
Abstract. Background: Crossed cerebellar diaschisis (CCD)
is a phenomenon with depressed metabolism and
hypoperfusion in the cerebellum. Using arterial spin-labelling
perfusion weighted magnetic resonance imaging (ASL PWI),
we investigated the frequency of CCD in patients with
Alzheimer’s disease (AD) and differences between patients
with and without CCD. Patients and Methods: In patients with
AD who underwent a standardized magnetic resonance
imaging including ASL PWI cerebral blood flow was
evaluated in the cerebellum, and brain segmentation/
volumetry was performed using mdbrain (mediaire GmbH,
Berlin, Germany) and FSL FIRST (Functional Magnetic
Resonance Imaging of the Brain Software Library). Results:
In total, 65 patients were included, and 22 (33.8%) patients
were assessed as being CCD-positive. Patients with CCD had
a significantly smaller whole brain volume (862.8±49.9 vs.
893.7±62.7 ml, p=0.049) as well as white matter volume
(352.9±28.0 vs. 374.3±30.7, p=0.008) in comparison to
patients without CCD. Conclusion: It was possible to detect
CCD by ASL PWI in approximately one-third of patients with
AD and was associated with smaller whole brain and white
matter volume.

The medical term ‘diaschisis’ was first established by the
Russian neurologist and neuropathologist Constantin von
Monakow in 1914 to describe a state of neural depression in
the brain caused by loss of connections to injured neural

structures remote from the affected brain area (1). The
pathophysiological concept of diaschisis is now widely
accepted and many articles concerning different aspects of
this phenomenon have been published (2-4). In most of these
studies, positron-emission tomography has been used to
demonstrate hypometabolism or hypoperfusion in brain areas
distant from the actual lesion such as the ipsilateral cerebral
cortex (5, 6) or the contralateral cerebellum (7-11). The latter
phenomenon has also been referred to as crossed cerebellar
diaschisis (CCD) and refers to a reduced blood flow and
metabolism in the cerebellar hemisphere contralateral to a
focal supratentorial lesion. Classically, CCD has been
reported in patients with stroke but an association with other
forms of brain injury such as supratentorial tumour, epilepsy,
radiation necrosis, and encephalitis has also been reported.
Besides structural injury, functional impairment and
disconnection such as seen during the Wada test (12) or
migrainous aura attacks (13) may also result in CCD.
Similarly, CCD has been reported occasionally in patients
with Alzheimer’s disease (14, 15). Alzheimer’s disease is a
neurodegenerative disease which leads to neuronal loss and
consequently brain atrophy, especially in the temporal,
parietal and frontal lobe (16). Since brain atrophy associated
with Alzheimer’s disease may develop asymmetrically, it
generally provides the pathophysiological basis for the
development of CCD (17). Another form of diaschisis,
ipsilateral thalamic diaschisis (ITD), was frequently observed
in patients with infarction in the vascular territory of the
middle cerebral artery (18).

In most studies, positron-emission tomography or single
photon-emission computed tomography was used to detect
CCD (5-7, 9-12, 14, 15). Nevertheless, it has been
demonstrated that magnetic resonance imaging (MRI)
perfusion techniques may also be feasible for detecting CCD
in supratentorial intracerebral hemorrhage and ischemic
infarction (19, 20). More recently, several studies have
shown that arterial spin labeling perfusion MRI (ASL PWI)
is also capable of detecting CCD in patients with ischemic
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stroke (21-23), after brain tumour surgery (24) and epilepsy
(25, 26). In contrast to dynamic susceptibility contrast
perfusion MRI, ASL PWI can be used for quantitative
cerebral blood flow (CBF) measurements without the need
for injecting exogenous contrast agents using magnetically
labelled blood water as an endogenous tracer (27). The ASL
perfusion MRI can be performed using continuous or pulsed
labelling techniques (28-31). 

In the present study, we sought to evaluate (i) whether
ASL PWI is feasible for detecting CCD and ITD in patients
with Alzheimer’s disease, (ii) its frequency in this patient
population, as well as (iii) differences between patients with
and without CCD or ITD, respectively.

Patients and Methods

Patients. From a prospectively maintained MRI report we
identified 76 patients with diagnosis of dementia, which was
probably caused by Alzheimer’s disease [National Institute of
Neurological Disorders and Stroke Alzheimer’s Disease and
Related Disorders Association Alzheimer’s Criteria after McKhann
et al. (32)]. All of these patients underwent an MRI examination
using a standardized protocol including ASL PWI. Of the 76
patients, six were excluded due to suboptimal MRI quality (motion
artifacts) and a further five patients due to poor cerebellar
coverage. The study population was formed by the remaining 65
(85.5%) patients and retrospectively studied with regard to
demographic details, clinical aspects, and MRI findings. All
patients were tested with the Mini-Mental State Examination as
part of their initial clinical assessment. The study was approved by
the local Institutional Review Board (Medizinische Ethik-
Kommission II der Medizinischen Fakultät Mannheim). Because of
the retrospective nature of this study and the lack of interaction
with patients, informed consent was not required. This study was
performed in accordance with the ethical standards laid down in
the 1964 Declaration of Helsinki and its later amendments.

MRI studies. Magnetic resonance imaging was performed on a 3.0-
T MR system (Magnetom Trio, Siemens Medical Systems,
Erlangen, Germany) with a 32-channel head coil (Siemens
Healthcare). A standardized protocol was used for all patients
including (i) transverse, coronal and sagittal localizing sequences
followed by transverse oblique contiguous images aligned with the
inferior borders of the corpus callosum (applied on sequences ii to
v); (ii) T2-weighted images; (iii) fluid attenuated inversion recovery
images; (iv) diffusion weighted images; (v) susceptibility-weighted
images; (vi) pulsed ASL PWI (field of view 256×256, acquisition
matrix 64×64, number of sclices 9, slice thickness 8 mm, echo time
11 ms, repetition time 2500 ms, number of averages: 1, duration
5:57 min); and (7) magnetization-prepared rapid gradient-echo.

MRI postprocessing. The pulsed ASL images were motion-corrected
and the relative CBF values calculated inline on the MRI scanner
by the routine provided by the manufacturer (3D Prospective
Acquisition Correction).

Brain volumetric measurements were carried out with a new
commercially available AI-powered software solution mdbrain
(mediaire GmbH, Berlin, Germany; https://mediaire.de/). Brain

volumetry was performed for: Whole brain, grey and white matter,
frontal, parietal, occipital, temporal lobe, hippocampus and all
ventricles.

Segmentation of further subcortical structures (amygdala,
thalamus) was performed by use of FIRST, a model-based
segmentation tool in the Oxford Centre for Functional Magnetic
Resonance Imaging of the Brain (FMRIB) Software Library (FSL)
(www.fmrib.ox.ac.uk/fsl) (33). Following this, the volume of these
subcortical structures was calculated by using FSL Stats.

Image analysis. All MRI scans were reviewed by two readers
(A.F., with more than 10 years of experience in neuroimaging,
and A.H. with 2 years of experience in neuroimaging) blinded to
the clinical information. Cases with discrepancies were re-
reviewed by both readers and discussed until a consensus was
reached. CCD and ITD were assessed both qualitatively and
quantitatively. Qualitatively, CCD and ITD were defined as a
unilateral signal decrease in the cerebellum or thalamus,
respectively, on the CBF maps of ASL imaging, and categorized
as absent or present as established recently (21). Quantitatively,
the signal intensity of both cerebellar hemispheres and thalami
was measured in the CBF map of ASL imaging by manually
placed circular regions of interest and mirroring them on the other
hemisphere using OsiriX multidimensional image navigation and
display software (34). The regions of interest used for assessing
the signal intensity of the cerebellum had the size of 7.2 cm2, and
that used for assessing the signal intensity of the thalami was 1.4
cm2. The results were used to calculate an asymmetry index (AI)
between the affected (A) and unaffected (U) cerebellar
hemisphere as follows:

AI=(U – A)/U × 100%
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Table I. Demographic characteristics and volumetric findings in
patients with Alzheimer’s disease.

                                                                                                   n=65

Demographic                                                                                  
Age, years                              Median (IQR)                        74 (51-88)
Gender, n (%)                        Male                                        37 (56.9)
Mean volume±SD, ml           Whole brain                           883.2±60.1
                                               Grey matter                           516.2±45.3
                                               White matter                         367.1±31.3
                                               Right frontal lobe                    51.5±5.2
                                               Right parietal lobe                  70.7±7.4
                                               Right temporal lobe                39.5±4.6
                                               Right occipital lobe                27.1±3.8
                                               Right hippocampus                  2.6±0.4
                                               Right amygdala                        1.3±0.3
                                               Right thalamus                         6.7±1.0
                                               Left frontal lobe                      48.2±5.5
                                               Left parietal lobe                    68.4±7.5
                                               Left temporal lobe                  40.3±4.1
                                               Left occipital lobe                   29.7±3.3
                                               Left hippocampus                    2.7±0.5
                                               Left amygdala                          1.2±0.3
                                               Left thalamus                           6.5±0.8

IQR: Interquartile range; SD: standard deviation.



An AI of ≥20% was considered positive for CCD/ITD. A
competing cerebellar pathology was excluded on diffusion-weighted
images, T1- and T2-weighted as well as fluid-attenuated inversion
recovery images.

Statistical analysis. All statistical analyses were carried out using
Statistical Product and Service Solutions (SPSS) statistics for
Windows Version 24.0 (IBM Corp., Armonk, NY, USA). The
analysis of descriptive data and comparison of the different
anatomical brain region volumes in patients with and without CCD
or ITD, respectively, was performed by use of Student’s t-test. A p-
value less than 0.05 was considered significant.

Results

Demographics. Overall, 65 out of 76 (85.5%) patients were
included in the final analysis. The mean age was 74.1±10.3
years; 37 (56.9%) patients were male, and 28 (43.1%)
female. The median Mini-Mental State Examination score
was 21 [interquartile range (IQR)=19-24].

MRI and ASL perfusion analysis. Qualitatively 27 (41.5%)
patients were assessed as CCD-positive and 15 (23.1%)
patients as ITD-positive. Quantitatively 22 (33.8%) patients
were assessed as CCD-positive and 11 (16.9%) as ITD-
positive. Additionally, in two (3.1%) patients, a more
extensive area of hypoperfusion involving the left hemisphere
was observed. Patients with CCD had a significant lower

relative CBF (mean AI=29.0±14.1) in the respective cerebellar
hemisphere compared to patients without CCD (mean
AI=9.6±6.1, p<0.001). Similarly, patients with ITD had a
significantly lower relative CBF (mean AI=22.3±1.5) in the
respective thalamus in comparison to patients without ITD
(mean AI=8.7±5.4, p<0.001).

The mean volume of the hippocampus was 3.1±0.6 ml, of
the amygdala 1.3±0.3 ml and of the thalamus 6.5±0.8 ml.
The mean total volume of the cerebrum was 883.2±60.1 ml.
For details on grey and white matter volume as well as
frontal, parietal, temporal, and occipital lobe volumes see
Table I. Patients with CCD had a significantly smaller whole
brain volume (862.8±49.9 vs. 893.7±62.7 ml, p=0.049) as
well as white matter volume (352.9±28.0 vs. 374.3±30.7,
p=0.008) in comparison to patients without CCD.
Comparing the determined volumes of the hippocampus,
amygdala, or thalamus as well as whole brain, grey and
white matter, frontal, parietal, temporal, and occipital lobe
in patients with and without CCD or ITD, no further
differences were found. For details see Tables II and III.
Regarding the median Mini-Mental State Examination
scores, no significant differences between patients with and
without CCD [21 (IQR=15.75-24) vs. 22 (IQR=20-25),
respectively, p=0.3], or ITD [19 (IQR=14-24) vs. 22
(IQR=20-24.5), respectively, p=0.1] were found.

In two patients with CCD, a marked decrease of relative
CBF in the ipsilateral thalamus matching ITD was observed
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Table II. Comparison of volumetric findings in crossed cerebellar
diaschisis (CCD)-positive and -negative patients with Alzheimer’s
disease.

                                                 Mean volume±SD, ml

Structure                             CCD, n=22      No CCD, n=45         p-Value

Whole brain                         862.8±49.9         893.7±62.7              0.049
Grey matter                         509.9±30.1         519.4±51.4              0.43
White matter                        352.9±28.0         374.3±30.7              0.008
Right frontal lobe                  69.8±5.2             71.2±8.3                0.49
Right parietal lobe                39.1±4.2             39.7±4.8                0.65
Right temporal lobe              51.6±4.1             51.4±5.8                0.86
Right occipital lobe               26.7±3.3             27.3±4.0                0.57
Right hippocampus                 2.6±0.4               2.6±0.5                0.59
Right amygdala                       1.2±0.3               1.3±0.3                0.20
Right thalamus                        6.5±0.9               6.5±0.8                0.99
Left frontal lobe                    67.5±6.1             69.0±8.1                0.46
Left parietal lobe                   40.1±4.1             40.3±4.2                0.81
Left temporal lobe                47.5±4.9             48.5±5.9                0.51
Left occipital lobe                 29.3±3.0             29.9±3.4                0.51
Left hippocampus                    2.6±0.4               2.7±0.5                0.47
Left amygdala                         1.3±0.3               1.4±0.2                0.12
Left thalamus                           6.7±1.1               6.7±0.9                0.83

SD: Standard deviation. Statistically significant p-values are shown in
bold.

Table III. Comparison of volumetric findings in ipilateral thalamic
diaschisis (ITD)-positive and -negative patients with Alzheimer’s
disease.

                                                 Mean volume±SD, ml

Structure                              ITD, n=11        No ITD, n=54         p-Value

Whole brain                         884.8±43.7         882.9±63.2              0.93
Grey matter                         513.1±26.4         516.8±48.4              0.81
White matter                        371.7±28.1         366.1±32.1              0.59
Right frontal lobe                  71.0±4.4             70.6±7.9                0.89
Right parietal lobe                39.9±3.7             39.4±4.8                0.75
Right temporal lobe              51.1±3.5             51.5±5.5                0.79
Right occipital lobe               26.9±2.9             27.2±4.0                0.82
Right hippocampus                 2.6±0.4               2.6±0.4                0.28
Right amygdala                       1.2±0.2               1.3±0.3                0.33
Right thalamus                        6.4±0.8               6.5±0.8                0.85
Left frontal lobe                    68.1±5.6             68.6±7.8                0.85
Left parietal lobe                   40.7±3.1             40.2±4.3                0.72
Left temporal lobe                47.2±3.9             48.4±5.8                0.55
Left occipital lobe                 29.7±2.0             29.6±3.5                0.93
Left hippocampus                    2.6±0.4               2.7±0.5                0.29
Left amygdala                         1.3±0.2               1.4±0.3                0.23
Left thalamus                           6.5±1.0               6.7±0.9                0.56

ITD: Ipsilateral thalamic diaschisis; SD: standard deviation.



(for an example see Figure 1). In a further two patients with
CCD, a marked decrease of rCBF in the ipsilateral
hemisphere was observed (for an example see Figure 2).

Discussion

The term ‘diaschisis’ describing a potentially reversible
depression of regional neuronal metabolism and cerebral
blood flow caused by dysfunction in an anatomically
separated but functionally related neuronal region was
introduced as a possible explanation for clinical signs and
symptoms without an obvious apparent morphological
cerebral lesion (1, 4). Baron et al. first described CCD
following a supratentorial lesion by detecting a depressed
metabolism in the cerebellar hemisphere contralateral to the
infarction in a positron-emission tomography (7).

While CCD has been well evaluated in patients with
ischemic stroke or hemorrhage, only a few reports have been
published regarding the presence of CCD in patients with
Alzheimer’s disease (14, 15). In 1989, Akiyama and

colleagues performed PET scans in 26 patients with
Alzheimer’s disease. Of these, seven (27%) demonstrated
significant CCD, and four (15%) showed ITD (14). The
frequency found in the present study is comparable as we
demonstrated CCD in 33.8%, and ITD in 16.9% of patients.
Furthermore, the results of our study are in line with other
studies evaluating CCD in other neurological disorders and
diseases by the use of ASL perfusion imaging (22, 23). Thus,
ASL perfusion MRI seems to be feasible for detection of
alterations in regional perfusion consistent with CCD or ITD
in patients with Alzheimer’s disease and may be used in future
studies focusing upon these phenomena. ASL perfusion
imaging offers several advantages, such as lower costs and
greater availability in particular, as it may be easily added to
a standard routine MRI protocol. Due to the lack of an
exogenous contrast agent, ASL might also be used for multiple
follow-up measurements in longitudinal studies (27).

Patients with Alzheimer’s disease with CCD had a
significantly smaller whole brain volume as well as white
matter volume compared to patients without CCD. Several
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Figure 2. Example of a crossed cerebellar diaschisis-positive patient
with Alzheimer’s disease with extensive reduced relative cerebral blood
flow in the ipsilateral hemisphere. Arterial spin labeling perfusion
magnetic resonance images showed reduced relative cerebral blood flow
in the right cerebellum (A) and the left cerebral hemisphere (B). On
fluid-attenuated inversion recovery images the cerebellum (C) and the
left cerebral hemisphere (D) were unremarkable.

Figure 1. Example of a crossed cerebellar diaschisis and ipsilateral
thalamic diaschisis-positive patient with Alzheimer’s disease. Arterial
spin labeling perfusion magnetic resonance images showed reduced
relative cerebral blood flow in the left cerebellum (A) and the right
thalamus (B, arrow). On fluid-attenuated inversion recovery images, the
cerebellum (C) and the thalami (D) were unremarkable.



studies demonstrated that white matter abnormalities and loss
might reflect secondary degenerative processes in more
advanced stages of Alzheimer’s disease (35). However, while
patients with Alzheimer’s disease with CCD demonstrated a
significantly smaller whole brain and white matter volumes,
no more pronounced clinical severity as assessed by the
Mini-Mental State Examination was observed in patients
with Alzheimer’s disease with CCD compared to those
without CCD. Thus, these findings might indicate that the
development of CCD is rather more dependent on the
interruption of specific critical pathways such as cortico-
ponto-cerebellar fibres or the dentato-rubrothalamic pathway,
which are believed to cause the development of CCD (9, 36)
than the extent of brain atrophy, and in particular especially
on white matter volume in general.

To the contrary, no significant correlation between the
occurrence of CCD or ITD and the volume of a more
specific anatomical region (such as hippocampus, amgydala,
thalamus, frontal, parietal, temporal or occipital lobe) was
found whether ipsilateral or contralateral. Similarly,
Luckhaus and colleagues investigated the association
between reduced relative blood flow in certain brain areas
and the volume of hippocampi and amygdalae in patients
with mild cognitive impairment and early-stage Alzheimer’s
disease and found no significant correlations.

Besides the atrophy of critical pathways in the clinical
course, reduced functional activity and consequently reduced
relative CBF in different brain areas might contribute to the
development of CCD, as indicated by the four cases with CCD
with associated hypoperfusion in the ipsilateral thalamus or the
ipsilateral hemisphere consistent with functional impairment or
disconnection. Previous studies were not only able to
demonstrate a decrease of rCBF in frontal, temporal, parietal,
and occipital regions in more advanced stages of Alzheimer’s
disease (37, 38) but also a left lateralization of regional CBF
decrease (15, 38). Similarly, other studies also demonstrated a
left lateralization of reduced glucose metabolism (39), and grey
matter atrophy (40). This finding might possibly be associated
with faster progression of disease (41).

The present study has some limitations. Firstly, this was a
retrospective case series of moderate size. Secondly, only a
subset of patients with CCD underwent follow-up MRI
including ASL PWI. Thus, we cannot draw any conclusions
about the evolution of the observed perfusion abnormalities
with time. Thirdly, compared to PET perfusion, MRI techniques
have a lower sensitivity in depicting subtle hemodynamic
alterations and, as a consequence, some cases of CCD might
have been missed. Finally, another important limitation of ASL
PWI is its restricted spatial resolution and susceptibility to bone
artifacts, especially in the posterior fossa.

In conclusion, in the present study ASL PWI had a
detection rate for CCD of approximately 30% and a
detection rate for ITD of nearly 17% in patients with

Alzheimer’s disease. Presence of CCD was associated with
smaller whole brain and white matter volumes and might
indicate a more pronounced stage of disease. Since ASL PWI
provides a sufficient sensitivity and has further advantages,
such as its broad availability, low costs and the absence of
an exogenous contrast agent, it seems to be a useful
alternative method for the detection and further studying of
CCD as well as other forms of diaschisis such as ITD in
patients with Alzheimer’s disease.
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