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Objective: Decades of research have highlighted the involvement of the prefrontal cortex, anterior
cingulated cortex, and limbic areas (amygdala) in panic disorder (PD). However, little attention has
been given specifically to the inferior frontal gyrus. The current study aimed to investigate the neural
substrates, including the inferior frontal gyrus, of both panic-related and negative conditions among
individuals with PD and healthy controls.
Methods: We examined 13 medication-free PD patients and 14 healthy controls with functional
magnetic resonance imaging (fMRI) during exposure to negative and neutral pictures and a set of
specific panic-related pictures.
Results: Subtraction between the conditions indicated activation of the left amygdala region and the
right inferior frontal gyrus in PD patients during the specific panic-related condition, whereas the left
amygdalar region and left inferior frontal gyrus were activated during the negative condition in controls.
Conclusion: These results suggest that in patients with PD, a prominent bottom-up process is
involved in specific panic-related conditions, which might be associated with weak modulation of the
left frontal area. These data add to our current understanding of the neural correlates of PD and can
contribute to future clinical interventions targeting the functional reestablishment of these regions.
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Introduction

Panic disorder (PD) with or without agoraphobia is a
potentially disabling condition with a lifetime prevalence
of approximately 3 to 5%.1,2 Although efficacy studies
suggest a good pattern of response to pharmacological
and/or psychotherapeutic treatments, effectiveness and
naturalistic studies have demonstrated that near 70%
of treatment-seeking PD patients remain ill for longer
periods and commonly relapse.3,4 Twin studies have
shown a substantial heritable component in PD,5 but little
is still known about the specific neurobiological mechan-
isms that mediate vulnerability to PD.

During the last decade, there has been a race to
elucidate the biological bases of anxiety disorders through
neuroimaging studies in order to develop more effective
treatments. Advances in functional neuroimaging have
helped clinical researchers make significant strides in this

field, allowing differentiation of neural responses between
anxiety disorder patients and healthy controls.6 Com-
pared to healthy individuals, the amygdala and insula
(major regions involved in the fear network ) are
hyperactive in patients with anxiety disorders.6,7 How-
ever, despite a wealth of research on the neural cor-
relates of anxiety disorders, surprisingly little is known
about the neurobiology of PD. This can be attributed, in
part, to the fact that ‘‘anxiety disorders’’ is a large umbrella
term and that most studies focus on other anxiety
disorders, such as post-traumatic stress disorder, gen-
eralized anxiety disorder, and social phobia rather than
PD.8 Moreover, PD is a heterogeneous condition encom-
passing anticipatory anxiety, phobic avoidance, and panic
attacks (PAs) – the core phenomena of the disorder.9 It
has long been suggested that the first two components of
PD are related to the fear reaction model, which is
corroborated by consistent behavioral and physiological
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data. On the other hand, spontaneous and unexpected
PAs, described as a core phenomenon of the disorder,
have been associated with dysregulation of homeostatic
function along the brainstem area.

The current theoretical model of fear neurocircuitry in
PD proposes that the prefrontal cortex (PFC) fails in its
modulatory role for the amygdala, leading to autonomic
and behavioral activation.10 Preclinical models and neu-
roimaging studies with healthy controls have shown a
direct connection between amygdalar and thalamic struc-
tures, showing an automatic response pattern to threats.
A second, slower, amygdalar pathway involves superior
cortical areas, comprising a negative feedback mechan-
ism.10 Reappraisal and emotional evaluation studies of
healthy subjects have shown that frontal activation is
correlated with amygdala inhibition, which suggests that
the former modulates the latter.11 It is plausible that
different brain structures underpin unexpected PAs or
the full-blown disorder.9

Current neuroimaging studies in PD are based on
visual,12-17 auditory,18,19 or imagery exposure20 para-
digms to general threat-related stimuli. In a spectroscopy
study, Akiyoshi et al.16 found significantly lower left frontal
oxyhemoglobin levels in PD patients than controls in visual
anxiety-relevant or irrelevant situations, which suggests
hypoactivity in the left frontal cortex. On the other hand,
other researchers21 have reported a rightward shift in
asymmetry within the posterior inferior frontal cortex.
Nevertheless, several limitations have been highlighted
in PD studies involving functional magnetic resonance
imaging (fMRI), such as not including healthy volunteers
or control groups with other anxiety disorders.22

To our knowledge, no studies have used fMRI and
panic-relevant visual stimuli in a medication-naı̈ve PD
population and a healthy control group. We used a group
of panic-specific anxiogenic pictures that had been
validated in an independent PD sample at our center,
which consisted of fearful and avoided daily situations,
such as public transport, crowded places, and queues.23

The International Affective Picture System (IAPS), a well-
validated collection of visual images was used for the
negative and neutral pictures.24 Since inducing PAs
through neuroimagery has a limited application due to
general vasoconstriction properties,10 we decided to
apply a paradigm with specific anxiogenic, but not pani-
cogenic, stimuli in a PD sample compared to a healthy
control group. Therefore, we used a baseline rather than
a panicogenic paradigm, hoping to determine the neural
substrates involved in the emotional and behavioral
components of PD rather than actual PAs. The aim of
the present study was to investigate the neural substrate
of both panic-related and negative conditions among PD
subjects and healthy controls by addressing the following
questions: 1) Do PD subjects in panic-related conditions
have the same response patterns as healthy subjects
under a fearful (negative) condition?; and 2) Is the neural
substrate of a negative condition a byproduct of emotional
processing, reflecting the fear circuitry in healthy sub-
jects? To answer these questions, we conducted an fMRI
study with visual stimuli and hypothesized that each group
would have different neural patterns when panic-related

and neutral stimuli were contrasted in PD patients and
negative vs. neutral stimuli in healthy subjects. Based on
the prevailing theoretical models,8 we expected to find
the same neural circuitries in PD patients and healthy
subjects in the panic-related condition and negative
situation, respectively.

Methods

Subjects

Thirteen PD patients with or without agoraphobia (seven
men and six women, 35.369.1 and 35.4610.7, mean
age 6 standard deviation [SD] respectively) and fourteen
healthy comparison subjects (nine men and five women,
28.763.7 and 28.563.8, mean age 6 SD, respectively)
were enrolled in the study. The PD patients were selected
during their first appointment at the Laboratório de Pânico
e Respiração, Universidade Federal do Rio de Janeiro,
after reporting recurrent PAs in the 4 weeks prior to the
study. To be included, the patients had to be between 18
and 65 years of age and in good global clinical condition.
The exclusion criteria for all participants were: pregnancy,
a metallic prosthesis and/or pacemaker, and significant
cardiovascular, respiratory, or neurological abnormalities.
The patients with PD had to be free of any psychoactive
medications in the past 4 weeks and have none of the
following comorbidities: schizophrenia, bipolar disorder,
obsessive-compulsive disorder, social phobia, current
major depressive disorder, eating disorder, and posttrau-
matic stress disorder. Substance abuse or dependence in
the 6 months prior to the study was another exclusion
criterion. The participants were interviewed and diag-
nosed using the Mini International Neuropsychiatric
Interview. Additional instruments used to assess PD
severity included the Hamilton Anxiety Rating Scale, the
Sheehan Panic Disorder Scale, and the Visual Analogue
Scale for Anxiety.

The healthy controls were free of lifetime psychiatric
disorders according to the DSM-IV-TR.

Activation stimuli

The emotional visual stimuli consisted of 96 pictures in
a blocked presentation (32 panic-related, 32 negative,
and 32 neutral). Each block consisted of 16 pictures
and each of the three categories was presented twice
using different pictures. The negative block consisted of
disturbing mutilation pictures selected from the IAPS. This
dataset of pictures, designed for studying emotion and
attention, has been used in an array of psychophysiolo-
gical studies and includes 956 color images ranging from
everyday objects and scenes to extremely horrifying
pictures – such as mutilations.24 Objects and utensils,
also drawn from this catalog, were used in the neutral
category. The panic-related pictures consisted of daily
distressing situations for patients with PD (e.g., queues,
crowded and open places, bridges, underwater scenes,
public transportation) and had been previously evalua-
ted in another group of patients with PD from our cen-
ter (n=10). These pictures did not differ in valence
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(5.0961.09 vs. 4.5962.73, mean 6 SD for specific panic
related vs. mutilation pictures respectively, p = 0.32) or
arousal (5.0960.85 vs. 5.6461.53, mean 6 SD for panic-
related vs. mutilation pictures respectively, p = 0.06)
from the IAPS mutilation pictures, but were significantly
more anxiogenic according to the Subjective Units of
Distress Scale (4.5461.23 vs. 3.1862.32, mean 6 SD
for anxiogenic vs. mutilation respectively, two-tailed
t-test, p o 0.005). Each picture was shown for 3 seconds
and each block took 48 seconds. Each block was preceded
and followed by a grey screen that lasted for 24 seconds.
The duration of the whole experiment was 7.6 minutes. The
participants were instructed to simply passively view the
picture without trying to modulate any associated feelings.

FMRI data acquisition

Magnetic resonance images were acquired with a 1.5 T
Siemens Magneton Avanto whole-body scanner equipped
with echo-planar imaging using a standard head coil for
radio-frequency transmission and signal reception. A 3D
T1-weighted structural image was acquired for each
participant as an anatomical reference. Using a sagittal
scout image, a total of 144 contiguous slices were acquired
(1.1 mm thickness) with a repetition time (TR) of 1,900 ms,
echo time (TE) of 3.93 ms, and interval time (TI) of 1,100
ms. A flair in the axial plane was performed with 20 slices
(5 mm thickness, TR = 9,650 ms, TE = 87 ms, TI = 2,500
ms). Single shot T2 echo-planar imaging for blood oxygen
level-dependent (BOLD) functional brain imaging covered
the whole brain. Twenty-four slices were acquired with 140
repetitions and a matrix of 64 � 64 (3 mm thickness, field of
view = 192 mm, TR = 3,000 ms, TE = 46 ms, TI = 0.75 ms).

Image processing and analysis

Image processing and statistical analysis were performed
using Statistical Parametric Mapping (SPM5; www.fil.ion.
ucl.ac.uk). Standard pre-processing consisted of slice-
time correction, realignment (motion correction), and
masked normalization of each participant’s echo planar
imaging data to the Montreal Neurological Institute/Inter-
national Consortium of Brain Mapping template. Images
were resampled into this space with 2-mm isotropic
voxels and smoothed using a Gaussian kernel with full-
width half maximum of 8 mm.

On the single subject level, the BOLD response
was analyzed in the context of a general linear model.
The signal time course for each subject was modeled
with a boxcar function and trials were convolved with
the canonical hemodynamic response function to form
regressors. We applied three regressors of interest. Our
experimental conditions were panic-related, negative, and
neutral pictures. A random effects analysis was used to
analyze data at a group level. Statistical parametric maps
were implemented. Each condition was contrasted with
the control condition (grey screen), creating one contrast
image per subject for each condition. These images were
entered into a one-sample t-test to investigate significant
activation during each task. Significant signal changes for
each contrast were assessed using t-statistics on a voxel-
by-voxel basis. Neutral images were subtracted from the
panic-related and negative conditions to determine the
neural substrates of emotional picture processing. Panic-
related images were also subtracted from the negative
condition. A statistical threshold of p o 0.001 was used to
identify significant voxels for all comparisons. For all
analyses, the region names, z-values, and coordinates of
activated foci are listed in the tables.

Ethics statement

The participants provided written informed consent after
receiving a full explanation of the study’s procedures.

Results

The sample’s clinical and demographic characteristics are
shown in Table 1. One male subject with PD was exclu-
ded due to a temporal arachnoid cyst. The participants
had a mean (SD) score of 24.79 (9.17) on the Hamilton
Anxiety Rating Scale, 52.0 (24.86) on Sheehan PD scale,
and 6.07 (2.40) on the Visual Analogue Scale for Anxiety.
These findings are consistent with moderate severity.
No significant differences were observed between PD
with or without agoraphobia (Table 1).

The functional imaging data (Table 2 and Figures 1, 2
and 3) illustrate condition effects within groups.

In the PD group, subtracting the neutral condition from
the panic-related condition (panic-related 4 neutral)
revealed that the predominant neural substrates involved
when processing panic panic-related pictures are in the

Table 1 Clinical and demographic characteristics of the sample

PD with agoraphobia (n=7) PD without agoraphobia (n=5) PD total (n=12) F df p-value

Sex*, n (%)
Female 5 (71.42) 1 (20.00) 6 (50.00)
Male 2 (28.57) 4 (80.00) 6 (50.00)

0.41 10 0.92
Age* 33.86 (6.49) 35.60 (12.81) 34.58 (9.14) 1.99 10 0.76
HAM-A 27.67 (7.43) 19.60 (10.52) 24.79 (9.17) 0.29 12 0.12
SPS 56.89 (20.04) 43.20 (32.47) 52.00 (24.86) 4.35 12 0.34
VAS-A 6.44 (2.65) 5.40 (1.94) 6.07 (2.40) 0.94 12 0.46

Data presented as mean (standard deviation), unless otherwise specified.
df = degrees of freedom; HAM-A = Hamilton Anxiety Rating Scale; PD = panic disorder; SPS = Sheehan Panic Disorder Scale; VAS-A = Visual
Analogue Scale for Anxiety.
*Data available for only 12 PD subjects with or without agoraphobia.
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left periamygdalar cortex (-39, -6, -13, T = 2.96) and the
right inferior frontal gyrus (IFG)(51, -6, 9, T = 2.96)
(Figure 1A). There was no significant activated area in
healthy controls and their results were considered
artefacts.

For the PD group, the negative vs. neutral (negative 4
neutral) contrast yielded a significant effect in the
left PFC (-26, 53, 5, T = 5.45), the right IFG (39, 1, 27,
T = 5.45), and the left parietal cortex (-56, -46, 40, T =

5.45) (Figure 2). In contrast, in healthy controls there
was activation in the left periamygdalar cortex (-27, -5,
-5, T = 1.18) and the left IFG (-54, 1, 21, T = 1.18)
(Figure 1B).

Panic-related vs. negative contrast in the PD patients
indicated increased activation in the left periamygdalar
cortex (-36, 0, -12, T = 2.96) and the right IFG (57, -3, 24,
T = 2.96). Finally, negative vs. panic-related contrast
showed activation of the left PFC (-22, 55, 0, T = 5.45) in

Figure 1 A) Hemodynamic response in PD patients during anxiogenic 4 neutral, showing activation in the left periamygdalar
cortex and right IFG (red arrow [max t-value = 2.96]). B) Healthy controls during negative 4 neutral with activation in left
periamygdalar cortex (red circle) and left IFG (max t-value = 1.18). IFG = inferior frontal gyrus; PD = panic disorder.

Table 2 Significant BOLD fMRI responses for the subtraction effect comparisons

Main effects MNI coordinates (x, y, z) Cluster size (number of voxels)

PD patients
Panic 4 Neutral
Left periamygdalar cortex -39, -6, -13 49
Right IFG 51, -6, 9 66

Negative 4 Neutral
Left PFC -26, 53, 5 223
Right IFG 39, 1, 27 93
Left parietal cortex -56, -46, 40 57

Panic 4 Negative
Left periamygdalar cortex -36, 0, -12 49
Right IFG 57, -3, 24 83

Negative 4 Panic
Left PFC -22, 55, 0 125

Control subjects
Panic 4 Neutral
Insular cortex -31, 20, -7 13

Negative 4 Neutral
Left periamygdalar cortex -27, -5, -5 47
Left IFG -54, 1, 21 85

Panic 4 Negative
Artifacts - -

Negative 4 Panic
Left IFG -53, 3, 24 68
Left PFC -7, 47, -8 73

BOLD = blood oxygen level dependence; fMRI = functional magnetic resonance imaging; IFG = inferior frontal gyrus; MNI = Montreal
Neurological Institute; PD = panic disorder; PFC = prefrontal cortex.

Braz J Psychiatry. 2021;43(6)

608 FL Lopes et al.



the PD group, whereas there was activation of the left IFG
in the control group (-53, 3, 24, T = 1.18) and left PFC (-7,
47, -8, T = 1.18) (Table 2 and Figure 3).

Discussion

In the present study, the passive viewing of panic-related/
agoraphobic, negative, and neutral pictures was used to
investigate the neuroanatomical circuitry of PD patients
and healthy controls. The main regions recruited in both
the PD and control groups during the experiment were
the IFG, amygdala, and insula. Thus, this study clearly
demonstrated an underlying neurocircuitry that encom-
passes, at least in part, the theoretical model of the fear
circuitry.10

As expected, different neural patterns were observed in
each group when contrasting panic-related with neutral
stimuli. Interestingly, the pattern of response in the PD
group during the panic-related condition overlapped with
that of the control group during the negative condition,
differing only in lateralization of the IFG. While the left IFG
was activated in the control group during the negative
block, the right IFG in the disease-specific condition was
activated in the PD group. Such findings corroborate
previous data that the left IFG is activated in healthy
subjects in several visual stimulus paradigms and/or a
classic or emotional Stroop task.25-28 Lidaka et al.28 cor-
related structures in the amygdala and cortex in healthy
subjects while they determined the sex of faces with

negative, positive, or neutral emotion. They found that left
amygdala activity was positively correlated with left PFC
activity in the negative-minus-neutral condition. Thus, the
left amygdala and left IFG activation we found in healthy
controls may corroborate Lidaka et al.’s hypothesis that
the processing of negative expressions is modulated by
the neural interaction between the PFC and amygdala in
the left hemisphere.

On the other hand, the right hemisphere has been
implicated in some studies of patients with PD.15,16,29,30

It is beyond the scope of this article to analyze brain
asymmetry. Furthermore, emotional lateralization is com-
plex and may depend on various factors,29 and studies
concerning the PFC are still discordant.22,31 However,
certain points should be considered. The right hemi-
sphere is involved in vigilance and autonomic arou-
sal.27,32 In particular, the right anterior insular/opercular
cortex have been implicated in increased interocep-
tive attention and representation of visceral responses
accessible to awareness, thus providing a substrate
for subjective feeling states.33 In addition, the right IFG
is involved in detecting salient stimuli that are behavio-
rally relevant.34 Thus, it is possible that our PD group
activated mnemonic resources while visualizing panic-
related situations, which triggered a state of hyperarousal
in which they were ‘‘concerned’’ about the somatic
symptoms normally present during PAs. Alternatively,
such activation could lead to an anticipatory anxious
state.15

Figure 2 Blood oxygen level dependence response in panic disorder patients during the negative-minus-neutral condition.
The left prefrontal cortex was recruited in panic disorder patients during the subtraction of negative and neutral conditions.
Max t-value = 5.45.
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Attentional bias has been consistently reported in
PD,13,34 including descriptions of extensive mnemonic
processing of threat-related stimuli as a characteristic
of PD.19,34 These findings could suggest that panic
is activated by a top-down mechanism arising from
the central selection of pathological response patterns
due to conditioning by previous experience or to the
interaction between predisposition and experience.35

However, our data suggest that the neuronal substrate
of emotional processing seems to be different for
general threat cues and disease-specific cues in PD
patients, given that the engaged neurocircuitry is
more widespread during negative viewing, including

frontoparietal activation without the involvement of sub-
cortical limbic structures (i.e., the amygdala). Thus, we
raise the hypothesis that during the negative con-
dition in PD (and in threatening stimuli in general) a
higher cognitive top-down mechanism predominates,
whereas in the specific panic condition (with disease-
specific amygdala activity) an emotional-generative
mechanism is initiated.6 At this point, the right inferior
frontal cortex may be responding with a cognitive elabo-
ration,13 thus reflecting attentional switching. Interest-
ingly, a recent meta-analysis of 367 task-related fMRI
experiments in mood disorders, posttraumatic stress
disorder, and anxiety disorders, comprising data from
4,507 patients and 4,755 controls, found that the right
inferior PFC is critically involved in inhibiting contextually
inappropriate cognitive, affective, and motor responses.
Furthermore, the authors detected statistically robust
transdiagnostic clusters of hypoactivation in the inferior
PFC/insula, the inferior parietal lobule, and the putamen
in the patient group.8 Thus, we infer that the right IFG
activation of PD subjects in the disease-specific condition
represents a general disruption in salience processing and
inhibitory control rather than right-sided fronto-parietal
hyperactivity, as was previously thought.

Lesion studies show that stopping an initiated response
depends on the integrity of the right IFG and the pre-
supplementary motor area.34,36 Additionally, diffusion
tensor imaging tractography shows that the IFG and
pre-supplementary motor area are structurally connected
to one another and the basal ganglia, comprising a
possible network for action control.37 Notably, recent fMRI
studies show that the right IFG is active when preparing to
stop, as well as during outright stoppage.37 Alternatively,
PD patients may activate this region during the fight-
or-flight response to a threatening cue, as an output
response of the fear cascade. In fact, there is open
debate about which brain areas are involved in PD: limbic
structures may be more relevant for anticipatory anxiety/
phobic avoidance, while other structures, such as the
brainstem, may be more ‘‘crucial’’ for PAs.9 It should be
pointed out that our study did not involve a panicogenic
paradigm and the participants did not have PAs during
the experiment. In addition, our sample had moderate
to severe levels of anxiety according to the baseline
instruments. Therefore, our findings might reflect antici-
patory anxiety or the consequences of intermittent PAs. It
seems less likely they represent phobic anxiety, since
there was no difference between PD with and without
agoraphobia. Moreover, the participants enrolled in this
study were in the acute phase, since it was their first
appointment and they were medication-naı̈ve.

It is well known that PD patients have difficulty iden-
tifying and managing a range of emotional experiences,
as well as a tendency to interpret ambiguous internal and
external stimuli as threatening.38 The high prevalence of
alexithymia found in PD patients38 may be linked with
a bias toward somatic concerns in stressful situations
and difficulty establishing a relationship between PA and
emotional triggers,38 as well as the high prevalence of
alexithymia in drug-free PD subjects and impairment
in verbal cognitive abilities, which suggests a poor

Figure 3 Interaction between activated areas and their
respective peak voxel values in PD patients and healthy
controls. The x coordinate represents peak voxel values,
which correspond to activation during one of the three con-
ditions. IFG = inferior frontal gyrus; L = left; Neg = negative;
Neu = neutral; PD = panic disorder; PFC = prefrontal cortex;
R = right.
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symbolization processes in these patients. On the other
hand, the literature demonstrates that successful cogni-
tive behavior therapy (CBT) is associated with higher
recruitment of the left IFG. The left IFG is involved
primarily in cognitive function (e.g., attention, execution
control, reasoning, verbalization) and has been consis-
tently linked to language processing and maintaining
verbal information.23,24,39 It could be argued that CBT
acts by recruiting the left IFG, which is hyporeactive in PD
patients, thus attenuating symptoms and leading to
activation of top-down inhibitory mechanisms.

Regarding the right IFG and amygdala activation
pattern, our data is in line with other studies.11,13,14

Wittman et al.15 used a set of agoraphobic pictures,
attributing the results to anticipatory anxiety. However,
they did not use a control group. In a case-control study
with fMRI, Van den Heuvel13 investigated an emotional
Stroop task in PD patients. The patients displayed
increased activity in the right amygdala and hippocampus
in response to panic-related vs. neutral words; additional
activation – which was more pronounced in the right
hemisphere – was found in PFC areas (medial, ventro-
lateral, and dorsolateral), the anterior cingulate cortex, the
middle temporal gyrus, and the inferior parietal lobe. In
the controls, panic-related words did not elicit substantial
activation. Their findings agree with our data in that the
widespread activation of prefrontal and temporal areas
during threat stimuli suggests a more generalized atten-
tional bias to threat cues in PD. Interestingly, amygdala
activation did not occur during this condition, which
indicates that it is disease-specific (in our results, the
amygdala was not activated during the negative condi-
tion). Finally, similar to our findings, they observed
increased recruitment of the right dorsolateral PFC
during the panic-related condition, which they attributed
to increased cognitive elaboration.

On the other hand, other studies have found increased
recruitment of the left IFG.39,40 Dressler et al.36 conducted
an fMRI study with an emotional Stroop task in PD
patients and healthy controls. It is important to point out
that they used a heterogeneous sample of participants
who had received or were receiving psychotherapy and/or
pharmacological treatment at the time of the study.
Kircher et al.39 showed that after CBT, PD patients had
lower left IFG activation for the conditioned response than
the control group. The authors linked these findings to
cognitive processes (in the IFG) that could more easily
trigger emotional responses related to fear network
activity in PD patients than controls. However, Shurick &
Gross 8 made three important points about the data of
Kircher et al.39 that suggest caution. First, it is not clear
whether the IFG data are best interpreted as initial
hyperactivity that is normalized by CBT or as a sign of
exaggerated attempts to engage the IFG to regulate
emotions at T1 (baseline). Second, the lack of a group-by-
time interaction limits the robustness of the findings.
Third, none of the differences between the PD and control
groups were evident during late acquisition or extinction.
Moreover, other studies have demonstrated bilateral
engagement of the dorsolateral PFC during spontaneous
PA and after effective treatment with paroxetine.41

In summary, we found two distinct neural substrates
of visual processing in PD: more widespread activation
(fronto-parietal) for general threatening cues (negative
stimuli); and right dorsolateral PFC (IFG) and left
amygdalar activation for panic-related cues. It is note-
worthy that the amygdala was activated only during
the specific panic stimuli, which supports a bottom-up
regulation model. We hypothesize that the IFG func-
tions as a regulatory region. Left IFG hyporegulation
of the amygdala could be one mechanism involved in
the neurobiology of PD. We cannot conclude from our
data whether the right IFG recruitment in PD represents
hyperreactivity or is a sign of an exaggerated attempt to
engage this region to regulate the automatic response
evoked by the amygdala. We addressed three con-
siderations about right IFG activity. First, it could repre-
sent a cognitive elaboration.15 Second, it belongs to the
interoceptive network and could reflect a bias towards
somatic concerns in threatening situations. Finally, it
could represent a state of ‘‘preparing for action.’’ If such
were the case, it could also indicate that a fight-freeze-
flight response underlies the prevailing model of fear
circuitry in PD. We speculate that improvement due to
CBT, which is consistently demonstrated in the litera-
ture, could be the result of engaging the left IFG.

This study, however, is limited by its small sample size
and a lack of cognitive control during the experiment.
However, we specifically instructed the participants regard-
ing passive viewing, which is consistent with the standard
protocol model. From a clinical point of view, it would be
interesting to apply this paradigm in a sample of patients
with PD and other anxiety disorders after treatment in two
arms: pharmacological and psychotherapeutic. Future
studies should also correlate the identified neural sub-
strates with clinical parameters and perform intergroup
analyses. Moreover, future investigations could benefit
from a functional connectivity approach, thus indicating
not only which brain regions are activated during
disease-specific conditions, but their patterns of inter-
activity. Since we did not perform a functional connectivity
analysis, we cannot state that our findings reflect right IFG
hyperactivation or a lack of left IFG modulation. We
observed a BOLD signal in the right IFG that could also
represent heterogeneity. Our results should be considered
preliminary until performed in a larger sample with con-
nectivity models, which would provide a more precise
understanding of the functional network underlying PD.

Finally, although obtained through a simple subtractive
approach, our data can still provide novel and relevant
information about which regions are activated by a
particular situation in patients with PD and, importantly,
about the boundary conditions for involvement of a
particular brain region (IFG/amygdala), with consequent
insight into the functional neuroanatomy of PD and human
emotion.31
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