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Cardiorespiratory concerns shape brain responses
during automatic panic-related scene processing
in patients with panic disorder
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Background: Increased automatic processing of threat-related stimuli has been proposed as a key element in panic disorder. Little is
known about the neural basis of automatic processing, in particular to task-irrelevant, panic-related, ecologically valid stimuli, or about
the association between brain activation and symptomatology in patients with panic disorder. Methods: The present event-related fMRI
study compared brain responses to task-irrelevant, panic-related and neutral visual stimuli in medication-free patients with panic disorder
and healthy controls. Panic-related and neutral scenes were presented while participants performed a spatially nonoverlapping bar orien-
tation task. Correlation analyses investigated the association between brain responses and panic-related aspects of symptomatology,
measured using the Anxiety Sensitivity Index (ASI). Results: We included 26 patients with panic disorder and 26 heatlhy controls in our
analysis. Compared with controls, patients with panic disorder showed elevated activation in the amygdala, brainstem, thalamus, insula,
anterior cingulate cortex and midcingulate cortex in response to panic-related versus neutral task-irrelevant stimuli. Furthermore, fear of
cardiovascular symptoms (a subcomponent of the ASI) was associated with insula activation, whereas fear of respiratory symptoms was
associated with brainstem hyperactivation in patients with panic disorder. Limitations: The additional implementation of measures of
autonomic activation, such as pupil diameter, heart rate, or electrodermal activity, would have been informative during the fMRI scan as
well as during the rating procedure. Conclusion: Results reveal a neural network involved in the processing of panic-related distractor
stimuli in patients with panic disorder and suggest an automatic weighting of panic-related information depending on the magnitude of
cardiovascular and respiratory symptoms. Insula and brainstem activations show function-related associations with specific components
of panic symptomatology.

Introduction

Recurring sudden panic attacks and anxious apprehension
are the 2 core symptoms for diagnosing panic disorder.!
Panic-related anxious apprehension is characterized by
worry about future attacks and by fear of bodily and cogni-
tive sensations of anxiety.? In patients with panic disorder
and other anxiety disorders, threat-related stimuli, which are
by definition salient, activate neural mechanisms that facili-
tate fast and preferred processing.>® This automatic atten-
tion to threat-related stimuli is associated with detection and
evaluation mechanisms, reorientation of resources and am-
plification of processing mechanisms.”

Reviews of functional imaging studies propose a network
including the amygdala, brainstem, thalamus, insula, anterior

cingulate cortex (ACC), midcingulate cortex (MCC) and
medial prefrontal cortex (mPFC) as neural underpinnings of
altered threat processing in patients with panic disorder.®1
However, the neural basis of the processing of panic-related
stimuli when these are irrelevant for the task at hand has not
commonly been investigated in patients with panic disorder.
Using an emotional Stroop task, greater activation in patients
with panic disorder than in healthy controls was found in the
prefrontal cortex,'” ACC, thalamus, amygdala, hippocampus
and inferior parietal cortex.” With spatially overlapping emo-
tional word—face pairs that required a response to faces only,
Chechko and colleagues™ reported decreased ACC and fron-
tal gyrus activation, but increased activation in the amygdala
and brainstem in patients with remitted panic disorder for
emotionally incongruent compared to congruent pairs.
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However, studies investigating neural responses to task-
irrelevant, ecologically valid panic-related stimuli under ex-
perimental conditions in which attention to distracting emo-
tional information is not required at all hardly exist.

Moreover, and most importantly, it remains to be specified
how brain responses under these conditions are associated
with symptoms of panic disorder. Patients with this disorder
have varied anxiety sensitivity, defined as the fear of anxiety-
related bodily sensations derived from beliefs that these symp-
toms have harmful physical, psychological, or social conse-
quences.'* The Anxiety Sensitivity Index (ASI) has been
shown to effectively measure fear for physical, psychological,
or social aspects associated with the experience of anxiety.!>'
Anxiety severity is associated with the development of spon-
taneous panic attacks in healthy young adults, and fear of
physical concerns (a subcomponent of anxiety severity) plays a
particularly important role in predicting the course of panic
disorder.””? A better understanding of the role of anxiety
severity in panic disorder could thus help to design prevention
programs, specify therapeutic interventions and might further
enrich diagnostic processes. Poletti and colleagues® reported
positive correlations of anxiety severity with neural activation
in the PFC, ACC and insula in patients with panic disorder.
Thus, preliminary behavioural and neural data underscore the
need for further research into the role of anxiety severity sub-
constructs in patients with the disorder. It is unknown
whether anxiety severity modulates neural effects of auto-
matic, panic-related stimulus processing. Research on anxiety
severity has led to revisions in factor structure, currently sug-
gesting 4 subscales (fear of cardiovascular symptoms, fear of
respiratory symptoms, fear of loss of control, fear of publicly
observable symptoms) in the German ASI-4.> The ASI-4 factor
structure that describes fear of physical symptoms in more de-
tail allows us to disentangle the predictive value of fear of
cardiovascular and respiratory symptoms.’

The present event-related functional MRI (fMRI) study
aimed to elucidate the neural underpinnings of processing
panic-related stimuli in patients with panic disorder when
these stimuli are spatially separate from the targets and com-
pletely task-irrelevant.” We used a recently developed stan-
dardized set of panic-related and neutral scenes as distractors
while participants had to solve a concurrent but spatially
nonoverlapping bar discrimination task. We further ad-
dressed how neural effects are shaped by panic-related
aspects of anxiety sensitivity measured with the ASI-4, using
correlation analysis.

Methods
Participants

We recruited patients with panic disorder and healthy con-
trols through public advertisement and in collaboration with
an outpatient clinic. Psychiatric medication, neurologic disor-
ders, and fMRI contraindications served as exclusion criteria
for both groups. Psychotic or bipolar disorders, suicidal
ideations, and drug dependence or abuse within the last
10 years were additional exclusion criteria for the panic dis-

order group. Controls also had to be free of any psychiatric
diagnosis within the last 10 years. Patients had to be free of
psychiatric medication for at least 3 months and had to re-
frain from “as needed” medication for at least 1 week before
the fMRI session. An experienced clinical psychologist inter-
viewed all patients and controls using the Structured Clinical
Interview for DSM-IV Axis I Disorders (SCID). Participants
completed questionnaires on demographic and clinical data.
The German ASI-4, a 24-item questionnaire, was adminis-
tered to assess fear of anxiety-related symptoms on fear of
cardiovascular symptoms, respiratory symptoms, loss of con-
trol and publicly observable symptoms using a 5-point Likert
scale (0 = don’t agree at all; 4 = agree completely). All partici-
pants gave written informed consent. The study was ap-
proved by the ethics committee of the University of Muenster
and conforms with the Declaration of Helsinki.

Stimuli

We used the Panic-related Picture Set Miinster (PAPS-M),
comprising 50 panic-related and 50 neutral scenes. The set
was developed in a 3-step pilot study, including an extensive
Web search, a clinical expert rating and a patient rating.
Panic-related scenes display symptoms related to panic at-
tacks (e.g., shortness of breath, hyperventilation, heart palpi-
tations, chest pain, trembling or shaking, dizziness, fainting),
fears (e.g., having a heart attack) and agoraphobia-related
situations (e.g., crowded bus, dark tunnel, glass elevator).”

Procedure

During the 6 minute 56 second experimental stimulation,
each of the 50 panic-related and 50 neutral distractor scenes
was presented once, centred on the screen, in an event-
related design. Two circles (target) with a small line inside
were presented above and below the concurrently displayed
scene (distractor), and participants performed a bar orienta-
tion task (Fig. 1; modified from Straube and colleagues® and
Wiens and colleagues®). Lines were either vertical or hori-
zontal and had either the same or different orientation in
both circles (target stimuli). Participants indicated by button
press with their right index and middle fingers whether ori-
entation was the same or different in both circles. Orientation
was the same on half of the trials and different for the other
half. Trials were classified as errors when participants gave
an incorrect response, missed a trial or pressed both buttons.
This task can be categorized as a concurrent but distinct
target—distractor task (CDTD) or directed-attention task,
which is well suited to investigate distractor-driven atten-
tional processes.”” Each scene (distractor) and the 2 circles
(target) were presented for 800 ms, separated by a white fixa-
tion cross (1280-12200 ms, mean 3360 ms). Neutral and
panic-related scenes were presented in random sequence and
optimized and counterbalanced with the Optseq algorithm
(https:/ /surfer.nmr.mgh.harvard.edu/optseq/), which im-
plements temporal jitter to increase signal discriminability.?
Stimuli were rear-projected onto a screen that the partici-
pants viewed through a mirror on the MRI head coil.
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Participants rated all 100 scenes within 7 days after the fMRI
experiment in a postscanning rating session. After presentation
of a 2 s stimulus, participants rated the scenes with regard to
valence, arousal and anxiety. A 9-point Likert scale was used to
assess valence (1 = very unpleasant; 5 = neutral; 9 = very pleas-
ant), arousal (1 = not arousing; 9 = very arousing) and anxiety
(1 = not anxiety-inducing; 9 = very anxiety-inducing).

Behavioural data analysis

Trials with premature button presses (< 300 ms), delayed re-
sponses (+2 standard deviations from the individual log-
transformed mean) and erroneous button presses were dis-
carded (315 trials, 6% of all data). To compensate for a skewed
reaction time distribution, all reaction time analyses were per-
formed on log-transformed data. Reaction times and rating
data were analyzed by means of 2 x 2 repeated-measures
analyses of variance (ANOVA) with emotion (panic-related,
neutral) as a within-subjects factor and group (panic disorder,

healthy control) as a between-subjects factor. We considered
results to be significant at p < 0.05, and post hoc comparisons
were Bonferroni-corrected for multiple testing.

FMRI acquisition and analysis

We recorded structural brain information and blood oxygen
level-dependent (BOLD) responses using a Magnetom
PRISMA 3 T MRI scanner with a 20-channel head matrix coil
(Siemens Medical Solutions). We recorded a T,-weighted
MPRAGE structural volume with 192 slices for anatomic
localization. We conducted a run of 225 volumes using a T,*-
weighted echo-planar sequence with the following param-
eters: echo time (TE) 30 ms, flip angle 90°, matrix 92 x 92 vox-
els, field of view (FOV) 208 mm, repetition time (TR) 2080 ms.
Each volume consisted of 36 axial slices (thickness 3 mm, gap
0.3 mm, in-plane resolution 2.26 x 2.26 mm?). The volumes
were tilted approximately 20° clockwise from the anterior—
posterior commissure line, to minimize susceptibility artifacts

Previous trial

800 ms
disorder-related
task-irrelevant scene

~ 3360 ms (1280 ms to 12200 ms)
fixation cross

800 ms
neutral
task-irrelevant scene

~ 3360 ms (1280 ms to 12200 ms)
fixation cross

800 ms
disorder-related
task-irrelevant scene

Next trial

Fig. 1: Schematic overview of a trial in the concurrent but distinct target—distractor task.
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in inferior parts of anterior brain areas. A shimming field was
applied before functional imaging to minimize external mag-
netic field inhomogeneities.

We conducted our FMRI data using BrainVoyager QX soft-
ware version 2.4 (Brain Innovation). The first 10 volumes of
each run were discarded from analysis to ensure steady state
tissue magnetization. After the last trial, the fixation cross was
presented for an additional 15 volumes to allow for data acqui-
sition in randomizations with a very short last interstimulus
interval.®* All volumes were realigned to the first volume to
minimize artifacts due to head movements and were then
resampled to a voxel size of 2 x 2 x 2 mm?®. Slice-time correc-
tion and spatial (6 mm full-width at half-maximum [FWHM]
isotropic Gaussian kernel) and temporal smoothing (high pass
filter: 10 cycles in time course [0.023 Hz]; low pass filter: 2.8 s
FWHM Gaussian kernel; linear trend removal) were applied.
The anatomic and functional images were coregistered and
normalized to Talairach space.”” We used the normalization
procedure implemented by default in BrainVoyager.

Small volume—corrected and whole-brain analyses

For statistical analyses, we calculated multiple linear regres-
sions modelling the signal time course at each voxel. The ex-
pected BOLD signal change for each predictor was modelled
with a canonical double y hemodynamic response function
(HRF). Predictors of interest were panic-related and neutral
scenes. Only trials in which participants gave a correct answer
were included in the analysis. Analogous to reaction-time data
analysis, trials including errors were modulated in a separate
predictor. This predictor and 6 motion parameters (to account
for movement artifacts) were included as regressors of no in-
terest into the model. First, we generated voxel-wise statistical
maps and computed percent-standardized predictor estimates
(b weights) for each participant. We analyzed predictor esti-
mates across participants by means of ¢ tests in specific regions
of interest (ROISs).

Based on the current panic disorder imaging literature, the
brainstem, amygdala, insula, thalamus, ACC, MCC, and
mPFC served as ROIs.*” The ROIs (amygdala, insula, thala-
mus, mPFC, ACC and MCC) were created based on the Auto-
mated Anatomic Labelling (AAL) atlas included in the Wake
Forest University (WFU) pick atlas®* with a 1 mm dilation
factor for the amygdala and insula. For the mPFC, we used
the 2 AAL templates “Frontal_Med_Orb” and “Frontal_Sup_
Medial.” The ROISs for the brainstem were downloaded from
the digitized version of the Talairach atlas (www.talairach
.org/nii/gzip/). We converted obtained Montreal Neuro-
logical Institute (MNI) coordinates to Talairach space using
MATLARB version 8.2 (MathWorks) using the ICBM-152 rou-
tine proposed by Lancaster and colleagues.® Peak voxel label-
ling was supported by Talairach Dameon software 31 and
verified using the Mai atlas.*

For statistical analyses, we used a cluster-based permuta-
tion (CBP) approach.®*?* This approach requires no assump-
tions about the test statistic distribution and has recently
been shown to be more valid than classical parametric fMRI
analyses and to offer precise control of the false-discovery

rate3* All permutation tests were performed with 1000 per-
mutations.>*® For each permutation, the individual b maps
(panic-related — neutral) were randomly assigned without re-
placement to 1 of the 2 experimental groups. Voxel threshold
was set at p,,. < 0.005 to balance between type I and type II
error. We calculated cluster mass by adding all F values in
neighbouring significant voxels. We compared the cluster
mass observed in the contrast of interests with the distribu-
tion of the maximal cluster mass observed in each of the
1000 permutations. Cluster masses larger or equal to the 95th
percentile of the permutation distribution were considered to
be statistically significant clusters (i.e., Pase < 0.05).

We performed correlational analyses for ASI subscale scores
(fear of cardiovascular symptoms, fear of respiratory symptoms,
fear of publicly observable symptoms, fear of loss of control) to
investigate the moderating influence of these scores on neural
responses to panic-related versus neutral stimuli in patients
with panic disorder. Using the CBP approach, individual b
maps (panic-related > neutral) of anatomic regions in which dif-
ferential between-group effects were detected were randomly
assigned to the individual questionnaire subscale scores. The
cluster mass was then calculated by adding all correlation co-
efficients of neighbouring significant voxels. We considered
clusters with py,.. < 0.0125 (corrected for number of ASI sub-
scales) to be statistically significant.

Results
Participants

Of the 29 patients with panic disorder originally recruited, 1
aborted the scanning session owing to panic symptoms, and
we discarded the data sets of 2 participants for whom 20 trials
were classified as errors. This left a final sample of 26 patients
with panic disorder (age range 1846 yr) and 26 controls (age
range 19-32 yr) comparable for age, sex and education. The
demographic and clinical characteristics of the study groups
are shown in Table 1. All participants were native German
speakers, had normal or corrected-to-normal vision, and were
right-handed, as assessed using the Edinburgh Handedness
Inventory. Thirteen of the 26 patients had a primary diagnosis
of panic disorder (DSM 300.01) and the other 13 had a pri-
mary diagnosis of panic disorder with agoraphobia (DSM
300.21). Six of the 26 patients were undergoing psychotherapy
at the time of study participation.

Behavioural data

Patients with panic disorder rated scenes as more unpleasant,
more arousing and more anxiety-inducing than healthy con-
trols. Both groups rated panic-related stimuli as more un-
pleasant, more arousing and more anxiety-inducing than
neutral scenes (Fig. 2 and Appendix 1, available at jpn.ca/
160226-al). Arousal and anxiety levels were significantly
higher in patients with panic disorder than in controls for
panic-related versus neutral scenes.

In the final sample, on average 94 of 100 (range 87-98) trials
per person were included. The number of trials excluded
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owing to errors or outliers did not differ between groups
(average number of excluded trials: 5 in controls v. 7 in pa-
tients with panic disorder; t;, = 1.47, p = 0.15). Analysis of
log-transformed reaction times showed neither significant
main effects (emotion: F,5 = 0.083; group: F,5 = 0.669) nor a
significant group x emotion interaction (F,5 = 0.767, all p >
0.1; reaction times in the panic disorder group: disorder-
related = 900.22 ms + 96.67 ms, neutral = 894.32 ms +
83.45 ms; reaction times in healthy controls: disorder-related
=876.02 ms + 97.71 ms, neutral = 878.29 ms + 94.83 ms).

fMRI data

Small volume-corrected analysis

Patients with panic disorder showed stronger emotion effects
(always referring to panic-related > neutral scenes) than
healthy controls in the amygdala, brainstem, insula, thalamus
(lateral nucleus), ACC and MCC (Table 2 and Fig. 3). In the
mPFC, activation in response to panic-related versus neutral
scenes did not differ between patients with panic disorder
and controls. No hyperactivations in controls versus patients
for panic-related versus neutral scenes were observed.

Whole-brain analysis

Whole-brain analysis yielded 2 clusters of greater activation in
patients with panic disorder versus controls for panic-related
versus neutral scenes. The first cluster encompassed brain-
stem regions, as shown in small volume—corrected analysis,

and extended to cerebellar and posterior cingulate cortex
(PCC) regions. The second cluster encompassed the insula
effect and extended to inferior frontal and temporal regions
(Table 3). Healthy controls showed no clusters of activation

. Panic disorder
D Control

p=0.005 p<0.001

Valence

Arousal Anxiety

-2

Differential ratings (disorder-related — neutral)

Fig. 2: Mean postscanning scene ratings for valence, arousal and
anxiety (disorder-related — neutral) for patients with panic disorder
and healthy controls. Ratings were given on 9-point Likert scales as
follows: valence, 1 = negative, 5 = neutral, 9 = positive; arousal, 1 =
calm, 9 = intense; anxiety, 1 = low, 9 = high.

Table 1: Demographic and clinical characterization of patients with panic disorder and healthy controls

Group; mean + SD*

Characteristic Panic disorder Control Statistic p value
Sex, female:male 20:6 19:7 x?=0.103 0.75
Age, (range) yr 24.88 +6.12 (18-46) 24.46 +2.79 (19-32) t=-0.321 0.75
Education, yr 12.46 + 0.99 12.52 + 1.05 t=0.205 0.84
Diagnosis, no. — — — —
Panic disorder 13 NA — —
Panic disorder with agoraphobia 13 NA — —
PAS score 20.46 +7.05 NA — —
ASI score
Total 45.92 + 2.88 10.12 £ 1.67 t=-10.76 < 0.001
Cardiovascular symptoms 9.58 + 0.98 1.5 +0.40 t=-7.63 < 0.001
Respiratory symptoms 1423 +1.25 2.69 + 0.60 t=-8.31 < 0.001
Publicly observable symptoms 11.92 +1.03 4.65 + 0.56 t=-6.20 < 0.001
Loss of control 10.19 + 0.90 1.27 +0.39 t=-9.10 < 0.001
BDI score 14.23 +8.94 0.92+ 2.08 t=-7.39 <0.001
Comorbidities, no.
Mild depressive episode 3 — — —
Generalized anxiety disorder 4 — — —
Somatization disorder and hypochondria 1 — — —
Social or specific phobia 2 — — —
Bulimia nervosa 1 — — —
OoCD 1 — — —_

ASI = Anxiety Sensitivity Scale; BDI = Beck Depression Inventory; NA = not applicable; OCD = obsessive—compulsive disorder; PAS = Panic and

Agoraphobia Scale.
*Unless indicated otherwise.
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Table 2: Significant hyperactivations for disorder-related versus neutral scenes across all patients relative to
healthy controls revealed by small volume—corrected analysis (p < 0.05, corrected)

Talairach coordinates of

Region Lateralization peak voxel (x, y, z) t maximum t average k

Amygdala L -17,-7,-8 3.49 3.196 17
Amygdala R 23,3,-14 3.284 3.059 15
Insula L -31,-1,18 4.166 3.313 45
Insula L -45, 8, -8 4.365 3.298 84
Brainstem L -3,-35, -8 4.311 3.444 134
Brainstem L —7,-33, 28 4.079 3.431 37
Thalamus, lat part L -15,-19,6 4.548 3.433 41

Anterior cingulate cortex L -3,19, 34 3.926 3.314 21

Anterior cingulate cortex L -3,37,16 3.415 3.108 22
Midcingulate cortex L/R -1,-1,30 3.868 3.282 100
Midcingulate cortex L/R -5,19, 38 4.26 3.412 60

L = left; R = right.
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Fig. 3: Differential brain activation for disorder-related compared with neutral distractor scenes in patients with panic disorder versus
healthy controls in a priori—defined regions of interest (panic disorder > control, panic-related > neutral, all p < 0.005, uncorrected; p <
0.05, corrected; only selected effects are shown). ACC = anterior cingulate cortex; MCC = midcingulate cortex.
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higher than patients with panic disorder for the contrast
panic-related versus neutral stimuli.

The investigation of the influence of ASI-4 subscales on
differential brain activation in patients with panic disorder
resulted in a significant positive correlation between fear of
cardiovascular symptoms and anterior insula activation (peak
voxel: x, y, z =41, 19, -5; maxR = 0.718, avgR = 0.557, k = 246
voxels, p = 0.003) and between fear of respiratory symptoms
and brainstem activation (peak voxel: x, y, z = -12, —24, -24;
maxR = 0.692, avgR = 0.563, k = 136 voxels, p = 0.004; Fig. 4).

Discussion

The present study investigated in patients with panic disor-
der the neural correlates of automatic processing of panic-
related visual scenes that were task-irrelevant and spatially
distinct from task targets. Comparing panic-related versus
neutral scenes, patients with panic disorder showed greater
activation than controls in the amygdala, brainstem, thala-
mus, insula, ACC and MCC, whereas behavioural responses
did not differ between the groups. Fear of cardiovascular
symptoms was the strongest predictor of emotion effects
(always referring to panic-related > neutral) in the insula,
whereas fear of respiratory symptoms predicted emotion
effects in the brainstem in patients with panic disorder.

Next to the general hyperactivation in several brain re-
gions in patients with panic disorder during processing of
task-irrelevant, panic-related stimuli, activation in 2 key
regions — the insula and brainstem — was modulated by
specific aspects of panic symptomatology. The insula, associ-
ated with interoceptive processing and the processing of
one’s own bodily symptoms, plays an important role in panic
disorder.”?”% Hyperactivation in the anterior insula in our
patients is best explained by fear of cardiovascular symp-
toms. Earlier studies found anxiety severity to correlate posi-
tively with insula hyperactivation in response to masked
fearful faces in healthy controls and with insula activation in
patients with panic disorder during emotional processing of

sized the role of specific subscales of anxiety severity and
reported fear of physical symptoms to significantly correlate
with anterior insular activation. Our findings of insular acti-
vation, as driven by fear of cardiovascular symptoms, match
this result and extend it to a clinical sample that is character-
ized by its enhanced sensibility to bodily symptoms relative
to other anxiety disorders.** The insula hyperactivity of pa-
tients with panic disorder when processing disorder-related
scenes may thus be specifically associated with their sensi-
bility to and monitoring of bodily symptoms of anxiety.*=#
Findings suggest that those who fear physical symptoms
more also pay them more attention, and vice versa. Notably,
we observed greater panic-related insula activation despite
panic-related scenes requiring no explicit processing, which
indicates a low threshold for interoceptive processing in pa-
tients with panic disorder — a marker that might present an
etiological or maintaining factor in panic disorder.
Furthermore, our results showed that task-irrelevant
panic-related scenes trigger greater brainstem activation in
patients with panic disorder than in healthy controls (panic-
related > neutral), and fear of respiratory symptoms pre-
dicted differential brainstem activation in patients with panic
disorder. Brainstem alterations in patients with panic disor-
der have been reported in anatomic*~*¢ and functional im-
aging studies.”*** Aberrant activation in the brainstem, a
site of homeostatic integration, may be closely linked to the
changes in chemoreception and cardiorespiratory control
perceived by patients with panic disorder.'*% Using a car-
bon dioxide challenge, Goossens and colleagues® reported
increased brainstem activation in response to hypercapnia in
patients with panic disorder compared with healthy controls.
Although limited resolution does not allow for specific local-
ization of subregions, coordinates suggest an involvement of
pontine nuclei and locus coeruleus, a carbon dioxide/H+-
sensitive brain site involved in communication of respiratory-
and stress-induced activation changes.>* The present study
adds to what is known about the association between the
brainstem and respiratory symptoms by linking increased

facial affect expressions.”* Killgore and colleagues® empha-

brainstem activation to the subjective fear of respiratory

Table 3: Significant hyperactivations for disorder-related versus neutral scenes across all patients relative to healthy

controls revealed by whole-brain analysis in 2 clusters (p < 0.05, corrected)*

Talairach coordinates of

Region Lateralization peak voxel (x, y, z) F maximum F average k

Cluster 1 L/R 1,-39,-2 4.38 3.40 504
Culmen R 1,-39, -2 4.38 3.40 378
Posterior cingulate cortex R 17,-43, 8 4.20 3.48 68
Brainstem/culmen L -10, =30, -7 4.03 3.37 19
Posterior cingulate cortex R 24,-54,10 3.55 3.16 39
Cluster 2 L -47,8,-3 4.51 3.28 399
Superior temporal gyrus L -47,8,-3 4.51 3.26 185
Insula L -38, -1, -7 4.11 3.34 76
Precentral gyrus L -61,5,13 4.01 3.24 69
Temporal lobe L -35,-8,-13 3.88 3.36 30
Inferior frontal gyrus L -48, 3,17 3.74 3.25 39

L = left ; R = right.

*The watershed algorithm of Neuroelf (v0.9¢; http://neuroelf.net/; i.e., the splitclustercoords function) was used to assess local maxima of clusters.
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symptoms. In his “false suffocation alarms” hypothesis,
Klein®® postulated that patients with panic disorder have a
pathologically altered suffocation alarm monitor that results
in a carbon dioxide hypersensitivity, forming the basis for
sudden panic attacks. Integrating findings by Goossens and
colleagues™ as well as the present findings, brainstem hyper-
activation and its association with the subjective fear of respi-
ratory symptoms might present a neurobiological substrate of
such a monitoring system. Our results thus support the idea
of increased brainstem activation in patients with panic disor-
der as a marker of an oversensitive alarm system that might
predispose patients to the development of panic attacks.
Replication of results, a more detailed postscanning inter-
view on feelings of suffocation, a measurement of end-tidal car-
bon dioxide as well as more fine-grained analysis of brainstem
subregional findings are necessary to further explore the
neural basis of the false suffocation alarm hypothesis.

Several further ROIs, such as the amygdala, thalamus,
ACC and MCC, showed increased activation in response to
threat in patients with panic disorder, but without an associ-
ation with symptom scores. Amygdala hyperactivation in
patients with panic disorder has been interpreted as hyper-
responsivity to environmental cues, eliciting full-scale
threat-related responses.” Remarkably, findings of greater
amygdala activation in patients with panic disorder than in

healthy controls are inconsistent,”*® and panic attacks have
even been observed in patients with amygdala lesions.*-!
Thus, the amygdala seems to be associated with relevance
detection and salience processing,®® initiating a cascade of
panic-related activations without being necessarily involved
in (all) full-blown panic attacks.®® The thalamus, as a sensory
relay station, is important for the fast processing of incoming
visual input and weighing its relevance. Its activation is
modulated by selective attention, which gains special signifi-
cance in the present study owing to the task-irrelevance of
panic-related stimuli.t*%

For the resolution of conflict caused by task-irrelevant
panic-related stimuli, which closely links emotion and cogni-
tion, the cingulate cortex has been proposed as a major neural
structure.®®®” The dorsal cingulate cortex plays an important
role in overcoming interference due to emotional distraction,*®
which is relevant to understanding the co-occurrence of ele-
vated emotion effects in the fear network of patients with
panic disorder in the absence of significant differences on the
behavioural level. Heightened cingulate cortex activation has
also been linked to enhanced sensory sensitivity, including
exaggerated scanning for threats (i.e., hypervigilance).*® The
dorsal anterior cingulate cortex has been linked to the active
monitoring of emotions (e.g., the appraisal of an emotion-
inducing stimulus), whereas the ventral cingulate cortex has
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Fig. 4: Correlation of panic disorder parameter estimates in the left insula (panic-related > neutral) and fear of cardiovas-
cular symptoms as well as correlation of panic disorder parameter estimates in the brainstem (panic-related > neutral) and

fear of respiratory symptoms.
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mainly been associated with emotion regulation.”” With re-
gard to the present data, this suggests that patients with panic
disorder might consciously attribute threat to the disorder-
related stimuli, but lack the capacity to activate emotion regu-
lation processes associated with more ventral cingulate cortex
activations. According to Seeley and colleagues,® the dorsal
cingulate cortex represents the key node in the salience net-
work that reflects paralimbic emotional salience processing
and is modulated by subjective anxiety ratings.®

The whole-brain analysis showed larger effects in response
to panic-related stimuli in patients with panic disorder than in
healthy controls in a brainstem/cerebellum/PCC cluster and
an anterior insula/inferior-frontotemporal cluster. The hyper-
activation for panic-related scenes in visual processing re-
gions in patients with panic disorder underlines the anxiety-
related relevance of these scenes for patients, given that the
affective significance of stimuli enhances their visual process-
ing.”® Emotional salience and simultaneous attentional influ-
ences have been observed to modulate sensory processing.™

Limitations

Some limitations of our study need to be considered. Al-
though the sample of 26 patients can be considered large in
the field of clinical affective neuroscience, greater sample sizes
are needed to increase power in statistical analyses. Six of the
26 patients with panic disorder were undergoing psychother-
apy at the time of study participation; however, the Panic and
Agoraphobia Scale scores of these 6 patients indicated mild to
moderately severe impairment. We implemented a recently
developed set of complex visual disorder-related stimuli.
However, panic disorder is characterized by strong sensa-
tions, including multiple sensory modalities. Thus, anticipa-
tion of disorder-related stimuli on other sensory modalities
should be compared with or combined with visual emotional
processing in future studies. In addition, future studies
should also include general threatening stimuli in order to
disentangle the effects of generally anxiety-inducing and
panic-related stimuli. The additional implementation of meas-
ures of autonomic activation, such as pupil diameter, heart
rate, or electrodermal activity, would have been informative
during the fMRI scan as well as during the rating procedure.
More precisely, a concurrent measurement of autonomic
measures might help us gain further insight into the involve-
ment of brainstem substructures, such as the locus coeru-
leus. Future studies should implement such measures to fur-
ther investigate how subjective and objective measures from
anxiety-related body systems translate to the brain.

Conclusion

Taken together, the present study provides new insights
about neural correlates of automatic processing and their
modulation by key aspects of symptomatology in patients
with panic disorder. The disorder can be described as the
subjective sense of danger to the core survival systems, such
as respiration and heartbeat. Findings in the insula and brain-
stem suggest that fear of cardiovascular and fear of respira-

tory symptoms represent core features of panic disorder and
are associated with neural activation in regions that are im-
portant for monitoring body states and for signalling a poten-
tial state of alarm. The present study greatly adds to the
knowledge on the neurobiological basis of these fears by re-
vealing an association of subjectively reported panic disor-
der—specific fears and altered activation in the insula and
brainstem in an automatic context.

Affiliations: From the Institute of Medical Psychology and Systems
Neuroscience, University of Muenster, Muenster, Germany (Feldker,
Heitmann, Neumeister, Brinkmann, Bruchmann, Straube); and
the Institute for Psychology, University of Muenster, Muenster,
Germany (Zwitserlood).

Funding: This work was supported by grants awarded to T. Straube
by the German Research Society (Deutsche Forschungsgemeinschaft,
(DFG; SFB/ TRR 58: C06, C07).

Competing interests: None declared.

Contributors: K. Feldker, C. Heitmann, P. Neumeister, P. Zwisterlood
and T. Straube designed the study. K. Feldker, C. Heitmann and
P. Neumeister acquired the data, which all authors analyzed.
K. Feldker and L. Brinkmann wrote the article, which all authors
reviewed and approved for publication.

References

1. American Psychiatric Association. Diagnostic and statistical manual
of mental disorders: DSM-IV-TR. 4th edition, text revision. Washing-
ton (DC): American Psychiatric Association; 2000.

2. Helbig-Lang S, Lang T, Petermann F, et al. Anticipatory anxiety as
a function of panic attacks and panic-related self-efficacy: an am-
bulatory assessment study in panic disorder. Behav Cogn Psychother
2012;40:590-604.

3. Ohman A. The role of the amygdala in human fear: automatic de-
tection of threat. Psychoneuroendocrinology 2005;30:953-8.

4. Reinecke A, Waldenmaier L, Cooper M], et al. Changes in auto-
matic threat processing precede and predict clinical changes with
exposure-based cognitive-behavior therapy for panic disorder. Biol
Psychiatry 2013;73:1064-70.

5. van den Heuvel OA, Veltman D, Groenewegen H. Disorder-
specific neuroanatomical correlates of attentional bias in obsessive-
compulsive disorder, panic disorder, and hypochondriasis. Arch
Gen Psychiatry 2005;62:922-33.

6. Seeley WW, Menon V, Schatzberg AF, et al. Dissociable intrinsic
connectivity networks for salience processing and executive con-
trol. | Neurosci 2007;27:2349-56.

7. Carretié L. Exogenous (automatic) attention to emotional stimuli: a
review. Cogn Affect Behav Neurosci 2014;14:1228-58.

8. de Carvalho MR, Dias GP, Cosci F, et al. Current findings of fMRI
in panic disorder: contributions for the fear neurocircuitry and
CBT effects. Expert Rev Neurother 2010;10:291-303.

9. Dresler T, Guhn A, Tupak SV, et al. Revise the revised? New di-
mensions of the neuroanatomical hypothesis of panic disorder. |
Neural Transm 2013;120:3-29.

10. Gorman JM, Kent JM, Sullivan GM, et al. Neuroanatomical hy-
pothesis of panic disorder, revised. FOCUS | 2004;2:426-39.

11.  Dresler T, Attar CH, Spitzer C, et al. Neural correlates of the emo-
tional Stroop task in panic disorder patients: an event-related fMRI
study. | Psychiatr Res 2012;46:1627-34.

12.  Chechko N, Wehrle R, Erhardt A, et al. Unstable prefrontal response
to emotional conflict and activation of lower limbic structures

J Psychiatry Neurosci 9



Feldker et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

and brainstem in remitted panic disorder. PLoS One 2009;4:
e5537-11.

Onur E, Alkin T, Tural U. Panic disorder subtypes: further clinical
differences. Depress Anxiety 2007,24:479-86.

Reiss S, McNally R]. Expectancy model of fear. In: Reiss S, Bootzin
RR (editors). Theoretical issues in behavior therapy. San Diego (CA):
Academic Press; 1985:107-21.

Kemper CJ, Specht M, Volk S. Konstruktvaliditdt und Nutzen eines
Verfahrens zur Erfassung der Angstsensitivitit (Angstsensitiv-
itdtsindex-4) in einer Stichprobe von Patienten mit schlafbezogenen
Atmungsstorungen. Bremen; 2010.

Reiss S. Expectancy model of fear, anxiety, and panic. Clin Psychol
Rev 1991;11:141-53.

Hayward C, Killen JD, Kraemer HC, et al. Predictors of panic attacks
in adolescents. ] Am Acad Child Adolesc Psychiatry 2000;39:207-14.

McNally R]. Anxiety sensitivity and panic disorder. Biol Psychiatry
2002;52:938-46.

Schmidt NB, Zvolensky M], Maner JK. Anxiety sensitivity: prospec-
tive prediction of panic attacks and Axis I pathology. | Psychiatr Res
2006;40:691-9.

Pilecki B, Arentoft A, McKay D. An evidence-based causal model
of panic disorder. | Anxiety Disord 2011;25:381-8.

Poletti S, Radaelli D, Cucchi M, et al. Neural correlates of anxiety
sensitivity in panic disorder: a functional magnetic resonance im-
aging study. Psychiatry Res 2015;233:95-101.

Feldker K, Heitmann CY, Neumeister P, et al. Brain responses to
disorder-related visual threat in panic disorder. Hum Brain Mapp
2016,37:4439-53.

Straube T, Mentzel H-J, Miltner WHR. Neural mechanisms of au-
tomatic and direct processing of phobogenic stimuli in specific
phobia. Biol Psychiatry 2006,59:162-70.

Wiens S, Syrjanen E. Directed attention reduces processing of emo-
tional distracters irrespective of valence and arousal level. Biol Psychol
2013,94:44-54.

MacNamara A, Kappenman E, Black S, et al. Integrating behav-
ioral and electrocortical measures of attentional bias toward threat.
In: Caplovitz-Barrett K, Fox NA, Morgan GA, et al., editors. Hand-
book of Self-Regulatory Processes in Development: New Directions and
International Perspectives. London (UK): Psychology Press; 2013.

Dale AM, Greve DN, Burock MA. Optimal stimulus sequences for
event-related fMRI. Duesseldorf, Germany; 1999. Available: www.
neurologie.uni-duesseldorf.de/HBM99/cd /methods/3095.html
(accessed 2015 Sept. 4).

Talairach J, Tournoux P. Co-planar stereotaxic atlas of the human brain.
New York (NY): Thieme; 1988.

Maldjian JA, Laurienti PJ, Kraft RA, et al. An automated method
for neuroanatomic and cytoarchitectonic atlas-based interrogation
of fMRI data sets. Neuroimage 2003;19:1233-9.

Tzourio-Mazoyer N, Landeau B, Papathanassiou D, et al. Automated
anatomical labeling of activations in SPM using a macroscopic ana-
tomical parcellation of the MNI MRI single-subject brain. Neuroimage
2002;15:273-89.

Lancaster JL, Tordesillas-Gutiérrez D, Martinez M, et al. Bias be-
tween MNI and Talairach coordinates analyzed using the ICBM-152
brain template. Hum Brain Mapp 2007,28:1194-205.

Lancaster JL, Woldorff MG, Parsons LM. Automated Talairach at-
las labels for functional brain mapping. Hum Brain Mapp 2000;
10:120-31.

Mai J, Assheur ], Paxinos G. Atlas of the human brain. 2. Ed. Amsterdam
(Netherlands): Elsevier/ Academic Press; 2004.

Kriegeskorte N, Simmons WK, Bellgowan PSF, et al. Circular anal-
ysis in systems neuroscience: the dangers of double dipping. Nat
Neurosci 2009;12:535-40.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Eklund A, Nichols T, Knutsson H. Can parametric statistical meth-
ods be trusted for fMRI based group studies? [Internet]. Ithaca
(NY): Cornell University Library; 2015. Available: http:/ /arxiv.
org/abs/1511.01863 (accessed 2016 May 18).

Bullmore ET, Suckling J, Overmeyer S, et al. Global, voxel, and
cluster tests, by theory and permutation, for a difference between
two groups of structural MR images of the brain. IEEE Trans Med
Imaging 1999;18:32-42.

Maris E, Oostenveld R. Nonparametric statistical testing of EEG-
and MEG-data. | Neurosci Methods 2007;164:177-90.

Stern ER. Neural circuitry of interoception: new insights into anxiety
and obsessive-compulsive disorders. Curr Treat Options Psychiatry
2014;1:235-47.

Khalsa SS, Lapidus RC. Can interoception improve the pragmatic
search for biomarkers in psychiatry? Front Psychiatry 2016;7:121.

Killgore WDS, Britton JC, Price LM, et al. Neural correlates of anxiety
sensitivity during masked presentation of affective faces. Depress
Anxiety 2011;28:243-9.

Taylor S, Koch WJ, McNally R]. How does anxiety sensitivity vary
across the anxiety disorders? | Anxiety Disord 1992;6:249-59.

Craig AD. How do you feel —now? The anterior insula and human
awareness. Nat Rev Neurosci 2009;10:59-70.

Holtz K, Pané-Farré CA, Wendt J, et al. Brain activation during an-
ticipation of interoceptive threat. Neuroimage 2012;61:857-65.

Paulus MP, Stein MB. An insular view of anxiety. Biol Psychiatry
2006;60:383-7.

Fujiwara A, Yoshida T, Otsuka T, et al. Midbrain volume increase in
patients with panic disorder. Psychiatry Clin Neurosci 2011;65:365-73.

Protopopescu X, Pan H, Tuescher O, et al. Increased brainstem
volume in panic disorder: a voxel-based morphometric study.
Neuroreport 2006;17:361-3.

Uchida RR, Del-Ben CM, Busatto GF, et al. Regional gray matter
abnormalities in panic disorder: a voxel-based morphometry
study. Psychiatry Res Neuroimaging 2008;163:21-9.

Lueken U, Straube B, Reinhardt I, et al. Altered top-down and
bottom-up processing of fear conditioning in panic disorder with
agoraphobia. Psychol Med 2014;44:381-94.

Tuescher O, Protopopescu X, Pan H, et al. Differential activity of ros-
tral cingulate and brainstem in panic disorder and PTSD. | Anxiety
Disord 2011;25:251-7.

Boshuisen ML, Ter Horst GJ, Paans AM]J, et al. rCBF differences
between panic disorder patients and control subjects during antici-
patory anxiety and rest. Biol Psychiatry 2002;52:126-35.

Pattinson KTS, Mitsis GD, Harvey AK, et al. Determination of the
human brainstem respiratory control network and its cortical con-
nections in vivo using functional and structural imaging. Neuroimage
2009;44:295-305.

Perna G, Guerriero G, Brambilla P, et al. Panic and the brainstem:
clues from neuroimaging studies. CNS Neurol Disord Drug Targets
2014;13:1049-56.

Freire RC, Nardi AE. Panic disorder and the respiratory system:
clinical subtype and challenge tests. Rev Bras Psiquiatr 2012;34:S32-
41.

Goossens L, Leibold N, Peeters R, et al. Brainstem response to hyper-
capnia: a symptom provocation study into the pathophysiology of
panic disorder. | Psychopharmacol 2014;28:449-56.

Esquivel G, Schruers KR, Maddock R], et al. Review: acids in the
brain: A factor in panic? | Psychopharmacol (Oxf) 2010;24:639-47.

Itoi K, Sugimoto N. The brainstem noradrenergic systems in stress,
anxiety and depression. | Neuroendocrinol 2010;22:355-61.

Klein DF. False suffocation alarms, spontaneous panics, and related con-
ditions. An integrative hypothesis. Arch Gen Psychiatry 1993;50:306-17.

10

J Psychiatry Neurosci



Automatic processing of panic-related scenes in PD

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Rauch SL, Shin LM, Wright CI. Neuroimaging studies of amygdala
function in anxiety disorders. Ann N'Y Acad Sci 2003,;985:389-410.

Etkin A, Wager TD. Functional neuroimaging of anxiety: a meta-
analysis of emotional processing in PTSD, social anxiety disorder,
and specific phobia. Am | Psychiatry 2007;164:1476-88.

Feinstein JS, Buzza C, Hurlemann R, et al. Fear and panic in humans
with bilateral amygdala damage. Nat Neurosci 2013;16:270-2.

Khalsa SS, Feinstein JS, Li W, et al. Panic anxiety in humans with
bilateral amygdala lesions: pharmacological induction via cardio-
respiratory interoceptive pathways. | Neurosci 2016;36:3559-66.

Wiest G, Lehner-Baumgartner E, Baumgartner C. Panic attacks in
an individual with bilateral selective lesions of the amygdala. Arch
Neurol 2006;63:1798-801.

Adolphs R. What does the amygdala contribute to social cognition?
Ann N'Y Acad Sci 2010;1191:42-61.

Janak PH, Tye KM. From circuits to behaviour in the amygdala.
Nature 2015;517:284-92.

Murray Sherman S, Guillery RW. Two types of thalamic relay. In:
Murray Sherman S, Guillery RW, editors. Exploring the Thalamus
and Its Role in Cortical Function, 2nd ed. Cambridge (MA): MIT
Press; 2001. Available: www.sciencedirect.com/science/article/
pii/B9780123054609500228 (accessed 2016 June 12).

Saalmann YB, Kastner S. Cognitive and perceptual functions of the
visual thalamus. Neuron 2011;71:209-23.

Gasquoine PG. Localization of function in anterior cingulate cor-
tex: from psychosurgery to functional neuroimaging. Neurosci
Biobehav Rev 2013;37:340-8.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Shackman AJ, Salomons TV, Slagter HA, et al. The integration of
negative affect, pain, and cognitive control in the cingulate cortex.
Nat Rev Neurosci 2011;12:154-67.

Shafer AT, Matveychuk D, Penney T, et al. Processing of emotional
distraction is both automatic and modulated by attention: evidence
from an event-related fMRI investigation. ] Cogn Neurosci 2012;
24:1233-52.

Straube T, Schmidt S, Weiss T, et al. Dynamic activation of the an-
terior cingulate cortex during anticipatory anxiety. Neuroimage 2009;
44:975-81.

Etkin A, Biichel C, Gross J]J. The neural bases of emotion regulation.
Nat Rev Neurosci 2015;16:693-700.

Lane RD, Chua PM-L, Dolan R]. Common effects of emotional
valence, arousal and attention on neural activation during visual pro-
cessing of pictures. Neuropsychologia 1999;37:989-97.

Sabatinelli D, Fortune EE, Li Q, et al. Emotional perception: meta-
analyses of face and natural scene processing. Neuroimage 2011;54:
2524-33.

Vuilleumier P, Driver J. Modulation of visual processing by atten-
tion and emotion: windows on causal interactions between human
brain regions. Philos Trans R Soc Lond B Biol Sci 2007;362:837-55.

Vuilleumier P. How brains beware: neural mechanisms of emo-
tional attention. Trends Cogn Sci 2005;9:585-94.

Bandelow B. Panic and Agoraphobia Scale (PAS). Ashland (OH):
Hogrefe & Huber Publishers; 1997.

Hautzinger M, Bailer M, Worall H, et al. Beck-Depressions-Inven-
tar (BDI). Testhandbuch. 2. Auflage. Bern: Hans Huber; 1995.

J Psychiatry Neurosci 11



