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ABSTRACT

Objectives: The objective of the study was to detect functional changes in the brain of cognitive
impairment-temporal lobe epilepsy (CI-TLE) patient and to sort out the possible mechanism involved in CI in
CI-TLE patients using resting-state functional magnetic resonance imaging (RS-fMRI).

Material and Methods: Fifty-eight TLE cases were included, which was divided into 44 TLE patients without CI

*Corresponding authors:
Prof. Jianzhong Yin,
Department of Radiology,
Tianjin First Central Hospital,
Tianjin, China.

jianzhong.yin@gmail.com
Received : 15 April 2020

Accepted : 30 June 2020
Published : 17 August 2020

DOI
10.25259/JCIS_55_2020

Quick Response Code:

OO0

(cognitive not impairment [CNI]-TLE) and 14 TLE patients with CI (CI-TLE). The normal control (NC) group
consisted of 40 participants. RS-fMRI data preprocessing was carried out in statistical parametric mapping (SPM)
software. The data were realigned, coregistered, normalized, and finally smoothened and then were taken for amplitude
of low-frequency fluctuation (ALFF) calculation in RS-fMRI data analysis toolkit (REST) software. For data analysis,
voxel-wise two-sample t-test was carried out between TLE group and NC group; CI-TLE group and cognitive not
impairment-TLE (CNI-TLE) group in SPM software, a cluster >10 voxels and P < 0.01 was considered to be significant.

Results: Compared to NC, the TLE patients showed increased ALFF activation mostly in parahippocampal gyrus
(PG), frontal lobe, midbrain, pons, insula, inferior temporal gyrus, and anterior cingulate gyrus (ACG) while
decreased ALFF value was seen in posterior cingulate gyrus, cuneus, cerebellum posterior lobe, inferior parietal
lobule (IPL), and superior temporal gyrus. Compared to CNI-TLE, CI-TLE patients showed increased ALFF in
middle temporal gyrus (MTG), cuneus, ACG, IPL, middle frontal gyrus (MFG), superior frontal gyrus (SEG),
cerebellum posterior lobe, and decreased ALFF cluster in the corpus callosum and MFG.

Conclusion: Between TLE and NC, we found increased ALFF activation in PG, frontal lobe, thalamus, insula,
midbrain, and pons in TLE patient. Between CI and CNI TLE, area of executive control network and default
model network, especially in MTG, ACG, IPL, MFG, and SFG, had increased ALFF value in CI-TLE patient.
Activation of these areas should be because of the decompensation mechanism.

Keywords: Resting-state functional magnetic resonance imaging, Amplitude of low-frequency fluctuation,
Temporal lobe epilepsy, Cognitive impairment

INTRODUCTION

Temporal lobe epilepsy (TLE) belongs to focal (partial) epilepsy, which is a chronic neurological
disorder characterized by abnormal synchronization of a group of neurons that result in a mesial
or neocortical temporal lobe-induced seizure. It is refractory to the antiepileptic drug and often
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requires surgical intervention.!"? It represents about 2/3 of an
intractable seizure coming for surgical intervention.

The origin of the seizure from the hippocampus represents
at least 80% of all in TLE. In addition to seizures, TLE also
has many different forms of well-known clinical features.
Another worrisome feature of TLE is cognitive sequelae in
the form of cognitive impairment (CI).F! Several studies
have shown that seizure due to TLE affects many aspects of
cognitive functioning, which includes problem-solving skill,
attention, executive functioning (Intelligence), language,
praxis, and insight.l! However, the mechanism of CI remains
unclear.

Seizure due to TLE results in abnormal electric discharge in
the brain, which consequently leads to functional changes in
the brain.”! Epileptic seizures can cause neurodegenerative
changes creating an impact in the functional region of
the brain that ultimately leads to CLF Another possible
mechanism for functional changes can be damaged to the
synaptic compound caused by epileptic discharges, which
is 5-hydroxytryptamine-1A receptor, which gets abnormal
in TLE patient’s hippocampus. Besides, the adverse effect of
antiepileptic drugs on neuronal excitability can also have a
role in CI in TLE.®

Functional magnetic resonance imaging (fMRI) uses blood
oxygenation level-dependent (BOLD) contrast and BOLD
has better temporal and spatial resolutions. Nowadays, it is
being broadly used in research related to epilepsy.”’ fMRI
shows regional level changes in brain metabolism over
time. This metabolic change may be due to changes in
the cognitive status induced by the task or as a result of
uncontrolled processes in the resting brain.!" Therefore, it
might be a helpful method to presume mechanisms related
to the involvement of epileptic changes in different brain
areas.!'!!

In a task fMRI, only a high frequency of BOLD is analyzed
while the low-frequency signal is filtered away and not
used. However, low frequency is also related to spontaneous
neuronal activity and has physiological significance and
may represent energy consumption for maintaining
the brain’s internal system at rest.’)’ RS-fMRI shows the

functional regions at the low-frequency level, which is <0.1
Hz in the BOLD signal.['?! Moreover, the RS-fMRI approach
is a comfortable technique for the patient, as they do not
need to perform any task but just need to rest. Meanwhile,
the evaluation of spontaneous neuronal activity at rest
occurs. Therefore, the technique is being more popular
nowadays.!*

The amplitude of low-frequency fluctuation (ALFF) is one
of the methods of RS-fMRI, which detects the intensity
of spontaneous fluctuations at the low-frequency level
(0.01-0.08 Hz)."I Therefore, in this study, we have applied
the ALFF method of RS-fMRI in CI-TLE, cognitive not
impairment-TLE (CNI-TLE) patient, and normal control
(NC) individuals and have aimed to find the changes in the
functional region of the whole brain in CI-TLE patient. We
have also aimed to sort out the possible mechanism involved
in CI in CI-TLE patients.

MATERIAL AND METHODS
Subjects

We recruited 98 subjects (male/female: 55/43, average age:
33.7 = 11.23) between January 2017 and January 2019 and
performed the study. Subjects were divided into two groups
primarily, TLE group, which consisted of 58 patients (male/
female: 38/20, average age: 34.3 + 11.8), and NC group,
which consisted of 40 healthy controls (male/female: 17/23,
average age: 33.17 £ 10.8). TLE was again subdivided into
TLE patient without CI (CNI-TLE) which consisted of 44
patients (male/female: 29/15, average age: 32.29 + 10.9)
and TLE patient with CI (CI-TLE) which consisted of 14
patients (male/female: 9/5, average age: 39.8 + 13.1). The
demographic and neuropsychological data of these three
groups (CI-TLE, CNI-TLE, and NC) are shown in Table 1.
The patient was diagnosed as epileptic after fulfilling
the criteria given by the International League against
Epilepsy. Criteria’s included are as follows: (1) At least two
unprovoked (or reflex) seizures occurring >24 h apart,
(2) one unprovoked (or reflex) seizure and a probability
of further seizures similar to the general recurrence risk
(at least 60%) after two unprovoked seizures, occurring

Table 1: Demographic and neuropsychological data of CI-TLE, CNI-TLE, and NC groups.

Characteristics CI-TLE (n=14) CNI-TLE (n=44) NC (n=40) Pvalue
Age (years) 39.8+13.1 32.29+£10.9 33.17£10.8 P=0.81t
Gender (M/F) 9/5 29/15 17/23 P=0.078vy
Education (years) 12.85+2.28 13.93+£2.5 14.6+2.37 P=0.062t
MMSE 24.7+1.05 29.5+0.87 29.6+0.5 P<0.001%+
BDI 9+7.2 615.2 5.8+£2.57 P=0.1t

Values are given as mean+standard deviation (range). M: Male, F: Female, n means a total number of subjects, CI-TLE: Cognitively impaired-temporal lobe
epilepsy, CNI-TLE: Cognitively not impaired-temporal lobe epilepsy, the value marked with “*” is statistically significant between CI-TLE, CNI-TLE, and
NC (P<0.001), P-value was obtained by one-way ANOVA and Chi-square test. T signifies One-way ANOVA and v signifies Chi-square test
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over the next 10 years, and (3) diagnosis of an epilepsy
syndrome. Then, electroencephalogram (EEG) was done to
confirm epilepsy, and finding included is interictal epileptic
discharges in EEG. Then, epileptic classified patient
underwent magnetic resonance imaging (MRI) to confirm
TLE. There was no identifiable structural MRI abnormality
other than hippocampal sclerosis in the patients’ brain.

CI-TLE was distinguished from CNI-TLE by mini-mental
state examination (MMSE) score. Epileptic patient with
MMSE score <26 was considered CI and was kept in the CI-
TLE group. MMSE >26 was considered CNI and was kept in
the CNI-TLE group.

BecK’s depression inventory (BDI) score was used to rule out
the depressive patient from TLE group as depressive patient
can also present with the symptom of CI, which can mislead
our findings in CI due to TLE. BDI >25 was considered
depressive and was excluded from our study.

NC was selected under following inclusion criterion: Without
any psychiatric disorders; not any contraindications to MRI;
no any evidence of brain lesion in conventional MRI; and no
CI, MMSE scores >26 for NC and BDI <25.

Data acquisition

Images were acquired using a 3.0-Tesla scanner (Siemens
Magnetom Trio Tim, Siemens Medical Solutions, Erlangen,
Germany) utilizing 32 channel head coil in Tianjin First
Central Hospital, Tianjin, China. Before scanning, the
patient was asked to lay in a supine position in the MRI table
with head firmly fixed by straps and foam pads to minimize
head movement.

For resting-state (RS) scanning, participants were asked to
close the eyes and remain motionless and not to think of
anything, in particular nor fall asleep. The RS functional data
were acquired using an echo-planar imaging sequence with
the following parameters: TR = 2000 ms, TE = 30 ms, flip
angle = 90°, thickness/gap = 5.0/0.0 mm, field of view = 24 cm
x 24 cm, matrix = 64 x 64, 300 volumes. A total of 300 slices
of resting fMRI were acquired.

Structural images T1-weighted images were acquired using
a magnetization-prepared rapid gradient-echo sequence
with the following parameters: TR = 1900 ms, TE = 2.52 ms,
TT =900 ms, thickness = 1.0 mm, flip angle = 9°, matrix = 256
x 256, voxel size = 1 x 1x1 mm?.

Data processing

Data preprocessing was carried out in MATLAB (matrix
laboratory) based statistical parametric mapping (SPM)
v.8 software. First, DICOM data were converted to NIFTI
images. Second, the first 10 volumes of each subject’s rest
data were discarded to allow longitudinal magnetization

to reach a steady state and for participants in getting used
to the scanning environment. Third, both rest and T1 data
underwent left to the right flip of the image using the matrix
—1000; 0100; 0010; 0001. Fourth, flipped resting data were
realigned so that the corresponding scans of the participant
precisely fit one another. Participants with head motion
larger than 2 mm or 2° in any of the six parameters (x, v,
z, pitch, roll, and yaw) were excluded. Fifth, coregistration
was done for alignment of resting functional image with
a structural image. Sixth, normalization to Montreal
Neurological Institute (MNI) template image and resampling
of each voxel to 3 x 3 x 3 mm® was done. Normalization fits
the shape of functional images with the structural image to a
canonical average template. Finally, the smoothening of the
normalized functional image was done with full-width-at-
half-maximum.®

ALFF calculation was carried out in REST v1.8 software
(http://resting-fmri.sourceforge.net) based on MATLAB.
Smoothened data were used, data of each voxel were linearly
detrended, ideal bandpass filter 0.01~0.08 and TR; 2 s was
used. The ALFF value of each voxel was standardized by
dividing the full brain mean ALFF value.

Data analysis

Statistical analysis was conducted in MATLAB based SPM
v.8 software.

ALFF between TLE and NC group

ALFF between TLE and NC was compared using voxel-
wise two-sample t-test based on two group analysis in SPM
software, a cluster >10 voxels, and P < 0.01 was considered to
be significant.

ALFF between CI-TLE and CNI-TLE group

ALFF between CI-TLE and CNI-TLE was compared using
voxel-wise two-sample t-test based on two groups analysis
in SPM software, a cluster >10 voxels and P < 0.01 was
considered to be significant.

RESULTS
Subject characteristics

Table 1 shows the demographic and neuropsychological data
of CI-TLE, CNI-TLE, and NC group. Age, education, MMSE,
and BDI were represented as mean + standard deviation and
statistical analysis was carried out with one-way ANOVA.
Gender was represented as male-to-female ratio and
statistical analysis was carried out by the Chi-square test. Of
CI-TLE, CNI-TLE, and NC, age was, respectively, 39.8 + 13.1,
32.29 +10.9, and 33.17 + 10.8. Gender was, respectively, 9/5,
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29/15, and 17/23. Education was, respectively, 12.85 + 2.28,
13.93 + 2.5, and 14.6 + 2.37. MMSE was, respectively, 24.7 +
1.05,29.5 + 0.87, and 29.6 + 0.5, and BDI was, respectively, 9
+7.2,6+52,and 5.8 + 2.57. Age, gender, education, and BDI
were not statistically significant. However, MMSE appeared
statistically significant (P < 0.001).

Activation difference between TLE and NC

In Table 2 and Figure 1, warm colors show significantly
increased ALFF between TLE and NC. Significantly,
increased ALFF value was found in parahippocampal gyrus
(PG), inferior frontal gyrus (IFG), superior frontal gyrus
(SFG), middle frontal gyrus (MFG), midbrain and pons,
insula, inferior temporal gyrus (ITG), anterior cingulate
gyrus (ACG), and frontal lobe subgyral white matter.

In Table 3 and Figure 1, cool colors show significantly
decreased ALFF between TLE and NC. Significantly,
decreased ALFF value was found in posterior cingulate gyrus
(PCG), cuneus, cerebellum posterior lobe, inferior parietal
lobule (IPL), superior temporal gyrus (STG), and frontal lobe
subgyral white matter.

Activation difference between CI-TLE and CNI-TLE

In Table 4 and Figure 2, warm colors show significantly
increased ALFF between CI-TLE and CNI-TLE. Significantly,
an increased ALFF cluster was found in middle temporal
gyrus (MTG), cuneus, ACG, IPL, MFG, SEG, and cerebellum
posterior lobe.

In Table 5 and Figure 2, cool colors show significantly
increased ALFF between CI-TLE and CNI-TLE. Significantly,
a decreased ALFF cluster was seen in the corpus callosum
and MFG.

DISCUSSION

In this study, we have investigated the difference in
functional alteration of (i) TLE group with NC group and (ii)
TLE with CI group from TLE without CI group by applying
ALFF method of RS-fMRI. Our study showed widespread
activation and deactivation in the brain which can be because
of widespread pathological abnormalities by TLE and is
consistent to a study by Moran et al. (2001) and Reyes et al.
(2016).12:17]

Table 2: Significant increased ALFF cluster between TLE and NC group, P<0.01, voxel >10.

Brain Region MNI space coordinates Peak z-value Voxels

X Y zZ

1 Inferior frontal gyrus-L -27 36 -21 4.84 560
2 Frontal lobe subgyral WM-L -39 18 18 3.749 109
3 Midbrain and pons-L -3 -18 —24 3.66 158
4 Insula-R 36 9 9 3.646 158
5 Parahippocampal gyrus-R 15 -3 -15 3.347 15
6 Superior frontal gyrus-L -18 57 -12 3.237 93
7 Inferior temporal gyrus-L =51 -45 -24 3.13 38
8 Frontal lobe subgyral WM-R 36 33 21 3.00 18
9 Anterior cingulate gyrus-R 3 39 -3 2.9503 15
10 Middle frontal gyrus-L -33 33 30 2.9402 46
12 Superior frontal gyrus-R 24 42 21 2.6359 16
R: Right hemisphere, L: Left hemisphere

%
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Figure 1: Axial structural image of the brain showing result of amplitude of low-frequency fluctuation (resting-state functional magnetic
resonance imaging), statistic f-map with the difference between the temporal lobe epilepsy (TLE) group and normal control (NC) (two-sample
t-test, P < 0.01, voxel >10). Warm colors indicate TLE >NC, while cool colors indicate NC >TLE.
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Table 3: Significant decreased ALFF cluster between TLE and NC group, P<0.01, voxel >10.

Brain Region MNI space coordinates Peak z-value Voxels

X Y Z

1 Posterior cingulate gyrus-R 3 =59 25 —4.34 1043
2 Cuneus-L -36 -90 9 —4.004 381
3 Midbrain-L -6 -36 -6 -3.625 30
4 Cerebellum posterior lobe-R 33 -84 -24 -3.55 22
5 Temporal lobe subgyral WM-L —42 -21 -12 -3.48 132
6 Inferior parietal lobule-L -45 -60 57 -3.32 33
7 Superior temporal gyrus-R 51 -51 18 -3.018 33
8 Frontal lobe subgyral WM-R 24 30 3 -2.988 22
R: Right hemisphere, L: Left hemisphere
Table 4: Significant increased ALFF cluster between CI-TLE and CNI-TLE group, P<0.01, voxel >10.

Anatomical regions MNI space coordinates Peak z-value Voxels

X Y zZ

1 Middle temporal gyrus-R 60 -36 -6 4.06 72
2 Cuneus-L -21 -75 9 3.69 124
3 Anterior cingulate gyrus-R 9 -3 30 3.71 63
4 Inferior parietal lobule-R -6 0 30 3.1 12
5 Middle frontal gyrus-R 48 -39 24 3.6 52
6 Thalamus-B/L 6 -8 0 3.09 16
7 Superior frontal gyrus-R 24 27 48 2.89 15
8 Cerebellum posterior lobe-R 15 -81 -21 2.82 10
R: Right hemisphere; L: Left hemisphere; B/L: Bilateral, ALFF: Amplitude of low-frequency fluctuation, CI-TLE: Cognitive impairment-temporal lobe
epilepsy, CNI-TLE: Cognitive not impairment-temporal lobe epilepsy

Table 5: Significant decreased ALFF cluster between CI-TLE and CNI-TLE group, P<0.01, voxel >10.

Anatomical regions MNI space coordinates Peak z-value Voxels
X Y Z
1 Corpus callosum-L -3 24 3 -3.63 78
2 Medial frontal gyrus-L -9 39 30 -3.04 26

R: Right hemisphere, L: Left hemisphere, MNI: Montreal Neurological Institute, ALFF: Amplitude of low-frequency fluctuation, CI-TLE: Cognitive
impairment-temporal lobe epilepsy, CNI-TLE: Cognitive not impairment-temporal lobe epilepsy

8606006

Figure 2: Axial structural image of the brain showing result of amplitude of low-frequency fluctuation (resting-state functional magnetic
resonance imaging), Statistic -map with the difference between the cognitive impairment-temporal lobe epilepsy (CI-TLE) group and
CNI-TLE (two-sample t-test, P < 0.01, voxel>10). Warm colors indicate CI-TLE >cognitive not impairment-temporal lobe epilepsy
(CNI-TLE), while cool colors indicate CNI-TLE >CI-TLE.
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Between TLE and NC
Increased ALFF activation

Our result has demonstrated increased ALFF value in PG,
IFG, SFG, MFG, midbrain and pons, insula, ITG, ACG, and
frontal lobe subgyral white matter.

PG is the mesial temporal lobe (MTL) structure. Ji et al.l'
have described an increased in ALFF in the MTL in their
study. They have mentioned MTL as the area of the genesis
of epileptic activity. MTL also includes amygdala and
hippocampus in addition to the PG.'"! Zeng et al.'" by their
regional homogeneity finding have also described PG as the
area of epilepsy genesis. In our study, we found that PG had
increased ALFE.

We have also found the widespread frontal lobe increased ALFF
value. IFG, SFG, frontal white matter, and MFG were all involved.
Frontal lobe impairment either should be a consequence of
temporal lobe involvement by frontotemporal propagation or
is secondary to the propagation of epileptic activity from the
epileptogenic zone of similar functioning integrated cortex
elsewhere with frontal lobe."®! Reyes et al. described widespread
frontotemporal functional abnormality in TLE patients through
their FALFF study in TLE and Guedj et al. through their FDG-
PET study in TLE.>*! We also had an area of lateral temporal
lobe with increased ALFF value, especially in ITG.

The insula is a complex structure. It is said that it has a
role in several higher-order cognitive functions such as in
saliency, switching, attention, and control network. Several
studies have already talked about insula having the role of
seizure propagation in TLE.[*?! Because of its role in seizure
propagation, we could have found increased ALFF value in
the insula in TLE patient.

Moreover, ALFF was also increased in midbrain and pons.
Mueller et al. in their study have concluded the involvement
of brainstem in TLE and can be associated with its atrophic
changes.”"! In addition to this, findings by Blumenfeld and
the team, that is, increased CBF in the midbrain of TLE
patients in their study in SPECT also supports increase ALFF
in the midbrain.?

To conclude, increased ALFF value in PG, frontal lobe,
thalamus, insula, midbrain, and pons in TLE and NC
comparison should be related to the seizure initiation and
propagation in TLE.

Decreased ALFF activation

Decreased ALFF value was found in PCG, cuneus, cerebellum
posterior lobe, IPL, STG, and frontal lobe subgyral white
matter.

Decreased ALFF in PCG, IPL, and STG is moreover
related to the default model network (DMN). DMN

Journal of Clinical Imaging Science « 2020 « 10(50) | 6

includes the posterior cingulate cortex, medial prefrontal
cortex, precuneus, IPL, and temporoparietal junction.®!
DMN exhibits higher metabolic activity at rest than while
performing cognitive tasks,?! Therefore, DMN is activated
in the state of passive relaxation or internal mental processes
such as autobiographical memory, the theory of mind,
self-referral processing, and future thinking with a high
degree of connectivity across the brain regions, whereas the
DMN is disabled during a wide range of attention-seeking
operations. DMN should be unaltered, activated in healthy
subjects, and altered in TLE patients, which is consistent with
our findings.

Reduced activation in the cerebellum can be a sign of
disconnection of the glutamatergic corticopontocerebellar
tracts and may denote decreased motor coordination.*26-281,

Between CI-TLE and CNI-TLE
Increased ALFF activation

The previous studies have shown that areas in frontal,
temporal, parietal, and limbic lobe are related to cognitive
functioning.” Executive control network (ECN) and default
mode network (DMN) are believed to play an important role in
cognition.**! The executive network includes the dorsolateral
prefrontal cortex and the anterior cingulate cortex. The DMN
includes the posterior cingulate cortex, medial prefrontal
cortex, precuneus, and inferior parietal lobes, including
the angular and supramarginal gyrus and temporoparietal
junction. Executive functions include important cognitive
activities, which include planning, decision-making,
knowledge, and understanding. The frontal lobes support
a high level of cognitive processes which include talent and
working memory."®! Precuneus and cuneus have common
divergent thinking behaviors and are backed by proven basic
connectivity for the dorsal precuneus and ventral cuneus.® In
our study, we found the area of ECN and DMN, especially in
MTG, cuneus, ACG, IPL, MFG, and SFG, had increased ALFF
value. DMN and ECN are a potential cognitive area and can be
found activated even in a RS. Activation of these areas more in
CI-TLE than CNI-TLE can be because of the decompensation
mechanism. Repeated epilepsy could have arrested restoration
of the original function of these areas effectively but instead
could have been improperly reorganized by some unsuitable
compensation mechanism resulting in activation of these areas
in CI-TLE patients in an impaired way but not in CNI-TLE
patient, which is a decompensation mechanism.®

Studies have shown that the cerebellum is involved in the
motor domain as well as higher-level cognitive and affective
functions. Sensorimotor tasks activate the anterior lobe,
whereas the posterior lobe is involved in higher-level tasks,
including language and verbal working memory, executive
functions, spatial tasks, and emotional processing. In
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particular, language and executive tasks activate the posterior
lobe and are involved in prefrontal-cerebellar loops.*!

Decreased ALFF activation

Interestingly, decreased ALFF was seen in corpus callosum
and medial frontal gyrus (MeFG). Moreover, MeFG had
decreased ALFE, which is the component of DMN. The
epilepsy-related deactivation in the DMN has already
been documented in a few fMRI studies in the previous
studies.’**! Deactivation of DMN and ECN area in TLE
should signify CI.

We acknowledge that our study has several limitations. First,
comparatively, CI-TLE group contained relatively a smaller
number of patients than the CNI-TLE group and NC.
Second, it is difficult to apply our study to a single patient
as this study is moreover two-group analysis and third, the
potential effect of an antiepileptic drug in TLE patients was
not considered.

CONCLUSION

In this paper, we have applied the ALFF method of RS-
fMRI to trace the possible pathophysiology in TLE patients
with CI. Between TLE and NC, we found increased ALFF
activation in PG, frontal lobe, thalamus, insula, midbrain,
and pons, increased activation in these areas should be
because of seizure initiation and propagation.

Decreased ALFF was found in PCG, cuneus, cerebellum
posterior lobe, IPL, STG, and frontal lobe subgyral white
matter, these areas are related to DMN.

Between CI-TLE and CNI-TLE, especially in MTG, ACG,
IPL, MFG, and SFG, we found increased ALFF value. These
areas are the component of ECN and DMN. Activation
of these areas should be because of the decompensation
mechanism.
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