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BACKGROUND AND PURPOSE: The purpose of this study was to evaluate the clinical
usefulness of diffusion tensor MR imaging (DTI) for the assessment of chronic stroke with
crossed cerebellar diaschisis (CCD).

METHODS: Twenty-two patients (15 men and 7 women; mean age, 60 years) with chronic
stroke (13 ischemic and 9 hemorrhagic) were evaluated by diffusion-tensor MR imaging (DTI)
and 18F-fluorodeoxyglucose (FDG)–positron-emission tomography (PET). Fractional anisot-
ropy (FA) and color-coded vector maps were generated. To evaluate afferent fiber systems to the
cerebellum, the FA of the bilateral middle cerebellar peduncle (MCP) was measured. Changes
of FA values in the MCP were compared against PET results.

RESULTS: In patients with a chronic infarct involving more than one-third of the unilateral
hemisphere, MCP of the contralesional side showed an FA value of 0.5226 � 0.0174, which was
significantly lower than that of the ipsilesional side MCP (0.5366 � 0.0159) (one-tail paired t
test, P � .0009). On FDG-PET scan, decreased glucose metabolism was observed in the affected
cerebellum in 19 patients (86.4%).

CONCLUSION: DTI can visualize an altered corticocerebellar circuit in the case of chronic
stroke with CCD, which is hardly demonstrated by conventional MR images.

Diaschisis is a functional impairment in an area re-
mote from the site of a brain lesion, which is anatom-
ically connected by fiber tracts (1, 2). Crossed cere-
bellar diaschisis (CCD) is a well-recognized
phenomenon, and implies functional reduction of the
cerebellar hemisphere following contralateral cere-
bral infarct. This phenomenon is often assessed in
images obtained by single-photon emission CT
(SPECT) and positron-emission tomography (PET),
because the affected cerebellum shows decreased
blood flow and metabolic activity (2–5).

The mechanism of CCD reportedly consists of an
interruption of the cerebropontocerebellar pathway
that causes deafferentation and transneural metabolic
depression of the contralateral cerebellar hemisphere
(1–3). Moreover, CCD is considered to lie between

early, potentially reversible, functional hypometabo-
lism and irreversible degeneration (2, 4, 5). For these
reasons, the morphologic changes of the affected cer-
ebellar hemisphere in patients with chronic stroke
have also been studied (6–8). Nevertheless, the phe-
nomenon is hardly demonstrated by conventional MR
imaging in the early phase of CCD, regardless of a
significant functional reduction in the affected cere-
bellum on the scintigraphic studies.

Recently introduced diffusion-tensor imaging
(DTI) has a powerful ability to demonstrate altered
white matter fiber integrity, and its clinical feasibility
has been demonstrated in the evaluation of various
brain pathologies such as stroke, tumor, congenital
migration anomaly, diffuse axonal injury, and inher-
ited/acquired white matter disease (9–19). In these
studies, the basic hypothesis was that so-called nor-
mal-appearing white matter, which shows invisible
abnormality on conventional MR imaging, gives low
fractional anisotropy (FA) value in comparison to
normal white matter. The aim of this study was to use
DTI to demonstrate FA changes in the corticocer-
ebellar circuit of patients with chronic stroke before
structural alteration and evaluate the utility of apply-
ing DTI to the assessment of crossed cerebellar
diaschisis.
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Methods

Patient Selection
Twenty-two patients with chronic hemispheric strokes of

different severity, leading to infarcts within the territories of
the middle cerebral artery to a variable degree, were evaluated
by DTI and 18F-fluorodeoxyglucose (FDG)-PET. Informed
consent was received from all participants. The subjects con-
sisted of 15 men and 7 women whose ages ranged from 17 to 83
years (mean age, 60 years). Patients were diagnosed with isch-
emic stroke (n � 13) or hemorrhagic stroke (n � 9), at least 2
months earlier (range, 2–14 months). None of the patients in
this study had a discernible abnormality of the cerebellum or of
the contralesional cerebral hemisphere on conventional T2-
weighted MR imaging in the following pulse sequences: fast
spin-echo, TR � 4000–4200 ms, TE � 100 ms, excitations � 2;
field of view, 23 � 23 cm; and image matrix, 256 � 256. Twelve
patients had suffered a stroke involving the left hemisphere,
and the other 10 patients a stroke involving the right
hemisphere.

We categorized patients into 2 groups according to the size
of infarct, and each group was evaluated: group A consisted of
10 patients with an infarct involving more than one-third of the
unilateral cerebral hemisphere, and group B consisted of the
other 12 patients.

MR Data Acquisition
DTI was performed by using a 1.5T system (Intera; Philips

Medical Systems, Best, the Netherlands) with a 6-channel sen-
sitivity encoding (SENSE) head coil. Diffusion weighting was
performed by using single-shot spin-echo echo-planar imaging
and navigator echo phase correction. DTI parameters were as
follows: a data matrix of 96 on a 22-cm field of view, zero-filled
to 128 matrices, 2.3-mm section thickness without a gap, TE �
70 ms, TR � 6599–8280 ms, SENSE factor � 2; number of
acquisitions � 2; b � 600 seconds/mm2 with 32 directions; and
total imaging time �10 minutes.

Data Processing and Statistical Analysis
The data were processed on a PC equipped with PRIDE

research software package (Philips Medical Systems, Best,
Netherlands), based on the FACT method as described by
Mori et al (20). Fiber tractography was obtained with threshold
values of fiber tracking termination of FA � 0.2 and trajectory
angle � 45°, and their configurations were investigated semi-
quantitatively and visually.

For the evaluation of pontocerebellar fibers, the FA of the
bilateral middle cerebellar peduncle (MCP) was measured, and
the same person (J.K.) drew the regions of interest, to mini-
mize false region of interest registration, on the basis of the
previously published fiber tract–based atlas of human white
matter anatomy (21). The section level for MCP delineation
was chosen one section posterior to the corticospinal tract in
coronal section, and MCP was tracked by placing 2 regions of
interest at the left and right of the lateral pontine tegmentum,
which was clearly identified on the color map (Fig 1). Averaged
FA values for ipsilesional and contralesional MCP were com-
pared between the 2 groups and assessed by using the paired t
test. A P value � .05 was considered statistically significant.

PET
PET images were obtained in all patients by using FDG, and

the mean time interval between DTI and FDG-PET was 13.5
days (range, 1–30 days). Patients were instructed to fast for at
least 4 hours before the intravenous injection of 185 MBq of
FDG. Scanning was initiated 40 minutes after tracer adminis-
tration. Images were obtained on a PET scanner (GE Advance,
Milwaukee, WI), which acquires data in 3D mode. The intrinsic

spatial resolution of the system was approximately 5 mm (full-
width at half-maximum) in the center of the field of view.
Emission scans were acquired for 15 minutes, from the vertex
to the neck. Transmission scans, by using germanium-68 point
sources, were obtained after the end of the emission scan for 8
minutes to correct for nonuniform attenuation.

Analysis of PET data were performed, and the tomographic
images of glucose use of the bilateral cerebral hemispheres and
cerebellum were evaluated. The images were displayed on a
monitor and regions of interest were drawn for the cerebellar
cortex in the axial plane. Local tissue concentrations of radio-
activity were calculated for each region, and the radioactivity
concentration represented an average (weighted by area) of the
values for each plane on which the cerebellar structures ap-
peared. An index of cerebellar asymmetry was calculated for
each brain region of interest as follows: Asymmetry index
(%) � (C � I) � 200/(C � I), where C and I are the contralat-
eral and ipsilateral cerebellar radioactivity concentrations, re-
spectively. The presence of CCD was defined as asymmetry
index �10% (22). Negative values of the asymmetry index
indicate typical CCD, whereas positive values of the asymmetry
index represent paradoxical cerebellar diaschisis. The results of
FDG-PET in the affected cerebellum were compared with DTI
findings.

Results
Clinical details and imaging findings are shown in

the Table. Group A (ie, more than one-third of uni-
lateral cerebral hemisphere involved) showed that the
affected supratentorial lesion included at least one
lobe of the cerebral hemisphere including the cortex
on conventional MR imaging, and all patients in this
group showed a decreased mean contralesional MCP
FA value (Fig 1). Semiquantitative analysis of the
contralesional MCP showed an averaged FA value of
0.5226 � 0.0174, which was a statistically significant
reduction versus the ipsilesional MCP (0.5366 �
0.0159) (one-tail paired t test, P � .0009). On the
other hand, in group B, in which the affected lesion
was relatively confined to basal ganglia, thalamus, or
deep white matter, the contralesional MCP showed
an increased mean FA value in 10 patients and a
decreased mean value in 2 patients; however, no sta-
tistically significant decrease in FA value between the
peduncles was observed in the 2 group B patients who
demonstrated decreased FA (one-tail paired t test,
P � .2407). 3D fiber tractography was also obtained
in 2 groups, but no significant differences were ob-
served between them in terms of the fiber tract integ-
rities of the ipsilateral and contralesional sides.

On FDG-PET scan, the presence of CCD, which
was defined as asymmetry index of cerebellum �10%,
was observed in all patients in group A and 9 of the 12
group B patients. The other 3 patients, without evi-
dence of CCD on FDG-PET, had lacunar infarct on
conventional MR imaging; all belonged to group B.

Discussion
CCD, first introduced by Baron et al (1), is a func-

tional deactivation of the cerebellar hemisphere con-
tralateral to supratentorial infarction and was re-
garded to be caused by a transneuronal metabolic
depression of the cerebropontocerebellar pathway
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(1–3). The corticopontocerebellar tract, which is the
largest afferent pathway derived from extensive areas
of the cerebral cortex, projects to the ipsilateral pon-
tine nuclei located ventral to the medial lemniscus via
the ipsilateral cerebral peduncle. Pontine nuclei send
axons to the contralateral cerebellar cortex, transvers-
ing the anterior pons as transverse pontine fibers.
Most of these axons pass through the contralateral
MCP and only a small number through the inferior
cerebellar peduncle. This intimately connected path-
way presumably sends somatosensory movement-re-
lated information to the cerebellum (6).

Morphologic changes have been reported in the
affected cerebellar hemisphere of patients with
chronic stroke, especially in children who have expe-
rienced an ischemic insult early in life, before 1 year
of age (6, 7). Visual analysis of the cerebellum by
imaging, however, is too subtle to be observed by
conventional MR studies, and no detailed volumetric
study has been reported to date (8). According to
recently reported diffusion-weighted imaging of
CCD, no difference in signal intensity between both
MCPs in normal subjects was observed, whereas
lower signal intensity was consistently noted in the

contralateral MCP in patients with large supratento-
rial lesions (23). This study focused on demonstrating
an acquired alteration of axonal fiber integrity by
DTI, a powerful technique for probing white matter
architecture. We hypothesized that CCD could be
visualized by FA maps of the cortcopontocerebellar
pathway at an earlier stage than can be achieved by
conventional MR imaging.

CCD has long been thought to be a temporal con-
tinuum between early, potentially reversible func-
tional hypometabolism and irreversible degeneration.
Reversible functional hypometabolism might result
from a loss of excitatory electrical stimuli, which orig-
inate in the contralateral cerebral cortex and relay in
the pontine nuclei before reaching the cerebellar
granule cells. The other pathophysiology of CCD
might involve the transsynaptic degeneration of the
corticopontocerebellar systems, which manifests later
as cerebellar granule cell degeneration (2–5, 24). The
results of the present study show CCD induced per-
manent morphologic changes of the neural pathway
as well as functional and metabolic depression. Be-
cause FDG-PET detected more patients than DTI for
the evaluation of CCD in chronic stroke, we thought

FIG 1. A 74-year-old man with left hemiparesis. The conventional T2-weighted image shows cerebromalacia in the territory of the right
middle cerebral artery, without remarkable abnormality of the cerebellum and contralesional cerebral hemisphere. FDG-PET reveals
decreased glucose metabolism in the left cerebellum (ie, CCD). No specific findings were found on FA or on color maps. To evaluate
pontocerebellar fibers, FA was measured in a region of interest located on the bilateral MCPs in the coronal section.
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that metabolic change should precede microscopic
evidence of degeneration, but we did not know when
such morphologic changes begin (23).

Previous studies have demonstrated that CCD is
more frequent for large lesions, though recent studies
have demonstrated that the anatomic location of the
lesion rather than its extent and severity may be the
more decisive factor in terms of the occurrence and
magnitude of CCD in patients with cerebral infarc-
tion (1, 2, 4–8, 25–28). The present study shows a
decreased FA value of the contralesional cerebellum
in all patients with involvement of the cerebral corti-
ces, which implies the interruption of many cortico-
pontocerebellar fibers. Therefore, these findings are
well correlated with previous studies, and FA value of
the MCP may also be more influenced by the location
of the cerebral lesion than its extent and severity,
which should be investigated in the future with a large
number of patients.

In group B subjects, most patients showed CCD on
PET scan but did not show decreased FA value of the
involved MCP. Moreover, there was little correlation
between FA change and the age at infarct in our
patient population. Because PET scan is a functional
imaging study to detect minute changes of cellular
metabolism, these changes may not be visualized on
DTI. DTI, however, is more sensitive than conven-
tional T2-weighted images in describing microstruc-
tural changes before gross morphologic alteration.

Some limitations still remain to be resolved. First
of all, because of small sampling numbers, study

based on a large population is necessary to validate
our results in the future. In addition, no exact quan-
tification method for DTI is available at this point, so
further technical investigations such as voxel-based
analysis and statistical assessment of FA values are
needed to increase the utility of DTI in clinical field.
We also expect that the relationships between the
degree of FA decrease on DTI and the magnitudes of
CCD on SPECT or PET in patients with chronic
infarct will be further investigated.

Conclusion
DTI can visualize an altered corticocerebellar cir-

cuit in chronic stroke with CCD, which is hardly
demonstrated by conventional MR imaging.
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