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Crossed cerebellar diaschisis: a positron emission tomography study 
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Objective: Crossed cerebellar diaschisis (CCD) is defined as a depression of blood flow and 
oxidative metabolism of glucose in the cerebellum contralateral to a supratentorial brain lesion, 
as detected with positron emission tomography (PET) and single photon emission computed to- 
mography. We examined whether L-[methyl-llC]methionine (MET) uptake is affected in CCD. 
Methods: In 12 patients with a unilateral supratentorial brain tumor, we evaluated the uptake of 2- 
deoxy-2-[ 18F]fluoro-o-glucose (FDG) and MET in the cerebellar hemispheres by means of PET. 
Asymmetry index (AI) was defined as a difference in the average count between the ipsilateral and 
contralateral cerebellar hemispheres divided by the average count in both cerebellar hemispheres. 
Patients with AI of FDG PET more than 0.1 and those with AI equal to 0.1 or less than 0.1 were 
classified as CCD-positive and CCD-negative, respectively. Results: Six patients were CCD- 
positive and others were CCD-negative in the FDG PET study. Between CCD-positive and CCD- 
negative patients, mean AI of MET was not significantly different (0.017 + 0.023 and 0.014 + 0.039, 
respectively). Conclusions: Different from glucose metabolism, cerebellar MET uptake was not 
affected in CCD. The present study may indicate that cerebellar MET uptake is independent of  
suppression of cerebellar neuronal activity. 
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I N T R O D U C T I O N  

PosrrRoN EMISSION TO~IOGRAPrr~ (PET) studies have shown 
a depression of brain energy metabolism and blood flow 
in the cerebellar hemisphere contralateral to the side of  
supratentorial lesions. 1 This phenomenon, defined as 
crossed cerebellar diaschisis (CCD), has often been ob- 
served in patients  with stroke, l supratentorial brain 
tumors, 2 head injury, 3 and epilepsy 4 as a result of inter- 
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ruption of the cortico-ponto-cerebellar pathway. A recent 
experimental study demonstrated that CCD is associated 
with a pronounced decrease in the Purkinje cell spiking 
activity. 5 Although the hemodynamics, energy metabo- 
lisms, and their relationships in CCD have been exten- 
sively studied, 6,7 little is known about the amino acid 
uptake in CCD. 

L-[Methyl -l 1C]methionine (MET) has been used as a 
tracer for PET studies of amino acid metabolism, s The 
administered MET is transported through the blood-brain 
barrier via the neutral amino acid transport system. In the 
brain, MET is transformed to methionyl-tRNA, which is 
a precursor for protein synthesis. The MET is also trans- 
formed to S-adenosyl-L-methionine, a major methyl do- 
nor for many biochemical  reactions. The labeling of  
_11CH 3 is transferred to various methyl acceptors. The 
relative rate of methionine flux into the transmethylation 
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Table 1 Clinical data of patients 

Age, years/ Asymmetry Index Asymmetry Index Interval between FDG PET 
Patient Sex Location of Tumor Diagnosis in FDG PET in MET PET and MET PET, days 

1 34/M Lt frontal Glioblastoma 0.164 0.007 1" 
2 63/M Rt frontoparietal Glioblastoma 0.113 0.040 3 
3 64/M Rt temporoparietal Glioblastoma 0.289 0.042 3* 
4 67/M Rt frontal Glioblastoma 0.140 -0.021 16* 
5 75/M Rt temporoparietal Glioblastoma 0.113 0.011 1" 
6 46/F Lt frontal Glioblastoma 0.235 0.021 9 
7 42/M Lt frontoparietal Giioblastoma 0.079 0.022 17' 
8 55/M Lt temporal Glioblastoma 0.034 0.041 3* 
9 63/M Lt occipital Glioblastoma 0.062 -0.035 4 

10 69/M Rt frontoparietal Glioblastoma 0.068 -0.034 4 
11 33/F Rt temporal Oligodendroglioma 0.076 0.055 4 
12 46/F Rt parietal Glioblastoma 0.023 0.038 22* 

*: FDG PET is followed by MET PET 

cycle is estimated to be 10% of the rate of  methionine 
incorporation into brain proteins, so that the MET is 
mainly directed towards protein synthesis. 9 

In the present study, we studied the uptake of MET and 
2-deoxy-2-[laF]fluoro-o-glucose (FDG) in CCD in pa- 
tients with brain tumors by means of PET, in order to 
clarify whether M E T  uptake is affected by neuronal 
deactivation in CCD. 

MATERIALS AND METHODS 

Subjects 
Among the consecutive patients with brain tumors who 
underwent both FDG and MET PET between September 
2004 and August 2005, we selected 12 patients who met 
the following criteria: (1) had a unilateral supratentorial 
brain tumor confirmed on MRI; (2) had no structural 
abnormality in the cerebellum or brain stem on MRI; (3) 
normal angiographic findings in the vertebrobasilar sys- 
tem, as determined by the use of either conventional or 
MR angiography. The patients ranged in age from 33 to 75 
years (56.6 + 14.3 years, mean + 1SD) and consisted of  
3 females and 9 males. All patients underwent the FDG 
and MET PET at an interval ranging from 1 to 22 days (7.3 
+ 7.1 days); there were no symptomatic changes in any of 
the patients during this interval period. The patients were 
receiving no specific treatments that could potentially 
have affected the brain metabolism during this interval. 
The Ethics Committee of  the Osaka University Hospital 
approved of the present study, and informed consent was 
obtained from all of  the patients after providing them with 
a detailed explanation of the purpose of the study and the 
scanning procedure. 

PET protocol 
The PET scans were performed using a Headtome V PET 
scanner (Shimadzu, Kyoto, Japan) with retractable septa. 
All studies were performed in the stationary mode with 
septa in, which allowed acquisition of 63 contiguous 
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big. 1 Comparison of the asymmetry index in the MET PET 
between CCD-negative and CCD-positive groups. The mean 
asymmetry index in the CCD-positive group was 0.017 +_ 0.023, 
which was not significantly different from that in the CCD- 
negative group (0.014 +_ 0.039). 

transverse slices with a spatial resolution of 3.7 mm full- 
width at half-maximum (FWHM) in the transaxial direc- 
tion and 5 mm in the axial direction. The patient's head 
was fixed in place with a head holder and was positioned 
with light beams to obtain transaxial slices parallel to the 
orbitomeatal line. The patients were required to fast for at 
least 6 hours before the PET scanning, and images were 
acquired with the patient resting in the supine position, 
with their eyes closed. Corrections for absorption were 
performed with attenuation measured in a transmission 
scan using a retractable rotating rod source. FDG and 
MET were administered intravenously at the dose of 370 
MBq and 555-740 MBq, respectively. Regional emission 
images of the brain were obtained for 10 min, beginning 
40 min after the FDG injection and 20 min after the MET 
injection. Scan data were reconstructed with an ordered- 
subset expectation maximization algorithm (12 iterations 
with 4 ordered subsets). 
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Fig. 2 The FDG and MET images in a CCD-positive patient with brain tumor located in the left frontal 
lobe. (A) The FDG PET image shows a significant decrease in the FDG uptake in the fight cerebellar 
hemisphere as compared with that in the left cerebellar hemisphere. The asymmetry index was 0.235. 
(B) The MET PET image shows little decrease in the MET uptake in the fight cerebellar hemisphere as 
compared with that in the left cerebellar hemisphere. The asymmetry index was 0.021. 

Data analysis 
We analyzed the tomographic images corresponding to 
the level of the cerebellum. We selected the slice that most 
satisfactorily depicted the cerebellar hemisphere for the 
analysis. First, in the FDG PET images, we placed sym- 
metrically 2 circular regions of interest (ROIs), 32 mm in 
diameter each, over the cerebellar hemispheres. These 
ROIs were then copied on to the MET PET images. The 
mean counts for each cerebellar hemisphere were then 
obtained. From the mean counts, we calculated the asym- 
metry index for the cerebellum according to the following 
formula: an asymmetry index (AI) = (the mean cerebellar 
count in the ipsilateral hemisphere minus the mean cer- 
ebellar count in the contralateral hemisphere)/(the aver- 
age count in both cerebellar hemispheres). In the FDG 
PET analysis, patients with AI of higher than 0.1 were 
defined as a CCD-positive group, and those with AI 
equal to or less than 0.1 were defined as a CCD-negative 
group. 1~ The individuals conducting the cerebellar 
analysis were blinded to the findings on the supuratentorial 
images and clinical details of the patients. 

Statistical analysis 
The mean AIs in the MET PET were compared between 
the CCD-positive and CCD-negative groups. The statis- 
tical significance of the results was analyzed using an 
unpaired Student's t test. A p value of less than 0.05 was 
considered to be significant. Data were analyzed using 
Stat View version 5.0 (SAS Institute Inc), 

RESULTS 

The pathological diagnosis and location of brain tumor, 
cerebellar asymmetry indices for FDG and MET, and 
time interval between FDG and MET study are summa- 
rized in Table 1. 

Of the 12 patients with unilateral supratentorial brain 
tumor, six were classified as CCD-positive (mean AI _+ 
1SD = 0.176 _+ 0.072) and the remaining 6 as CCD- 
negative group (0.057 +- 0.023) in the FDG PET. Figure 1 
shows the comparison of the AI in the MET PET between 
the CCD-negative and CCD-positive groups. The mean 
AI in the MET PET was 0.017 + 0.023 in the CCD- 
positive group and 0.014 + 0.039 in the CCD-negative 
group, the difference not being statistically significant. 
Figure 2 shows the FDG and MET PET images from one 
patient with CCD. 

DISCUSSION 

The present study demonstrated the absence of decrease 
in MET uptake in CCD in supratentorial brain tumor 
patients. The results may indicate that the MET uptake is 
not affected by a suppression of neuronal activity in the 
cerebellum. 

Local glucose consumption in the central nervous sys- 
tem is tightly coupled with the frequency of electrical 
stimuli 14,15 and the magnitude of physiological stimuli. 16 
Recently, a 50% decrease in Purkinje cell spiking activity 
in association with CCD was demonstrated in rats with 
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foca l  neocor t i ca l  i schemia .  5 Therefore ,  the dec reased  
F D G  uptake in the present  CCD-pos i t i ve  pat ients  sug- 
gests  a decrease  in the exci ta tory input  to the cerebel lar  
he mi sphe re  cont ra la te ra l  to the s ide o f  supra ten tor ia l  
brain tumors.  

Several  exper imental  studies have addressed the rela- 
t ionship  be tween  neuronal  ac t iv i ty  and brain  uptake o f  
amino acids. Previous experimental  studies indicated that 
neurons synthesize proteins at a higher  rate than do glial 
cel ls ,  iv Therefore ,  M E T  up take  m a y  ref lec t  neuronal  
rather than glial  activity. Kennedy et al. s tudied the brain 
l lC- leuc ine  uptake  after monocu la r  depr iva t ion  in the 
monkey  at 2 and 25 days of  age. Is In chronic monocular  
deprivat ion experiments from 2 to 25 days, the laminae of  
the lateral  geniculate  bodies innervated by the occ luded 
eye  showed a local  decrease  in the l lC- leuc ine  uptake.  
However ,  no other parts of  the visual system showed any 
evidence of  local changes in the pattern. Acute  monocular  
deprivation for 3 hours did not alter the l lC_leucine uptake 
even in the laminae of  the lateral geniculate bodies.  They 
specu la t ed  that  the rate of  a m i n o  ac id  up take ,  un l ike  
glucose utilization, does not reflect the level of  functional 
act ivi ty.  The present  observat ion  o f  the absence  of  any 
signif icant  changes  in the M E T  uptake in pat ients  with 
CCD was consistent  with their speculat ion.  

In diseased brains, a decrease in cerebral  glucose me- 
tabol ism is often observed in PET studies. However ,  it is 
diff icult  to dis t inguish between hypome tabo l i sm  due to 
neuronal deactivation and that due to neuronal loss. Lajtha 
et al. p roposed  that neuronal loss could  be evaluated  by 
determining the local rate of  protein synthesis using MET 
P E T )  9 W h e n  cerebral  g lucose  ut i l izat ion is reduced in 
cer tain pathologic  condit ions,  M E T  PET may  be useful 
for discr iminat ing between functional  deact ivat ion (nor- 
mal  M E T  and decreased  F D G )  and neuronal  loss (de- 
c reased  M E T  and FDG).  Sa lmon  et al. demons t ra ted  a 
decrease  in the temporopar ie ta l  g lucose  me tabo l i sm in 
A l z h e i m e r ' s  d i sease  pat ients  in spi te  o f  no rma l  M E T  
uptake,  2~ indica t ing  that g lucose  h y p o m e t a b o l i s m  may  
precede  neuronal  loss in the ear ly stage of  A l z h e i m e r ' s  
disease.  Nakagawa  et al. reported normal  or  even higher  
uptake of  the MET associated with decreased F D G  uptake 
in the brain areas adjacent  to those affected by cerebral  
infarction or  hematoma,  21 indicating that cerebrovascular  
lesions may induce neuronal deactivation in the surround- 
ing brain. Normal  MET uptake associated with decreased 
F D G  found  in the CCD m a y  be ano the r  e x a m p l e  o f  
structurally normal but functionally depressed state in the 
brain.  

In  conc lus ion ,  the M E T  up take  is not dec reased  in 
CCD.  Cerebe l l a r  M E T  uptake  may  be independen t  o f  
suppress ion  o f  cerebel la r  neuronal  act ivi ty .  The  M E T  
PET combined  with F D G  PET may reveal  whether  brain 
hypometabo l i sm of  glucose is due to functional  suppres- 
s ion or neuronal  loss in pathological  states. 
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