruption in the cortical neurons
or axons in these areas. It remains possible that
DTI abnormalities may have been present in
wider regions of the corpus callosum, but the
absence of changes in the genu suggest that
these abnormalities may be focal within the
corpus callosum. Sex differences in axonal
density has been demonstrated in some areas of
the corpus callosum’; however, we were not
able to detect such differences in our sample,
which may be due to the small number of
women.

It would also have been of interest to exam-
ine other areas of white matter in the brain
given that our previous work using magnetisa-
tion transfer imaging'® detected abnormalities
in the temporal white matter in schizophrenic
patients suggesting axonal and/or myelin dis-
ruption. Furthermore, recent studies using
DTTI in schizophrenic patients have reported
widespread reduction in anisotropy in white
matter’” or more specifically, in prefrontal
white matter."® However, we did not consider
using the ROI methodology in this study to be
appropriate in examining other areas of white
matter given the variability in the directionality
of fibre tracts in regional white matter. There-
fore, our findings in this study certainly do not
exclude the possibility of abnormalities in other
regions of white matter.

Age and duration of illness failed to predict
the DTI changes in schizophrenic patients
suggesting that these abnormalities are unlikely

Foong, Maier, Clark, et al

to be progressive although this would need to
be confirmed by longitudinal studies. Likewise,
positive and negative symptoms did not predict
the DTT changes suggesting that they may be
common to the different clinical subtypes. Our
findings are unlikely to be medication related
given that the dose of antipsychotic medication
did not predict the DTI changes in these
patients. We also attempted to minimise the
possibility of alcohol and drug misuse as
confounding factors and used this as one of the
exclusion criteria for the study.

The findings of this study suggest that there
may be a focal disruption of commissural con-
nectivity in schizophrenia. However, it remains
to be determined, using other methods of
analysis, whether similar abnormalities can be
detected in other areas of the corpus callosum
or regional white matter. This study also
confirms that DTT is a valuable tool in examin-
ing the structure of white matter in vivo in
schizophrenia.
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