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Abstract

Purpose Crossed cerebellar (CC) diaschisis refers to a decrease in cerebellar perfusion in the presence of contralateral
supratentorial lesions. Most of the previous studies have examined stroke patients. In contrast to strokes, seizure-related
cerebral cortical lesions (SCCLs) usually show hyperperfusion, and therefore, cerebellar perfusion patterns are expected to
be different from those of strokes. With arterial spin labelling (ASL), we evaluated the cerebellar perfusion status in patients
with SCCLs.

Materials and methods Using a search of the recent database over the last 31 months, 26 patients were enrolled in this
study. The inclusion criteria were as follows: (1) a history of seizures, (2) MR examination taken within 24 h from the last
seizure, (3) the presence of SCCLs on T2/FLAIR or DWI, (4) hyperperfusion in the corresponding areas of SCCLs on ASL,
and (5) no structural abnormality in the cerebellum. The perfusion status in the contralateral cerebellum was evaluated and
categorized as hyper-, iso- and hypoperfusion. The asymmetric index (AI) of cerebellar perfusion was calculated by ROI
measurement of the signal intensity on ASL.

Results The mean time between the last seizure and MR examinations was 5 h 30 min. CC hyperperfusion was observed
in 17 patients (65.4%), hypoperfusion in 7 (26.9%) and isoperfusion in 2 (7.7%). Regarding the location of SCCLs, CC
hyperperfusion was more frequent (71.4 vs. 58.3%), and the mean Al was higher (42.0 vs. 11.5) when the lesion involved
the frontal lobe.

Conclusions In patients with SCCLs, CC hyperperfusion occurred more often than hypo- and isoperfusion, especially when
the lesions involved the frontal lobe.

Keywords Seizure - Cerebral cortical lesion - Perfusion MR - Arterial spin labelling (ASL) - Crossed cerebellar diaschisis -
Crossed cerebellar hyperperfusion
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and restricted diffusion on DWI and can mimic acute ischae-
mic stroke in clinical and radiologic findings. In contrast to
stroke, SCCLs usually show hyperperfusion [6]. Therefore,
cerebellar perfusion patterns are expected to be different
from those of strokes.

The arterial spin labelling (ASL) technique is a nonin-
vasive tool used to measure the cerebral blood flow (CBF)
without administering a radiopharmaceutical or contrast
agent and can be used repeatedly. Until now, PET and
SPECT have been widely used in the evaluation of seizure
patients. Compared to PET and SPECT, ASL perfusion MR
imaging has several advantages, including high availability,
low cost, short scan time and lack of radiation hazard [7-10].

There have been several reports that SCCLs show hyper-
perfusion on ASL in patients with acute seizures [11-13].
However, to the best of our knowledge, cerebellar perfu-
sion abnormalities using ASL have not been investigated
in patients with SCCLs. The purpose of this study was to
evaluate the cerebellar perfusion status in patients with acute
seizures and SCCLs using ASL perfusion MR imaging.

Materials and methods
Patients

This study was approved by our institutional review board.
Informed consent was waived due to the retrospective nature
of the study design.

From a database search of our institution during the last
31 months (between August 2014 and March 2017), twenty-
six patients were enrolled in this study. The patients visited
the emergency department because of seizure or seizure-
like symptoms. They were evaluated by neurologists and
then underwent MR examinations. Among them, twenty-
one patients also received electroencephalography (EEG)
studies after MR examinations. The inclusion criteria were
as follows: (1) a history of seizures in the patient’s medical
record, (2) an MR examination within 24 h of the last sei-
zure, (3) the presence of SCCLs on T2/FLAIR or DWI in
the unilateral cerebral hemisphere or bilateral hemispheres
with unilateral predominance, (4) hyperperfusion in the cor-
responding areas of SCCLs on ASL and (5) no structural
abnormalities in the cerebellum.

An experienced neurologist reviewed all of the patient
EEG data and clinical information, including any abnormali-
ties in seizure-related data.

MR imaging protocol
MR examinations were performed using a 3.0-Tesla scan-

ner (Ingenia; Philips Healthcare, Best, Netherlands) with a
32-channel head coil. Imaging sequences included FLAIR,
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DWI (b value=0, 1000 s/mm?), ASL perfusion and con-
ventional MR images. ASL perfusion imaging was per-
formed using a 2D pseudo-continuous ASL (pCASL)
pulse sequence with the following scan parameters: TR/TE
4000 ms/12 ms, slice thickness/gap 5/2 mm, postlabel delay
1600 ms, label distance 98 mm, FOV 220 mm, voxel size
3.0%3.0x5.0 mm, flip angle 90°, number of dynamic scans
25 and total scan 3 min and 28 s. From the ASL source data,
the rCBF map images were generated automatically by the
scanner software. T2-weighted and pre- and postcontrast
T1-weighted images were also acquired to assess the pres-
ence of structural alterations.

Image analysis

All MR images were reviewed by two neuroradiologists
with 3 and 25 years of experience on a picture archiving
and communication system. First, we evaluated the location
and extent of SCCLs on T2/FLAIR and DWI and evalu-
ated perfusion abnormalities on ASL without knowledge of
the clinical information except for the presence of a current
clinically and/or electrophysiologically confirmed seizure.

Second, a qualitative analysis (visual assessment) was
performed to evaluate the cerebellar perfusion status on the
ASL rCBF colour map. Each reviewer who was blinded to
the presence and location of SCCLs independently assessed
the perfusion status of each cerebellar hemisphere from the
bottom to the top and classified these as symmetric (isoper-
fusion) or asymmetric perfusion. In the cases of asymmetric
perfusion, the contralateral cerebellar perfusion (CCP) was
divided into hyper- or hypoperfusion based on the location
of the supratentorial SCCLs. Finally, the CCP was classified
as hyper-, iso- or hypoperfusion compared to the ipsilateral
cerebellum. In cases in which there was a discrepancy, two
reviewers later reached a consensus.

Third, a quantitative analysis was also performed. The
asymmetric index (Al) of cerebellar perfusion was calcu-
lated by measuring the rCBF in each cerebellum. On a slice
of an axial scan representing the greatest perfusion asym-
metry, ROI circles measuring 15-30 mm in diameter were
manually drawn on the affected and mirrored cerebellar
hemispheres (Fig. 1) [14, 15]. ROIs were placed to avoid
the major vessels and cerebellar vermis. The Al of cerebel-
lar perfusion was calculated by using the following formula
[15, 16]:

Al =100 x (rCBF(runtralateral_ rCBFipxiluteml)/(rCBFipsilateml)

Positive and negative Al values indicate the relative hyper-
perfusion and hypoperfusion of the contralateral cerebellum,
respectively. To assess the reproducibility of the measure-
ments, the Al was measured twice by the same reader at
3-week intervals. The mean value of the repeated measure-
ments was used to determine the Al [17].
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Fig.1 A 47-year-old woman with a generalized tonic—clonic seizure
(patient 16). a The axial FLAIR and b DWI show a focal hyperin-
tense lesion in the left frontal lobe, which is presumed to be corti-
cal dysplasia. ¢ The signal intensity of the lesion is isointense on the
ADC map image. d The ASL perfusion image reveals increased per-

Statistical analysis

To assess the interobserver agreement for CCP (hypop-
erfusion, isoperfusion, hyperperfusion) in the qualitative
analysis, the kappa statistic was used [15]. The « values
of <0.20, 0.20-0.40, 0.41-0.60, 0.61-0.80 and > 0.81 indi-
cated poor, fair, moderate, good and excellent agreement,
respectively. Intraobserver reproducibility for the Als was
assessed by calculating intraclass correlation coefficients
(ICCs) [18]. The ICCs of <0.40, 0.40-0.59, 0.60-0.74
and > 0.75 indicated poor, fair, good or excellent reproduc-
ibility, respectively [19]. The differences in the Al values
according to the CCP status were analysed by using the
analysis of variance (ANOVA) test.

fusion in the corresponding area. e The colour and f greyscale ASL
images show increased perfusion in the right cerebellum compared to
the left. ROI circles are located in both cerebella (f). The calculated
asymmetry index was a positive value

Regarding the location of the SCCLs, the patients were
divided into frontal-positive and frontal-negative groups
according to the presence or absence of frontal lobe involve-
ment. Statistical analysis was performed to determine the dif-
ference in the frequency of CC hyperperfusion and Al values
between the groups by using the Fisher’s exact test and the
Mann—Whitney U test. The significance level for the test was
p<0.05.
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Results

The baseline characteristics of the patients and their results
are provided in Table 1. Of the 26 patients with SCCLs,
13 were males and 13 were females, with an age range of
15-89 years (mean, 61.7 years). The mean time between
the last seizure and the MR examinations was 5 h 30 min.
The potential aetiology of the seizures varied. These aetiolo-
gies included brain parenchymal tissue loss due to previous
infarction or haemorrhage (n=38, 30.8%), subdural haem-
orrhage (n=4, 15.4%), viral encephalitis (n=3, 11.5%),
metabolic (hyponatremia) (n=2, 7.7%), cortical dysplasia
(n=2), hippocampal sclerosis (n=1, 3.8%), alcohol with-
drawal (n=1), and idiopathy (n=5, 19.2%).

In the qualitative assessment, CC hyperperfusion was
observed in 17 (65.4%), hypoperfusion in 7 (26.9%) and
isoperfusion in 2 patients (7.7%) after a consensus was
reached (Table 2). There was one case of discrepancy. The
case was classified as isoperfusion by observer 1 and was
classified as hyperperfusion by observer 2, respectively.
However, the interobserver agreement was excellent (x
value =0.93).

For the quantitative analysis, intraobserver reproduc-
ibility was excellent for the AI (ICC=0.92). The Al dem-
onstrated general agreement with the CCP status of the
visual assessment. All cases with contralateral cerebellar
hypoperfusion showed negative Al values (median, —38.4;
range, —63.0~—19.8), and CC hyperperfusion showed
positive Al values (median, 49.3; range, 10.5-176.4). Cer-
ebellar isoperfusion showed narrow Al values (median,
0.59; range, — 7.5-8.7) (Table 2, Fig. 2). There were
significant differences in the Al values between the CC
hyperperfusion and hypoperfusion groups (p =<0.001,
ANOVA). However, no significant differences were found
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T T T
Hyper (n=17) Iso (n=2) Hypo (n=7)

Perfusion status of contralateral cerebellum

Fig.2 AI values according to the perfusion status of the contralateral
cerebellum

between the CC hyperperfusion and isoperfusion groups
(p=0.147) as well as between the isoperfusion and hypop-
erfusion groups (p =0.641).

Regarding the location of SCCLs, the SCCLs involved
the frontal lobe in 14 patients (53.8%). CC hyperperfu-
sion was more frequently observed with higher Al val-
ues in the frontal-positive group [10/14 patients (71.4%),
mean Al +SD, 42.0+63.1] than in the frontal-negative
group [7/12 patients (58.3%), mean Al +SD, 11.5+42.8]
(Table 2). However, there was no statistically significant
difference (p =0.401, p =0.230, respectively).

Table 2 Visual assessment and asymmetric index of contralateral cerebellar perfusion

Contralateral cerebellar Fontal involvement (n= 14)

No frontal involvement (n=12)

Total (n=26)

perfusion pattern

Al Al Al
No. (%) Mean+SD median No. (%) Mean+ SD median No. (%) Mean+SD median (range)
(range) (range)
Visual assessment Hyper 10 (71.4) 70.7+50.0 7(58.3) 39.7+243 17 (65.4) 57.9+433
54.1 (19.0~176.4) 29.9 (10.5~80.3) 49.3 (10.5~176.4)
Iso 0 (0.0) 2 (16.7) 0.59+114 2(1.7) 059+114
0.59 (—=7.5~8.7) 0.59 (—7.5~8.7)
Hypo 4(28.6) —29.9+9.834 3(25.00 —47.0x13.9 7(26.9) —37.2+14.0
—28.3(—43.2t0 —19.8) —39.5(—63.0to —38.4) —38.4(—63.0to —19.8)
Total 14 (100) 42.0+63.1 12 (100)  11.5x+42.8 26 (100) 27.9+55.8

39.0(-43.2~176.4)

15.2 (-63.0~80.3) 19.8 (-63.0~176.4)
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Fig.3 A 73-year-old man with a complex partial seizure (patient 3). a
The DWI shows subtle hyperintense lesions in the right frontoparietal
lobes (arrows). There is also parenchymal tissue loss due to a previ-
ous infarction in the right parietal lobe (arrow head). b On the ADC
map image, the lesions of the frontoparietal lobes reveal restricted

Discussion
In the present study, CC hyperperfusion was observed in

65.4% of acute seizure patients with SCCLs on ASL per-
fusion MR imaging (Fig. 1, 3), and it was more common

@ Springer

diffusion (arrows) and the parietal lobe lesion reveals increased water
diffusion (arrow head), respectively. ¢ The ASL perfusion image
shows markedly increased perfusion in the corresponding areas of
DWTI hyperintensity. d The left cerebellum reveals hyperperfusion on
the ASL image regardless of the tissue loss in the right parietal lobe

than CC hypoperfusion (26.9%). CCD is a well-known phe-
nomenon in which blood flow and metabolism in the con-
tralateral cerebellum decrease when there is a supratentorial
lesion. The interruption of CPC pathways causes a remote
functional deactivation with reduced excitatory input and
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decreased cerebellar blood flow [1, 2]. This phenomenon is
commonly observed on perfusion MR imaging, including
ASL as well as PET and SPECT, in stroke patients [14, 16,
17, 20, 21]. In contrast to stroke, during seizure activity,
CCD is believed to arise from excessive excitatory input
along the CPC pathways, which produces a phenomenon
similar to the deafferentation syndrome observed after stroke
[3]. Therefore, our results of the CCP appear to reflect both
the excessive excitatory input due to seizure activity and the
reduced excitatory input due to SCCLs. Among them, the
excessive excitatory input from the seizure activity appears
to have a greater influence on the cerebellar perfusion status
in our patients. Until now, the frequency and clinical signifi-
cance of CC hyperperfusion in patients with SCCLs have
not been yet fully established. According to the previous
reports of ictal SPECT, CC hyperperfusion was observed in
33-75% of patients with ictal hyperperfusion foci [22-24].
Although there are differences in the patient population,
imaging modality and timing (ictal vs. postictal), the results
of our study are consistent with theirs.

Regarding the location of SCCLs, CC hyperperfusion
was more frequently observed (71.4 vs. 58.3%), and Al was
higher in the frontal-positive group than in the frontal-neg-
ative group (mean=+SD, 42.0+63.1 vs. 11.5+42.8). Previ-
ous studies using ictal SPECT have also reported that CC
hyperperfusion was frequently observed when the ictal focus
involved the frontal lobe [23, 24]. This finding seems to be
caused by the densest CPC projection fibres arising from the
precentral and prefrontal cortical areas [1, 25]. The presence
of CC hyperperfusion in seizure patients may be helpful for
the lateralization of epileptic foci in clinical situations [22].

In our patients, all the 7 cases of CC hypoperfusion were
in the left cerebellar hemisphere with a consequent SCCL in
the right cerebral hemisphere. In the group of CC hyperper-
fusion, 12 out of 17 patients (70.6%) were lateralized in the
right cerebellar hemisphere. We reviewed the literature on
previous studies. However, we could not find any differences
in the cerebellar perfusion patterns according to whether the
location of SCCLs was the right cerebral hemisphere or the
left cerebral hemisphere. We are not convinced at present
whether these results are due to coincidence or whether there
is actually a difference in laterality according to the loca-
tion of the SCCLs. Further studies with a large number of
patients are needed.

A seizure can mimic an acute stroke, and a stroke can
also present with a seizure [26]. In clinical practice, the
differentiation of SCCLs from acute stroke is important
to accurately diagnose and provide appropriate treatment.
An acute stoke usually shows hypoperfusion, and SCCLs
are characterized by hyperperfusion [13]. Nonetheless, an
acute infarction showing focal hyperperfusion (luxury per-
fusion) or reperfusion with spontaneous recanalization of
a clot on MR is challenging to differentiate from SCCLs

[27]. The CC hyperperfusion associated with SCCLs is an
ancillary finding and supplementary useful for the differ-
ential diagnosis between an infarct and a SCCL. This find-
ing is different from an acute stroke, which shows hypop-
erfusion or isoperfusion of the contralateral cerebellum
rather than CC hyperperfusion.

Another advantage of this study is the use of the ASL
method, which does not require the administration of an
exogenous tracer or contrast agent. The ASL technique
has been shown to be beneficial in many clinical trials,
especially for paediatric patients, patients with impaired
renal function or patients who need periodic follow-up
perfusion studies. To the best of our knowledge, this report
is the first that evaluates cerebellar perfusion using ASL
perfusion MR in patients with SCCLs. In addition, the
CCP status on ASL was determined with excellent interob-
server agreement and was quantified using Al with excel-
lent reproducibility.

In our study, comparing the results of qualitative analysis
(visual assessment) and quantitative analysis, the Al demon-
strated general agreement with the CCP status of the visual
assessment. All cases with CC hypoperfusion showed nega-
tive Al values, and CC hyperperfusion showed positive Al
values. Cerebellar isoperfusion showed narrow Al values.
The mean Al values of the hyperperfusion group and the
hypoperfusion group showed statistically significant differ-
ence. However, in the isoperfusion group, there were only
two cases and there was no statistically significant difference
with other groups. Considering the results of visual assess-
ment and quantitative analysis, it seems that the cerebellar
perfusion asymmetry can be visually distinguished when the
Al value differs by 10 or more.

The present study has several limitations. First, this study
was a retrospective study, and only patients with SCCLs and
corresponding hyperperfusion were enrolled. This feature
may lead to a selection bias because potential patients with
only hyperperfusion without T2/FLAIR or DWI abnormal-
ity were eliminated. Eight patients had old infarctions or
haemorrhage adjacent to the SCCLs, a finding that could
affect the results of the CCP. Nonetheless, CC hyperperfu-
sion was also observed in four patients (50%) (Fig. 3), but
the frequency was slightly lower than the average.

Second, because the number of subjects was relatively
small, we did not find a statistically significant difference
between the two groups according to the presence or absence
of frontal lobe involvement. Further studies with a larger
number of patients will be needed.

Third, we could not determine the evolution of the cere-
bellar perfusion status because follow-up examinations were
not performed in most cases. Because seizure activity is a
dynamic process, serial follow-up studies are required for
the complete understanding of its pathophysiology. Further
studies with serial follow-up are needed.
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In conclusion, with ASL perfusion MR imaging, we
evaluated the cerebellar perfusion status in acute seizure
patients with SCCLs. CC hyperperfusion was observed in
63.0% of the patients, and it occurred more frequently than
hypo- and isoperfusion, especially when the lesions involved
the frontal lobe.
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