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Abstract

Background: Cognitive behavioral therapy (CBT) is an effec-
tive treatment for panic disorder with agoraphobia (PD/AG).
It is unknown, how variants of CBT differentially modulate
brain networks involved in PD/AG. This study was aimed to
evaluate the effects of therapist-guided (T+) versus self-
guided (T-) exposure on the neural correlates of fear condi-
tioning in PD/AG. Method: In a randomized, controlled mul-
ticenter clinical trial in medication-free patients with PD/AG
who were treated with 12 sessions of manualized CBT, func-
tional magnetic resonance imaging (fMRI) was used during
fear conditioning before (t1) and after CBT (t2). Quality-con-
trolled fMRI data from 42 patients and 42 healthy subjects
(HS) were obtained. Patients were randomized to two vari-
ants of CBT (T+, n =22, and T—-, n = 20). Results: The interac-
tion of diagnosis (PD/AG, HS), treatment group (T+, T-), time

point (t1, t2) and stimulus type (conditioned stimulus: yes,
no) revealed activation in the left hippocampus and the oc-
cipitotemporal cortex. The T+ group demonstrated in-
creased activation of the hippocampus at t2 (t2 > t1), which
was positively correlated with treatment outcome, and a de-
creased connectivity between the left inferior frontal gyrus
and the left hippocampus across time (t1 > t2). Conclusion:
After T+ exposure, contingency-encoding processes related
to the posterior hippocampus are augmented and more de-
coupled from processes of the left inferior frontal gyrus, pre-
viously shown to be dysfunctionally activated in PD/AG.
Linking single procedural variants to neural substrates offers
the potential to inform about the optimization of targeted
psychotherapeutic interventions. ©2014 S. Karger AG, Basel

Introduction

Cognitive-behavioral therapy (CBT) has proven its ef-
ficacy for many mental disorders. More recently, neuro-
functional brain changes related to psychotherapy, par-
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ticularly CBT, have been investigated [1-5]. However, the
precise neural mechanisms of action by which specific
psychotherapeutic intervention components lead to
change are unknown.

Panic disorder (PD) is characterized by panic attacks,
i.e. intermittent and sudden extreme anxiety, vegetative
symptoms and concerns about the implications of these
attacks [6, 7], and is frequently accompanied by agora-
phobia (AG: anticipatory anxiety or avoidance of situa-
tions in which escape or help may not be available [6]).

The onset and maintenance of anxiety disorders, par-
ticularly PD, have been linked to aberrant learning (con-
ditioning) processes [8-11]. Fear conditioning is a form
of associative learning in which contingencies are estab-
lished by pairing aversive stimuli (unconditioned stimu-
lus, US) with previously neutral stimuli (conditioned
stimulus, CS). Interoceptive conditioning, where the ac-
companying physiological symptoms during a panic at-
tack become CS [12, 13], is linked to interoceptive symp-
toms in PD whereas exteroceptive conditioning is associ-
ated with agoraphobic behavior [8]. It has been assumed
that a failure to inhibit the conditioned response could
result in pathological overgeneralization of fear [14]. Us-
ing exteroceptive conditioning tasks, enhanced simple
conditioning [9], deficient safety signal processing [15] or
increased resistance to extinction learning, demonstrat-
ing more persistent recall of the conditioned response
[16], have been suggested to account for learning deficits
in PD [17]. However, whether specific forms of CBT are
effective in normalizing dysfunctional learning processes
is unknown.

There are numerous efficacious variants of CBT for
PD with and without AG [18, 19]. Different theoretical
frameworks have been used to explain the mechanisms of
CBT in general and in PD/AG in particular (e.g. cognitive
(20, 21], behavioral [22, 23]). Exposure-based interven-
tions for anxiety are usually superior to cognitive inter-
ventions [19], and exposure is considered the crucial ele-
ment of CBT for anxiety disorders [24, 25]. For PD/AG,
2 forms of exposure are of relevance, interoceptive expo-
sure (exposure to body reactions, e.g. in response to hy-
perventilation) and exposure in situ (exposure to feared
external situations, e.g. bus or shopping mall). In the con-
text of exposure therapy, patients learn to broadly associ-
ate potential threatening cues with alternative or safety
information [26]. Therapists can directly guide thislearn-
ing process during exposure, probably leading to an in-
creased awareness of contextual contingencies. This is es-
pecially important considering the evidence about dys-
functional safety signal processing in PD [15] or the
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general responding to safe conditions which is predictive
to the development of PD [27]. Thus, therapist-guided
exposure, where patients learn to efficiently encode feared
external events and extinguish the related (internal) fear
responses, should help to improve the differentiation of
potential threat and safety cues. In line with the assump-
tion that the therapist can support such relevant learning
during exteroceptive exposure, we were able to show that
therapist-guided exposure in vivo (T+) had somewhat su-
perior effects compared to exposure alone (T-), especial-
ly on measures of avoidance, after treatment and a
6-month follow-up. Note, however, that both treatment
arms were highly efficient in reducing symptoms across
all outcome measures (d = -0.5 to -2.5) [25]. Thus, the
advantage of going with the patient out into the field dur-
ing exposure might be mediated by different encoding or
learning strategies, possibly also leading to a better cogni-
tive awareness of contingencies for external and internal
events. The investigation of the neural correlates of learn-
ing mechanisms such as exteroceptive fear conditioning
in PD/AG can help to understand CBT-related changes
on the brain level [1, 28-30].

Brain imaging studies have related fear conditioning
in healthy subjects to a neural network including the
amygdalae, hippocampi, insulae, anterior cingulate and
medial frontal cortices [1, 29, 31-37]. This network has
substantial overlap with fear circuitry structures that have
been reported to show dysactivation across different anx-
iety disorders [38, 39]. In accordance with behavioral
studies on fear conditioning [15], altered neural process-
ing of safety cues in PD has been suggested. Patients
showed, for example, less activation during instructed
threat and increased activity during the safe condition in
the subgenual cingulate, ventral striatum and extended
amygdala, and in the midbrain periaqueductal gray [40].
In line with these results, we found increased midbrain
activation during safety signal processing in PD/AG pa-
tients [17]. Brain lesion and functional magnetic reso-
nance imaging (fMRI) studies have suggested a double
dissociation between the hippocampus and amygdala rel-
ative to cognitive and emotional expressions of fear learn-
ing, respectively [41, 42]. These cognitive (e.g. contingen-
cy awareness or expectancies of aversive events) and emo-
tional (e.g. arousal, bottom-up reactivity) expressions of
fear learning, which can be investigated using fear condi-
tioning paradigms [43, 44], might play distinct roles for
behavioral adaptation during exposure therapy. Using an
fMRI-based fear conditioning paradigm, we showed that
differential conditioning is associated with enhanced ac-
tivation of the bilateral dorsal inferior frontal gyrus
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whereas simple conditioning and safety signal processing
are related to increased midbrain activation in PD/AG
patients versus controls [17]. The results suggest aberrant
top-down and bottom-up processes during fear condi-
tioning in PD/AG [17]. Whereas the left inferior frontal
gyrus during differential conditioning seemed to be gen-
erally involved in the psychopathology and treatment of
PD/AG [1], successful treatment was characterized by in-
creased right hippocampal activation when processing
stimulus contingencies [30]. However, despite this evi-
dence about treatment effects on fear conditioning, the
effects of different single variants of CBT on neural cor-
relates have not yet been investigated.

To date, only global effects of CBT on brain activation
have been investigated [1-5, 45, 46]. Across anxiety and
mood disorders, CBT-related changes in the hippocam-
pus, amygdala, insula and prefrontal regions have been
observed [45-47]. In a recent review, it has been suggest-
ed that pharmacotherapy particularly decreases overac-
tivity of limbic structures (bottom-up effect) while psy-
chotherapy tends to increase activity and recruitment of
frontal areas (top-down effect [46]). However, most of the
published studies were focused on experiments focusing
either on resting state or on symptom provocation and
not on learning mechanisms such as fear conditioning
that were utilized here in both the therapy and the fMRI
paradigm. Particularly in PD, two resting positron emis-
sion tomography studies demonstrated change in glucose
utilization in distributed regions of predominantly the
medial and lateral frontal and temporal cortices in CBT
groups of 6 [2] and 11 patients [3]. Besides our own [1,
30], the only other fMRI study [48] used an emotional
linguistic go/nogo design in 9 patients with PD following
short-term psychodynamicinpatient treatment (4 weeks),
after treatment symptoms had improved, and frontolim-
bic activation patterns had been normalized. Despite the
small sample sizes and only partially overlapping results,
these studies indicate that different forms of psychother-
apy can influence processes in the brain in patients with
PD. However, direct comparisons of distinct treatment
variants (as opposed to comparisons between complex
treatment packages) have not yet been reported neither
for PD nor any other disorder.

Here we investigated the differential effects of T+ ver-
sus T- exteroceptive exposure in patients with PD/AG on
the neural correlates of fear conditioning. We hypothe-
sized that T+ versus T- exposure during CBT modifies
the encoding behavior of potentially aversive events
(CS+/CS-) in the acquisition phase of a conditioning ex-
periment. Therefore we expected a differential involve-
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ment of brain regions related to contextual encoding and
cognitive awareness of contingencies during fear condi-
tioning, specifically the hippocampus [41, 42, 49], in pa-
tients using T+ versus T- exposure.

Methods

Design

The present study was part of the national research network
PANIC-NET (Mechanisms of Action in CBT, MAC) [25, 50, 51]
encompassing a randomized controlled clinical trial of CBT for
PD/AG. Eight German centers participated in the clinical trial
(Aachen, Berlin-Adlershof, Berlin-Charité, Bremen, Dresden,
Greifswald, Minster, Wiirzburg) treating 369 patients who met
DSM-1V criteria for PD/AG. Four of these centers (Aachen, Ber-
lin-Charité, Dresden, Miinster) participated in the fMRI study re-
ported here.

Participants

In the context of the clinical multicenter study [25, 50] quality-
controlled fMRI data were collected from 42 unmedicated patients
diagnosed with PD/AG before and after 2 variants of CBT (see be-
low) as well as 42 age-, gender- and handedness-matched [52]
healthy control subjects (HS) 8 weeks apart (table 1) [1]. For inclu-
sion and exclusion criteria and additional information, please see
the online supplementary material (for all online suppl. material,
see www.karger.com/doi/10.1159/000359955) and Gloster et al.
[50].

Randomization

The randomization list was generated at the clinical coordina-
tion center (Dresden) by personnel not associated with patient
care using the randomization software RandList (http://randomi-
sation.eu/index.shtml). The fMRI study centers were blind to the
assignment of subsequent cases and were informed by the clinical
coordination center after the posttreatment measurement.

Treatment Conditions

The 42 patients of the fMRI sample were randomized to 2 man-
ual-based variants of CBT (for a patient flow chart, see online sup-
pl. fig. 1). Both treatment groups participated in a 12-session man-
ualized treatment protocol, implemented over 8 weeks and fol-
lowed by 2 booster sessions. The treatment protocols differed in 5
of the 12 sessions, specifically in the format of implementation of
in situ exposure sessions. Patients in the T+ exposure group (n =
22) completed all 5 exposures with the therapist, whereas patients
in the self-guided exposure group (T-; n = 20) were instructed to
complete the exposure part of the 5 treatment sessions alone. Be-
tween sessions, all patients were additionally expected to perform
2 exposure tasks between treatment sessions as a homework as-
signment (compare Gloster et al. [25] and Cammin-Nowak et al.
(53]).

Except for the implementation of exposure in situ, the CBT
variants were identical in content, structure and number of expo-
sure sessions. Patients and therapists were blinded to the fMRI
hypotheses. Neither patients nor therapists were blinded to group
assignment, since blinding of condition is difficult if not impossi-
ble in a psychological intervention of this sort [25]. HS were

Straube et al.
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Table 1. Demographic, neuropsychological and clinical characteristics

Patients with PD/AG HS Group differences
T+ T- T+ T- F/x? P
(n=22) (n = 20) (n=22) (n = 20)
Demographic characteristics
Age, years 37.24%9.96 33.41+10.27 36.25+£10.85 32.23+8.41 1.176 0.324
Females 14.00 (64%)  15.00 (75%)  14.00 (64%)  15.00 (75%) 1.266 0.737
Education 11/11 10/10 15/7 17/3 7.459 0.059
Center 8/10/4 5/8/6/1 6/10/6 5/8/6/1 3.775 0.926*
Neuropsychological characteristics
Digit span total 15.36+3.24 14.70+3.36 15.36+3.00 15.85+£3.45 0.420 0.739
Digit span forward 8.00+2.12 7.60£1.85 8.59+1.84 8.45+1.88 1.131 0.342
Digit span backward 7.41+1.92 7.10+2.02 6.77£1.77 7.15£2.23 0.381 0.767
Trail Making Test A, s 25.72+8.42 25.47+8.55 27.68+9.34 22.80+6.33 1.224 0.306
Trail Making Test B, s 54.44+14.39 56.45+18.19 57.59£19.55 46.95+12.47 1.729 0.168
Clinical characteristics at baseline (t1)
Clinical Global Impression Scale 5.50+0.51 5.20+0.70 2.566 0.117
Hamilton Anxiety Scale 24.50+5.76 24.25+5.13 0.022 0.883
Panic and Agoraphobia Scale 26.49+8.64 25.40+8.94 0.161 0.690
Number of panic attacks 1.74+0.85 1.58+0.81 0.385 0.538
Mobility Inventory (7-day vers.) acc. 1.90+0.97 1.83+0.89 0.061 0.807
Mobility Inventory (7-day vers.) alone 2.40+1.12 2.37+0.99 0.008 0.931
Anxiety Sensitivity Index 33.6+8.75 31.90+10.17 8.91+8.17 7.89+5.86 5311  <0.001*
Beck Depression Inventory II 18.18+1.39 16.25+8.04 1.45+2.04 1.26+1.85 38.189  <0.001*
Clinical characteristics after treatment (t2)
Clinical Global Impression Scale 3.64+1.14 3.45+0.94 0.330 0.569
Hamilton Anxiety Scale 13.50+7.60 11.10+5.99 1.275 0.266
Panic and Agoraphobia Scale 15.46+10.14  12.30+6.29 1.444 0.237
Number of panic attacks 1.08+1.02 0.72+0.83 1.547 0.221
Mobility Inventory (7-day vers.) acc. 1.23+0.42 1.43+0.62 1.442 0.237
Mobility Inventory (7-day vers.) alone 1.63+0.77 1.69+0.78 0.053 0.820
Anxiety Sensitivity Index 14.73+7.62 16.30+9.71 7.41+6.83 8.35+4.74 6.515 0.001*
Beck Depression Inventory II 9.68+9.08 8.35+5.97 0.24+0.66 1.29+2.34 12.635  <0.001*

Means and standard deviations, except for gender where num-
bers in parentheses refer to percentages. HS T+ and HS T- refer to
the two control groups matched to the T+ and T- patient groups
according to age and gender. x?, F and p values refer to group com-
parisons of the respective variables. For the Beck Depression In-
ventory IT and Anxiety Sensitivity Index, significant group differ-
ences are based on differences between PD/AG and HS. Asterisks
indicate that scores did not differ between patient groups (for all
p > 0.6) or HS groups (for all p > 0.3). Both patient groups demon-

strated significant symptom reductions in all clinical measure-
ments (for all p < 0.01) and no significant differences in symptom
reduction (interaction of time x treatment group; for all p > 0.18).
The patients who participated in the fMRI experiment did not dif-
fer in any of the sociodemographic or clinical variables from the
clinical sample [1, 25]. Education: 12-13 years (left)/below 11
years (right); center: number of measurements in center 1/2/3/4
per group. ® Exclusion of center 4 led to comparable statistics (x> =
1.508/p = 0.959).

matched according to age, gender, handedness and study center to
the corresponding patients and were also measured twice, but re-
ceived no CBT (HS T+: n = 22; HS T-: n = 20; table 1).

Treatment Intervention

Sessions 1-3 consisted of psychoeducation and an individual-
ized behavioral analysis of the patient’s symptoms and coping be-
haviors. Sessions 4 and 5 provided the treatment rationale for ex-
posure and implemented interoceptive exposure exercises in the
therapy room identically for both groups. Sessions 6-8 consisted

Neural Correlates of Procedural Variants
in CBT

of standardized in situ exposure exercises (i.e. bus, shopping mall
and forest), which were implemented after the patient had agreed
to enter the situation without engaging in safety behaviors and
waiting for the anxiety to take its natural course. Exposures were
thoroughly planned during full sessions (included mental rehears-
al, anticipation of problems and instructions not to use safety be-
haviors) and were either later accompanied by the therapist (T+)
or performed in a self-guided manner (T-). In the T+ in situ expo-
sure, therapists provided feedback, modeled correct implementa-
tion, monitored anxiety levels and corrected any use of safety be-
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haviors. Session 9 reviewed progress to date and addressed antici-
patory anxiety. Sessions 10 and 11 again consisted of in situ
exposures but now targeted the patients’ two most significant
feared situations. Session 12 repeated crucial elements of the man-
ual and instructed patients to continue exposing themselves to
feared situations. For more detailed information of the clinical and
treatment aspects of the study, please see Gloster et al. [25, 50].

Functional Magnetic Resonance Imaging

The Conditioning Paradigm

Parallel versions of a previously validated differential condi-
tioning paradigm were applied during fMRI data acquisition (de-
tails in Kircher et al. [1] and Reinhardt et al. [36]) before and after
CBT. The time course of the fMRI paradigm consisted of 3 phases:
familiarization, acquisition and extinction [36], each subdivided
into an early and a late phase [1]. Different neutral stimuli (yellow/
blue spheres and violet/green squares) were used in parallel ver-
sions to account for repeated exposure to the experiment in the
pre-post design (t1, t2). Each sphere/square was visually presented
for 2,000 ms with a variable intertrial interval of 4,785-7,250 s. An
unpleasant white noise was used as the US and presented for 100
ms. The volume of the US was individually adapted (between 70
and 110 dB) to be unpleasant for the participant (those scoring <5
in an aversiveness rating on a scale from 1 to 10 before fMRI were
excluded from analysis). During the acquisition phase, 1 sphere/
square was paired pseudorandomly with the US (thus becoming
CS+), while the other sphere was not (thus becoming CS-). We
used a partial reinforcement strategy in which 50% of the CS+ were
paired with the US and 50% were not. Only trials without the US
were analyzed during acquisition to avoid overlap with neuronal
activation directly related to the presentation of the US. The pre-
sentation of the US occurred 1,900 ms after the onset of the CS+;
in consequence, both stimuli were coterminated. Based on previ-
ous results with the entire sample that demonstrated effects par-
ticularly in the early acquisition [1], we focused the fMRI analysis
(see below) specifically on the early acquisition phase and com-
pared the difference between CS+ and CS- across t1 and t2 to ex-
amine the therapy-related changes of the conditioning processes
[1]. In this phase of the experiment exposure to potentially threat-
ening events (CS+/CS-) and initial fear learning takes place.
Therefore, the early acquisition phase is potentially most sensitive
to the expected treatment-related changes.

fMRI Data Acquisition and Preprocessing

fMRI brain images were acquired using 3-tesla Philips Achieva
scanners (Philips Medical Systems, Best, the Netherlands) in Miin-
ster and Aachen, a 3-tesla Siemens Trio scanner (Siemens AG, Er-
langen, Germany) in Dresden, and a 3-tesla General Electric
Healthcare scanner (General Electric Healthcare, Milwaukee,
Wisc., USA) in Berlin. A total of 505 transaxial functional images
(echo planar imaging, 64 x 64, 30 slices interleaved, field of view =
230, voxel size = 3.6 x 3.6 x 3.8 mm, echo time = 30 ms, repetition
time = 2 s) that covered the whole brain and were positioned par-
allel to the intercommissural line were recorded.

MR images were analyzed using Statistical Parametric Map-
ping (SPM5; www.fil.ion.ucl.ac.uk) implemented in MATLAB 7.1
(Mathworks Inc., Sherborn, Mass., USA). The first 5 volumes of
every functional run were discarded to minimize t1 saturation ef-
fects. For data preprocessing, standard slice-timing (middle slice),
realignment and normalized (2 x 2 x 2 mm?) functions of SPM5
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were applied. To account for differences in intrinsic smoothness
between scanners, an iterative smoothness equalization [54] pro-
cedure was performed for all data sets (12-mm full width at half
maximum gaussian isotropic kernel). Thus, data from all centers
have been iteratively smoothed until a smoothness of 12-mm full
width at half maximum was reached, independently of scanner-
specific intrinsic smoothness of the data. Finally, the data quality
[55,56] of the acquired data was carefully checked to avoid system-
atic differences between the patient and control groups [1].

Single-Subject fMRI Analyses

At the single-subject level, the realignment parameters of each
participant were included as regressors into the model to account
for the movement artifacts of the participants. The BOLD response
for each event type (CS+paired> CS+unpaireds CS—, US) and each phase
was modeled by the canonical hemodynamic response function
employed by SPM5 within the framework of the general linear
model to analyze brain activation differences related to the onset
of the different stimuli. Each phase was separated into an early and
alate part [1] to account for temporal aspects and habituation [57],
resulting in 16 regressors [familiarization: early CS+, late CS+, ear-
ly CS-, late CS-, US; acquisition: early CS-, late CS-, CS presented
with the US (CS+paireq), US, early CS+ without US (CS+ynpaired)s
late CS+ynpaireds €xtinction: early CS-, late CS-, early CS+, late CS+;
behavioral assessment]. A high-pass filter (128-second cutoff pe-
riod) was applied to remove low-frequency fluctuations in the
BOLD signal. Parameter estimates (B-) and t statistic images were
calculated for each participant.

Group Analyses

Group analyses were performed by entering contrast images
for CS+yppaired and CS- of the acquisition phase into flexible facto-
rial analyses as implemented in SPMS5, in which subjects are treat-
ed as random variables. fMRI centers were introduced as covari-
ates in order to account for scanner differences. Further covariates
of no interest included were age and kind of experimental set (cir-
cles vs. squares) to account for variance related to the use of paral-
lel versions of the experiment. In line with our previous analysis,
we focused specifically on the early acquisition phase of the ex-
periment [1].

Connectivity Analyses

Connectivity analyses were used to test whether previously re-
ported general differences between PD/AG and HS in inferior
frontal gyrus activation [1] are related to brain regions demon-
strating differences between treatment groups (T+/T-). For the
connectivity analyses, eigenvariates adjusted for the effect of
movement parameters were extracted from the inferior frontal gy-
rus cluster previously reported by Kircher et al. [1] on a single-
subject level across the whole experiment (500 scans). The indi-
vidual eigenvectors were used as regressors in new single-subject
analyses that additionally included the 6 movement regressors. We
obtained individual activation maps reflecting the correlation of
each voxel time course with the time course of the left inferior fron-
tal gyrus as outcomes for each time point and group. These im-
ages were used in the group analyses focusing on the main effects
and interactions of treatment group (T+, T-) and time (t1, t2). An
inclusive masking procedure has been used to restrict results to
regions demonstrating differential effects of T+ and T- in the ear-
ly acquisition phases.
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Fig. 1. Interaction of diagnosis (PD/AG, HS), treatment (T+/T-),
time point (t1/t2) and stimulus condition (CS+/CS-). a Brain ac-
tivation for the interaction of diagnosis (PD/AG, HS), treatment
(T+/T-), time point (t1/t2) and stimulus (CS+ynpairea/CS-) in the
early acquisition phase [1] illustrated on sagittal and coronal slic-
es of the MNT template. b Bar graphs show ROI activation for the
hippocampus [61] as defined by the anatomy toolbox of SPM [60];
left hippocampus, HC, peak coordinates MNI x, y, z = -36, —36,
—4; probability of cornu ammonis: 50% (10-80%), volume: 312
mm?, 75% of the cluster in cornu ammonis, 13.5% in fascia den-
tata; F = 12.15 at maxima. ¢, d Correlation of activation change

A Monte Carlo simulation of the brain volume was conducted
for the current study to establish an appropriate voxel contiguity
threshold [58]. Assuming an individual voxel type I error of p <
0.005, a cluster extent of 142 contiguous resampled voxels was in-
dicated as sufficient to correct for multiple voxel comparisons at
p < 0.05. Thus, voxels with a significance level of p < 0.005 uncor-
rected belonging to clusters with at least 142 voxels were reported
for all analyses. The same threshold has been used in previous anal-
yses of the data [1, 17, 30, 59].

Anatomical regions were defined by the anatomy toolbox of
SPM [60]. For the creation of bar graphs (fig. 1, 2) and the illustra-
tion and calculation of the correlation analyses (fig. 1), we extract-
ed the eigenvariates from a region of interest (ROI) including all
subregions of the hippocampus [61].

Neural Correlates of Procedural Variants
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with clinical improvement separate for patients of the T+ (red)
and T- (blue) exposure group (colors visible in the online version
only). For correlation analyses, activation has been extracted
from the hippocampal ROI defined above. The y-axis represents
the activation change over time (t2 > t1) of the conditioned re-
sponse (CS+ > CS-). The x-axis represents symptom improve-
ment over time (t1 > t2). The correlations in the T+ group indicate
a positive relationship of a higher conditioned response in the
hippocampus and clinical improvement measured using the
Panic and Agoraphobia Scale (PAS; ¢) and the Hamilton Anxiety
Scale (HAMA; d).

Contrast of Interest. To test for differential effects of T+ and T-
on the conditioned response during the early acquisition phase, we
performed an analysis of the 4-way interaction (F contrast) of di-
agnostic group (PD/AG, HS), treatment group (T+, T-), time
point (t1, t2) and stimulus (CS+, CS-). This analysis tests for spe-
cificactivation change (t1 vs. t2) for therapist-guided exposure (T+
vs. T-) in the patient group (PD/AG vs. HS) with regard to the
conditioned response (CS+ vs. CS-). To ensure that results are
based on activation change in patients and not on activation
change in the HS groups, we exclusively masked the 4-way interac-
tion by a 3-way interaction analysis testing for activation changes
in the HS groups [t1 ([HS T+ (CS+ > CS-) vs. HS T- (CS+ > CS-)])
vs. t2 ([HS T+ (CS+ > CS-) vs. HS T- (CS+ > CS-)])] on a very
liberal threshold (p > 0.5). Thus, brain regions showing differenc-
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Fig. 2. Connectivity of the left inferior frontal gyrus (IFG) to re-
gions showing treatment-related effects: interaction of treatment
(T+/T-) and time point (t1/t2) in PD/AG. HC = Hippocampus.
Connectivity was analyzed across the whole time course of the con-
ditioning paradigm. The activation cluster of the left inferior fron-
tal gyrus [1] (online suppl. fig. 3) served as the seed region. An
inclusive masking procedure has been used to restrict results to
regions demonstrating differential effects of T+ and T- in the ear-
ly acquisition phases (fig. 1a). We found a significant interaction
effect for ‘treatment’ (T+/T-) and ‘time point’ (t1/t2) in patients,
indicating a reduction in functional connectivity (t1 > t2) between
the left occipitotemporal activation cluster and the left inferior

es between the control groups (HS T+ and HS T-) on a very lib-
eral threshold were excluded from the analysis. Consequently, all
remaining results are based on differences between patient groups
and not on random differences between the control groups.

Results

Clinical Outcome

Results of the clinical trial in the large patient sample
(n =301), which demonstrated the efficiency of the CBT
treatment and a small but superior effect of T+ in contrast
to T-, are reported elsewhere in detail [25]. In the smaller
subgroup of patients participating in our fMRI study (n =
42), we also obtained a significant reduction of symptoms
after therapy for both treatment groups (table 1) which
supports the efficiency of the CBT treatment in this study.
In the fMRI sample (n = 42) there was no significant dif-
ference in symptom severity between treatment groups
(T+, T-) neither at t1 nor at t2 (table 1). Consequently
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frontal gyrus in patients of the T+ group and an increase in the T-
group [t2(T- > T+) > t1(T- > T+)]. The bar graph illustrates the
contrast estimates for the connectivity with the left inferior frontal
gyrus. The hippocampal aspect of the cluster (left bar graph) was
defined using the anatomy toolbox of SPM [60] and a ROI includ-
ing all subregions of the hippocampus [61]; left hippocampus,
peak coordinates MNI x, y, z: —34, —40, -2, probability of cornu
ammonis: 70% (30-90%); volume = 120 mm?; 87.5% of the cluster
in cornu ammonis; F = 10.12 at maxima. Connectivity and contrast
estimates for these brain regions had also been calculated for HS
to illustrate the stability in the HS group.

groups did not differ in responder rates or symptom re-
duction as indicated by absence of significant interaction
effects (for all measures p > 0.18).

For valence and arousal ratings of the CS+ and CS- ac-
quired in the conditioning paradigm, see online supple-
mentary information and online supplementary figure 2.

fMRI Results

We found a significant interaction of clinical group
(PD/AG, HS), treatment condition (T+, T-), time point
(t1, t2) and stimulus type (CS+, CS-) in a left hemispher-
ic cluster including occipital, temporal and hippocampal
structures (peak coordinates MNI x, y, z: -32, =52, 6; F =
14.84, p < 0.005 uncorr., 443 voxels, p < 0.05 corr.; fig. 1a).
Activation change within the hippocampus of this cluster
[peak coordinates MNI x, y, z: =36, -36, —-4; F = 12.15 at
maxima; probability of cornu ammonis: 50% (10-80%);
volume: 312 mm?, 75% of the cluster in cornu ammonis,
13.5% in fascia dentata] correlated positively with clinical
improvement as measured by the Panic and Agoraphobia
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Scale (PAS) total score and Hamilton Anxiety Scale
(HAMA) total score in the T+ group (HAMA: r = 0.370,
p <0.05; PAS: r=0.412, p < 0.05), but not in the T- group
(HAMA: r = 0.007, p > 0.20; PAS: r = 0.267, p > 0.13; all
one-tailed; fig. 1c, d).

Further there was a significant interaction of clinical
group (PD/AG > HS), time (t1 > t2) and stimulus (CS+ >
CS-; see online suppl. fig. 3) in the left inferior frontal gy-
rus (as previously reported [1]) but no significant differ-
ences between treatment conditions (T+, T-) within this
region (p > 0.20; see online suppl. fig. 3).

Connectivity Analyses

A functional connectivity analysis between the left in-
ferior frontal gyrus cluster [1] as seed region (see online
suppl. fig. 3 and Kircher et al. [1]; MNIx, y, z: =50, 10, 14;
volume = 1,776 mm?), the bilateral hippocampal and left
occipitotemporal clusters (differential effects of treat-
ment T+ vs. T- in patients; fig. 1a) was performed. In pa-
tients we obtained a significant interaction of time point
and treatment condition (T+, T-) for the connectivity of
the left inferior frontal gyrus and the left hemispheric
cluster including occipital, temporal and hippocampal
structures (fig. 2). Contrast estimates for the hippocam-
pal subcluster (identified using ROI analyses [61]) indi-
cated a reduction of connectivity between inferior frontal
gyrus and the left hippocampus in T+ patients and an
increase of connectivity in the T- group (fig. 2). In con-
trast to the patient groups, HS showed no significant
change in connectivity with respect to time point (t1, t2)
and group (HS T+, HS T-) as illustrated by bar graphs in
figure 2.

Discussion

Psychotherapy integrates many diverse elements.
Here, we demonstrate the effect of a single therapeutic
component, i.e. T+ versus T- exposure in situ within a
highly structured and controlled CBT intervention [25],
on the neural correlates of fear conditioning in patients
with PD/AG. As a main result, T+ versus T- in situ expo-
sure led to differential changes of activation in the left
hippocampus during fear conditioning. Patients with T+
exposure demonstrated increased involvement of the
hippocampus after CBT and a decoupling of this struc-
ture from the left inferior frontal gyrus which had been
shown to be overactivated in PD/AG in contrast to HS
before treatment [1, 17]. The results suggest that experi-
ences during T+ exposure treatment in situ can influence

Neural Correlates of Procedural Variants
in CBT

hippocampus-related learning processes and decouple it
from top-down effects of the left inferior frontal gyrus.

In line with our findings, the hippocampus has been
found to be relevant also for other anxiety disorders [62,
63], conditioning paradigms [35, 49, 64-69] and seems to
be sensitive to exposure [70], CBT treatment [30, 71, 72],
therapy response [30] or recovery in general [73]. Fur-
thermore, the hippocampus has been discussed with re-
gard to the potential contribution to acquisition of irreg-
ularities in PD [15] and the optimization of exposure
therapy and related learning processes [26].

Clinically, both patient groups demonstrated a signifi-
cant symptom reduction which did not differ between
treatment conditions (T+/T-) in our MRI subsample. In
the larger patient groups of the clinical trial reported pre-
viously [25], it has been shown that the T+ group (n =
163) had a slightly but significantly better clinical out-
come than T- (n = 138), especially in measures of avoid-
ance (e.g. Mobility Inventory). This finding suggests
treatment-related differences in individual outcome and
exposure learning. Assuming that exposure learning is
most efficient when contingencies between context and
the individual experiences are consciously learned (de-
claratively learned in terms of Bechara et al. [41]), we hy-
pothesized that the therapist during exposure [25] will
mediate patient encoding or learning strategies reflected
in group differences in hippocampal activation. In line
with this assumption we revealed significant differences
in CBT-group-related changes in neural processing with-
in the left posterior hippocampus and the occipitotempo-
ral cortex. Extensive evidence from animal studies dem-
onstrated a role of the hippocampal formation in fear
conditioning [74] and specifically contextual fear learn-
ing [75-77]. In humans, fMRI and positron emission to-
mography studies reported hippocampal activations dur-
ing the acquisition of fear [34, 66, 68, 78]. Furthermore a
double dissociation between the hippocampus and amyg-
dala activation relative to declarative and emotional ex-
pressions of fear learning has been suggested [41, 42].
Thus, activation of the posterior hippocampus in our
study is in line with this evidence and may suggest differ-
ential fear learning in the sense of declarative encoding of
contingencies in the T+ in contrast to the T- group after
CBT. Furthermore, we found a correlation between in-
crease in hippocampal activation and symptom improve-
ment in the T+ group. The explicit/aware encoding of
contingency-related hippocampal activation might be the
reason for the slight superior clinical effect of T+ versus
T-in avoidance behaviors [25]. Our fMRI sample was not
sufficiently powered to detect these clinical differences
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but here we could demonstrate the physiological process
underlying this one specific treatment intervention.

What might be the possible differences between T+
and T- exposures during CBT which have influenced the
neural processes during fear acquisition? In general, ex-
posure is not easy for patients to perform, especially on
their own. For example, avoidance behavior can interfere
with necessary learning processes [79]. Similarly, it has
been shown that avoidance, anxiety sensitivity and psy-
chological flexibility are most critical during the exposure
in situ phase for subsequent change in panic symptoms
[80]. We suppose that the advantage of having a therapist
present during in situ exposure is that the therapist en-
sures that the patient (a) encounters and appropriately
manages the anxiety and distress during the exposure, (b)
does not use safety behaviors and (c) increases the pa-
tient’s overall engagement with exposure [25]. Thus,
therapists’ active guidance (T+) provides greater scaffold-
ing to adequately expose [25, 26] subjects to potentially
aversive situations (e.g. CS+), than simply preparing the
patient for the between-session exposure exercises (T-).
Consequently patients who received T+ treatment prob-
ably learned more thoroughly not to avoid potentially
aversive events (adequate exposure), leading to a better
contextual encoding and contingency processing. This is
reflected in an increase (t2 > t1) in the conditioning re-
sponse (CS+ > CS-) in the posterior hippocampus —
which is positively correlated with symptom improve-
ment. The therapist by himself might represent an impor-
tant contextual factor during in vivo exposure that
activates hippocampal functioning in a form of contex-
tual conditioning. Alternatively the therapist during ex-
posure might lead to an experience of an ‘enriched envi-
ronment’ (due to his presence alone, but also by enforcing
broad encoding behavior) for the patient. Thus, hippo-
campal plasticity in our study could also be a result of
such an effect, parallel to hippocampal plasticity induced
by enriched environments shown in animals [81-85].

A functional connectivity analysis revealed an in-
creased connection of the inferior frontal gyrus (where
we found no differences in activation change between T+
and T-; see online suppl. fig. 3) with regions of the ‘fear
network’ in PD/AG [1], potentially indicating aversive
top-down effects. By using the same seed region and anal-
yses [1], we showed that T+ versus T- exposure led to
different changes of left inferior frontal gyrus to left pos-
terior hippocampus connectivity, indicating a stronger
decoupling of inferior frontal gyrus-hippocampus activa-
tion in the T+ in contrast to the T- group. Thus, after
treatment with T+ exposure in situ, neural encoding pro-
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cesses of the posterior hippocampus are probably less in-
fluenced (than after T- treatment) by potentially negative
top-down effects of the left inferior frontal gyrus.

A limitation of this study refers to the sample size in
the fMRI subgroups. However, the numbers are more
than adequate for an fMRI study [86], and correlations of
fMRI data with clinical improvement support the clinical
relevance and internal validity of the finding. Further re-
search along this line is necessary to support our findings,
to further specify the role of the therapist and other ther-
apy components (e.g. interoceptive exposure) and finally
to translate the findings to clinical practice in new opti-
mized treatment programs. To reach this goal it will be
important to consider the patient’s treatment history, too,
since previous treatment attempts and experiences are
relevant for the selection of the most efficient treatment
for a specific patient [87].

With this study, we demonstrated the association of
T+ exposure with the neural correlates of fear condition-
ing in patients with PD/AG. Despite comparable clinical
outcomes, the differential effects of the treatment on the
neural correlates of fear conditioning suggest different
mechanisms related to symptom improvements in the T+
and T- groups. Contextual memory and declarative con-
tingency encoding processes related to the posterior hip-
pocampus seem to be increased and more decoupled
from processes of the left inferior frontal gyrus after T+
exposure in situ in contrast to T- exposure in situ. On the
basis of these new findings, we are convinced that further
research along this line has potential to support the devel-
opment and further optimization of targeted treatments.

Appendix

Funding/Support

This work is part of the German multicenter trial Mechanisms
of Action in CBT (MAC). The MAC study is funded by the German
Federal Ministry of Education and Research (BMBF; project No.
01GV0615) as part of the BMBF Psychotherapy Research Funding
Initiative.

The study was registered with the ISRCTN: ISRCTN80046034.
The clinical trial was approved by the Ethics Committee of the
Medical Faculty of the Technical University of Dresden (EK
164082006). The neuroimaging components were approved by the
Ethics Committee of the Medical Faculty of the Rheinisch-West-
falische Hochschule, University of Aachen (EK 073/07).

Centers

Principal investigators (PI) with respective areas of responsibil-
ity in the MAC study are V. Arolt (Miinster: overall MAC program
coordination), H.U. Wittchen (Dresden: PI for the randomized
clinical trial, RCT, and manual development), A. Hamm (Greif-

Straube et al.



http://dx.doi.org/10.1159%2F000359955

swald: PI for psychophysiology), A.L. Gerlach (Miinster: PI for
psychophysiology and panic subtypes), A. Stréhle (Berlin: PI for
experimental pharmacology), T. Kircher (Marburg: PI for func-
tional neuroimaging) and J. Deckert (Wiirzburg: PI for genetics).
Additional site directors in the RCT component of the program
are G.W. Alpers (Wiirzburg), T. Fydrich and L. Fehm (Berlin-
Adlershof) and T. Lang (Bremen).

Data Access and Responsibility

All PI take responsibility for the integrity of the respective study
data and their components. All authors and co-authors had full
access to all study data.

Acknowledgements and Staff Members by Site

Greifswald (coordinating site for psychophysiology): Chris-
tiane Melzig, Jan Richter, Susan Richter, Matthias von Rad; Berlin-
Charité (coordinating center for experimental pharmacology):
Harald Bruhn, Anja Siegmund, Meline Stoy, Andre Wittmann;
Berlin-Adlershof: Irene Schulz; Miinster (overall MAC program
coordination, genetics and functional neuroimaging): Andreas
Behnken, Katharina Domschke, Adrianna Ewert, Carsten Konrad,
Bettina Pfleiderer, Christiana Sehlmeyer, Peter Zwanzger; Miin-
ster (coordinating site for psychophysiology and subtyping): Ju-
dith Eidecker, Swantje Koller, Fred Rist, Anna Vossbeck-Else-
busch; Marburg/Aachen (coordinating center for functional neu-
roimaging): Barbara Driike, Sonja Eskens, Thomas Forkmann,
Siegfried Gauggel, Susan Gruber, Andreas Jansen, Thilo Keller-
mann, Isabelle Reinhardt, Nina Vercamer-Fabri; Dresden (coor-
dinating site for data collection, analysis and the RCT): Franziska
Einsle, Christine Frohlich, Andrew T. Gloster, Christina Hauke,

Simone Heinze, Michael Hofler, Ulrike Lueken, Peter Neudeck,
Stephanie Preiss, Dorte Westphal; Wiirzburg Psychiatry Depart-
ment (coordinating center for genetics): Andreas Reif; Wiirzburg
Psychology Department: Julia Diirner, Hedwig Eisenbarth, Antje
B.M. Gerdes, Harald Krebs, Paul Pauli, Silvia Schad, Nina Stein-
héauser; Bremen: Veronika Bamann, Sylvia Helbig-Lang, Anne
Kordt, Pia Ley, Franz Petermann, Eva-Maria Schroder. Addition-
al support was provided by the coordinating center for clinical
studies in Dresden (KKS Dresden): Xina Grahlert and Marko Kép-
pler.

Disclosure Statement

The following co-authors declare potential conflicts of interest.
Prof. Volker Arolt, MD, is member of the advisory boards and/or
gave presentations for the following companies: Astra-Zeneca, Ja-
nessen-Organon, Lilly, Lundbeck, Servier, Pfizer and Wyeth. He
chaired the committee for the Wyeth Research Award Depression
and Anxiety. Prof. Jiirgen Deckert received in the past 3 years hon-
oraria by Janssen, Bristol Myers-Squibb, Wyeth, Lundbeck, Astra-
Zeneca and Pfizer and grant support by Medice, Novartis and Al-
kermes. Prof. Tilo Kircher has received in the past 3 years hono-
raria or educational grants from Janssen, Bristol Myers-Squibb,
Wryeth, Lundbeck, Lilly, Astra-Zeneca and Pfizer. Prof. Hans-Ul-
rich Wittchen is and has been member of advisory boards of sev-
eral pharmaceutical companies and received travel reimburse-
ments and research grant support from Essex Pharma, Sanofi, Pfiz-
er, Organon, Servier, Novartis, Lundbeck and Glaxo Smith Kline.

References

1 Kircher T, Arolt V, Jansen A, Pyka M, Rein- »5 Fu CH, Williams SC, Cleare AJ, Scott J, Mit- ization of conditioned fear as a pathogenic
hardtI, Kellermann T, Konrad C, Lueken U, terschiffthaler MT, Walsh ND, Donaldson C, marker of panic disorder. Am J Psychiatry
Gloster AT, Gerlach AL, Strohle A, Witt- Suckling J, Andrew C, Steiner H, Murray RM: 2010;167:47-55.
mann A, Pfleiderer B, Wittchen HU, Straube Neural responses to sad facial expressions in ®12 Acheson DT, Forsyth JP, Moses E: Interocep-
B: Effect of cognitive-behavioral therapy on major depression following cognitive behav- tive fear conditioning and panic disorder: the
neural correlates of fear conditioning in ioral therapy. Biol Psychiatry 2008;64:505— role of conditioned stimulus-unconditioned
panic disorder. Biol Psychiatry 2013;73:93— 512. stimulus predictability. Behav Ther 2012;43:
101. »6 Wittchen HU, Jacobi F: Size and burden of 174-189.

P2 Prasko J, Horacek J, Zalesky R, Kopecek M, mental disorders in Europe - a critical review P13 De Cort K, Griez E, Biichler M, Schruers K:
Novak T, Paskova B, Skrdlantova L, Be- and appraisal of 27 studies. Eur Neuropsycho- The role of ‘interoceptive’ fear conditioning
lohlavek O, Hoschl C: The change of regional pharmacol 2005;15:357-376. in the development of panic disorder. Behav
brain metabolism (18FDG PET) in panic dis- »7 Katon WJ: Clinical practice. Panic disorder. N Ther 2012;43:203-215.
order during the treatment with cognitive be- Engl ] Med 2006;354:2360-2367. P14 Lissek S: Toward an account of clinical anxi-
havioral therapy or antidepressants. Neuro- P8 Bouton ME, Mineka S, Barlow DH: A mod- ety predicated on basic, neurally mapped
endocrinol Lett 2004;25:340-348. ern learning theory perspective on the etiol- mechanisms of pavlovian fear-learning: the

»3 Sakai Y, Kumano H, Nishikawa M, Sakano Y, ogy of panic disorder. Psychol Rev 2001;108: case for conditioned overgeneralization. De-
Kaiya H, Imabayashi E, Ohnishi T, Matsuda 4-32. press Anxiety 2012;29:257-263.

H, Yasuda A, Sato A, Diksic M, Kuboki T: P9 Lissek S, Powers AS, McClure EB, Phelps EA, »15 Lissek S, Rabin SJ, McDowell DJ, Dvir S,
Changes in cerebral glucose utilization in pa- Woldehawariat G, Grillon C, Pine DS: Classi- Bradford DE, Geraci M, Pine DS, Grillon C:
tients with panic disorder treated with cogni- cal fear conditioning in the anxiety disorders: Impaired discriminative fear-conditioning
tive-behavioral therapy. Neuroimage 2006; a meta-analysis. Behav Res Ther 2005;43: resulting from elevated fear responding to
33:218-226. 1391-1424. learned safety cues among individuals with

» 4 KumariV, Peters ER, Fannon D, AntonovaE, ®»10 Grillon C, Lissek S, McDowell D, Levenson J, panic disorder. Behav Res Ther 2009;47:111-
Premkumar P, Anilkumar AP, Williams SC, Pine DS: Reduction of trace but not delay eye- 118.

Kuipers E: Dorsolateral prefrontal cortex ac- blink conditioning in panic disorder. Am ] ®16 Michael T, Blechert J, Vriends N, Margraf J,
tivity predicts responsiveness to cognitive-be- Psychiatry 2007;164:283-289. Wilhelm FH: Fear conditioning in panic dis-
havioral therapy in schizophrenia. Biol Psy- P11 Lissek S, Rabin S, Heller RE, Lukenbaugh D, order: enhanced resistance to extinction. ]

chiatry 2009;66:594-602.

Neural Correlates of Procedural Variants
in CBT

Geraci M, Pine DS, Grillon C: Overgeneral-

Abnorm Psychol 2007;116:612-617.

Psychother Psychosom 2014;83:222-233

DOI: 10.1159/000359955

231

°©
]
@
o
<
N
@
=
x
]

131.152.210.93 - 5/24/2018 12:07:53 PM


http://dx.doi.org/10.1159%2F000359955

»17

»18

»19

20

»21

»22

»23

24

»25

»26

»27

»28

»29

»30

Lueken U, Straube B, Reinhardt I, Maslowski
NI, Wittchen HU, Stréhle A, Wittmann A,
Pfleiderer B, Konrad C, Ewert A, Uhlmann C,
Arolt V, Jansen A, Kircher T: Altered top-
down and bottom-up processing of fear con-
ditioning in panic disorder with agoraphobia.
Psychol Med 2014;44:381-394.

McHugh RK, Smits JA, Otto MW: Empiri-
cally supported treatments for panic disorder.
Psychiatr Clin North Am 2009;32:593-610.
Sanchez-Meca |, Rosa-Alcazar Al, Marin-
Martinez F, Gomez-Conesa A: Psychological
treatment of panic disorder with or without
agoraphobia: a meta-analysis. Clin Psychol
Rev 2010;30:37-50.

Beck AT, Emery G: Anxiety Disorders and
Phobias: A Cognitive Perspective. New York,
Basic Books, 1985.

Clark DM: A cognitive approach to panic. Be-
hav Res Ther 1986;24:461-470.

Fava GA, Rafanelli C, Tossani E, Grandi S:
Agoraphobia is a disease: a tribute to Sir Mar-
tin Roth. Psychother Psychosom 2008;77:
133-138.

Wolpe ], Rowan VC: Panic disorder - a prod-
uct of classical conditioning. Behav Res Ther
1988;26:441-450.

Moscovitch DA, Antony MM, Swinson RP:
Exposure-based treatments for anxiety disor-
ders: theory and process; in Antony MM,
Stein MB (ed): Oxford Handbook of Anxiety
and Related Disorders. Oxford, Oxford Uni-
versity Press, 2009.

Gloster AT, Wittchen HU, Einsle F, Lang T,
Helbig-Lang S, Fydrich T, Fehm L, Hamm
AO, Richter J, Alpers GW, Gerlach AL, Stroh-
le A, Kircher T, Deckert ], Zwanzger P, Hofler
M, Arolt V: Psychological treatment for panic
disorder with agoraphobia: a randomized
controlled trial to examine the role of thera-
pist-guided exposure in situ in CBT. ] Consult
Clin Psychol 2011;79:406-420.

Craske MG, Kircanski K, Zelikowsky M,
Mystkowski J, Chowdhury N, Baker A: Opti-
mizing inhibitory learning during exposure
therapy. Behav Res Ther 2008;46:5-27.
Craske MG, Wolitzky-Taylor KB, Mineka S,
Zinbarg R, Waters AM, Vrshek-Schallhorn S,
Epstein A, Naliboff B, Ornitz E: Elevated re-
sponding to safe conditions as a specific risk
factor for anxiety versus depressive disorders:
evidence from a longitudinal investigation. ]
Abnorm Psychol 2012;121:315-324.
Gorman JM, Kent JM, Sullivan GM, Coplan
JD: Neuroanatomical hypothesis of panic dis-
order, revised. Am ] Psychiatry 2000;157:
493-505.

De Carvalho MR, Dias GP, Cosci F, de-Melo-
Neto VL, Bevilaqua MC, Gardino PF, Nardi
AE: Current findings of fMRI in panic disor-
der: contributions for the fear neurocircuitry
and CBT effects. Expert Rev Neurother 2010;
10:291-303.

Lueken U, Straube B, Konrad C, Wittchen
HU, Stréhle A, Wittmann A, Pfleiderer B,
Uhlmann C, Arolt V, Jansen A, Kircher T:
Neural substrates of treatment response to

»31

»32

»33

>34

»35

» 36

»37

>33

»39

» 40

»41

cognitive-behavioral therapy in panic disor-
der with agoraphobia. Am J Psychiatry 2013;
170:1345-1355.

Farmer GE, Thompson LT: Learning-depen-
dent plasticity of hippocampal CA1 pyrami-
dal neuron postburst afterhyperpolarizations
and increased excitability after inhibitory
avoidance learning depend upon basolateral
amygdala inputs. Hippocampus 2012;22:
1703-1719.

McHugh SB, Marques-Smith A, Li J, Rawlins
JN, Lowry J, Conway M, Gilmour G, Trickle-
bank M, Bannerman DM: Hemodynamic re-
sponses in amygdala and hippocampus dis-
tinguish between aversive and neutral cues
during pavlovian fear conditioning in behav-
ing rats. Eur ] Neurosci 2013;37:498-507.
Liu CC, Crone NE, Franaszczuk PJ, Cheng
DT, Schretlen DS, Lenz FA: Fear conditioning
is associated with dynamic directed function-
al interactions between and within the human
amygdala, hippocampus, and frontal lobe.
Neuroscience 2011;189:359-369.

Lang S, Kroll A, Lipinski S], Wessa M, Ridder
S, Christmann C, Schad LR, Flor H: Context
conditioning and extinction in humans: dif-
ferential contribution of the hippocampus,
amygdala and prefrontal cortex. Eur ] Neuro-
sci 2009;29:823-832.

Sehlmeyer C, Schéning S, Zwitserlood P,
Pfleiderer B, Kircher T, Arolt V, Konrad C:
Human fear conditioning and extinction in
neuroimaging: a systematic review. PLoS One
2009;4:e5865.

Reinhardt I, Jansen A, Kellermann T, Schiip-
pen A, Kohn N, Gerlach AL, Kircher T: Neu-
ral correlates of aversive conditioning: devel-
opment of a functional imaging paradigm for
the investigation of anxiety disorders. Eur
Arch Psychiatry Clin Neurosci 2010;260:443—
453.

Hofmann SG: Cognitive processes during fear
acquisition and extinction in animals and hu-
mans: implications for exposure therapy of
anxiety disorders. Clin Psychol Rev 2008;28:
199-210.

Etkin A, Wager TD: Functional neuroimag-
ing of anxiety: a meta-analysis of emotional
processing in PTSD, social anxiety disorder,
and specific phobia. Am ] Psychiatry 2007;
164:1476-1488.

Shin LM, Liberzon I: The neurocircuitry of
fear, stress, and anxiety disorders. Neuropsy-
chopharmacology 2010;35:169-191.
Tuescher O, Protopopescu X, Pan H, Cloitre
M, Butler T, Goldstein M, Root JC, Engelien
A, Furman D, Silverman M, Yang Y, Gorman
J, LeDoux J, Silbersweig D, Stern E: Differen-
tial activity of subgenual cingulate and brain-
stem in panic disorder and PTSD. J Anxiety
Disord 2011;25:251-257.

Bechara A, Tranel D, Damasio H, Adolphs
R, Rockland C, Damasio AR: Double disso-
ciation of conditioning and declarative
knowledge relative to the amygdala and hip-
pocampus in humans. Science 1995;269:
1115-1118.

232

DOI: 10.1159/000359955

Psychother Psychosom 2014;83:222-233

>4

»43

» 44

»45

» 46

» 47

» 48

»49

»50

| 2

»52

»53

LaBar KS, Cabeza R: Cognitive neuroscience
of emotional memory. Nat Rev Neurosci
2006;7:54-64.

Hamm AO, Weike AI: The neuropsychology
of fear learning and fear regulation. Int J Psy-
chophysiol 2005;57:5-14.

Van Well S, Visser RM, Scholte HS, Kindt M:
Neural substrates of individual differences in
human fear learning: evidence from concur-
rent fMRI, fear-potentiated startle, and US-
expectancy data. Cogn Affect Behav Neurosci
2012;12:499-512.

Roffman JL, Marci CD, Glick DM, Dougherty
DD, Rauch SL: Neuroimaging and the func-
tional neuroanatomy of psychotherapy. Psy-
chol Med 2005;35:1385-1398.

Quidé Y, Witteveen AB, El-Hage W, Veltman
DJ, Olff M: Differences between effects of psy-
chological versus pharmacological treatments
on functional and morphological brain altera-
tions in anxiety disorders and major depres-
sive disorder: a systematic review. Neurosci
Biobehav Rev 2012;36:626-644.

Porto PR, Oliveira L, Mari ], Volchan E,
Figueira I, Ventura P: Does cognitive behav-
ioral therapy change the brain? A systematic
review of neuroimaging in anxiety disorders.
] Neuropsychiatry Clin Neurosci 2009;21:
114-125.

Beutel ME, Stark R, Pan H, Silbersweig D, Di-
etrich S: Changes of brain activation pre-post
short-term psychodynamic inpatient psycho-
therapy: an fMRI study of panic disorder pa-
tients. Psychiatry Res 2010;184:96-104.
Bouton ME, Westbrook RF, Corcoran KA,
Maren S: Contextual and temporal modula-
tion of extinction: behavioral and biological
mechanisms. Biol Psychiatry 2006;60:352-
360.

Gloster AT, Wittchen HU, Einsle F, Hofler
M, Lang T, Helbig-Lang S, Fydrich T, Fehm
L, Hamm AO, Richter J, Alpers GW, Gerlach
AL, Strohle A, Kircher T, Deckert J, Zwan-
zger P, Arolt V: Mechanism of action in CBT
(MAC): methods of a multi-center random-
ized controlled trial in 369 patients with
panic disorder and agoraphobia. Eur Arch
Psychiatry Clin Neurosci 2009;259:155-166.
Arolt V, Zwanzger P, Strohle A, Hamm A,
Gerlach A, Kircher T, Deckert J: The research
network panic-net: improving the treatment
of panic disorder - from a better understand-
ing of fear circuit mechanisms to more effec-
tive psychological treatment and routine care
(in German). Psychother Psychosom Med
Psychol 2009;59:124-131.

Oldfield RC: The assessment and analysis of
handedness: the Edinburgh Inventory. Neu-
ropsychologia 1971;9:97-113.
Cammin-Nowak S, Helbig-Lang S, Lang T,
Gloster AT, Fehm L, Gerlach AL, Stréhle A,
Deckert J, Kircher T, Hamm AQO, Alpers GW,
Arolt V, Wittchen HU: Specificity of home-
work compliance effects on treatment out-
come in CBT: evidence from a controlled tri-
al on panic disorder and agoraphobia. J Clin
Psychol 2013;69:616-629.

Straube et al.

131.152.210.93 - 5/24/2018 12:07:53 PM


http://dx.doi.org/10.1159%2F000359955

P54

» 55

» 56

»57

» 53

»59

»60

»61

»62

»63

» 64

Friedman L, Glover GH, Krenz D, Magnotta
V, Birn F: Reducing inter-scanner variability
of activation in a multicenter fMRI study: role
of smoothness equalization. Neuroimage
2006;32:1656-1668.

Stocker T, Schneider F, Klein M, Habel U,
Kellermann T, Zilles K, Shah NJ: Automated
quality assurance routines for fMRI data ap-
plied to a multicenter study. Hum Brain
Mapp 2005;25:237-246.

Friedman L, Glover GH: Reducing interscan-
ner variability of activation in a multicenter
fMRI study: controlling for signal-to-fluctua-
tion-noise-ratio (SFNR) differences. Neuro-
image 2006;33:471-481.

Biichel C, Morris J, Dolan R]J, Friston KJ:
Brain systems mediating aversive condition-
ing: an event-related fMRI study. Neuron
1998;20:947-957.

Slotnick SD, Moo LR, Segal JB, Hart J Jr: Dis-
tinct prefrontal cortex activity associated with
item memory and source memory for visual
shapes. Brain Res Cogn Brain Res 2003;17:
75-82.

Reif A, Richter J, Straube B, Hofler M, Lueken
U, Gloster AT, Weber H, Domschke K, Fehm
L, Stréhle A, Jansen A, Gerlach A, Pyka M,
ReinhardtI, Konrad C, Wittmann A, Pfleider-
er B, Alpers GW, Pauli P, Lang T, Arolt V,
Wittchen HU, Hamm A, Kircher T, Deckert
J: MAOA and mechanisms of panic disorder
revisited: From bench to molecular psycho-
therapy. Mol Psychiatry 2014;19:122-128.
Eickhoff SB, Stephan KE, Mohlberg H, Gre-
tkes C, Fink GR, Amunts K, Zilles K: A new
SPM toolbox for combining probabilistic cy-
toarchitectonic maps and functional imaging
data. Neuroimage 2005;25:1325-1335.
Amunts K, Kedo O, Kindler M, Pieperhoff P,
Mobhlberg H, Shah NJ, Habel U, Schneider F,
Zilles K: Cytoarchitectonic mapping of the
human amygdala, hippocampal region and
entorhinal cortex: intersubject variability and
probability maps. Anat Embryol (Berl) 2005;
210:343-352.

Chen J, Shi S: A review of neuroimaging stud-
ies of anxiety disorders in China. Neuropsy-
chiatr Dis Treat 2011;7:241-249.

Pantazatos SP, Talati A, Schneier FR, Hirsch J:
Reduced anterior temporal and hippocampal
functional connectivity during face processing
discriminates individuals with social anxiety
disorder from healthy controls and panic dis-
order, and increases following treatment. Neu-
ropsychopharmacology 2014;39:425-434.
Pejic T, Hermann A, Vaitl D, Stark R: Social
anxiety modulates amygdala activation dur-
ing social conditioning. Soc Cogn Affect Neu-
rosci 2013;8:267-276.

Neural Correlates of Procedural Variants
in CBT

»65

»66

»67

» 63

»69

»70

»71

»72

»73

»74

Pohlack ST, Nees F, Liebscher C, Cacciaglia R,
Diener SJ, Ridder S, Woermann FG, Flor H:
Hippocampal but not amygdalar volume af-
fects contextual fear conditioning in humans.
Hum Brain Mapp 2012;33:478-488.

Alvarez RP, Biggs A, Chen G, Pine DS, Grillon
C: Contextual fear conditioning in humans:
cortical-hippocampal and amygdala contri-
butions. ] Neurosci 2008;28:6211-6219.
Maren S: Pavlovian fear conditioning as a be-
havioral assay for hippocampus and amygda-
la function: cautions and caveats. Eur ] Neu-
rosci 2008;28:1661-1666.

Marschner A, Kalisch R, Vervliet B, Vansteen-
wegen D, Biichel C: Dissociable roles for the
hippocampus and the amygdala in human
cued versus context fear conditioning. ] Neu-
rosci 2008;28:9030-9036.

Vythilingam M, Lawley M, Collin C, Bonne
O, Agarwal R, Hadd K, Charney DS, Grillon
C: Hydrocortisone impairs hippocampal-de-
pendent trace eyeblink conditioning in post-
traumatic stress disorder. Neuropsychophar-
macology 2006;31:182-188.

Cisler JM, Steele JS, Lenow JK, Smitherman
S, Everett B, Messias E, Kilts CD: Functional
reorganization of neural networks during
repeated exposure to the traumatic memory
in posttraumatic stress disorder: an explor-
atory fMRI study. ] Psychiatr Res 2014;48:
47-55.

Goldapple K, Segal Z, Garson C, Lau M, Biel-
ing P, Kennedy S, Mayberg H: Modulation of
cortical-limbic pathways in major depression:
treatment-specific effects of cognitive behav-
ior therapy. Arch Gen Psychiatry 2004;61:34—
41.

Felmingham K, Kemp A, Williams L, Das P,
Hughes G, Peduto A, Bryant R: Changes in
anterior cingulate and amygdala after cogni-
tive behavior therapy of posttraumatic stress
disorder. Psychol Sci 2007;18:127-129.
Dickie EW, Brunet A, Akerib V, Armony JL:
Neural correlates of recovery from post-trau-
matic stress disorder: a longitudinal fMRI in-
vestigation of memory encoding. Neuropsy-
chologia 2011;49:1771-1778.

Holschneider DP, Yang J, Sadler TR, Nguyen
PT, Givrad TK, Maarek JM: Mapping cerebral
blood flow changes during auditory-cued
conditioned fear in the nontethered, nonre-
strained rat. Neuroimage 2006;29:1344-1358.

»75

»76

»77

»73

»79

»30

»31

| £:7)

>33

>34

»35

»36

»37

Selden NR, Everitt BJ, Jarrard LE, Robbins
TW: Complementary roles for the amygdala
and hippocampus in aversive conditioning to
explicit and contextual cues. Neuroscience
1991;42:335-350.

Daumas S, Halley H, Francés B, Lassalle JM:
Encoding, consolidation, and retrieval of con-
textual memory: differential involvement of
dorsal CA3 and CA1l hippocampal subre-
gions. Learn Mem 2005;12:375-382.

Phillips RG, LeDoux JE: Differential contri-
bution of amygdala and hippocampus to cued
and contextual fear conditioning. Behav Neu-
rosci 1992;106:274-285.

Hasler G, Fromm S, Alvarez RP, Lucken-
baugh DA, Drevets WC, Grillon C: Cerebral
blood flow in immediate and sustained anxi-
ety. ] Neurosci 2007;27:6313-6319.

Powers MB, Smits JAJ, Telch MJ: Disentan-
gling the effects of safety-behavior utilization
and safety-behavior availability during expo-
sure-based treatment: a placebo-controlled
trial. ] Consult Clin Psychol 2004;72:448-454.
Gloster AT, Klotsche J, Gerlach AL, Hamm A,
Strohle A, Gauggle S, Kircher T, Alpers G,
Deckert J, Wittchen H-U: Timing matters:
mediators of outcomes in cognitive behavior-
al therapy for panic disorder with agorapho-
bia depend on the stage of treatment. ] Con-
sult Clin Psychol 2014;82:141-153.

Motanis H, Maroun M: Exposure to a novel
context following contextual fear condition-
ing enhances the induction of hippocampal
long—term potentiation. Eur ] Neurosci 2010;
32:840-846.

Hu YS, Long N, Pigino G, Brady ST, Lazarov
O: Molecular mechanisms of environmental
enrichment: impairments in AKT/GSK3p,
neurotrophin-3 and CREB signaling. PLoS
One 2013;8:64460.

Leger M, Quiedeville A, Paizanis E, Natku-
narajah S, Freret T, Boulouard M, Schumann-
Bard P: Environmental enrichment enhances
episodic-like memory in association with a
modified neuronal activation profile in adult
mice. PLoS One 2012;7:e48043.

Gogolla N, Galimberti I, Deguchi Y, Caroni P:
Wnt signaling mediates experience-related
regulation of synapse numbers and mossy fi-
ber connectivities in the adult hippocampus.
Neuron 2009;62:510-525.

Galimberti I, Gogolla N, Alberi S, Santos AF,
Muller D, Caroni P: Long-term rearrange-
ments of hippocampal mossy fiber terminal
connectivity in the adult regulated by experi-
ence. Neuron 2006;50:749-763.

Friston K: Ten ironic rules for non-statistical
reviewers. Neuroimage 2012;61:1300-1310.
Tomba E: Nowhere patients. Psychother Psy-
chosom 2012;81:69-72.

Psychother Psychosom 2014;83:222-233

DOI: 10.1159/000359955

233

131.152.210.93 - 5/24/2018 12:07:53 PM


http://dx.doi.org/10.1159%2F000359955

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_25: 
	CitRef_26: 
	CitRef_27: 
	CitRef_28: 
	CitRef_29: 
	CitRef_30: 
	CitRef_31: 
	CitRef_32: 
	CitRef_33: 
	CitRef_34: 
	CitRef_35: 
	CitRef_36: 
	CitRef_37: 
	CitRef_38: 
	CitRef_39: 
	CitRef_40: 
	CitRef_41: 
	CitRef_42: 
	CitRef_43: 
	CitRef_44: 
	CitRef_45: 
	CitRef_46: 
	CitRef_47: 
	CitRef_48: 
	CitRef_49: 
	CitRef_50: 
	CitRef_51: 
	CitRef_52: 
	CitRef_53: 
	CitRef_54: 
	CitRef_55: 
	CitRef_56: 
	CitRef_57: 
	CitRef_58: 
	CitRef_59: 
	CitRef_60: 
	CitRef_61: 
	CitRef_62: 
	CitRef_63: 
	CitRef_64: 
	CitRef_65: 
	CitRef_66: 
	CitRef_67: 
	CitRef_68: 
	CitRef_69: 
	CitRef_70: 
	CitRef_71: 
	CitRef_72: 
	CitRef_73: 
	CitRef_74: 
	CitRef_75: 
	CitRef_76: 
	CitRef_77: 
	CitRef_78: 
	CitRef_79: 
	CitRef_80: 
	CitRef_81: 
	CitRef_82: 
	CitRef_83: 
	CitRef_84: 
	CitRef_85: 
	CitRef_86: 
	CitRef_87: 


