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We studied 26 patients with a single supratentorial infarction using
""Tc-HMPAO
SPECT and MRI to investigate the phenomenon of
crossed-cerebellar diaschisis (CCD). Methods: From the total sin
gle-photon emission counts obtained from each cerebellar hemi
sphere, the percent difference between the contralateral (CCH) and
ipsilateral (ICH) cerebellar hemispheres [A%cb,, = (CCH-ICH)/
ICH x 100] was calculated. Both SPECT (SVD) and MRI volume
deficit (MVD) were measured to examine their relationship with CCD.
Results: A CCD was observed in 12 of the 26 patients (46%) with
cerebral infarction. There was no significant correlation between
SVD and A%cb|, or MVD and A%cb,| in the patients with cerebral
infarction. There were no significant differences in SVD and MVD
between the patients with and without CCD. The frequency of CCD
was significantly higher in the patients whose infarctions were in the
frontoparietal lobes or the deep middle cerebral artery territory,
including the basal ganglia and internal capsule (11/19) than in the
patients whose infarctions were in other regions (1/7) (p = 0.048).
The severely hemiparetic patients had a higher frequency of CCD
and lower A%cbn than the patients with milder or no hemiparesis
(frequency, 5/5 compared with 6/18, p = 0.008; A%cbl|, -21.4% Â±
3.8% compared with -8.3% Â±11.1%, p = 0.018). However, CCD
also occurred in 5 of the 14 patients without hemiparesis and was
not seen in 5 of the 12 hemiparetic patients. None of the patients
with CCD demonstrated the apparent clinical signs of cerebellar
dysfunction. Conclusion: The location rather than the extent and
severity of the lesion may be the major determinant for the occur
rence and magnitude of CCD in patients with cerebral infarction. Our
results also support the notion that CCD is a consequence of the
interruption of the corticopontocerebellar pathway at the supraten
torial level.
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\_xrossed-cerebellar diaschisis (CCD), a matched depression of
blood flow and metabolism in the cerebellar hemisphere contralateral to a focal supratentorial lesion, is a well-recognized
phenomenon following cerebral infarction (1-7). The most
likely mechanism of CCD is the interruption of the corticopon
tocerebellar pathway at the supratentorial level, causing deafferentiation and transneuronal metabolic depression of the
contralateral
cerebellar hemisphere (1,3,4,6). PET studies
showed that CCD affects both oxygen consumption and glucose
utilization (Â¡-4,6,8-10). Likewise, it was observed in studies of
cerebral perfusion using SPECT (5,7,11-16).
Although prior PET and SPECT studies are in general
agreement that CCD occurs frequently after cerebral infarction,
the relationships between CCD and the severity and size of the
supratentorial lesion and neurological severity of stroke remain
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controversial. There is also no agreement concerning the serial
changes in CCD with clinical recovery. For elucidation, we
assessed CCD in a series of patients having unilateral supraten
torial infarction by measuring both the extent of their cerebral
and cerebellar hypoperfusion using SPECT and the size of their
cerebral infarction using MRI.
MATERIALS AND METHODS
Patients and Subjects
The study population consisted of 26 consecutive patients
presenting with a single supratentorial infarction in the territory of
their internal carotid artery. The patients' ages ranged between 34
and 77 yr, with a mean age of 55 yr; there were 18 men and 8
women. Patients were excluded if they had clinical symptoms
and/or MRI findings suggesting ischemie episodes in the vertebrobasilar territory or gross morphological alterations in the cerebel
lum on routine MRI. None of the patients in this study had a second
symptomatic neurologic event since the initial event or alterations
of consciousness.
Patients were evaluated by MRI, SPECT and neurologic exam
ination. All of the patients received these examinations during a
3-day period to ensure that the MRI, SPECT and neurologic
examination results were comparable. The time interval between
the onset of the symptom(s) resulting from the ictal event and the
SPECT study ranged between 5 days and 6.2 yr. Each of the
following factors was determined for each patient to examine its
relationship with CCD: (a) the time period between the onset of
clinical symptoms and the SPECT study; (b) the severity of the
cerebral hypoperfusion evaluated by SPECT imaging; (c) the size
and anatomical location of the cerebral infarction evaluated by
MRI; (d) the severity of motor impairment; and (e) the clinical
signs of cerebellar dysfunction (Table 1). Motor impairment was
graded according to the Medical Research Council Scale of
Muscular Strength (77): 0 = no contraction visible; 1 = only a
flicker or trace of contraction; 2 = active movement at a joint
possible with gravity eliminated; 3 = active movement possible
against gravity; 4 = active movement possible against both gravity
and resistance; and 5 = normal strength.
To define the presence of CCD, the SPECT study was also
conducted in an age-matched control group of 13 volunteers (age
range 31-72 yr, mean age 52 yr) with no history of neurologic
disease, psychiatric illnesses or vascular risk factors. A normal
range of cerebellar perfusion asymmetry was determined.
Imaging Procedures
SPECT imaging was performed 10-60 min after intravenous
administration of -740 MBq (20 mCi) 99mTc-hexamethylpropylene amine oxime (HMPAO). Using a rotating gamma camera
interfaced to a dedicated computer system. A low-energy highresolution collimator during a 360Â°rotation, 60 frames of images
with a 64 X 64 matrix were acquired within 30 min. Total counts
of 3.6 to 4 million were collected for each study. The transaxial
slices were reconstructed by filtered backprojection using a But-
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no.1234567891011121314151617181920212223242526SexMMMFFMMFFMMMMMMFMMMMFMMFMFAge
(yr)6534554740644055636452364563606244775257627155595363Days
infarction113222505631278345551879067601182660851218251112512498962030017SVD
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16.9t-14.3t-14.6f-30.5r-21.
BGFPTFPFT,

3f-26.4f-19.2r-28.8T-ISJt-23.5'-25.3t-16.
BGFPFT1CBG,
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1C55<5*5455554<5*4555555323541<5*34.713.0-6.4-7.3-1.6-8.4-8.8-5.12.2
"Hemiparesis present, but muscular strength grade unknown.
tpresence of CCD.
NA = data not available; F = frontal lobe; P = parietal; T = temporal; O = occipital; BG = basal ganglia; 1C = internal capsule.

terworth filter. Each reconstructed slice was corrected for tissue
absorption using Chang's method (attenuation coefficient ju,= 0.12
cm"1) (18). An average of 20 SPECT image planes, 0.625 cm
thick, was required to image the entire brain. The cerebellum was
typically seen in five transaxial slices. The SPECT pixel size was
0.625 cm in all three dimensions. Before analysis, all images were
resliced parallel to the orbitomeatal plane.
The MR images were obtained from 10 patients using a 0.5-T
superconducting unit and from 16 patients using a 2.0-T supercon
ducting unit. The slice thickness/gap was 7 mm/2 mm for the 0.5-T
unit and 5 mm/2 mm for the 2.0-T unit. The acquisition matrix was
256 X 256, with a spatial resolution of 1 x 1 mm.

negative if CCD is present) and was used to explore the relation
ship between CCD and the patient factors as stated above.
To assess the severity of cerebral hypoperfusion, we calculated
a SPECT volume deficit (SVD) equivalent to the hypothetical
volume of zero perfusion using the equation described by Mountz
et al. (19,20):

Data Analysis

Three consecutive SPECT image slices representing the cerebel
lum were added to construct a 1.875-cm thick slice. The ROÃ•was
created on each cerebellar hemisphere (Fig. 1). From the total
counts obtained from each cerebellar hemisphere, the following
two indices were calculated (6): the cerebellar asymmetry index
between the right (R) and left (L) cerebellar hemispheres (AIcbn) =
(R - L) /(R + L) X 200 and the percent difference between the
contralateral (CCH) and ipsilateral (ICH) cerebellar hemispheres
(A%cbll)= (CCH-ICH)/ICH X 100. The AIcbl,assesses the degree
of cerebellar asymmetry, irrespective of which side is abnormal,
and was used to obtain control values and determine the signifi
cance of cerebellar asymmetry. A CCD was considered to be
present when the AIcbn was greater than the upper limit of 95%
confidence interval of the values obtained from the age-matched
control group that was more than 12%. The A%cbll, on the other
hand, expresses the direction of the asymmetry (e.g., it will be

FIGURE 1. Cerebellar ROIs positioned on the summed transaxial SPECT
image. CCD is shown in the right cerebellar hemisphere.
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where VT is the total volume deficit of the lesion (ml), VP is the
volume of the individual pixel (ml), SÂ¡
represents the single-photon
emission counts within the circumscribed region of stroke, MÂ¡
represents the single-photon emission counts within the mirrored
region in the uninvolved hemisphere, and PÂ¡
is the number of pixels
in the ROI. The sum of i is taken from all of the scan planes
showing a diminution of tracer uptake in the hemisphere containing
the stroke. ROIs were also assigned to the entire hemisphere of the
involved side to determine the SPECT hemispheric volume (ml).
The %SVD was defined by the equation: %SVD = (SVD/SPECT
hemispheric volume of the involved side) X 100.
The MRI volume deficit (MVD) was defined as the total volume
of infarcted tissue (ml) visible on T2-weighted (2000-3000/80100, TR/TE) MR images as determined by circumscribing all
visible areas of high signal intensity in each involved plane and
then summing the single-plane volume deficits. The hemispheric
volume of the involved side was also determined using MR images
and the %MVD was defined by the equation: %MVD = (MVD/
MRI hemispheric volume of the involved side) X 100.
Statistical Analysis

Unless otherwise stated, values are expressed as mean Â±s.d. All
variables were tested for consistency with normal distribution to
justify the use of parametric procedures in further statistical
evaluation. Based on the test for normality, either unpaired Stu
dent's t-test or the Mann-Whitney U-test was used to assess
differences in variables between the groups. Correlations of A%cbn
with duration after infarction and the volume deficits were evalu
ated by calculating either Pearson's linear correlation coefficient or
Spearman's rank correlation coefficient. The frequency of CCD
between groups was compared using chi-square analysis. A prob
ability value of less than 0.05 was considered significant.
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FIGURE 2. Relationship between duration after infarctionand A%cb|,.Values
for the patients with CCD are shown as closed circles. There is no significant
correlation between duration after infarction and A%cbâ€ž,
not only in all
patients with cerebral infarction (r = 0.326) but also in the infarction patients
with CCD (r = -0.051).

compared with 7.7 Â±8.9) (Table 3). In the patients with CCD,
however, a significant inverse correlation was found between
the MVD and the A%cbl, (r = -0.636, p = 0.048) (Table 2).
The frequency of CCD in patients showing a SVD larger than
MVD (5/13) did not differ significantly from that in patients
showing a SVD nearly equal to or smaller than their MVD
(5/7). Furthermore, both the difference between the SVD and
MVD (SVD minus MVD) and the ratio of SVD to MVD
showed no significant correlations with the A%cbll in the
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RESULTS

Patients data are summarized in Table 1. A CCD was
observed in 12 of the 26 patients (46%) with cerebral infarction.
No significant correlation was found between the duration
after infarction and the A%cbn, not only in all patients with
cerebral infarction (r = 0.326) but also in the infarction patients
with CCD (r = -0.051) (Fig. 2). Furthermore, there was no
significant difference in the A%cbll between the early (<30 days
after the clinical event) and late (>30 days) studies of the stroke
patients (-16.5 Â±10.3% compared with -8.3 Â±10.5%). The
frequency of CCD was greater during the initial 30 days (8/10)
than for the patients studied more than 30 days after the clinical
event (4/16) (p = 0.006) (Fig. 3).
As shown in Table 2, there was no significant correlation
between either SVD and A%cbll or %SVD and A%cbll both in all
of the cerebral infarction patients (r = â€”0.253and r = â€”0.181,
respectively) and the infarction patients with CCD (r = -0.364
and r = â€”0.344, respectively). When the studies of the 15
patients more than 30 days after stroke (i.e., presumably beyond
the period of luxury perfusion) were analyzed separately, no
correlation resulted (SVD compared with A%cbu, r = -0.328;
%SVD compared with A%cblâ€ž
r = -0.332). Of note was that
neither MVD nor %MVD correlated significantly with A%cbM
in the patients with cerebral infarction (r = -0.210 and r =
-0.177, respectively). In addition, there were no differences
between the patients with and without CCD, in terms of their
SVD (71 ml Â±47 ml compared with 70 ml Â±68 ml), %SVD
(7.8 Â±4.9 compared with 7.7 Â±6.9), MVD (90 ml Â±84 ml
compared with 67 ml Â± 77 ml) and %MVD (10 Â± 8.7
16
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FIGURE 3. Values for A%cbâ€ž
and frequency of CCD in the early (<30 days
after infarction) and late (>30 days) studies. Individual and mean (Â±s.e.m.)
values are shown. Values for the patients with CCD are shown as closed
circles. There is no significant difference in the A%cbB between the early and
late studies. The frequency of CCD is greater in the early studies (8/10) than
in the late studies (4/16) (p = 0.006).
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TABLE 2
Correlation between Volume Deficits and A%cbl| in Different Patient Groups

Correlation
infarctionn151513131212r-0.328-0.332-0.148-0.1830.216-0.028P0.2320.2270.6070.5270.5010.926Infarc
>30 days after
patientsn24242222r-0.253-0.181-0.210-0.177P0.2250.3970.3350.417Patients
infarction
CCDn12121010r-0.364-0.344-0.636-0.599P0.2440.2730
patients with
ofA%cbllwithSVD%SVDMVD%MVDSVD-MVDSVD/MVDTotal

n = number of patients for whom the test was conducted; r = Pearson's linear correlation coefficient or Spearman's rank correlation coefficient; p =
probability.

patients more than 30 days after the clinical event who are
presumably beyond the period of luxury perfusion (r = 0.216
and r = -0.028, respectively) (Table 2).
Figure 4 shows the frequency and severity of CCD according
to the location of the supratentorial infarction. The frequency of
CCD was significantly higher in the patients whose infarctions
were in either the frontoparietal lobes or the deep middle
cerebral artery (MCA) territory, including the basal ganglia and
internal capsule (11/19) than in the patients whose infarctions
were in other regions (1/7) (p = 0.048). The difference in the
A%cbn between the former (-13.9% Â±9.4%) and the latter
group (-4.7% Â± 13.0%) approached statistical significance
(p = 0.056).
The relationship between motor deficit and CCD is shown in
Figure 5. Patients having Grade 1, 2 or 3 muscular strength had
a significantly higher frequency of CCD and lower A%cb|, than
the patients with milder or no hemiparesis (frequency, 5/5
compared with 6/18, p = 0.008; A%cbl, -21.4% Â± 3.8%
compared with -8.3% Â±11.1%, p = 0.018). However, CCD
also occurred in 5 of the 14 patients without hemiparesis, and
was not seen in 5 of the 12 hemiparetic patients (Fig. 6).
None of the patients with CCD showed the apparent clinical
signs of cerebellar dysfunction.

the clinical event. However, our patients with CCD were
studied 5-1825 days after stroke, including four patients studied
more than 3 mo after the clinical onset. This suggests that CCD
is a relatively persistent phenomenon. Furthermore, the present
study demonstrates that there is no significant correlation
between the severity of CCD and the duration after infarction.
This lack of recovery from CCD contrasts sharply with other
examples of transynaptic depression, such as intra- or interhemispheric cerebral diaschisis (21). In support of our results,
some authors reported an unchanged or even exaggerated CCD
in old stroke patients as compared with acute ones (2,3,57,11,14,22). Nevertheless, recovery from CCD has been re
ported in a few stroke patients (1,4-6,23), indicating that this
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DISCUSSION

We found that CCD is a frequent phenomenon after supra
tentorial infarction, since cerebellar perfusion was significantly
asymmetric in 46% of the patients studied. Our finding agrees
with prior reports that showed CCD is present in about 50% of
patients following stroke or cerebral tumors, as determined by
tomographic mapping of oxygen consumption, glucose utiliza
tion and perfusion (2-7,9-13,16).
We found the frequency of CCD to be greater during the
initial 30 days than for those patients studied 1 mo or more after
TABLE 3
Comparison of Volume Deficits between Patients
with and without CCD
Volumedeficit
SVD (ml)
%SVD
MVD (ml)
%MVD71

Patientswith CCD
Â±47(12)
7.8 Â±4.9 (12)
90 Â±84 (10)
10 Â±8.7 (10)70

Patientswithout CCD
Â±68 (12)
7.7 Â±6.9 (12)
67 Â±77 (12)
7.7 Â±8.9 (12)

Values are mean Â±s.d. Number in parentheses represents number of
patients for whom the measurement was made. Statistical analysis did not
show significant differences in SVD, %SVD, MVD and %MVD between the
patients with and without CCD.

Lobes
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Other Regions
TerritoryLocation

of Infarction
FIGURE 4. Location of infarction compared with A%cbMand frequency of
CCD. Individual and mean (Â± s.e.m.) values are shown. Values for the
patients with CCD are shown as closed circles. The frequency of CCD is
significantly higher in the patients whose infarctions are in either the fronto
parietal (FP) lobes or the deep MCA territory, including the basal ganglia and
internal capsule (11/19), than in the patients whose infarctions are in other
regions (1/7) (p = 0.048). The difference in the A%cb|l approaches statistical
significance (p = 0.056).
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FIGURE 5. Motor deficit compared with A%cbBand frequency of CCD.
Individual and mean (Â±s.e.m.) values are shown. Values for the patients with
CCD are shown as closed circles. The frequency of CCD is significantly
higher in patients having Grade 1, 2 or 3 muscular strength (5/5) than in the
patients with milder or no hemiparesis (6/18) (p = 0.008). There is a significant
difference in the A%cbn (p = 0.018).

FIGURE 6. Occurrence of CCD in patients with and without hemiparesis.
CCD was considered to be present (closed circles) when the Alobâ€ž
was
greater than the upper limit of 95% confidence interval of the values obtained
from the age-matched control group, which was more than 12% (solid line).
Note that CCD also occurs in 5 of the 14 patients without hemiparesis and is
not seen in 5 of the 12 hemiparetic patients.

process is not necessarily inescapable. These findings may
suggest a temporal continuum between reversible diaschisis and
irreversible degeneration (6).
Several studies have shown that CCD is more frequent and
severe with large lesions involving two or three cerebral lobes
(2,4,6,7,24). In most studies, however, the extent of the lesion
was determined using qualitative or semiquantitative analysis.
In the present study, we employed quantitation or rigorous
semiquantitation of the infarcÃ¬size as well as the severity of the
cerebral hypoperfusion to examine their relationship with CCD.
Neither the severity of the cerebral hypoperfusion (SVD,
%SVD) nor the size of the cerebral infarcÃ¬(MVD, %MVD)
correlated with the occurrence of CCD in the patienls wilh
cerebral infarction. In the patients with CCD, there was also no
significant correlation between the severity of the cerebral
hypoperfusion and the magnilude of iheir CCD, which agrees
wilh a previous SPECT sludy (7). In conlrasl, a significanl
correlalion was found in ihe palienls with CCD between the
infarcÃ¬size and the severity of Iheir CCD. These resulls suggesl
lhal neilher ihe size of ihe cerebral infarcÃ¬nor the severity of Ihe
cerebral hypoperfusion is crilical for the occurrence of CCD.
However, once a CCD develops, ihe infarcÃ¬size may play a
polenlial role in delermining ihe magnilude of CCD.
The present sludy shows lhal the discordance belween ihe
SVD and MVD is not associated wilh Ihe occurrence of CCD.
Conlrary lo our resulls, Holman el al. (16) reported a higher
frequency of CCD when ihere was a subslanlial difference
belween CT and WmTc-elhyl cysleinale dimer (ECD) SPECT in

CCD are grealer in palients wilh infarclion in eilher ihe
fronloparielal lobes or Ihe deep MCA lerrilory, as compared lo
palients with infarcts of similar or even larger size involving
olher cerebral lobes. Allhough the relative conlribulions from
Ihe different cortical areas have noi been settled in man, a major
part of ihe corticopontine syslem originales from ihe frontal and
parielal cortices in monkeys (25,26); Ihe corticopontine fibers
converge loward Ihe anlerior and posterior limbs of the internal
capsule as well as its relrolenticular and sublenlicular portions
(27). In this context, Ihe lopographical correlales shown in Ihis
study fit Ihe widely held hypolhesis lhal CCD is a consequence
of disrupted corticopontocerebellar
palhway. Supporting ihis,
Akiyama el al. (28) found a similar lopographical relationship
in Alzheimer's disease palients wilh CCD.

Ihe exlenl of Ihe cerebral abnormality. The discrepancy belween
Ihe sludies may, al least in part, be attributed to ihe method
employed (i.e., quantitalive compared wilh visual analysis).
The analomical localion of ihe lesion, rather lhan ils size and
severity, may be Ihe major delerminanl for Ihe occurrence of
CCD. We have shown lhat bolh Ihe frequency and severity of
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Biersack el al. (11) found lhal CCD was presenl only in
palienls with hemiparesis, while mosl palients wilhoul CCD did
noi suffer from hemiplegia. They concluded lhal CCD is caused
by Ihe reduction of spinocerebellar stimuli due lo Ihe paresis of
ihe respeclive exlremilies. In centrasi, we found lhat CCD
occurred in a considerable number of patienls wilhoul hemipa
resis and was noi seen in all of Ihe hemiparelic palienls,
allhough ihe magnilude and frequency of CCD were associaled
with Ihe severity of hemiparesis. Similar resulls were shown in
previous sludies (4,6). This finding supports ihe nolion lhal
inlerruplion of the corticopontocerebellar pathway is the mosl
likely mechanism of CCD. On Ihe olher hand, much Ihe same as
CCD in ihe mechanism of cerebral and cerebellar melabolic
conneclion, supralenlorial and conlralaleral cerebellar hyperperfusion was sporadically reported in palienls wilh seizures
during ihe iclal phase (29,30).
Al presenl, Ihere is no well-eslablished clinical expression of
CCD. None of our palienls wilh CCD showed Ihe apparenl
clinical signs of cerebellar dysfunclion. We do noi know why
ihe presence of a cerebellar abnormality was noi relaled lo the
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presence of clinical signs of cerebellar dysfunction. It is
possible that most cerebral lesions interrupt cerebrocerebellar
connections widely, whereas more selective involvement, such
as that seen in ataxic hemiparesis, is needed to produce clear-cut
ataxia (4,31). Alternatively, the presence of severe weakness,
aphasia or other neurological deficits may interfere with the
demonstration of ataxia by bedside testing methods (4).
CONCLUSION

By using quantitative or rigorous semiquantitative methods, we
studied the correlations of CCD with the size and location of the
supratentorial infarction and the severity of the cerebral hypoperfusion. Neither the size of the cerebral infarction nor the severity of
the cerebral hypoperfusion may be critical for the occurrence of
CCD. The location, rather than the extent and severity, of the lesion
may be the major determinant for the occurrence and magnitude of
CCD in patients with cerebral infarction, although once CCD
occurs, the infarcÃ¬
size may play a potential role in determining the
magnitude of CCD. Our results also support the notion that CCD is
a consequence of the interruption of the corticopontocerebellar
pathway at the supratentorial level. Additionally, CCD appears to
be a relatively persistent phenomenon.
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