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Prognostic Value of Subacute Crossed
Cerebellar Diaschisis: Single-Photon Emission

CT Study in Patients with Middle Cerebral
Artery Territory Infarct

Masashi Takasawa, Manabu Watanabe, Shiro Yamamoto, Taku Hoshi, Tsutomu Sasaki,
Kazuo Hashikawa, Masayasu Matsumoto, and Naokazu Kinoshita

BACKGROUND AND PURPOSE: Although chronic-stage crossed cerebellar diaschisis (CCD)
is reported to be associated with the neurologic state or clinical improvement after infarct, the
prognostic value of early-stage CCD remains controversial. Our aim was to determine whether
measurements of CCD in the acute and subacute stages obtained at single-photon emission CT
(SPECT) facilitate the prediction of stroke outcome.

METHODS: The pattern of cerebral blood flow changes after the occurrence of acute middle
cerebral artery ischemia with severe cortical symptoms was examined by using technetium
99m–hexamethylpropyleneamine oxime (99mTc-HMPAO) SPECT. Fifteen patients (mean age,
73 years � 8 [SD]) with unilateral ischemia were examined in the early subacute stage (10
days � 5). In 11 patients, SPECT was performed in both the acute (16 hours � 10) and
subacute stages. From the total counts obtained from each cerebellar hemisphere, the asym-
metry index (AI) was calculated as follows: [(value in unaffected hemisphere � value in affected
hemisphere)/value in unaffected hemisphere] � 100. Clinical outcome (at 60 days) was assessed
by means of the Scandinavian Stroke Scale (SSS) and Barthel Index (BI).

RESULTS: AIs in the acute stage and clinical outcome (ie, SSS and BI scores) showed no
significant correlation, but the severity of AI in the early subacute stage correlated significantly
with both the final SSS (r � �0.69; P < .01) and BI scores (r � �0.82; P < .01).

CONCLUSION: Cerebellar hypoperfusion detected at 99mTc-HMPAO SPECT in the early
subacute stage in patients with supratentorial infarct indicates a worse clinical outcome.

Baron et al (1) first demonstrated crossed cerebellar
diaschisis (CCD) in patients with supratentorial in-
farction by using a noninvasive 15O continuous inha-
lation technique coupled with positron emission to-
mography (PET). Previous studies demonstrated that
CCD matched depression of blood flow and metab-
olism in the cerebellum contralateral to a supraten-
torial focal lesion, as detected with PET (1–4). The
mechanism underlying CCD reportedly consists of

interruption of the cerebropontocerebellar pathway
that causes deafferentation and transneural metabolic
depression of the contralateral cerebellar hemisphere
(1–4).

CCD in the chronic stage is associated with neuro-
logic improvement after infarct in the middle cerebral
artery (MCA) territory (5, 6). Some investigators
have reported that CCD appears to be prominent in
patients with severe hemiparesis in various stages
(1, 4). Recent studies showed that CCD in the acute
stage is not predictive of neurologic outcome, as
quantified with stroke scales for PET (5) or techne-
tium 99m–hexamethylpropyleneamine oxime (99mTc-
HMPAO) single-photon emission CT (SPECT) (7,
8). However, to our knowledge, no detailed reports
about the predictive value of CCD at stages between
the acute and chronic stages have been published.

We performed 99mTc-HMPAO SPECT in patients
in the acute and subacute stages of MCA ischemia
who presented with severe cortical symptoms. Our
aim was to determine whether CCD in the acute and
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subacute stages, as measured with 99mTc-HMPAO
SPECT, facilitates prediction of the outcome and
clinical improvement of stroke accompanied by MCA
territory infarct.

Methods

Subjects
We examined 15 consecutive patients (11 men and four

women; age range, 59–88 years; mean age, 73 years � 8 [SD])
with acute cortical infarction in the territory of the unilateral
MCA (Table). Patients with hemispheric symptoms and persis-
tent hemiparesis were selected. Twenty-six SPECT scans were
obtained in 15 patients with stroke; these showed that cerebral
hypoperfusion involved the left hemisphere in 10 patients and
the right hemisphere in the other five. All patients underwent
99mTc-HMPAO SPECT in the early subacute stage after the
stroke episode (10 days � 5). In 11 patients, SPECT was
performed within 48 hours after the onset (16 hours � 10).
None of the patients in this study had clinical symptoms or MR
imaging findings suggestive of ischemic episodes in the verte-
brobasilar territory; routine MR imaging findings did not sug-
gest gross morphologic alterations in the cerebellum. No
thrombolytic agents were administered to any of the patients
(9), but routine medications, such as antiplatelet agents, anti-
biotics, and heparin, were allowed. Patients 5 and 11 received
intravenous Argatroban, a thrombin inhibitor, in the acute
stage. No recurrences of stroke were noted during the 60-day
follow-up period. Patients with complications (eg, chronic
heart failure) that affected the activities of daily living and
neurologic improvement were excluded. All patients, or their
relatives, gave informed consent to participate in this study.

SPECT Imaging Protocol
SPECT imaging was performed 10–20 minutes after the

intravenous administration of 740 MBq of 99mTc-HMPAO by
using a two-head rotating gamma camera interfaced with a
dedicated computer system. Sixty images were acquired within
20 minutes, with a 128 � 128 matrix and a low-energy high-
resolution collimator during a 180° rotation. The transaxial
sections were reconstructed by means of filtered backprojec-
tion with a Butterworth filter. Each reconstructed section was
corrected for tissue absorption by using Chang’s method. An

average of 20 SPECT image planes, 3.9 mm thick, were re-
quired to image the entire brain. All images were resectioned
parallel to the orbitomeatal plane before analysis.

Image Analysis
The SPECT images were analyzed semiquantitatively. A

20 � 20-mm region of interest (ROI) was placed on the ipsi-
lateral and contralateral cerebellar hemispheres (Fig 1) (10).
From the total counts obtained from each cerebellar hemi-
sphere, the asymmetry index (AI) was calculated by using the
following equation: AI � [(value in unaffected hemisphere �
value in affected hemisphere)/value in unaffected hemisphere]
� 100.

Assessment of Patients’ Neurologic Status
Clinical stroke severity was quantified at admission and at

day 60 with the Scandinavian Stroke Scale (SSS) (scored from

FIG 1. ROIs on a SPECT image of the cerebellum.

TABLE 1: Clinical characteristics and cerebellar AI

Patient No./Age (y)/Sex MCA Side

Infarct

AI

SSS

RI BI at 60 DaysMechanism* Topography† Acute At 60 Days

1/78/F L E F, T, P, d 13.6 13 38 55.5 63
2/72/M L E F, T, P 13.3 16 37 26.2 54
3/60/M R E F, T, P 11.9 24 41 50.0 48
4/64/M L E F, T, P, d 10.6 18 61 32.5 42
5/81/M L A T, P 10.0 20 65 39.5 43
6/67/F L E F, T, P 10.0 16 67 26.2 71
7/88/M R E F, T, P 9.6 33 43 40.0 66
8/75/M R E P 9.5 32 34 7.7 55
9/77/M L E F, d 7.3 24 54 88.2 87
10/59/F R E d 5.9 36 58 100 100
11/81/M L A P, d 5.7 9 54 91.8 86
12/81/M L E T, d 5.5 12 58 100 90
13/67/F R E F, d 4.4 22 55 91.7 95
14/72/M L A P, d 2.1 8 44 72.0 95
15/82/M L E d 1.2 28 54 86.7 95

* A indicates atherothrombotic; E, embolic.
† d indicates deep MCA territory; F, frontal; P, parietal; T, temporal.
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0 to 58) (11). Functional assessment was performed at 60 days
with the Barthel Index (BI) (scored from 0 to 100) (12). The
recovery index (RI) was expressed as actual improvement, a
percentage reflecting the proportion of potential improvement,
as follows: RI � [(final SSS score at 60 days � initial SSS
score)/(maximal SSS score � initial SSS score)] � 100 (13).

Statistical Analysis
Changes in AI or SSS were analyzed with the Wilcoxon

signed rank sum test. Relationships between the degree of AI
and clinical severity were evaluated with the nonparametric
Spearman rank test. A P value of less than .05 was considered
to indicate a statistically significant difference. Statistical anal-
ysis was performed with a statistical software package (SPSS
for Macintosh).

Results

The degree of cerebellar hypoperfusion was calcu-
lated as the AI in the cerebellar hemispheres. The
mean AI was 9.6 � 1.2 (SE) (n � 11; range, 3.9–16.2
) in the acute stage and 8.0 � 1.0 (n � 15; range,
1.2–13.6) in the subacute stage. In 11 cases, both
acute- and subacute-stage CCD measurements were
available for evaluation of serial changes in cerebellar
hypoperfusion. Results indicated that the mean AI of
9.6 � 0.9 in the subacute stage was not statistically
different from the value of 9.6 � 1.2 in the acute stage

(P � 0.86), although the time course of AI differed
among patients (Figs 2 and 3).

The clinical data are summarized in the Table.
Mean SSS scores improved from 21 � 2 (SE) in the
acute stage to 45 � 2 at 60 days (P � .01).

First, we investigated the relationship between the
AI in the acute stage and clinical outcome at 60 days
and found no significant correlation between the first
parameter and the final SSS score at 60 days (r �
�0.22; P � .49), the final BI score at 60 days (r �
�0.04, P � 0.90), or the RI (r � �0.06, P � .85). We
also investigated the relation between AI in the sub-
acute stage and clinical outcome at 60 days and found
a good correlation with the final SSS score (r �
�0.69; P � .01), the final BI score (r � �0.82; P �
.01), and the RI (r � �0.64; P � .05) (Fig 4).

Discussion

The frequency of CCD has been reported to be
higher in patients with infarcts involving the fronto-
parietal lobe, basal ganglia, and internal capsule at
various stages (14, 15) than in other patients. Yam-
auchi et al (16) demonstrated that cerebral hemody-
namic and metabolic status can cause CCD, even in
small infarcts with unilateral major cerebral artery
occlusion. However, little is known about the serial

FIG 2. SPECT images obtained in patient 1 show severe cerebellar hypoperfusion (arrows) in both the acute (top row) and subacute
(middle row) stages. This patient had SSS scores of 13 at admission and 38 at 60 days after onset. MR images (bottom row) obtained
at 32 days show a large infarct in the left hemisphere.

FIG 3. SPECT images obtained in patient 13 show cerebellar hypoperfusion (arrows) in both the acute (top row) and subacute (middle
row) stages. This patient had SSS scores of 22 at admission and 55 at 60 days after onset. MR images (bottom row) obtained at 58 days
show an infarct in the right basal ganglia and frontal lobe.
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changes in cerebellar hypoperfusion or the prognostic
value of CCD observed on 99mTc-HMPAO SPECT
scans in infarct patients in the early stage.

Although the mean AI in the cerebellum did not
significantly change from the acute stage to the sub-
acute stage in the series as a whole, the time course of
AI differed among patients. Infeld et al (7) found no
statistically significant change in cerebellar hypoper-
fusion between the acute stage (within 36 hours after
onset) and chronic stage (6.5 months � 4), as assessed
with 99mTc-HMPAO SPECT. Thus, our findings sup-
port their results.

In our study, the degree of AI in the acute stage
was not significantly correlated with neurologic sever-
ity in the outcome stage. Infeld et al (7) demonstrated
that CCD per se in the acute stage, as observed on
99mTc-HMPAO SPECT scans obtained within 72
hours of the onset, was not predictive of clinical
outcome according to the Canadian Neurological
Scale score or BI scores. Laloux et al (8) also reported
that CCD in the acute stage, as determined with
99mTc-HMPAO SPECT (within 36 hours after onset),
had no predictive value in terms of functional out-

come, as assessed with the Rankin scale. Serrati et al
(5) reported no significant correlation between con-
tralateral cerebellar hypometabolism, (ie, oxygen
consumption), as evaluated with early PET (within 30
hours after onset), and neurologic state at 60 days.
Thus, our results are consistent with those of these
three previous studies. At least two possible patho-
physiologic explanations may account for our results
in the acute stage. First, a reasonable speculation is
that the still evolving cerebral perfusion and meta-
bolic disturbances during the acute stage of cerebral
infarction might have affected findings. Second, just
after a stroke, CCD may still be in a pathophysiologi-
cally unsettled status, which can manifest itself as
reversible damage and potential tissue recovery (5,
17, 18). Therefore, the degree of cerebellar hypoper-
fusion in the acute stage does not seem to have
prognostic value regarding stroke outcome.

Reperfusion on 99mTc-HMPAO SPECT scans ob-
tained during the subacute stage of ischemic stroke
can mask supratentorial ischemic lesions (19–21),
and thus, the severity or size of the area of supraten-
torial hypoperfusion may not be a predictor of stroke

FIG 4. Relationships between the AI in the subacute stage and neurologic state. No significant (N.S.) correlations between the AI in the
subacute stage and SSS score at admission were found (top left). AI in the subacute stage was significantly associated with the final
SSS score at 60 days (top right), the final BI score at 60 days (bottom left), and the RI (bottom right), as the results of the nonparametric
Spearman rank test indicate.
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outcome. The presence of CCD in the subacute stage
may be useful in diagnosing the location and exten-
sion of the cerebral ischemic lesion involved in the
cerebropontocerebellar pathway (19, 22). However,
to our knowledge, no reports about the prognostic
clinical value of CCD regarding the outcome of
stroke in the subacute stage have been published.
These findings have shown that CCD in the early
subacute stage after MCA territory infarction with
hemispheric symptoms is correlated with neurologic
severity and the degree of disability 60 days after the
onset of symptoms. The negative direction of these
correlations means that, as the degree of cerebellar
hypoperfusion in the subacute stage increases, the
neurologic outcome worsens.

Serrati et al (5) used the Mathew and Orgogozo
scales to study the relationship between crossed cer-
ebellar hypometabolism and clinical outcome on day
60. They reported that crossed cerebellar hypometab-
olism in the early chronic stage is strongly associated
with neurologic outcome, as measured with cerebellar
oxygen consumption. In a retrospective study, De
Reuck et al (6) reported that PET findings and Or-
gogozo scores indicated better neurologic improve-
ment in patients without significant CCD in the late
chronic stage (4–24 months) of MCA infarcts than
that of other patients. We performed SPECT at an
earlier stage (ie, early subacute stage); to our knowl-
edge, examination at this stage has not been studied.
Cerebellar hypoperfusion in the subacute stage may
persist in the chronic stage; therefore, the degree of
cerebellar hypoperfusion in the subacute stage may
be associated with clinical outcome.

Conclusion
The significant correlation between cerebellar hy-

poperfusion in the early subacute stage and clinical
outcome at 60 days was revealed in this study. This
finding suggests that CCD in the early subacute stage
may be a valuable prognostic factor in patients with
stroke.
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