Transhemispheric diaschisisin hemispheric stroke— An
approach combing functional MRI and quantitative EEG
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Abstract

In this study we applied techniques of
Quantitative EEG (qEEG) and MRI on the
study of diaschisis after stroke. Since
diaschisis' indicates a remote change in
functional status. Therefore, studies capable
of measuring functional activities were
adopted. We examined patients at acute
stage (within 72 hours after stroke) and at
subacute stage (after 14 to 21 days). The
patients were also assessed with the
Canadian Neurological Scale (CNS) in the
acute stage and the CNS and Barthel index
at the subacute stage. Structural MRI was be
used to define the area and the extent of the
stroke. Functional MRI acquired from
GRE-EPI pulse sequence. The results from
fMRI studies were not sensitive and specific

~are’ indirectly. The approach
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enough for delineating the phenomenon. On
the other hand, the qEEG study based on
crossspectral  coherence analysis revealed
the diaschisis effect and its evolution over
time, from acute to subacute stage.-
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Diaschisis is the remote changes in
electric  activity, blood flow, and
metabolism®. resulted form stroke in the
contralateral hemisphere, subcortical region

-of the overlying ipsilateral hemisphere or in

other remote region such as in the famous
cases of crossed cerebellar diaschisis (CCD).
The issue of diaschisis has been studied
extensively but unfortunately, most of them
included
investigation using PET? and
TC-99m-HMPAO SPECT®. The PET scan
may disclose regional oxygen consumption
(CMRO2) and the SPECT for regiona blood
flow (r-CBF). Electrophysiological evidence
of diaschisis was aso demonstrated in either
human study* or animal experiment®. The
electrical diaschisis phenomenon in the acute
stage of stroke may indicate on one hand the
decrease of function”, in terms of decreased
alpha peak frequency and power, and on the
other hand hyperexcitability in the
paired-stimului model®>. The CCD has been
studied both in the cerebral infarct®’ and in
cerebellar infarct®. The CCD effect studied
by r-CBF study with TC-99m-HMPAO
SPECT demonstrated that the functional and
anatomical  connection  between  the
cerebellum and cerebral hemisphere were so
important. That CCD may have a profound
and an extensve effect on the
neuropsychological and even language



function. About the transcortical or
interhemispheric diaschisis the result was
more controversial®.  Therefore it is the
purpose of this study to investigate this
phenomenon through clinical and electro-
physiological approaches.

Cross-spectral analysis is an important
tool of EEG spectral anaysis. It offers
quantification of the relationship between
different EEG signals in various counterpart
location. The cross power Cxy(f) is the
product of the smoothed Fourier transform
of one signal and the complex conjugate of
the other'®. Therefore Cxy(f) is a complex
quantity with a magnitude and phase.

Cxy(M)="| Cxy()| exp[i®xy(N] ...(1)

@ xy(f) is the phase spectrum. Thus we can
define a normalized quantity i.e., the coherence
function as follows:
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The analysis was performed on ”Sensa’
software of the Harmonie system (Stellate
corp., Montreal, Quebec, Canada).

The cross spectral analysis was performed
with paired-electrodes of the counterpart
location from either hemisphere including
FA/F3, CA4/C3, P4/P3, O2/01, F8/F7, T4/T3
and T6/T5. Comparison of the signals from
two recordings of the EEG was done.

Spectral  analysis was performed by
applying Cosine FFT computation, the epoch
for FFT was 2.56 seconds with 50% of
overlap, multiple epochs of artifact free (e.g.,
eye blinks) was sampled.

Coh,(f) =

The stroke scales (CNS) were 5£2 in
acute stage and 7.1+1.1 at the subactue stage

while the Batehl index was 68.1+26.1 (n=14).

No significant correlation between the scores
of the CNS at the acute stage and the Bathel
(r=0.35, p > 0.05) while the subacute scores
did (r=0.47, p < 0.05). The scores of the
CNS in acute and subacute stages correlated
well with each other (r=0.71, p < 0.01) and

were different at the significance level of p <
0.0001. There were aso 12 normal control
included in this study. In the functional MRI
tasks 8 normal controls and 7 patients were
investigated with either motor or sensory
stimulation. In normal group the motor fMRI
showed consistent responses in the
contralateral motor cortex and occasional
simultaneous response in the ipsilateral
cortex. In the patient group, most of them
were hemiparetic and were not able to
perform continuous hand movement through
out the study. For the  sensory  study,
electrica stimuli were applied to the median
nerve of either hand during the examination.
There were some minimal signal changes
(0.2 to 1.8 %) in the contralateral sensory
cortex related to the stimulation but the
results were not so consistent even in the
control group. Therefore, the results from the
fMRI were not included for further analysis.
The power spectrum of the normal
control (n=12). was showed in Figure 1,

‘which was displayed with paired electrodes

in counterpart location in either hemisphere.
The peak frequencies were 9 Hz in most
location-and 9.4 Hz in parietal and temporal
regions.
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The coherence analysis of the normal
control showed good coherence through out
different locations. The coherence is
greater than 30% in all location and in
almost all frequencies under
investigated (1-25 Hz). In lower
frequencies, for example the & range, the
coherence is above 50% to 60% and may



be up to 70% or 80% in peak frequencies
(Fig. 2).

The spectra anaysis of individual
patient at times revealed some interesting
findings. For example, the power-spectra
plot in one case (Case 5) showed crossing of
the frequency profiles of EEG signals from
two cerebral hemispheres (Fig. 3).

Figure 2

EEG Coherence Analysis in Normal Control
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In Fig. 3 the red curve indicated the lesion
side, which was the left hemisphere of this

patient and the blue one indicated sound side,

i.e., the right hemisphere. The blue cures
were higher in  amplitude in higher
frequencies (4 range) and lower in lower
frequencies (é range).

The peak frequencies of the patient group

%

< synchronous in the centra (vertex) and

in two occasions of the EEG acquisition
were also measured and analyzed. The only
significant correlation through out the peak
frequencies and the stroke scales or Bathel
index was that the peak frequencies of the
lesion side at subacute stage correlate well
with the CNS scores at subacute stage (r=0.4,
p < 0.05). This could be understood. Since
the disability might be brought about from
some subcortical lesion, which might not be
readily accessed by EEG Speu in the
acute stage. The peak frequencies ch

either hemisphere evolving from &%

subacute stage (sound side 0. 077 lesion
side 0.18+0.56). Ne ed statistic
significance.  Thi ight imply that the
peak frequencies th ves are not

sensitive enough to describe the
phenomenon of « hisis.

On the pth@;/ Han the coherence analysis
prowded a more sensitive measure for the
pheﬁ enon, of diaschisis. In contrast to the
EEG erence/of the norma control, the

group Bwed much lower coherence
(Iess han\ o) in amost all positions
ept m the occipital and central regions.
he reaSon may not be all clear but probably

[ that in the acute or subacute

hol ogica conditions there are probably a
subcortlcal mechanism leading to a hyper

occipital (projection from the thalamus)
regions. Subtraction of the acute coherence
by the subacute coherence from the patient
group showed the evolution of the EEG in
terms of frequencies and locations (Fig. 4).

Figure 4
Difference of EEG Coherence Between
Acute and Subacute Stage
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In Fig. 4, the difference of coherence
showed positive in lower frequencies level
and some negative in higher frequencies
range such as theta and slowé ranges. This
might imply the evolution from acute to
subacute stages demonstrating the reduction
of the lower frequencies (slow waves in the
non-lesion hemisphere) and increment in
higher frequencies in either hemisphere
especialy the non-involved one.

In conclusion, in this study we found that
EEG coherence is capable of detecting and
demonstrating the functional changes of the
cerebral hemisphere, which occurred during
the cerebral vascular accidents. The
sensitivity is better than simply computing
the spectral of the EEG.

In our project, we were able to
demonstrate the diaschisis of the human
brain during the acute stroke through the
functiona measurement by using EEG
coherence anaysis. However, the fMRI
approach at this moment was not yet an
stable and consistent measurement for us.
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