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Objectives: Ictal panic (IP) can be observed occasionally in patients with temporal lobe

epilepsy (TLE). Such descriptions can be found in previous studies, but the mechanism is

still not clear and often confused with panic attacks in patients with panic disorder (PD).

We try to use imaging methods (resting-state functional magnetic resonance imaging,

rs-fMRI) to study the mechanism of this psychiatric comorbidity in patients with TLE.

Methods: Forty right-onset TLE patients were observed, including 28 patients with

TLE but without IP and 12 patients with TLEIP along with 30 gender-age matched

healthy controls were included. We collected clinical/physiological/neuropsychological

and rs-fMRI data. Degree centrality (DC) and functional connectivity (FC) were calculated.

For the DC and FC values, analysis of covariance (ANCOVA) was used to find different

areas and t-tests were used to compare differences between the TLEIP, TLE without IP,

and healthy control(HC)groups. The relationship between brain abnormalities and patient

characteristics was explored by correlation analyses.

Results: No significant differences in gender and age were found among the three

groups, and no significant differences in education level, Montreal Cognitive Assessment

(MOCA), Hamilton Depressive Scale (HAMD), Hamilton Anxiety Scale (HAMA), and

epilepsy duration (years) between the TLEIP and TLE without IP groups. In addition to

fear, other symptoms were observed, including nausea, palpitations, rising epigastric

sensation, and dyspnea. There was no correlation between the duration of IP and HAMA.

Moreover, all IP durations were <2min. Compared to the HCs and TLE without IP group,

the DC value of the TLEIP group in the left middle temporal gyrus (LMTG) was significantly

increased. Compared to the HCs, FC could be found between the LMTG and left inferior

temporal gyrus (LITG) in the TLEIP group. In addition, there was FC between the LMTG

and cerebellum in the TLEIP group. The difference in the magnitude of FC between the

TLEIP vs. HC group was greater than the difference between the TLE vs. HC group.
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Conclusions: This study describes brain abnormalities in patients with TLEIP. These

results will help to preliminarily understand the mechanism of ictal panic and abnormal

functional connection in patients with TLE, and further explore the neuroimaging

mechanism of ictal panic in patients with TLE.

Keywords: degree centrality (DC), functional connectivity (FC), TLE, ictal panic, rs-fMRI, middle temporal gyrus

(MTG)

INTRODUCTION

Fear is a very distinct and recognized emotion caused by
exposure to real or imagined threats (1, 2). The fear response
represents a quick repertoire of visceromotor, neuroendocrine,
and behavioral mechanisms to the aversive stimuli (3–5).
The limbic system is well-recognized as a network of brain
structures coordinating such responses (5, 6). The mainstream
view is that there are fear circuits in the brain. First, the
sensory information for assessing danger is transmitted to the
amygdala through the anterior thalamus (7, 8), and when
the amygdala perceives the threat, it is immediately activated,
triggering a number of different pathways. When the amygdala
sends information to the parabrachial nucleus, it can cause
shortness of breath (9). If the amygdala sends out information
to the lateral hypothalamus, sympathetic nerve activity can be
enhanced (10). If the amygdala transmits information to the
locus coeruleus, it can cause the secretion and increase of
norepinephrine, increase in heart rate and blood pressure, and
participate in the fear behavior response (11). If the amygdala
transmits information to the paraventricular nucleus axis of
the hypothalamus, the secretion of adrenocortical hormone can
be increased (12). If the amygdala transmits information to
the periaqueductal gray area of the midbrain, it can trigger
additional behavioral reactions including defensive behavior and
post-escape freezing, which may be related to panic attack
symptoms (13–15). But these pathways are not complete.
The wider fear network also comprises the prefrontal cortex,
anterior cingulate, hippocampus, amygdala, and hypothalamus
to learn, store, and evoke fear responses (1). In predisposed
individuals exposed to acute or chronic stress, limbic network
remodeling may result in the development of psychiatric
disorders such as post-traumatic stress disorder, anxiety, and
mood disorders (16–18).

Temporal lobe epilepsy (TLE) is a partial form of epilepsy
that originates in one or several of the anatomic locations of
the temporal lobe, and which can spread through a network
of neuronal interconnections to adjacent brain tissue (19).
Occasionally, before patients develop secondary generalized
tonic-clonic seizure or complex partial seizure, patients with
simple partial seizures of temporal lobe origin present with ictal
panic which is sometimes treated as panic attacks, a symptom of
panic disorder (PD) (20–25). This notion has been supported by
some TLE patient studies describing panic disorder during the
ictal stage (26–30). Although some studies have focused on the
differential diagnosis of TLE with ictal panic and panic attacks,
the local brain function mechanisms of TLE with ictal panic are
still unclear (31, 32).

Resting-state functional magnetic resonance imaging (rs-
fMRI) is now widely used in studies of the human brain. It
is an advantageous tool that allows the mapping of regional
interactions in the subject’s brain when explicit cognitive tasks
are not being performed (33, 34). Local dynamics and network
functions of the brain can be described by rs-fMRI data, such as
degree centrality (DC) and functional connectivity (FC) (35–37).

Degree centrality is proposed to map the degree of functional
connectivity inherent in the brain in order to reflect the stability
of cortical network structure at the voxel level. FC is the
mechanism for the coordination of activity between different
neural assemblies in order to achieve a complex cognitive
task or perceptual process (38). The two indicators have now
been widely used to study the functional modulation of many
neuropsychiatric disorders including TLE (39, 40).

Degree centrality describes the importance of individual
voxels in the whole brain and can help find areas with abnormal
connections with other brain regions. FC can further find the
abnormal connection. In this study, we employed an rs-fMRI
to explore the brain-functional abnormalities in patients with
right-onset TLEIP from different perspectives. Compared to
control subjects, we sought to determine whether patients with
TLEIP have specific brain-functional abnormalities by using the
DC metrics and whether they have abnormal FC. Further, we
sought to determine whether these abnormalities were associated
with the clinical/physiological/neuropsychological characteristic
scores of these patients.

MATERIALS AND METHODS

Participants
All participants were recruited from the epilepsy clinic of the
First Affiliated Hospital of Guangxi Medical University. This
study was approved by the hospital’s Medical Research Ethics
Committee. Written informed consent was provided by all
participants. Forty patients with TLE were diagnosed by two
neuropsychologists according to clinical characteristics, EEGs,
and imaging examination. Patients were divided into two groups,
TLEIP and TLE without IP groups. In order to reduce the impact
on the results, we selected patients with epileptogenic focus on
the right as the research subjects.

The inclusion criteria for the TLEIP group involved: (1)
Patients with epilepsy who satisfy any two or more of the
following conditions: a. The epileptogenic focus was located in
the right temporal lobe. b. MRI showed unilateral or bilateral
hippocampal atrophy/sclerosis, or other abnormalities in the
unilateral or bilateral temporal lobe. c. EEG examination revealed
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that epileptic discharges originated from the right temporal lobe;
(2) Mini-mental state examination (MMSE) scores more than 24,
right-handed, 18–50 years, and; (3) TLE history with ictal panic,
as a precursor of seizures or as a symptom of seizures.

The following exclusion criteria were used in the TLEIP group:
(1) Structural MRI showed other brain structural lesions besides
hippocampal atrophy or hippocampal sclerosis; (2) A diagnosis
of severe mental or neurological diseases except for ictal panic
history; (3) People with alcohol abuse or drug abuse (41), and;
(4) Patients who were unable to satisfactorily cooperate and
complete all experimental procedures.

The inclusion criteria for the TLE without IP group involved:
(1) Patients with epilepsy who satisfy any two or more of the
following conditions: a. The epileptogenic focus was located in
the right temporal lobe. b. MRI showed unilateral or bilateral
hippocampal atrophy/sclerosis, or other abnormalities in the
unilateral or bilateral temporal lobe. c. EEG examination revealed
that epileptic discharges originated from the right temporal lobe;
(2) MMSE scores more than 24, right-handed, 18–50 years, and;
(3) TLE history without ictal panic.

The following exclusion criteria were used in the TLE without
IP group: (1) Structural MRI showed other brain structural
lesions besides hippocampal atrophy or hippocampal sclerosis;
(2) A diagnosis of severe mental or neurological diseases; (3)
People with alcohol or drug abuse (41), and; (4) Patients
who were unable to satisfactorily cooperate and complete all
experimental procedures.

Thirty right-handed healthy controls (HCs) without a history
of mental or neurological diseases were enlisted from the
community. Gender, age, and MMSE scores were matched with
those of patients.

MRI Data Acquisition
MRI data were acquired using an Achieva 3.0-T MRI scanner
with a 12-channel head coil (Philips, Amsterdam, The
Netherlands). Prior to scanning, each subject was asked to
rest for 20min. During MRI scanning, subjects were instructed
to close their eyes, remain conscious, and avoid active thinking.
Foam padding was utilized for noise mitigation and to limit head
movements. For each subject, resting-state functional imaging
was obtained using the echo-planar image (EPI) technique with
the following parameters: repetition time (TR) = 2,000ms, echo
time (TE) = 30ms, 31 slices and 180 volumes, slice thickness =
5mm, slice gap = 1mm, voxel size = 3.44 × 3.44 × 6.00mm,
field of view = 220 × 220mm, flip angle = 90◦, scanning
time= 360 s.

Data Preprocessing
Image preprocessing was performed using the Resting-State
fMRI Data Analysis Toolkit plus V1.24 (RESTplus V1.24)
toolbox (http://restfmri.net/forum/restplus) based on SPM12
(http://www.fil.ion.ucl.ac.uk/spm/software/spm12/), including
(1) removing the first 10 time points to make the longitudinal
magnetization reach steady state and to let the participant
adapt to the scanning environment; (2) slice-timing to
correct the differences in image acquisition time between
slices; (3) head motion correction; (4) spatial normalization

to the Montreal Neurological Institute (MNI) space via
the deformation fields derived from tissue segmentation of
structural images (resampling voxel size = 3mm × 3mm
× 3mm); (5) spatial smoothing with an isotropic Gaussian
kernel with a full width at half maximum (FWHM) of
6mm; (6) removing linear trend of the time course; (7)
regressing out the head motion effects (using Friston 24
parameter) from the fMRI data, and; (8) band-pass filtering
(0.01–0.08Hz). No participants were excluded from further
analysis due to large head motion (more than 3.0mm of
maximal translation in any direction of x, y, or z or 3.0◦ of
maximal rotation throughout the course of scanning)(DC omits
step 5).

DC Calculation
In an undirected graph, degree centrality measures the degree to
which one node in the network is associated with all other nodes.
For an undirected graph with g nodes, the degree centrality of
node i is the total number of direct connections between i and
other g-1 nodes, which is represented by a matrix as follows:

CD (Ni) =

g
∑

J=1

xij
(

i 6= j
)

TABLE 1 | Comparison of clinical data and neuropsychological scores among the

three groups.

TLEIP

(N = 12)

TLE without IP

(N = 28)

HCs

(N = 30)

Value

Gender(M/F) 2/10 5/23 5/25 0.963a

Education

(years);

TLEIP vs. TLE

11.933 ± 2.604 15 (9.75, 16) 17 (16, 17) H = 24.468

(P < 0.001)b

U = 138.000

(P > 0.05)c

MOCA total

score;

27.5 (25.25, 28) 27 (25, 29) 29 (28, 30) H = 10.619

(P < 0.05)b

TLEIP vs. TLE U = 160.000

(P > 0.05)c

HAMA scores; 5.58 ± 5.035 2.5 (1, 7.7) 0 (0, 2) H = 18.733

(P < 0.001)b

TLEIP vs. TLE U = 140.500

(P > 0.05)c

HAMD scores; 11.167 ± 7.826 6.607 ± 6.232 1 (0, 3) H = 27.474

(P < 0.001)b

TLEIP vs. TLE t = 1.963

(P > 0.05)d

Age(years) 29 (25, 30) 30 ± 7.369 25 (23, 30) H = 2.381

(P > 0.05)b

Epilepsy

duration(years)

14.167 ± 5.638 6 (4, 16) U = 94.500

(P > 0.05)c

Values are mean ± SD.

N, number; MOCA, Montreal cognitive assessment; F, female; M, male; HAMD, Hamilton

depressive Scale; HAMA, Hamilton anxiety rating scale.
aPearson Chi-square tests.
bKruskal-Wallis nonparametric multiple sample test.
cMann-Whitney U test (two-tailed).
dTwo-sample t-test.
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Where CD (Ni) represents the degree centrality of node i,
∑g

J=1 xij is used to calculate the number of direct connections
between node i and other j(g-1) nodes (i 6= j, excluding
the connection between i and itself; that is, the value of the

main diagonal can be ignored). The calculation of CD (Ni)

is simply to sum the cell values of the corresponding
row or column of node i in the network matrix (because
undirected relationships form a symmetric data matrix,

FIGURE 1 | (A) Durations of IP symptom and HAMD scores. (B) Durations of IP symptom and HAMA scores.

Frontiers in Neurology | www.frontiersin.org 4 June 2022 | Volume 13 | Article 822253

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chang et al. A Resting State fMRI Study

cells with the same rows and columns have the same
values) (42).

DC and FC Analyses
First, in the DC analysis, the processed data of three groups were
analyzed by one-way analysis of covariance (ANCOVA) to find
the significant difference regions among groups (GRF correction,
one-tailed, voxel level P < 0.0005, cluster level P < 0.025). Second,
(if found) the difference region was made to be a mask and the
mask was used to conduct two-sample t-tests between each two
of the three groups, with the results corrected by GRF (two-
tailed, voxel level P < 0.001, cluster level P < 0.05). Gender, age,
and education level were applied as covariates to minimize their
potential effects on the analysis.

In the FC analysis, first, through the comparison of DC values,
the region with a significant difference between TLEIP and the
other two groups is regarded as a region of interest (ROI). In
order to explore the difference between TLEIP and TLE without
IP, the main parts of the fear circuit: amygdala, hippocampus,
parahippocampal gyrus, and thalamus are also taken as ROIs,
then voxel-wise FCwas performed on the whole brain to calculate
the FC between the ROIs and the whole brain. Second, the
processed data of the three groups were analyzed by one-way
ANCOVA to find the significant difference regions among groups
(GRF correction, one-tailed, voxel level P < 0.0005, cluster level
P < 0.025). Third, (if found) the difference region was made to
be a mask and the mask was used to conduct two-sample t-tests
between each two of the three groups, with the results corrected
by GRF (two-tailed, voxel level P < 0.001, cluster level P < 0.05).
Gender, age, and education level were applied as covariates to
minimize their potential effects on the analysis.

Statistical Analysis
The clinical/physiological/neuropsychological variables were
analyzed using the Statistical Package for the Social Sciences

21.0 (SPSS) (SPSS Inc., Chicago, IL, United States). First,
the Shapiro-Wilk test was conducted to determine whether
the quantitative data conformed to a normal distribution.
Second, if data conformed to a normal distribution, the data
of the three groups were statistically analyzed by one-way
ANCOVA test, and the data of the two groups were statistically
analyzed by an independent t-test. For data with a non-
normal distribution, the data of the three groups were examined
by Kruskal-Wallis nonparametric multiple sample test, and
the data of the two groups were examined by the Mann-
Whitney U test. Gender differences were tested with the Chi-
Square t-test.

RESULTS

Demographics, Clinical, and
Neuropsychological Characteristics
There were no significant differences in gender and age among
the TLEIP, TLE without IP, and HC groups. There were
no significant differences in education level, MOCA, HAMD,

TABLE 3 | The degree centrality (DC) differences between the TLEIP group, TLE

without IP group, and healthy control (HC) group.

Groups Regions MNI

coordinates

Cluster

voxels

T value

(peak

voxels)

DC

TLEIP vs. HCs Middle temporal

gyrus_L

(−61, −47,3) 47 4.3149

TLEIP vs. TLE Middle temporal

gyrus_L

(−61, −47,6) 43 4.3360

without IP

TLE vs. HCs Negative finding

TABLE 2 | Temporal lobe epileptic ictal panic (TLEIP) characteristics.

Patients Age(years) HAMD Durations of IP

symptom (years)

HAMA scores Seizures type Symptom Durations of IP (minutes)

1 46 20 10 0 CP Fear, nausea <1

2 45 12 23 9 CP to G Fear, palpitations, rising

epigastric sensation

1–2

3 29 7 21 13 CP to G Fear 1–2

4 29 1 16 0 SP to G Fear <1

5 28 20 11 10 CP Fear <1

6 29 5 10 5 SP to G Fear <1

7 22 5 14 2 CP to G Fear 1-2

8 25 24 5 1 CP to G Fear, palpitations <1

9 30 3 11 2 SP Fear <1

10 23 12 23 14 SP Fear, dyspnea,

palpitations

<1

11 25 19 12 8 CP Fear <1

12 30 6 14 3 SP Fear <1

HAMD, Hamilton depressive Scale; CP, complex-partial seizure; SP, simple-partial seizure; G, generalized seizure; HAMA, Hamilton anxiety rating scale.
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HAMA, and epilepsy duration (years) between the TLEIP and
TLE without IP groups (Table 1).

For TLEIP patients, in addition to fear, other symptoms were
also observed, including nausea, palpitations, rising epigastric
sensation, and dyspnea (43). There were no correlations between
duration of IP symptoms and HAMD scores, and there were no
correlations between duration of IP symptoms andHAMA scores
(Pearson correlation, two-tailed, p= 0.659, Figure 1). Moreover,
the duration of all IPs were <2min, and most were <1min
(Table 2).

DC and FC Results
Compared to the HC and TLEwithout IP groups, the DC value of
the TLEIP group in the left middle temporal gyrus (LMTG) was
significantly increased (GRF correction, two-tailed, voxel level P
< 0.001, cluster level P < 0.05) (Table 3 and Figure 2).

Compared to the HC group, we found that there was FC
between the LMTG and left inferior temporal gyrus (LITG) in
the TLEIP group, we also found that there were FCs between the
LMTG and cerebellum in the TLEIP group. Although compared
to the HC group, we found that there was FC between the LMTG
and LITG in the TLE without IP group, the area of LITG in the
TLEIP vs. HC group was larger than those in the TLE without IP
group vs. HC group. In addition, the difference in the magnitude
of FC between the TLEIP vs. HC group was greater than the
difference between the TLE without IP vs. HC group. (GRF
correction, two-tailed, voxel level P < 0.001, cluster level P < 0.05)
(Figure 3).

DISCUSSION

In this study, we found that there were no significant differences
in HAMA scores between the TLEIP and TLE without IP groups,
and there was no significant correlation between the duration of
IP symptoms and HAMA scores in the TLEIP group. Therefore,
we speculate that there is no correlation between IP and anxiety
in patients with TLEIP, which is different from previous studies
describing the relationship between anxiety and panic (24, 26,
31, 44). In addition, the duration of IP in patients with TLEIP is
different from patients with PD, and the duration of IP in patients

with TLEIP is shorter, which is consistent with the observations
in a previous study (31). We also found that compared with the
HC group, the total MOCA score of the TLE without IP and
TLEIP groups was lower, which may be because the education
years of the TLE without IP and TLEIP groups were significantly
lower than the HCs.

Degree centrality reflects the role and status of voxels in
the brain network and represents the most local and directly
quantifiable centrality measure. In this study, we found the
LMTG exhibited increased DC, which indicated increased
importance of this region in the brain of patients with TLEIP.
The LMTGwas involved in several functions, including semantic
processing, sentence understanding, word generation, action
observation, complex sound processing, logical reasoning, and
dynamic facial expression recognition (45–52). Generalized
social anxiety disorder (GSAD) is one of the most common
anxiety disorders and mainly involves a notable fear and
avoidance of most social or performance situations. Yuan et al.
found that the DC value of the LMTG in patients with GSAD
before group cognitive behavior therapy (GCBT) is increased
than the DC value of the LMTG in patients with GSAD after
GCBT. This may suggest the role of LMTG in the disease with
fear comorbidity (53). Zhao and colleagues found that fearful
faces evoked greater activity in the LMTG (54). Moreover, by
using functional MRI, Takano et al. (55) investigated common
and distinct neural responses to experiences of positive- and
threat-awe, elicited by watching awe-inspiring videos, and found
that both awe experiences deactivated the LMTG in contrast to
the control conditions (positive-awe vs. amusement; threat-awe
vs. fear), which meant the fear experience activated the LMTG.
Geng et al. (56) found that high trait anxious individuals showed
significantly increased activation in the middle temporal gyrus
(MTG) during anticipation of an uncertain threat compared to
the certain condition. Additionally, a recent meta-analytic work
(57) found that the LMTG was activated when fear stimulation
was given to adults with childhood trauma. Thus, we speculate
that the increased DC in the LMTG may indicate increased
FC with the fear circuit, and may explain the panic attack
of some patients with TLEIP when stimulated by the external
environment, such as harsh sounds and scary pictures.

FIGURE 2 | The DC differences among TLEIP, TLE without IP, and HCs. Compared to the HCs and TLE without IP groups, the DC value of the TLEIP group in the left

middle temporal gyrus (LMTG) was significantly increased (GRF correction, two-tailed, voxel level P < 0.001, cluster level P < 0.05).
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FIGURE 3 | Red ball. the left middle temporal gyrus (LMTG). Purple blue ball, the left inferior temporal gyrus (LITG). Light blue ball, the right cerebellum. Yellow ball, the

left cerebellum. Red bar, functional connectivity (FC). (A) Compared to the HC group, we found that there was FC between the LMTG and LITG in the TLEIP group,

we also found that there were FCs between the LMTG and cerebellum (both left and right) in the TLEIP group. (B) Compared to the TLE without IP group, we found

that there was FC between the LMTG and LITG in the TLEIP group. (C) Compared to the HC group, we found that there was FC between the LMTG and LITG in the

TLE without IP group but the area of the LITG in the TLEIP vs. HC group was larger than those in the TLE group vs. HC group. In addition, the difference in the

magnitude of FC between the TLEIP vs. HC group was greater than the difference between the TLE without IP vs. HC group. (GRF correction, two-tailed, voxel level P

< 0.001, cluster level P < 0.05).
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Harnett et al. (58) used a temporal Pavlovian conditioning
procedure to investigate brain activity that mediates the
formation of temporal associations. During fixed interval trials,
greater conditioned fMRI signal responses were observed within
the dorsolateral prefrontal cortex, inferior parietal lobule, inferior
and middle temporal cortex, hippocampus, and amygdala.
They thought these brain regions constitute a neural circuit
that encodes the temporal information necessary for Pavlovian
fear conditioning. The result is consistent with the enhanced
connection between MTG and ITG found in our study. Eser
et al. (59) studied the functional correlates of cholecystokinin
tetrapeptide (CCK-4)-induced experimental panic in healthy
volunteers by means of fMRI and ROI analysis of the
amygdala. They found CCK-4-induced experimental panic was
accompanied by a robust activation (random-effects analysis,
P < 0.00001, uncorrected for multiple testing) in the LMTG
and cerebellum. In contrast, random-effects group analysis for
placebo and anticipatory anxiety (AA) using the same level of
significance generated no significant results. In this study, we
found that the FC between the LMTG and the cerebellum was
strengthened in patients with TLEIP, which also verified this
result. Although no local brain and FC abnormalities were found
in the amygdala, hippocampus, parahippocampal gyrus, and
thalamus, we speculate that the mechanism of TLEIP may not be
completely the same as the mechanism of PD. This may mainly
be due to the transient and recoverable incomplete activation
of the fear circuits caused by the epileptiform discharge of the
local epileptogenic focus in the temporal lobe (60–62), and it
may be related to some non-classical fear circuit brain regions,
such as the increased connection between the LMTG and the
fear circuit.

This study has some limitations that need to be recognized:

a. due to the requirements of clinical ethics, all patients had been
treated with anti-epilepsy drugs (AEDs)

b. it was difficult to collect patients with TLEIP, a large number
of samples were not included in this study

c. lack of horizontal comparison with patients with PD
d. participants are patients with right-onset TLE, more patients

with left-onset TLE need to be collected to have a
further study.

In the future, we will collect more patients with left-onset TLE
and patients with PD for study to further explore the mechanism
of fear in the functional brain network.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the First Affiliated Hospital’s Medical
Research Ethics Committee of Guangxi Medical University. The
patients/participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

WC is responsible for experimental design. JZ is responsible
for providing overall ideas. ZL is responsible for instrument
operation. XP is responsible for data analysis. JL and LN is
responsible for data collection. All authors contributed to the
article and approved the submitted version.

FUNDING

This research is supported by the National Natural Science
Foundation of China (contract authorization number:
81560223) and Guangxi Postgraduate Education Innovation
Plan (authorization number: YCBZ2019042).

ACKNOWLEDGMENTS

The authors would like to express their gratitude to EditSprings
(https://www.editsprings.com/) for the expert linguistic
services provided.

REFERENCES

1. Izquierdo I, Furini CR, Myskiw JC. Fear memory. Physiol Rev. (2016) 96:695–

750. doi: 10.1152/physrev.00018.2015

2. LeDoux JE. Coming to terms with fear. Proc Natl Acad Sci U S A. (2014)

111:2871–8. doi: 10.1073/pnas.1400335111

3. Frijda NH. The laws of emotion. Am Psychol. (1988) 43:349–58.

doi: 10.1037/0003-066X.43.5.349

4. Thayer JF, Lane RD, A. model of neurovisceral integration in emotion

regulation and dysregulation. J Affect Disord. (2000) 61:201–16.

doi: 10.1016/S0165-0327(00)00338-4

5. Damasio AR. Emotion in the perspective of an integrated nervous system.

Brain Res Brain Res Rev. (1998) 26:83–6. doi: 10.1016/S0165-0173(97)00064-7

6. Catani M. Dell’acqua F, Thiebaut de Schotten M. A revised limbic system

model for memory, emotion and behavior. Neurosci Biobehav Rev. (2013)

37:1724–37. doi: 10.1016/j.neubiorev.2013.07.001

7. Hoppe LJ, Ipser J, Gorman JM, Stein DJ. Panic disorder. Handb Clin Neurol.

(2012) 106:363–74. doi: 10.1016/B978-0-444-52002-9.00020-6

8. LeDoux JE, Cicchetti P, Xagoraris A, Romanski LM. The lateral amygdaloid

nucleus: sensory interface of the amygdala in fear conditioning. J Neurosci.

(1990) 10:1062–9. doi: 10.1523/JNEUROSCI.10-04-01062.1990

9. Takeuchi Y, McLean JH, Hopkins DA. Reciprocal connections between

the amygdala and parabrachial nuclei: ultrastructural demonstration

by degeneration and axonal transport of horseradish peroxidase in

the cat. Brain Res. (1982) 239:583–8. doi: 10.1016/0006-8993(82)9

0532-7

10. Price JL, Amaral DG. An autoradiographic study of the projections of the

central nucleus of the monkey amygdala. J Neurosci. (1981) 1:1242–59.

doi: 10.1523/JNEUROSCI.01-11-01242.1981

11. Cedarbaum JM, Aghajanian GK. Afferent projections to the rat locus

coeruleus as determined by a retrograde tracing technique. J Comp Neurol.

(1978) 178:1–16. doi: 10.1002/cne.901780102

Frontiers in Neurology | www.frontiersin.org 8 June 2022 | Volume 13 | Article 822253

https://www.editsprings.com/
https://doi.org/10.1152/physrev.00018.2015
https://doi.org/10.1073/pnas.1400335111
https://doi.org/10.1037/0003-066X.43.5.349
https://doi.org/10.1016/S0165-0327(00)00338-4
https://doi.org/10.1016/S0165-0173(97)00064-7
https://doi.org/10.1016/j.neubiorev.2013.07.001
https://doi.org/10.1016/B978-0-444-52002-9.00020-6
https://doi.org/10.1523/JNEUROSCI.10-04-01062.1990
https://doi.org/10.1016/0006-8993(82)90532-7
https://doi.org/10.1523/JNEUROSCI.01-11-01242.1981
https://doi.org/10.1002/cne.901780102
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chang et al. A Resting State fMRI Study

12. Dunn JD, Whitener J. Plasma corticosterone responses to electrical

stimulation of the amygdaloid complex: cytoarchitectural specificity.

Neuroendocrinology. (1986) 42:211–7. doi: 10.1159/000124442

13. Brandão ML, Zanoveli JM, Ruiz-Martinez RC, Oliveira LC, Landeira-

Fernandez J. Different patterns of freezing behavior organized in the

periaqueductal gray of rats: association with different types of anxiety. Behav

Brain Res. (2008) 188:1–13. doi: 10.1016/j.bbr.2007.10.018

14. Borelli KG, Nobre MJ, Brandão ML, Coimbra NC. Effects of acute

and chronic fluoxetine and diazepam on freezing behavior induced

by electrical stimulation of dorsolateral and lateral columns of the

periaqueductal gray matter. Pharmacol Biochem Behav. (2004) 77:557–66.

doi: 10.1016/j.pbb.2003.12.009

15. Borelli KG, Ferreira-Netto C, Coimbra NC, Brandão ML. Fos-like

immunoreactivity in the brain associated with freezing or escape

induced by inhibition of either glutamic acid decarboxylase or GABAA

receptors in the dorsal periaqueductal gray. Brain Res. (2005) 1051:100–11.

doi: 10.1016/j.brainres.2005.05.068

16. Rubin de Celis MF, Bornstein SR, Androutsellis-Theotokis A, Andoniadou

CL, Licinio J, Wong ML, et al. The effects of stress on brain and adrenal stem

cells.Mol Psychiatry. (2016) 21:590–3. doi: 10.1038/mp.2015.230

17. Kessler RC, Rose S, Koenen KC, Karam EG, Stang PE, Stein DJ, et al. How

well can post-traumatic stress disorder be predicted from pre-trauma risk

factors? An exploratory study in the WHO World Mental Health Surveys.

World Psychiatry. (2014) 13:265–74. doi: 10.1002/wps.20150

18. Sapolsky RM. Stress and the brain: individual variability and the inverted-U.

Nat Neurosci. (2015) 18:1344–6. doi: 10.1038/nn.4109

19. Bartolomei F, Wendling F, Vignal JP, Kochen S, Bellanger JJ, Badier JM,

et al. Seizures of temporal lobe epilepsy: identification of subtypes by

coherence analysis using stereo-electro-encephalography. Clin Neurophysiol.

(1999) 110:1741–54. doi: 10.1016/S1388-2457(99)00107-8

20. Hirsch E, Peretti S, Boulay C, Sellal F, Maton B. Panic attacks misdiagnosed as

partial epileptic seizures. Epilepsia. (1990) 31:636.

21. Laidlaw JD. Khin-Maung-Zaw. Epilepsy mistaken for panic attacks in an

adolescent girl. BMJ. (1993) 306:709–10. doi: 10.1136/bmj.306.6879.709

22. Young GB, Chandarana PC, Blume WT, McLachlan RS, Muñoz DG,

Girvin JP. Mesial temporal lobe seizures presenting as anxiety disorders. J

Neuropsychiatry Clin Neurosci. (1995) 7:352–7. doi: 10.1176/jnp.7.3.352

23. Jarquin-Valdivia AA. Psychiatric symptoms and brain tumors:

a brief historical overview. Arch Neurol. (2004) 61:1800–4.

doi: 10.1001/archneur.61.11.1800

24. Brodsky L, Zuniga JS, Casenas ER, Ernstoff R, Sachdev HS. Refractory anxiety:

a masked epileptiform disorder? Psychiatr J Univ Ott. (1983) 8:42–5.

25. Mintzer S, Lopez F. Comorbidity of ictal fear and panic disorder. Epilepsy

Behav. (2002) 3:330–7. doi: 10.1016/S1525-5050(02)00045-8

26. Ghadirian AM,Gauthier S, Bertrand S. Anxiety attacks in a patient with a right

temporal lobe meningioma. J Clin Psychiatry. (1986) 47:270–1.

27. Sazgar M, Carlen PL, Wennberg R. Panic attack semiology in right temporal

lobe epilepsy. Epileptic Disord. (2003) 5:93–100.

28. Wall M, Tuchman M, Mielke D. Panic attacks and temporal lobe seizures

associated with a right temporal lobe arteriovenousmalformation: case report.

J Clin Psychiatry. (1985) 46:143–5.

29. Kulason KO, Schneider JR, Rahme R, Pramanik B, Chong D, Boockvar JA.

Lesional temporal lobe epilepsy: beware the deceitful “panic attack”. World

Neurosurg. (2018) 111:197–200. doi: 10.1016/j.wneu.2017.12.124

30. de Oliveira GN, Kummer A, Salgado JV, Portela EJ, Sousa-Pereira SR,

David AS, et al. Psychiatric disorders in temporal lobe epilepsy: an

overview from a tertiary service in Brazil. Seizure. (2010) 19:479–84.

doi: 10.1016/j.seizure.2010.07.004

31. Kanner AM. Ictal panic and interictal panic attacks: diagnostic

and therapeutic principles. Neurol Clin. (2011) 29:163-ix.

doi: 10.1016/j.ncl.2010.11.002

32. Ghods AJ, Ruban DS, Wallace D, Byrne RW. Differentiating ictal panic

with low-grade temporal lobe tumors from psychogenic panic attacks. J Clin

Psychiatry. (2013) 74:1071–5. doi: 10.4088/JCP.13m08378

33. Biswal B, Yetkin FZ, Haughton VM, Hyde JS. Functional connectivity in the

motor cortex of resting human brain using echo-planar MRI. Magn Reson

Med. (1995) 34:537–41. doi: 10.1002/mrm.1910340409

34. FoxMD, RaichleME. Spontaneous fluctuations in brain activity observed with

functional magnetic resonance imaging. Nat Rev Neurosci. (2007) 8:700–11.

doi: 10.1038/nrn2201

35. Zang YF, He Y, Zhu CZ, Cao Q-J, Sui M-Q, Liang M, et al. Altered baseline

brain activity in children with ADHD revealed by resting-state functional

MRI. Brain Dev. (2007) 29:83–91. doi: 10.1016/j.braindev.2006.07.002

36. Fingelkurts AA, Fingelkurts AA, Kähkönen S. Functional connectivity in

the brain–is it an elusive concept? Neurosci Biobehav Rev. (2005) 28:827–36.

doi: 10.1016/j.neubiorev.2004.10.009

37. Buckner RL, Sepulcre J, Talukdar T, Krienen FM, Liu H, Hedden T,

et al. Cortical hubs revealed by intrinsic functional connectivity: mapping,

assessment of stability, and relation to Alzheimer’s disease. J Neurosci. (2009)

29:1860–73. doi: 10.1523/JNEUROSCI.5062-08.2009

38. Nagel BJ. Brain connectivity and applications to neuropsychology:

introduction to the special issue of Neuropsychology Review. Neuropsychol

Rev. (2014) 24:1–2. doi: 10.1007/s11065-014-9253-x

39. Reyes A, Thesen T, Wang X, Hahn D, Yoo D, Kuzniecky R, et al. Resting-

state functional MRI distinguishes temporal lobe epilepsy subtypes. Epilepsia.

(2016) 57:1475–84. doi: 10.1111/epi.13456

40. Nugent AC, Martinez A, D’Alfonso A, Zarate CA, Theodore WH. The

relationship between glucose metabolism, resting-state fMRI BOLD signal,

and GABAA-binding potential: a preliminary study in healthy subjects and

those with temporal lobe epilepsy. J Cereb Blood Flow Metab. (2015) 35:583–

91. doi: 10.1038/jcbfm.2014.228

41. American Psychiatric Association. Diagnostic and statistical manual of mental

disorders (DSM-5 R©). Washington, DC: American Psychiatric Pub (2013).

doi: 10.1176/appi.books.9780890425596

42. Winship RBC. Social network analysis: methods and applicationsby

stanley wasserman; katherine faust. J Am Stat Assoc. (1996) 91:1373–4.

doi: 10.2307/2291756

43. Chong DJ, Dugan P. EPGP Investigators. Ictal fear: Associations with age,

gender, and other experiential phenomena. Epilepsy Behav. (2016) 62:153–8.

doi: 10.1016/j.yebeh.2016.05.017

44. Hingray C, McGonigal A, Kotwas I, Micoulaud-Franchi JA. The relationship

between epilepsy and anxiety disorders. Curr Psychiatry Rep. (2019) 21:40.

doi: 10.1007/s11920-019-1029-9

45. McDermott KB, Petersen SE, Watson JM, Ojemann JG, A. procedure

for identifying regions preferentially activated by attention to semantic

and phonological relations using functional magnetic resonance imaging.

Neuropsychologia. (2003) 41:293–303. doi: 10.1016/S0028-3932(02)00162-8

46. Whitney C, Jefferies E, Kircher T. Heterogeneity of the left temporal

lobe in semantic representation and control: priming multiple versus

single meanings of ambiguous words. Cereb Cortex. (2011) 21:831–44.

doi: 10.1093/cercor/bhq148

47. Giraud AL, Kell C, Thierfelder C, Sterzer P, Russ MO, Preibisch C, et al.

Contributions of sensory input, auditory search and verbal comprehension

to cortical activity during speech processing. Cereb Cortex. (2004) 14:247–55.

doi: 10.1093/cercor/bhg124

48. Friedman L, Kenny JT, Wise AL, Wu D, Stuve TA, Miller DA, et al. Brain

activation during silent word generation evaluated with functional MRI. Brain

Lang. (1998) 64:231–56. doi: 10.1006/brln.1998.1953

49. Rizzolatti G, Fadiga L, Matelli M, Bettinardi V, Paulesu E, Perani D, et al.

Localization of grasp representations in humans by PET: 1. Observation

versus execution. Exp Brain Res. (1996) 111:246–52. doi: 10.1007/BF00227301

50. Mirz F, Ovesen T, Ishizu K, Johannsen P, Madsen S, Gjedde A, et al. Stimulus-

dependent central processing of auditory stimuli: a PET study. Scand Audiol.

(1999) 28:161–9. doi: 10.1080/010503999424734

51. Goel V, Gold B, Kapur S, Houle S. Neuroanatomical correlates

of human reasoning. J Cogn Neurosci. (1998) 10:293–302.

doi: 10.1162/089892998562744

52. Sato W, Toichi M, Uono S, Kochiyama T. Impaired social brain network for

processing dynamic facial expressions in autism spectrum disorders. BMC

Neurosci. (2012) 13:99. doi: 10.1186/1471-2202-13-99

53. Yuan M, Zhu H, Qiu C, Meng Y, Zhang Y, Ren Z, et al. Altered regional

and integrated resting-state brain activity in general social anxiety disorder

patients before and after group cognitive behavior therapy. Psychiatry Res

Neuroimaging. (2018) 272:30–7. doi: 10.1016/j.pscychresns.2017.12.004

Frontiers in Neurology | www.frontiersin.org 9 June 2022 | Volume 13 | Article 822253

https://doi.org/10.1159/000124442
https://doi.org/10.1016/j.bbr.2007.10.018
https://doi.org/10.1016/j.pbb.2003.12.009
https://doi.org/10.1016/j.brainres.2005.05.068
https://doi.org/10.1038/mp.2015.230
https://doi.org/10.1002/wps.20150
https://doi.org/10.1038/nn.4109
https://doi.org/10.1016/S1388-2457(99)00107-8
https://doi.org/10.1136/bmj.306.6879.709
https://doi.org/10.1176/jnp.7.3.352
https://doi.org/10.1001/archneur.61.11.1800
https://doi.org/10.1016/S1525-5050(02)00045-8
https://doi.org/10.1016/j.wneu.2017.12.124
https://doi.org/10.1016/j.seizure.2010.07.004
https://doi.org/10.1016/j.ncl.2010.11.002
https://doi.org/10.4088/JCP.13m08378
https://doi.org/10.1002/mrm.1910340409
https://doi.org/10.1038/nrn2201
https://doi.org/10.1016/j.braindev.2006.07.002
https://doi.org/10.1016/j.neubiorev.2004.10.009
https://doi.org/10.1523/JNEUROSCI.5062-08.2009
https://doi.org/10.1007/s11065-014-9253-x
https://doi.org/10.1111/epi.13456
https://doi.org/10.1038/jcbfm.2014.228
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.2307/2291756
https://doi.org/10.1016/j.yebeh.2016.05.017
https://doi.org/10.1007/s11920-019-1029-9
https://doi.org/10.1016/S0028-3932(02)00162-8
https://doi.org/10.1093/cercor/bhq148
https://doi.org/10.1093/cercor/bhg124
https://doi.org/10.1006/brln.1998.1953
https://doi.org/10.1007/BF00227301
https://doi.org/10.1080/010503999424734
https://doi.org/10.1162/089892998562744
https://doi.org/10.1186/1471-2202-13-99
https://doi.org/10.1016/j.pscychresns.2017.12.004
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chang et al. A Resting State fMRI Study

54. Zhao K, Zhao J, Zhang M, Cui Q, Fu X. Neural responses to rapid

facial expressions of fear and surprise. Front Psychol. (2017) 8:761.

doi: 10.3389/fpsyg.2017.00761

55. Takano R, Nomura M. Neural representations of awe: Distinguishing

common and distinct neural mechanisms. Emotion. (2020)

10.1037/emo0000771. doi: 10.31234/osf.io/qk8dn

56. Geng H, Wang Y, Gu R, Luo YJ, Xu P, Huang Y, et al. Altered brain activation

and connectivity during anticipation of uncertain threat in trait anxiety.Hum

Brain Mapp. (2018) 39:3898–914. doi: 10.1002/hbm.24219

57. Heany SJ, Groenewold NA, Uhlmann A, Dalvie S, Stein DJ, Brooks SJ. The

neural correlates of Childhood Trauma Questionnaire scores in adults: A

meta-analysis and review of functional magnetic resonance imaging studies.

Dev Psychopathol. (2018) 30:1475–85. doi: 10.1017/S0954579417001717

58. Harnett NG, Shumen JR, Wagle PA, Wood KH, Wheelock MD, Baños JH,

et al. Neural mechanisms of human temporal fear conditioning. Neurobiol

Learn Mem. (2016) 136:97–104. doi: 10.1016/j.nlm.2016.09.019

59. Eser D, Leicht G, Lutz J, Wenninger S, Kirsch V, Schüle C, et al. Functional

neuroanatomy of CCK-4-induced panic attacks in healthy volunteers. Hum

Brain Mapp. (2009) 30:511–22. doi: 10.1002/hbm.20522

60. Bartolomei F, Wendling F, Bellanger JJ, Régis J, Chauvel P. Neural networks

involving the medial temporal structures in temporal lobe epilepsy. Clin

Neurophysiol. (2001) 112:1746–60. doi: 10.1016/S1388-2457(01)00591-0

61. Wennberg R, Arruda F, Quesney LF, Olivier A. Preeminence of

extrahippocampal structures in the generation of mesial temporal seizures:

evidence fromhuman depth electrode recordings. Epilepsia. (2002) 43:716–26.

doi: 10.1046/j.1528-1157.2002.31101.x

62. Spanedda F, Cendes F, Gotman J. Relations between EEG seizure morphology,

interhemispheric spread, and mesial temporal atrophy in bitemporal epilepsy.

Epilepsia. (1997) 38:1300–14. doi: 10.1111/j.1528-1157.1997.tb00068.x

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Chang, Liu, Nie, Pang, Lv and Zheng. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 10 June 2022 | Volume 13 | Article 822253

https://doi.org/10.3389/fpsyg.2017.00761
https://doi.org/10.31234/osf.io/qk8dn
https://doi.org/10.1002/hbm.24219
https://doi.org/10.1017/S0954579417001717
https://doi.org/10.1016/j.nlm.2016.09.019
https://doi.org/10.1002/hbm.20522
https://doi.org/10.1016/S1388-2457(01)00591-0
https://doi.org/10.1046/j.1528-1157.2002.31101.x
https://doi.org/10.1111/j.1528-1157.1997.tb00068.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	The Degree Centrality and Functional Connectivity in Patients With Temporal Lobe Epilepsy Presenting as Ictal Panic: A Resting State fMRI Study
	Introduction
	Materials and Methods
	Participants
	MRI Data Acquisition
	Data Preprocessing
	DC Calculation
	DC and FC Analyses
	Statistical Analysis

	Results
	Demographics, Clinical, and Neuropsychological Characteristics
	DC and FC Results

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


