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Abstract: Crossed cerebellar diaschisis refers to a phenomenon, in which blood flow and oxygen metabolism rate
in the contralateral cerebellum decline due to supratentorial brain tissue damage. In 1914, the terminology “dias-
chisis” was proposed for the first time by a Swiss neurologist neurosis to describe some specific changes in focal
brain injury. Thereafter, the detection of cerebral oxygen metabolic rate, cerebral glucose metabolic rate and other
techniques has continuously been applied by scholars in performing in-depth studies of this phenomenon; thus,
the phenomenon of crossed cerebellar diaschisis in humans has been confirmed. With the recent progress in re-
search methods and the application of new imaging techniques, researchers have attained further insights into the
mechanism of this phenomenon. In this study, the mechanism of crossed cerebellar diaschisis, the relationships
between its occurrence and progress and related diseases, as well as the research progress in the imageological
examination of this phenomenon, have been comprehensively reviewed.
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Introduction

In 1914, Swiss neurologist, Constantin von
Monakow, first proposed the term ‘diaschisis’
to describe specific changes in focal brain inju-
ry; and thus, explaining the phenomenon found
in his experiments that contralateral cerebellar
hemisphere hypoplasia occurred in juvenile
cats after the removal of the cerebral cortex [1].
As early as 1870, Brown-Sequard reported the
remote effect on focal brain injury, and found
that remote regions exhibited excessive excit-
atory or inhibitory brain function disorders after
focal brain injury. In 1935, a report exhibited
that one patient with brain atrophy secondary
to birth trauma was followed by crossed cere-
bellar atrophy, which confirms the hypothesis of
crossed cerebellar diaschisis in humans.

Crossed cerebellar diaschisis (CCD) refers to
the decline in blood flow reduction and metabo-
lism rate in the contralateral cerebellum due
to supratentorial brain tissue damage [2]. In
1980, Baron et al. first reported the phenome-
non that blood flow was reduced and oxygen
metabolic rate declined in the contralateral cer-

ebellar hemisphere in patients with supratento-
rial infarction by applying noninvasive continu-
ous inhalation of steady-state 0 combined
with positron emission tomography (PET) [3],
Thereafter, scholars confirmed the existence of
CCD using techniques that detect cerebral oxy-
gen metabolic rates and cerebral glucose meta-
bolic rates.

With the recent progress in research methods
and the application of new imaging technolo-
gies, researchers have attained further insights
into the mechanism of CCD. To date, most
Chinese scholars believe that the mechanism
of diaschisis may be due to the impact of
primary lesion damage; in which brain tissue
blood flow in remote nerve fibers-linked region
suffer a secondary slowing down, resulting in
the reduction of function in remote parts, and
thus attributing diaschisis to the interruption of
the neurological link [4, 5]. Furthermore, major-
ity of scholars worldwide suggest that diaschi-
sis is related to the following three factors [6].
(1) Inhibition of the nerve conduction pathway.
Most studies suggest that damage in the corti-
cal-pons-cerebellum (CPC) pathway can better
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explain the occurrence of CCD after supraten-
torial infarction [7-9]. Since the CPC pathway
is the main nerve fiber pathway connected to
the contralateral cerebellar hemisphere, the
inhibition of the CPC pathway is the anatomical
basis of CCD occurrence [10]. The CPC pathway
starts from the cerebral cortex, passes from
the cortex to the ipsilateral pons, and goes
to the contralateral cerebellar cortex [11, 12].
The frontoparietal cortex is the origin of the
CPC pathway, while the projection of cortico-
pons is mainly the excitatory impulse transmit-
ting to the granule cells in the contralateral
cerebellar hemisphere. Therefore, damage in
the CPC pathway can lead to contralateral cer-
ebellar dysfunction; namely, crossed cerebellar
diaschisis. The corpus callosum may play a cru-
cial role in the occurrence of connection dys-
function in the contralateral hemispheric cor-
tex. (2) Changes in hemodynamics. After the
occurrence of cerebral cortex infarction, hypo-
perfusion in lesions adjacent to the cortex can
occur; which may be the result of the extension
of the lesion of penumbra. Hemodynamic
hypothesis can explain the ipsilateral brain con-
nection dysfunction, but cannot make a rea-
sonable explanation for chronic diaschisis and
connection dysfunction in the contralateral cer-
ebellar hemisphere, namely, crossed cerebellar
diaschisis. (3) Delayed neuronal death. Exper-
imental studies have revealed an abnormal
radioactivity concentration in the ischemic ipsi-
lateral caudate nucleus and putamen in a mid-
dle cerebral artery occlusion (MCAQ) rat model,
and that the ventral lateral nucleus of the ipsi-
lateral thalamus also presented abnormal ra-
dioactivity concentrations after two weeks;
suggesting the presence of delayed neuronal
death outside the ischemic area.

Studies have revealed that CCD may be sec-
ondary to diseases in the cerebral cortex, basal
ganglia and thalamus [13]. Among cortical
lesions, CCD caused by lesions in the parietal
lobe is the most serious, followed by lesions in
the frontal and temporal lobes. Basal ganglia
lesions are more likely to lead to CCD than
lesions in the hypothalamus. Damage on the
upper section of pons can also lead to CCD,
while those in the middle and lower sections
cannot. There is no necessary correlation
between the nature of lesions and CCD. A litera-
ture has shown that the CCD phenomenon may
occur in a variety of central nervous system
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lesions; among which, cerebral infarction have
been mostly reported The frequency of CCD
was highest after infarction in blood supplying
areas by the middle cerebral artery, which was
also the most serious [14]. Followed by epilep-
sy, cases of CCD caused by tumors, brain trau-
ma and Moyamoya disease have also been
reported.

Cerebral infarction

As noted above, most scholars believe that the
interruption of the CPC pathway may be the
mechanism of CCD occurrence. Nguyen et al.
considered that the severity of CCD is relevant
with the degree of influence on the CPC path-
way of primary lesions [15]. Studies have shown
that the CPC pathway is the most important
nerve fiber pathway between the cerebral cor-
tex and contralateral cerebellar hemisphere,
which consists of pons fibres from the cortex
focused inward the forelimb and hindlimb of
the internal capsule to ipsilateral pons, as
well as fibers from pons to the contralateral
cerebellum. When neuronal axonal rupture or
injury caused by various brain damage occur,
Wallerian degeneration may appear in proximal
axons of the damage zone and distal axons of
the damage zone may gradually undergo de-
generation and disintegration from close to far,
resulting in pathway interruption. Hence, corti-
cal excitatory impulses cannot be transmitted
to the contralateral cerebellum. When nerve
impulses transmitted into the contralateral cer-
ebellum from the supratentorial brain tissue
decline, CCD occurs and functional inhibition
appears [16]. Therefore, the occurrence and
development of CCD after cerebral infarction
may be related to age, lesion area and location
of the cerebral infarction, as well as paralysis,
muscle strength and so on. All of those will be
described in detail in the following.

To date, the relationship between cerebral in-
farction stage and CCD remains controversial.
Clinical and experimental studies are mostly
regarding the CCD phenomenon after the
hyperacute and acute phase of cerebral infarc-
tion and chronic cerebral infarction is rarely
involved in CCD. Kim et al. considered that CCD
is more likely to appear within 30 days after
ischemic infarction symptoms than after a
month or longer [17]. During the long-term fol-
low-up of 26 patients with cerebral infarction,
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he found that the CCD phenomenon may occur
from the 5™ to the 1,825" day after infarction
symptoms, and that it is a relatively persistent
phenomenon. Shin et al. found that when a
F-18 FDG PET examination was conducted on
laryngeal cancer patients who suffered left
middle cerebral artery infarction 20 years ago,
hypoperfusion occurred in the left side supra-
tentorial blood supplying area by the middle
cerebral artery and contralateral cerebellum,
and glucose metabolism rate declined; which
confirms the CCD phenomenon [18]. Some
researchers found by a focal cerebral ischemia
rat model that the activity of the contralateral
cerebellum and blood flow would quickly
decrease, while the middle cerebral artery and
carotid artery were blocked [16, 19]. CCD may
also occur in the hyperacute stage after infarc-
tion in the blood supplying area by cerebral
artery [20]. Some scholars have detected the
CCD phenomenon in cases of single-side supra-
tentorial infarction three hours after symptoms
via PET, and pointed out that the occurrence of
CCD may be related with the area of local brain
tissue injury, but not with the severity of hypo-
perfusion [21]. Therefore, the relationship
between cerebral infarction stage and the CCD
phenomenon remains controversial and needs
further more in-depth studies.

Lesion area refers to the accumulated range
affected by local brain tissue injury. Fu et al.
found that the occurrence of CCD is unrelated
with lesion size and the extent of hypoperfusion
in supratentorial cerebral infarction [22]. Kim et
al. also believes that the lesion area on supra-
tentorial brain tissue is unrelated with the
occurrence of CCD, but once CCD occurs, even
if the area of primary lesion is relatively small, it
may also play an important role in determining
the severity of CCD [17]. However, several stud-
ies have also shown that when the supratento-
rial infarct area is relatively larger and involved
in 2-3 lobes of the brain, CCD more likely occurs
after cerebral infarction. Some scholars believe
that the larger the infarct area is, the more like-
ly is CCD to occur [23, 24].

Takasawa et al. considered that the location of
the lesion in brain tissue injury may be a major
determinant of CCD [25]. According to the cur-
rent report, the cerebral cortex (mainly frontal
and parietal lobe), basal ganglia, internal cap-
sule and pons are the sites of primary lesion;
which are likely to cause the CCD phenomenon
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[26]. Among cortical lesions, CCD caused by
lesions in the parietal lobe is most serious, fol-
lowed by those in the frontal and temporal
lobes. Basal ganglia lesions are more likely to
lead to CCD than lesions in the hypothalamus.
Damage on the upper section of pons can also
lead to CCD, while those in the middle and
lower sections cannot. There is no necessary
correlation between the nature of lesions and
CCD. After infarction in the blood supplying
area of the deep branches of the middle cere-
bral artery (internal capsule, basal ganglia) and
in the wider coverage of the cortex, both may
present severe metabolic reduction in the con-
tralateral cerebellum [27]. Some academics
have suggested that the CCD phenomenon
only appears when damages are limited to the
hindlimb of the internal capsule [28]. Alex et al.
found that the CCD phenomenon occurred in
patients with unilateral thalamus infarction
[29], which further confirms that CCD is not
confined to occur only after infarction in a large
region of blood supplying area of the middle
cerebral artery.

Xiaofei Geng et al. found that CCD may be relat-
ed to the occurrence of cerebral hemiplegia
and muscle strength, which may also reflect
the situations of CCD to some extent, but not
the deciding factor [30]. Biersack et al. found
that CCD occurs mainly in patients with hemi-
plegia after cerebral infarction, and most non-
hemiplegia patients do not show CCD [31]. This
suggests that CCD may be due to the decrease
of stimulations of the spinal cord and cerebel-
lum caused by paralysis in the corresponding
brain lobe.

With the progress of in-depth studies on CCD
phenomenon, people found that rehabilitation
situations of cerebral infarction patients acc-
ompanied by CCD were inferior to patients with
cerebral infarction alone, while areas of supra-
tentorial infarction of patients that show the
CCD phenomenon were larger [32]. Although
there are currently no data and reports that
confirm the association between hypoperfu-
sion in the cerebellum caused by CCD and
permanent supratentorial infarction, imaging
changes due to chronic nerve block suggest
that the prognosis of patients with cerebral
infarction combined with CCD is poor [33].
Furthermore, the CCD phenomenon can ebb in
patients with good prognosis after reperfusion
and vice versa. Takasawa et al. found that after
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reperfusion of thrombolytic therapy, CCD phe-
nomenon in patients with smaller infarct area
can be gradually restored, and this rehabilita-
tion situation is closely related to clinical out-
come [25]. All these evidences above suggest
that CCD is not only an associated symptom of
cerebral infarction, but an important indicator
of the therapeutic effect, function recovery and
prognosis of patients with cerebral infarction.

As early as 1999, Seitz et al. [34] followed-up
seven cases of patients with hemiplegia after
cerebral infarction, and considered that the
distant affected area induced by infarction
anatomically overlap functional recovery re-
gions; while local cerebral tissues in infarction
patients may be related to the rehabilitation of
motor function. Seitz conducted a PET test
on seven cases of primary cerebral infarction
patients, and results revealed that injury-relat-
ed network anatomically overlap the rehabilita-
tion-related network. In recent years, research-
ers have started to use Single-Photon Emission
Computed Tomography (SPECT) and PET tech-
nology to study the post-infarction CCD phe-
nomenon from various aspects. Bruine et al.
found that the CCD phenomenon is significan-
tly associated with hypoperfusion in supraten-
torial tissues, and the persistence of CCD indi-
cated a poor prognosis and sustainable supra-
tentorial tissue damage [35]. Some scholars
have proposed that CCD may be a quantitative
index for the evaluation of cerebral dysfunction
after infarction [36]. In the subacute stage of
cerebral infarction, for the location and extent
of ischemic brain involved in CPC pathways,
CCD phenomenon may provide valuable diag-
nostic cues [37, 38]. Watanabe et al. found that
the severity of CCD was closely related to hemi-
plegia [39].

Some acute CCD symptoms are secondary to
stroke and status epilepticus, which are revers-
ible [40]. Acute and chronic CCD are different.
After acute cerebral infarction, excitatory stim-
ulations from the cerebral cortex to the cerebel-
lum decrease, resulting in reduced excitability
of cerebellar Purkinje cells, thereby causing
acute CCD. When excitatory stimulations were
accepted by cerebellum recovery, acute CCD
can be quickly reversed [41]. However, persis-
tent CCD was an irreversible process that can
lead to neuronal degeneration, and caused the
affected cerebellar hemisphere to atrophy.
Controversies remain regarding whether the
post-infarction CCD phenomenon can ebb over
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time. The third view was that not only would
CCD not ebb with the improvement of infarction
symptoms, but it would become more severe
[42]. In summary, cerebral infarction can cause
similar changes in the remote region where
nerve fibers are linked to. Therefore, ischemic
penumbra should be actively saved, and dis-
tant perfusion and metabolic reduced area
should be focused on in clinical treatment.

Epilepsy

Massaro et al. conducted an MRI examination
for a female patient diagnosed with persistent
epilepsy, and found that the left temporal pari-
etal, occipital cortex, left thalamus and right
cerebellum grew restricted diffusion in large
areas on DWI, which confirmed to be epileptic
active status secondary to CCD [43]. After anti-
epileptic treatment, EEG examination revealed
a remission of symptom; however, the patient
continued to manifest mild aphasia and right
hemiplegia, and the original site of restricted
diffusion displayed an improvement on DWI. He
also [43] suggests that epilepsy can render
synaptic excitability to continue to increase,
which passes to the contralateral cerebellum
through the CPC pathway. Thus, excessive ex-
citability caused the CCD phenomenon, while
energy metabolism and cerebral blood flow
increased; and hyperintense signals were
revealed on DWI [44-46]. The causes for those
may be hypoxia caused by failure in the regu-
lation of energy metabolism and cerebral blood
flow, which result in increased anaerobic gly-
colysis, followed by sodium-potassium pump
deactivation and cytotoxic edema [47]. Alth-
ough the CCD phenomenon after epilepsy can
be attributed to injuries in the cerebral cortex
and damage to neural connections, early dam-
age may only be a functional impairment and
an increase of excitatory signaling of the cere-
bral cortex. Dysfunction of the contralateral
remote area caused by restricted cerebral cor-
tex lesions indicates the mechanism of CCD
after epilepsy. Clinical neuropathologic studies
have confirmed that disinhibition of cortical
neurons can lead to increased neuronal excit-
ability in remote regions [48, 49]. Both above
mechanisms can induce neurotoxicity injuries
of brain cells, which can be found via imaging.

For the CCD phenomenon secondary to persis-
tent epilepsy, sighal enhancement may be seen
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in the following parts in imaging examination:
pulvinar thalami, caudate nucleus, putamen,
globus pallidus and pad of corpus callosum;
while the affected area shows angiectasis [50].
These symptoms are usually reversible, but
sometimes these may be irreversible and lead
to sustained damage. In status epilepticus, glu-
tamic acid production increases which induces
desensitization of y-aminobutyric acid (GABA),
and therefore sustains neuronal excitability
and increase cerebral metabolic oxygen de-
mand; and ultimately, the CPC pathway is da-
maged due to failure of compensation for
excessively increased metabolic demand [51].
Whereas in patients with temporal lobe epilep-
sy, dorsal thalamus nucleus plays an important
role in the process of transferring excitatory
stimulation from the injured cerebral cortex to
distant parts [52]. In short, in patients in status
epilepticus, the CCD phenomenon and thala-
mus signal enhancement may be due to hyper-
activity in the cortex of primary epileptic focus,
and dysfunction of the pathway.

Brain trauma

A study found that unilateral focal brain trauma
can lead to the reduction of metabolic rate in
the contralateral cerebellum, with or without
dysfunction and other symptoms [53]. Patho-
physiological studies suggest that this phe-
nomenon is induced by the inhibition of neural
excitability transmitted through the CPC path-
way to the pontine nuclei, which originates
from primary supratentorial brain trauma le-
sions; but it remains inconclusive whether this
is reversible. In CCD after traumatic brain inju-
ry, early pathology presents cerebellar atrophy,
but this may be due to the sustained irrevers-
ible reduction of brain blood flow force caused
by nerve degeneration; and this is quite con-
trary with the results of scholars’ studies [54].
Some scholars believe that chronic irreversible
cerebellar hypometabolism may be a second-
ary result of degenerative diseases. In addi-
tion, sustained changes may appear in the
early stage, in which only changes in metabo-
lism occur and that this is a reversible process.
Brain trauma lesions in the cerebral cortex or
its adjacent area may lead to crossed contra-
lateral cerebellar metabolic reduction. How-
ever, complex brain trauma patients may show
exceptions. CCD phenomenon is common in
patients with severe brain trauma, which indi-
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cate that severe brain injury may be the primary
cause of CCD. In addition, brain trauma patients
with single lesions are more likely to show
crossed contralateral cerebellar hypometabo-
lism. In brain trauma patients with multiple
lesions, larger lesions play a leading role for
CCD [54]. Overtime, as brain trauma develops
and outcomes, the metabolic rate of the cere-
bellum may also change with anatomic chang-
es and interaction among lesions. The associa-
tion between diffuse brain trauma and contra-
lateral cerebellar metabolic abnormalities has
not been reported, or maybe its manifestations
of cerebellar metabolic abnormalities are dif-
ferent with those of single focus, which is
because diffuse cerebellar lesions offset meta-
bolic changes caused by each other. Therefore,
obvious CCD phenomenon is rarely seen in
patients with diffuse brain injury. If diffuse inju-
ry occurs in white matter fibers, the block of
specific nerve impulses sent to the pontine
nuclei from the original lesion would not occur.
This can further explain the aforementioned
phenomenon. Therefore, in brain trauma
patients with diffuse axonal injuries, this “neu-
tralizing effect” of crossed cerebellar hypome-
tabolism is more common than in patients with
simple brain injury. In summary, CCD phenom-
enon can also occur in patients with brain trau-
ma, may be seen in patients with single or mul-
tiple lesions, but could not be seen in brain
trauma patients with diffuse axonal injury. The
clinical significance and its impact on the prog-
nosis of CCD phenomenon after traumatic
brain injury need further research and dis-
cussion.

Brain tumor

Glioma can cause a decreased rate of glucose
metabolism in the contralateral cerebellum,
suggesting that brain tumors can also be com-
plicated by CCD. Since tumors in the frontal
lobe are most common. In the same region, the
cerebellar glucose metabolic rate is higher in
malignant tumors than in poorly differentiated
tumors [55]. The highest is that malignant
tumors are primary in the frontal lobe and is
involve in the parietal lobe, while extending to
the midline; causing damage to all nerve bun-
dles in the prefrontal, premotor and motor cor-
tex that belong to the CPC pathway [56]. Since
peritumoral edema surrounding well-differenti-
ated glioma is more common than that of poor-
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ly differentiated glioma, and different from the
characteristic of metabolic abnormalities, in
addition to the tumor occurrence site, the
occurrence of CCD is related to the size of
tumors rather than tumor metabolic abnormali-
ties. In a study on a group of brain tumor
patients after operation, researchers found
that the CCD phenomenon may be related to
the tumor itself, as well as surgery-induced
brain damage. However, determining when the
CCD phenomenon would occur in cancer
patients remains to be studied. CCD in some
patients may ease or disappear in a few days,
but in some may aggravate or persist. According
to the biological characteristics of the tumor,
with the proliferation of tumor cells, edema for-
mation, infiltration, and expansion of tumor
invasion, CCD phenomenon may persist over
time. Thus, the CCD phenomenon may be used
as the indirect indicator of the evaluation of
tumor infiltration and proliferation without
changes in tumor metabolic parameters.

As early as 1990, some scholars reported that
in a case of Sturge-Weber syndrome (SWS)
patients, cerebral blood flow decreased while
both brain tissue in the primary tumor area and
contralateral cerebellum were affected; sug-
gesting that a congenital ischemic disease can
also cause the CCD phenomenon [57]. Masaaki
et al. have also reported that in a rare case of
adult Moyamoya disease in a patient, CCD
occurred secondary to revascularization [58].
In a 2%[-IMP SPECT examination 17 months
after operation, researchers found hyperperfu-
sion in the right frontal and temporal lobe of the
patient and significant reduction of blood flow
in the left cerebellum. There are evidences that
Moyamoya disease patients after revascular-
ization may grow symptomatic cerebellar hyper-
perfusion, and primary vascular abnormalities
in such patients can explain this phenomenon.
Cianfoni et al. reported that they found the CCD
phenomenon in encephalitis patients through
MRI examination [59]. O’Gorman [60] also
reported the existence of the CCD phenome-
non in a case of 8-year-old patients with sickle
cell anemia using arterial spin labeling magnet-
ic resonance technique. CCD phenomenon has
been repeatedly reported to be found in adult
cerebral infarction, epilepsy, migraine, enceph-
alitis and brain tumors; and reports on pediat-
ric patients are relatively few. Diseases in which
available literature have reported the discovery
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of CCD include cerebral infarction, seizures,
encephalitis, migraines and damage on the
chronic single side of the brain. Koy et al.
reported that they found a left cerebellar dias-
chisis in a case of a three year-old child patient
following the event of non-spasm status epilep-
ticus in the right cerebral hemisphere [61]. CCD
phenomenon is relatively rare in children’s dis-
ease. In adult patients with cerebral infarction,
the severity of CCD can be used as a quantita-
tive indicator of long-term damage evaluation.
However, for children patients, the relationship
between CCD and prognosis of diseases remain
unclear, the age when brain injury occurs may
be an important factor of secondary lesions
in the cerebellum [62], and the extent of dam-
age to immature brain tissues caused by this
phenomenon is less than that to adult brain
tissues.

Imageologic tests

Since 1914, the concept crossed cerebral dias-
chisis was first proposed, *3*Xe, *?3I-IMP labeled
PET, SPECT and perfusion-weighted imaging
(PWI), diffusion tensor imaging (DTI), and other
imaging techniques are used for the inspection
of CCD to assess regional cerebral blood flow,
oxygen metabolic rate and oxygen uptake
score, and other parameters [63, 64]; among
which, the more commonly used are SPECT
and PET. In 1980, Baron [65] using PET con-
firmed the reduction of cerebral blood flow and
the decrease of oxygen metabolic rate in the
contralateral cerebellum in supratentorial in-
farction patients. This phenomenon was later
confirmed by researchers applying SPECT per-
fusion imaging in a variety of diseases includ-
ing internal capsule/basal ganglia infarction,
brain tumor, spinocerebellar degeneration, Alz-
heimer's disease, epilepsy and progressive
supranuclear palsy [66] CCD phenomenon can
occur in the acute and chronic phase of cere-
bral infarction. Thus, SPECT was used to detect
the CCD phenomenon in the acute phase (5-30
hours), subacute phase (5-15 days) and chronic
phase (13-56 days) of infarction [67]; and the
positive rate of CCD in each phase is over 60%.
Some scholars found CCD in a patient 20 years
after a cerebral vascular accident using F18-
FDG-PET test. This case also shows that brain
damage after the acute phase is irreversible
and is of great significance for the research of

Int J Clin Exp Med 2017:10(3):5684-5694



Relevant studies in crossed cerebellar diaschisis

clinical changes and mechanisms of cerebral
blood flow and perfusion in nuclear medicine.

The first discovery of the CCD phenomenon via
MRI originated from Stubgen’s report in 1995
[68], when conducting routine MRI examina-
tions for a 32-year-old pregnant woman suffer-
ing from recurrent anxiety. Abnormal signals
were discovered in the brain cortex and contra-
lateral cerebellum, and it is considered as
reversible excitatory cell damage. Thereafter,
with the development of MRI technology, a vari-
ety of advanced new imaging technologies
were also applied to explore the CCD pheno-
menon.

Perfusion-weighted imaging (PWI)

PWI is an inspection technique that noninva-
sively provides brain microcirculation status.
This technique can be used to reflect the blood
perfusion of local tissues and organs and
microvascular distribution, and analyze hemo-
dynamic and functional changes. The two main
imaging methods are as follows: dynamic sus-
ceptibility contrast (DSC) and arterial spin label-
ing (ASL). The former is relatively more com-
monly applied including four parameters: (1)
relative cerebral blood volume (rCBV), refers to
the relative cerebral blood volume in interested
regions including large blood vessels and capil-
laries; (2) relative cerebral blood flow (CBF),
refers to the relative cerebral blood flow pass-
ing through the interested regions in unit time;
(3) mean transit time (MTT), refers to the time
for blood to flow through the blood vessels,
mainly reflecting the time required for the con-
trast agent passing through the capillaries; (4)
time to peak (TTP), refers to the time for the
contrast agent to reach the highest concentra-
tion, mainly reflecting the time needed for blood
flow to reach the interested regions [69]. The
performances of CCD in PWI are prolonged TTP
and reduction of cerebral blood flow. Thus, PWI
is more increasingly used in clinical practice
with its simple operation, no radiation, and
higher spatial resolution. In recent years, ASL
has emerged as a newly non-invasive magnetic
resonance technique using free diffusing water
as its endogenous contrast agents. It was the
very technique that O’Gorman applied to suc-
cessfully reveal the CCD phenomenon in a case
of eight-year-old sickle cell anemia patient [60].

Diffusion-weighted imaging (DWI)

Currently, diffusion-weighted imaging (DWI) is
the best way to invasively detect the diffusion
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movement of water molecules in living tissue.
Its image is constructed according to the signal
intensity reflecting the speed of water molecule
diffusion movement in tissues. DWI image sig-
nal consists of the intensity of water molecule
diffusion and T2 values of detected living tis-
sues. The existence of T2 transmission effect
in the image, to a certain extent, increases the
incidence of false-positive rates; and therefore,
the PWI image does not reflect the speed of
diffusion movement in living tissues. The intro-
duction of the concept of apparent diffusion
coefficient (ADC) value and ADC map can elimi-
nate this effect. Edgar et al. found in the DWI
examination for episodic epilepsy patients that
restricted diffusion occurred in the patient’s
left frontal and parietal lobes, the occipital cor-
tex, left thalamus and right cerebellum; sug-
gesting the existence of epilepsy-related CCD
phenomenon [70]. Two weeks later, PWI exami-
nation was conducted again for the patient,
and the high signal disappeared.

Diffusion tensor imaging (DTI)

Diffusion tensor imaging (DTI) is a magnetic
resonance technique for the description of the
direction characteristics of water molecule dif-
fusion, which is performed by calculating the
diffusion degree of water molecules and diffu-
sion direction; and it can indirectly evaluate the
integrity of white matter fibers. DTl is gained by
applying a plurality of gradient fields of non-lin-
ear directions on the basis of MRI. DTI not only
reflects the overall situation, but also reflects
the directivity of water-restricted diffusion [71];
and it is currently the only non-invasive method
for effectively detecting and tracking fiber
tracts of white matter.

The commonly used parameters of DTl include:
fractional anisotropic (FA), apparent diffusion
coefficient (ADC), mean diffusivity (MD), rela-
tive anisotropy (RA) and volume ratio (VR).

ADC and FA are relatively extensively applied.
(1) The unit of ADC values is mm?/s. It can
exhibit the diffusion speed and range of differ-
ent water molecules in magnetic resonance
diffusion-weighted imaging, but it cannot distin-
guish the direction of diffusion [72]. The ADC
value is proportional to the content and diffu-
sion capacity of free water molecules in tis-
sues, reflects the overall diffusion speed of
water molecules in brain tissues, is mainly
closely related to vasogenic edema, cytotoxic
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edema and the structural integrity of cells, and
it can display the micro-structure information
inside and outside cells. (2) FA refers to the
ratio of anisotropic components of diffusion
tensor in total diffusion tensor, which reflects
the degree of anisotropy of water molecules in
diffusion in brain tissues [73]. FA values range
from O to 1, where O represents the greatest
degree of isotropic diffusion, while 1 repre-
sents the greatest degree of anisotropic diffu-
sion. FA values and its changes are related with
the following factors: integrity of the myelin,
compactness and parallel of the fibers, and FA
value is not the same in different parts of the
white matter. For example, the fiber bundle
arranged in neat rows and represents a well-
integrity of axonal structure has high anisotro-
py. This is because water molecules that move
parallel to compactly arranged white matter
fiber tracts have the fastest diffusion speed,
suggesting that the partial axonal structures of
brain tissues have well-integrity and the stron-
gest conductivity. Then, the contrast is that the
degree of anisotropy of the disorganized white
matter fiber bundle is low, mainly due to the
loss of directionality and consistency of the
arrangement of nerve fiber bundles caused by
diseases.

Due to its capacity of reflecting the integrity of
white matter fiber tracts, DTl has been more
widely used clinically including the evaluation of
cerebral infarction, brain tumor, diffuse axonal
injury and primary or secondary white matter
lesions, etc. [74, 75] Stenset et al. confirmed
the existence of diaschisis in the ipsilateral
hemisphere via DTI technique [76]. They mea-
sured FA values of the bilateral white matter in
patients with left side cerebral infarction. FA
values of the white matter in left hemisphere
were significantly lower than in the right hemi-
sphere. Jinna Kim et al. conducted DTI inspec-
tion on 23 patients with chronic cerebral infarc-
tion and measured FA values. They found that
FA values in contralateral brain tissues were
significantly lower than in the affected side;
thus, this further confirmed the value of DTI for
detecting changes in fibres of corticocerebellar
tracts in CCD patients after cerebral infarction
[12].

In recent years, due to the advances in cerebral
hemodynamics, through the metabolic mea-
surement technique and imaging technique,
people made great progress in the study on the
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mechanism and clinical treatment of diaschi-
sis; which explained many clinical problems
through the application of this theory. This the-
ory has certain significance in the clinical diag-
nosis and treatment of CCD, and has a cer-
tain influence in the rehabilitation process of
patients with cerebral infarction. Early recogni-
tion and treatment of CCD is of great help for
the improvement of focal neurological damage
and functional recovery after cerebral injuries.

Disclosure of conflict of interest
None.

Address correspondence to: Jing-Liang Cheng, De-
partment of MRI, The First Affiliated Hospital of
Zhengzhou University, No. 1 of Jianshe East Road,
Ergi District, Zhengzhou 450052, China. Tel: +86
13603863860; Fax: +86 0371-66913114; E-mail:
jingliangchengdor@163.com

References

[1] Finger S, Koehler PJ, Jagella C. The Monakow
concept of diaschisis: origins and perspec-
tives. Arch Neurol 2004; 61: 283-288.

[2] Komaba Y, Mishina M, Utsumi K, Katayama Y,
Kobayashi S, Mori O. Crossed cerebellar dia-
schisis in patients with cortical infarction: logi-
stic regression analysis to control for con-
founding effects. Stroke 2004; 35: 472-476.

[3] Baron JC, Bousser MG, Comar D, Castaigne P.
“Crossed cerebellar diaschisis” in human su-
pratentorial brain infarction. Trans Am Neurol
Assoc 1981; 105: 459-461.

[4] [Ito H, Kanno |, Shimosegawa E, Tamura H,
Okane K, Hatazawa J. Hemodynamic changes
during neural deactivation in human brain: a
positron emission tomography study of crossed
cerebellar diaschisis. Ann Nucl Med 2002; 16:
249-254,

[5] Sagiuchi T, Ishii K, Asano Y, Aoki Y, Kikuchi K,
Jinguuji K, Yanaihara H, Woodhams R, Haya-
kawa K. Interictal crossed cerebellar hyperper-
fusion on Tc-99m ECD SPECT. Ann Nucl Med
2001; 15: 369-372.

[6] Chu B, Shao GF. Pathomorphological changes
of remote region in rats after focal cerebral
ischemia. Chinese Journal of Clinical Reha-
bilitation 2003; 7: 3414-3415.

[7] Biaou O, Abderahim R, Soto Ares G, Jissendi
Tchofo P. [Crossed cerebellar diaschisis post
status epilepticus]. J Radiol 2008; 89: 507-
509.

[8] Ribeiro M, Beleza P, Fernandes J, Almeida F,
Rocha J. [Reverse crossed cerebellar diaschi-
sis]. Acta Med Port 2006; 19: 439-441.

Int J Clin Exp Med 2017:10(3):5684-5694


mailto:jingliangchengdor@163.com

(9]

(10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Relevant studies in crossed cerebellar diaschisis

Dodick DW, Roarke MC. Crossed cerebellar di-
aschisis during migraine with prolonged aura:
a possible mechanism for cerebellar infarc-
tions. Cephalalgia 2008; 28: 83-86.

Lim JS, Ryu YH, Kim BM, Lee JD. Crossed cere-
bellar diaschisis due to intracranial hematoma
in basal ganglia or thalamus. J Nucl Med 1998;
39: 2044-2047.

Stieltjes B, Kaufmann WE, van Zijl PC, Freder-
icksen K, Pearlson GD, Solaiyappan M, Mori S.
Diffusion tensor imaging and axonal tracking
in the human brainstem. Neuroimage 2001;
14: 723-735.

Kim J, Lee SK, Lee JD, Kim YW, Kim DI. Decre-
ased fractional anisotropy of middle cerebellar
peduncle in crossed cerebellar diaschisis: dif-
fusion-tensor imaging-positron-emission tomo-
graphy correlation study. AJINR Am J Neuro-
radiol 2005; 26: 2224-2228.

Ahn HS, Kim KK. Two Cases of Crossed
Cerebellar Diaschisis with or without Thalamic
Lesion on Brain MRI in Status Epilepticus. J
Epilepsy Res 2014; 4: 74-77.

Sobesky J, Thiel A, Ghaemi M, Hilker RH,
Rudolf J, Jacobs AH, Herholz K, Heiss WD.
Crossed cerebellar diaschisis in acute human
stroke: a PET study of serial changes and re-
sponse to supratentorial reperfusion. J Cereb
Blood Flow Metab 2005; 25: 1685-1691.
Nguyen DK, Botez MI. Diaschisis and neurobe-
havior. Can J Neurol Sci 1998; 25: 5-12.

Gold L, Lauritzen M. Neuronal deactivation ex-
plains decreased cerebellar blood flow in re-
sponse to focal cerebral ischemia or sup-
pressed neocortical function. Proc Natl Acad
Sci US A2002; 99: 7699-7704.

Kim SE, Choi CW, Yoon BW, Chung JK, Roh JH,
Lee MC, Koh CS. Crossed-cerebellar diaschisis
in cerebral infarction: technetium-99m-HMPAO
SPECT and MRI. J Nucl Med 1997; 38: 14-19.
Shih WJ, Huang WS, Milan PP. F-18 FDG PET
demonstrates crossed cerebellar diaschisis
20 years after stroke. Clin Nucl Med 2006; 31:
259-261.

El-Hayek YH, Wu C, Chen R, Al-Sharif AR, Huang
S, Patel N, Du C, Ruff CA, Fehlings MG, Carlen
PL, Zhang L. Acute postischemic seizures are
associated with increased mortality and brain
damage in adult mice. Cereb Cortex 2011; 21:
2863-2875.

Kamouchi M, Fujishima M, Saku Y, Ibayashi S,
lida M. Crossed cerebellar hypoperfusion in hy-
peracute ischemic stroke. J Neurol Sci 2004;
225: 65-69.

Soria N, Meli F, Blumenkrantz Y, Salas E,
Turjanski A. [Crossed cerebellar diaschisis.
Study of a patient by magnetic resonance im-
aging and positron emission tomography]. Rev
Neurol 2013; 56: 425-428.

5692

[22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

[30]

(31]

(32]

(33]

Fu J, Chen WJ, Wu GY, Cheng JL, Wang MH,
Zhuge Q, Li JC, Zhang Q, Zhang Y, Xia NZ, Yang
YJ. Whole-brain 320-detector row dynamic vol-
ume CT perfusion detected crossed cerebellar
diaschisis after spontaneous intracerebral
hemorrhage. Neuroradiology 2015; 57: 179-
187.

Pantano P, Baron JC, Samson Y, Bousser MG,
Derouesne C, Comar D. Crossed cerebellar dia-
schisis. Further studies. Brain 1986; 109:
677-694.

Pantano P, Lenzi GL, Guidetti B, Di Piero V,
Gerundini P, Savi AR, Fazio F, Fieschi C. Crossed
cerebellar diaschisis in patients with cerebral
ischemia assessed by SPECT and 123I-HIPDM.
Eur Neurol 1987; 27: 142-148.

Takasawa M, Watanabe M, Yamamoto S, Ho-
shi T, Sasaki T, Hashikawa K, Matsumoto M,
Kinoshita N. Prognostic value of subacute
crossed cerebellar diaschisis: single-photon
emission CT study in patients with middle cere-
bral artery territory infarct. AJNR Am J
Neuroradiol 2002; 23: 189-193.

Kushner M, Alavi A, Reivich M, Dann R, Burke
A, Robinson G. Contralateral cerebellar hypo-
metabolism following cerebral insult: a po-
sitron emission tomographic study. Ann Neurol
1984; 15: 425-434.

Schmidt A, Diederich K, Strecker JK, Geng B,
Hoppen M, Duning T, Schabitz WR, Minnerup J.
Progressive Cognitive Deficits in a Mouse
Model of Recurrent Photothrombotic Stroke.
Stroke 2015; 46: 1127-31.

Flint AC, Naley MC, Wright CB. Ataxic hemipare-
sis from strategic frontal white matter infarc-
tion with crossed cerebellar diaschisis. Stroke
2006; 37: el1-2.

Forster A, Kerl HU, Goerlitz J, Wenz H, Groden
C. Crossed cerebellar diaschisis in acute isola-
ted thalamic infarction detected by dynamic
susceptibility contrast perfusion MRI. PLoS
One 2014; 9: e88044.

Geng XF, Wei DN, Zhu K. Progress of acute
ischemic stroke and diaschisis[J]. Chinese
Journal of Neurology 2002; 35: 304-305.
Biersack HJ, Hartmann A, Friedrich G, Froscher
M, Reichmann K, Reske SN, Knopp R. [Cause
of crossed cerebellar diaschisis in cerebrovas-
cular disease]. Nuklearmedizin 1984; 23:
227-230.

Nocun A, Wojczal J, Szczepanska-Szerej H,
Wilczynski M, Chrapko B. Quantitative evalua-
tion of crossed cerebellar diaschisis, using
voxel-based analysis of Tc-99m ECD brain
SPECT. Nucl Med Rev Cent East Eur 2013; 16:
31-34.

Chakravarty A. MR evaluation of crossed and
uncrossed cerebral-cerebellar diaschisis. Acta
Neurol Scand 2003; 108: 60-65.

Int J Clin Exp Med 2017;10(3):5684-5694



[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Relevant studies in crossed cerebellar diaschisis

Seitz RJ, Azari NP, Knorr U, Binkofski F, Herzog
H, Freund HJ. The role of diaschisis in stroke
recovery. Stroke 1999; 30: 1844-1850.

de Bruine JF, Limburg M, van Royen EA, Hijdra
A, Hill TC, van der Schoot JB. SPET brain ima-
ging with 201 diethyldithiocarbamate in acute
ischaemic stroke. Eur J Nucl Med 1990; 17:
248-251.

Szilagyi G, Vas A, Kerényi L, Nagy Z, Csiba L,
Gulyas B. Correlation between crossed cere-
bellar diaschisis and clinical neurological sca-
les. Acta Neurol Scand 2012; 125: 373-381.
Hayashida K. [Usefulness of SPECT images in
helping radiologists understand brain diseas-
es]. Nihon Igaku Hoshasen Gakkai Zasshi
2001; 61: 208-214.

Lin WY, Kao CH, Wang PY, Changlai SP, Wang
SJ. Serial changes in regional blood flow in the
cerebrum and cerebellum of stroke patients
imaged by 99Tcm-HMPAO SPET. Nucl Med
Commun 1996; 17: 208-211.

Watanabe H, Niwa N, Kanai M, Sasaki S. The
relation between crossed cerebellar blood flow
and severities of hemiplegia: a technetium-
(99m) hexamethylpropylene amine oxine
SPECT study using Patlak plot method. Tohoku
J Exp Med 1996; 179: 177-181.

Liu Y, Karonen JO, Nuutinen J, Vanninen E,
Kuikka JT, Vanninen RL. Crossed cerebellar di-
aschisis in acute ischemic stroke: a study with
serial SPECT and MRI. J Cereb Blood Flow
Metab 2007; 27: 1724-1732.

Liu J, Li J, Yang Y, Wang X, Zhang Z, Zhang L.
Neuronal apoptosis in cerebral ischemia/re-
perfusion area following electrical stimulation
of fastigial nucleus. Neural Regen Res 2014;
9: 727-734.

Lenzi GL, Frackowiak RS, Jones T. Cerebral oxy-
gen metabolism and blood flow in human cere-
bral ischemic infarction. J Cereb Blood Flow
Metab 1982; 2: 321-335.

Massaro AM. Teaching neuroimages:crossed
cerebellar diaschisis in hemispheric status
epilepticus. Neurology 2012; 79: e182.
Lauritzen M. Relationship of spikes, synaptic
activity, and local changes of cerebral blood
flow. J Cereb Blood Flow Metab 2001; 21:
1367-1383.

Lansberg MG, O’'Brien MW, Norbash AM,
Moseley ME, Morrell M, Albers GW. MRI abnor-
malities associated with partial status epilepti-
cus. Neurology 1999; 52: 1021-1027.

Koy A, Klee D, Weber AA, Karenfort M, Maya-
tepek E. Crossed cerebellar diaschisis after
status epilepticus in a young child. Neuro-
pediatrics 2012; 43: 55-58.

Calistri V, Caramia F, Bianco F, Fattapposta F,
Pauri F, Bozzao L. Visualization of evolving sta-
tus epilepticus with diffusion and perfusion

5693

(48]

[49]

(50]

(52]

(53]

(54]

[55]

(56]

[57]

(58]

(59]

MR imaging. AJNR Am J Neuroradiol 2003; 24:
671-673.

Sakatani K, lizuka H, Young W. Somatosensory
evoked potentials in rat cerebral cortex before
and after middle cerebral artery occlusion.
Stroke 1990; 21: 124-132.
Buchkremer-Ratzmann |, August M, Hagemann
G, Witte OW. Electrophysiological transcortical
diaschisis after cortical photothrombosis in rat
brain. Stroke 1996; 27: 1105-1109; discus-
sion 1109-1111.

Huang YC, Weng HH, Tsai YT, Huang YC, Hsiao
MC, Wu CY, Lin YH, Hsu HL, Lee JD. Periictal
magnetic resonance imaging in status epilepti-
cus. Epilepsy Res 2009; 86: 72-81.

Goodkin HP, Joshi S, Mtchedlishvili Z, Brar J,
Kapur J. Subunit-specific trafficking of GABA(A)
receptors during status epilepticus. J Neurosci
2008; 28: 2527-2538.

Guye M, Régis J, Tamura M, Wendling F,
McGonigal A, Chauvel P, Bartolomei F. The role
of corticothalamic coupling in human temporal
lobe epilepsy. Brain 2006; 129: 1917-1928.
Niimura K, Chugani DC, Muzik O, Chugani HT.
Cerebellar reorganization following cortical in-
jury in humans: effects of lesion size and age.
Neurology 1999; 52: 792-797.

Otte A, Roelcke U, von Ammon K, Hausmann O,
Maguire RP, Missimer J, Muller-Brand J, Radi
EW, Leenders KL. Crossed cerebellar diaschi-
sis and brain tumor biochemistry studied with
positron emission tomography, [18F]fluorodeo-
xyglucose and [11C]methionine. J Neurol Sci
1998; 156: 73-77.

Chakravarty A. Crossed cerebral-cerebellar di-
aschisis: MRI evaluation. Neurol India 2002;
50: 322-325.

Baudino B, D’Agata F, Caroppo P, Castellano G,
Cauda S, Manfredi M, Geda E, Castelli L,
Mortara P, Orsi L, Cauda F, Sacco K, Ardito RB,
Pinessi L,Geminiani G, Torta R, Bisi G. The che-
motherapy long-term effect on cognitive func-
tions and brain metabolism in lymphoma pa-
tients. Q J Nucl Med Mol Imaging 2012; 56:
559-568.

Yoshikawa H, Fueki N, Sakuragawa N, Ito M, lio
M. Crossed cerebellar diaschisis in the Sturge-
Weber syndrome. Brain Dev 1990; 12: 535-
537.

Konishi T, Naganuma Y, Hongo K, Murakami
M, Yamatani M, Okada T, Takaku A. [Regional
cerebral blood flow in moyamoya disease us-
ing 123-1 IMP-SPECT-follow up study before
and after therapy]. No To Hattatsu 1991; 23:
446-452.

Cianfoni A, Luigetti M, Bradshaw ML, Welsh CT,
Edwards J, Glazier S. MRI findings of crossed
cerebellar diaschisis in a case of Rasmussen’s
encephalitis. J Neurol 2010; 257: 1748-1750.

Int J Clin Exp Med 2017:10(3):5684-5694



[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

(68]

Relevant studies in crossed cerebellar diaschisis

O’Gorman RL, Siddiqui A, Alsop DC, Jarosz JM.
Perfusion MRI demonstrates crossed-cerebel-
lar diaschisis in sickle cell disease. Pediatr
Neurol 2010; 42: 437-440.

Al-Jafen BN, Alanazy MH, Scott JN, Pillay N.
Magnetic resonance imaging of crossed cere-
bellar diaschisis and bright pulvinar in status
epilepticus. Neurosciences (Riyadh) 2012; 17:
259-261.

Shamoto H, Chugani HT. Glucose metabolism
in the human cerebellum: an analysis of
crossed cerebellar diaschisis in children with
unilateral cerebral injury. J Child Neurol 1997;
12: 407-414.

Vorstrup S. Tomographic cerebral blood flow
measurements in patients with ischemic cere-
brovascular disease and evaluation of the va-
sodilatory capacity by the acetazolamide test.
Acta Neurol Scand Suppl 1988; 114: 1-48.
Agrawal KL, Mittal BR, Bhattacharya A, Khan-
delwal N, Prabhakar S. Crossed cerebellar dia-
schisis on F-18 FDG PET/CT. Indian J Nucl Med
2011; 26: 102-103.

Tanaka M, Hirai S, Morimatsu M, Kanai H,
Mizuno Y. [Clinical and etiological study of
crossed cerebellar diaschisis. Report of two
cases]. Rinsho Shinkeigaku 1989; 29: 469-
474,

Kajimoto K, Oku N, Kimura Y, Kato H, Tanaka
MR, KanaiY, Kitagawa K, Maruno M, Yoshimine
T, Hori M, Hatazawa J. Crossed cerebellar dias-
chisis: a positron emission tomography study
with L-[methyl-11C]methionine and 2-deoxy-
2-[18F]fluoro-D-glucose. Ann Nucl Med 2007;
21: 109-113.

Serrati C, Marchal G, Rioux P, Viader F, Petit-
Taboué MC, Lochon P, Luet D, Derlon JM,
Baron JC. Contralateral cerebellar hypometa-
bolism: a predictor for stroke outcome? J
Neurol Neurosurg Psychiatry 1994; 57: 174-
179.

Qiu JZ, Yang JL, You MG, et al. ADC Values in
Healthy Adult Brain: Measurement and Influ-
encing Factors. Journal of Practical Radiology
2008; 24: 870-873, 876.

5694

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

Lambregts DM, Maas M, Riedl RG, Bakers FC,
Verwoerd JL, Kessels AG, Lammering G, Boetes
C, Beets GL, Beets-Tan RG. Value of ADC mea-
surements for nodal staging after chemoradia-
tion in locally advanced rectal cancer-a per le-
sion validation study. Eur Radiol 2011; 21:
265-273.

Zaidi SA, Haq MA, Bindman D, Mathur S.
Crossed cerebellar diaschisis: a radiological
finding in status epilepticus not to miss. BMJ
Case Rep 2013; 2013.

FitzGerald DB, Crosson BA. Diffusion weighted
imaging and neuropsychological correlates in
adults with mild traumatic brain injury. Int J
Psychophysiol 2011; 82: 79-85.

Le Bihan D, Mangin JF, Poupon C, Clark CA,
Pappata S, Molko N, Chabriat H. Diffusion ten-
sor imaging: concepts and applications. J
Magn Reson Imaging 2001; 13: 534-546.
Foong J, Maier M, Clark CA, Barker GJ, Miller
DH, Ron MA. Neuropathological abnormalities
of the corpus callosum in schizophrenia: a
diffusion tensor imaging study. J Neurol
Neurosurg Psychiatry 2000; 68: 242-244.
Harris AD, Pereira RS, Mitchell JR, Hill MD,
Sevick RJ, Frayne R. A comparison of images
generated from diffusion-weighted and diffu-
sion-tensor imaging data in hyper-acute stroke.
J Magn Reson Imaging 2004; 20: 193-200.
Thomalla G, Glauche V, Koch MA, Beaulieu C,
Weiller C, Rother J. Diffusion tensor imaging
detects early Wallerian degeneration of the py-
ramidal tract after ischemic stroke. Neuroi-
mage 2004; 22: 1767-1774.

Stenset V, Grambaite R, Reinvang |, Hessen E,
Cappelen T, Bjgrnerud A, Gjerstad L, Fladby T.
Diaschisis after thalamic stroke: a comparison
of metabolic and structural changes in a pa-
tient with amnesic syndrome. Acta Neurol
Scand Suppl 2007; 187: 68-71.

Int J Clin Exp Med 2017;10(3):5684-5694



