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The purpose of our study was to evaluate the remote effects on the
cerebellum and cerebral cortex from subcortical hematoma without
cortical structural abnormality. Methods: Our study included 23
patients with hematoma, strictly confined either to the basal ganglia
(n = 12) or thalamus (n = 11) without cortical abnormality on CT or
MRI. Twenty psychiatric patients without structural abnormality on
MRI were selected as control subjects. Technetium-ethyl cysteinate
dimer brain SPECT was performed in patients and control subjects.
Regional cerebral blood flow (rCBF) was visually and semiquantita-
tively assessed. Asymmetry index (AI) was determined using data
from regions of interest at the basal ganglia, thalamus, cerebellum,
frontal, parietal and temporal cortex to support the semiquantitative
analysis. The criteria for defining hypoperfusion that reflected dias
chisis was based on an Al > the mean + 2 s.d. of Al in control
subjects. Results: In the basal ganglia hematoma, rCBF was re
duced significantly in the contralateral cerebellum (10/12), ipsilateral
thalamus (12/12), ipsilateral frontal (6/12), parietal (12/12) and tem
poral cortex (10/12). As for thalamic hematoma, significantly re
duced perfusion was seen in the contralateral cerebellum (10/11),
ipsilateral basal ganglia (7/11), ipsilateral frontal (5/11), parietal (11/
11) and temporal cortex (3/11). Conclusion: Crossed cerebellar
diaschisis (CCD) and cortical diaschisis frequently were observed in
patients with subcortical hematoma without cortical structural ab
normality. This suggested that CCD can develop regardless of
interruption of the corticopontocerebellar tract, which is the princi
pal pathway of CCD.
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Uiaschisis refers to matched depression of blood flow and
metabolism occurring remotely from the responsible structural
lesion. It has been suggested that this remote decreased neuro
nal activity results from an interruption of afferent or efferent
fiber pathways (7-5). In particular, crossed cerebellar diaschisis

(CCD) is known to develop in the cerebellar hemisphere
contralateral to a focal supratentorial lesion, and it is a well-
recognized phenomenon after a cerebral infarction (1,2,6-9).

Many previous studies using SPECT and PET have reported
CCD predominantly in association with a cerebral infarction
(1,2,6-9), and it has been described as a developed phenome

non after interruption of the corticopontocerebellar tract. Only a
few articles (10,11) have described CCD after a subcortical
hemorrhage, although the basal ganglia or thalamus would not
be connected directly to the corticopontocerebellar tract.

The remote effect has been observed not only in the con-
tralateral cerebellum but also in the cortex in patients with
recent ischemie or hemorrhagic unilateral thalamic lesions
(4,12). Ezzedine et al. (13) reported the occurrence of a
significant reduction in cortical regional cerebral blood flow
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(rCBF) in patients with unilateral capsulothalamolenticular
lesions.

The purpose of our study was to evaluate how the cerebellum
and cerebral cortex are affected by a deep-seated hematoma
strictly confined either to the basal ganglia or thalamus without
cortical structural abnormality.

MATERIALS AND METHODS

Patients and Control Subjects
Our study included 56 patients with hypertensive intracerebral

hemorrhage. Patients with clinical symptoms of an ischemie
episode before hemorrhagic attack or who had MRIs showing a
cortical structural abnormality suggesting a previous ischemie
episode were excluded. According to this criteria, 23 patients (7
women, 16 men; age range 30-67 yr; mean age 54.6 Â±9.2 yr)

were included in our study. None of the selected patients had
suffered a second symptomatic neurologic event since their hem
orrhagic attack. All lesions were confined strictly to the deep-
seated structures (basal ganglia, n = 12; thalamus, n = 11) and
were confirmed by initial CT and follow-up MRI. In all patients,
there was no structural abnormality in either the cerebellum or
cerebral cortex.

The SPECT study also was conducted in 20 psychiatric patients
without prior history of neurological deficits or vascular risk
factors (8 women, 12 men; mean age 43.5 Â±11.4 yr), who were the
control group. In all of these control subjects, MRI revealed no
structural abnormalities in the brain.

Imaging Procedures
SPECT was performed after an intravenous injection of 740

MBq 99mTc-ethyl cysteinate dimer using a brain-dedicated annular

crystal gamma camera (Digital Scintigraphic Inc., Waltham, MA)
with low-energy, high-resolution, parallel-hole collimators. One
hundred twenty projections were acquired with 3Â°angular incre

ments. The matrix size was 128 X 128. Transaxial images were
obtained by the filtered backprojection method using a Butterworth
filter (Nyquist frequency 1.1 cycle/cm at order no. 10). Attenuation
correction of the transaxial images was performed by the Chang's

method, and coronal and sagittal slices were calculated from the
original transaxial images (parallel to the orbitomeatal line). The
mean interval from onset of the symptoms to the SPECT exami
nation was 53.6 Â±26.7 days.

Data Analysis
Assessment of rCBF was performed visually and semiquantita-

tively. In each subject, regions of interest (ROIs) were drawn over
the bilateral thalami, basal ganglia, cerebellum, frontal, parietal and
temporal cortex for semiquantitative analysis (Fig. 1). Asymmetry
index (AI) was calculated as 200 X CR - CL /(CR + CL), where

CR and CL are, respectively, the mean reconstructed counts for the
right and left ROIs in both the patient and control groups. The
criteria for defining hypoperfusion that reflected diaschisis was
based on an AI > the mean + 2 s.d. of AI in the control subjects.
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FIGURE 1. Drawing of regions of interest (ROIs) in patient with basal ganglia
hematoma. ROIs were drawn manually along margin of basal ganglia,
thalamus, cerebellum and frontal, parietal and temporal cortex. Mean pixel
counts of ROIs were obtained, and asymmetry index values were calculated.

RESULTS
In the control group, mean Â±s.d. AI was 4.35 Â±0.94 in the

cerebellum, 2.57 Â±1.45 in the thalamus, 4.34 Â±2.08 in the
basal ganglia, 3.24 Â±0.87 in the parietal, 4.02 Â±2.04 in the
frontal and 5.13 Â± 1.69 in the temporal cortex. Significant
hypoperfusion in patients was defined by an AI greater than the
mean + 2 s.d. of AI in the control subjects (i.e., AI greater than
6.23 in the cerebellum, 5.47 in the thalamus, 8.50 in the basal
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FIGURE 2. Values of asymmetry index (Al) in basal ganglia hematoma
patients and mean + 2 s.d. of Al in each location of control subjects. Al
values for patients are shown as open circles. Closed triangle indicates mean
+ 2 s.d. of Al in each location of control subjects. Open circle above closed
triangle indicates significant hypoperfusion.

FIGURE 3. Diaschisis in patient with basal ganglia hematoma. (A) InitialCT
shows intracranial hematoma in basal ganglia at hemorrhagic attack (ar
rows). (B) Follow-up MRI shows encephalomalatic change of affected area
without cortical structural abnormality on T2- and T1-weighted images
(arrows). (C) SPECT shows reduced regional cerebral blood flow in contralat-

eral cerebellar hemisphere (small arrows), ipsilateral thalamus (closed arrow)
and cerebral cortex (open arrow).

ganglia, 4.98 in parietal, 9.1 in the frontal and 8.51 in the
temporal cortex).

In basal ganglia hematoma (n = 12), Figure 2 shows the

individual AI value of patients according to each location,
compared with mean + 2 s.d. of AI in the control subjects. In
the cerebellum, 10 of 12 patients had higher AI values (mean Â±
s.d. 21.61 Â±6.4) than 6.23, suggesting significant hypoperfu
sion in the contralateral cerebellum. Semiquantitative analysis
also showed significant hypoperfusion in the ipsilateral thala
mus (n = 12), the ipsilateral parietal (n = 12), the frontal (n =
6) and the temporal cortex (n = 10) (Fig. 2). SPECT images

demonstrated decreased uptake within these areas (Fig. 3).
In thalamic hematoma (n = 11), as shown in Figure 4,

hypoperfusion of the contralateral cerebellar hemisphere was
observed in 10 of 11 patients (mean Â±s.d. of Als 14.82 Â±
5.29), compared with 6.23. Significant hypoperfusion also was
seen in the ipsilateral basal ganglia (n = 7), the ipsilateral
parietal (n = 11), the frontal (n = 5) and the temporal cortex
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FIGURE 4. Values of asymmetric index in thalamic hematoma patients and
mean + 2 s.d. of asymmetry index (Al) in each location of control subjects. Al
values for patients are shown as open circles. Closed triangle indicates mean
+ 2 s.d. of Al in each location of control subjects. Open circle above closed
triangle indicates significant hypoperfusion.

(n = 3) (Fig. 4). CCD and cortical diaschisis also were

demonstrated in the SPECT images (Fig. 5).

DISCUSSION
In our study, brain SPECT of patients with hematoma strictly

confined to the thalamus or basal ganglia showed decreased
perfusion at the site of the anatomic lesion and in remote areas
such as the ipsilateral cerebral cortex and contralateral cerebel
lum. On the basis of these results, CCD was a frequent
phenomenon after hemorrhagic attack both in the basal ganglia
and thalamus.

CCD has been described as being caused by disruption of the
corticopontocerebellar pathway, which is cerebellar afferent
from the pons to the cerebellum through the middle cerebellar
peduncle. Many previous articles were concerned about CCD
after cerebral infarction associated with a structural abnormality
of the cerebral cortex (1,2,6-9). A few studies reported CCD in
patients with a deep-seated infarction such as in the thalamus
(11.14,15). Pappata et al. (Â¡1) reported that CCD was found in
2 of 6 patients with thalamic infarction. They explained that this
phenomenon may have resulted either directly from damage to
the cerebellar efferent pathway, (i.e., ascending cerebello-
thalamocortical system) or indirectly from hypofunction of the
cerebral cortex.

FIGURE 5. Diaschisis in patient with thalamic hematoma. (A) InitialCT shows
intracranial hematoma in thalamus at hemorrhagic attack (arrows). (B) Fol
low-up MRI shows strictly confined hematoma in thalamus without cortical
structural abnormality on T2- and T1-weighted images (arrows). (C) Reduc
tion of regional cerebral blood flow in contralateral cerebellum (small arrows),
affected thalamus, ipsilateral basal ganglia (closed arrow) and cerebral cortex
(open arrow) are demonstrated.
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In thalamic hematoma, there are at least three main anatom
ical pathways that can be associated with CCD. The first is the
interruption of the efferent pathway from the cerebellum as
described by Pappata et al. (//). Previous human postmortem
studies (16) that have shown thalamic leisons may result in
retrograde contralateral dentate nucleus atrophy may support
our hypothesis. The second, hypoperfusion of the cerebral
cortex, which can be produced by thalamocortical diaschisis,
may lead to CCD. The third possible mechanism is the
interruption of the corticopontocerebellar tract by either intrin
sic occult injury or compression of the posterior limb of the
internal capsule by an anatomically adjacent thalamic hema
toma. In our patients, most SPECT images were obtained after
the late subacute stage, in which surrounding edema usually
disappears. MRI did not show any compression of the internal
capsule by either hematoma or edema. Interruption of the
corticopontocerebellar tract may not be a main mechanism of
CCD according to our study.

In basal ganglia hematoma, Kanaya et al. (10) have described
putaminal hemorrhage resulting in CCD. In terms of the
anatomical connections between the basal ganglia and the
cerebellum, there are at least three putative pathways that could
be involved. First, the basal ganglia may have many neuronal
connections with the thalamus. The striatum (caudate and
putamen) receives inputs from the intralaminar thalamic nuclei
and gives inhibitory axons (GABAergic) to the globus pallidus,
which is the major outflow nucleus of the corpus striatum. The
globus pallidus, in turn, gives inhibitory axons to the ventral
nuclei (ventral anterior and ventral lateral) of the thalamus,
which also receives input from the cerebellum (17). The
interruption of this circuit in the region of the basal ganglia is
assumed to be responsible for the rCBF reduction in the
contralateral cerebellar hemisphere through the cerebellar effer
ent pathway. Second, the basal ganglia also have many neuronal
connections with the cerebral cortex (18). Our study showed
significant hypoperfusion in the ipsilateral cortex in all patients
with basal ganglia hematoma. Hence, CCD in patients with
basal ganglia hematoma, may result indirectly from hypoper
fusion of the cerebral cortex. Finally, an anatomical neurochem-
ical pathway (dopaminergic pathway) arises from the dentate
nucleus of the cerebellum. It crosses the midline at the level of
the brachium conjunctivum and sends terminals to the substan
tia nigra. The projections from the substantia nigra enter the
neostriatum (Â¡9,20). Therefore, interruption of these neuronal
circuits may be another possible explanation of CCD in patients
with basal ganglia hematoma.

CONCLUSION
Crossed cerebellar diaschisis and cortical diaschisis can

develop in the basal ganglia or thalamic hematoma without
cortical structural abnormality. These data suggest that CCD
may develop regardless of any interruption of the corticopon
tocerebellar pathway.
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