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RUNNING TITLE: NEURAL PREDICTORS OF PTSD TREATMENT

Abstract

Backgrounds: Although trauma-focused cognitive behavior therapy (TF-CBT) is the
frontline treatment for posttraumatic stress disorder (PTSD), at least one-third patients
are treatment non-responders. This study aimed to identify neural markers of
treatment response, and specifically prediction of remission of specific PTSD
symptoms.

Methods: This study assessed PTSD treatment-seeking patients (n = 40) prior to TF-
CBT during functional magnetic brain resonance imaging (fMRI) when they
processed fear, sad, happy, and neutral faces. Patients underwent 9 sessions of TF-
CBT, and were independently assessed on the Clinician-Administered PTSD Scale
following treatment. Treatment responders and non-responders were compared with
healthy controls (n = 40). Severity of PTSD was assessed with the Clinician-
Administered PTSD Scale. FMRI responses were calculated for each emotion face

compared to neutral contrast, which were correlated with reduction of PTSD severity
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from pretreatment to posttreatment. Treatment response was categorized by at least
50% reduction in severity of PTSD.

Results: Left insula activation during processing of both sad and fear faces was
associated with greater reduction of fear, but not dysphoric, symptoms after treatment.
Connectivity of the left insula to the pregenual anterior cingulate cortex was
associated with poorer response to treatment. Responders and controls had similar
levels of activation and connectivity, and were different from non-responders.
Conclusions: Positive response to TF-CBT is predicted during emotion processing by
normal levels of recruitment of neural networks implicated in emotional information.
These findings suggest that distinct neural networks are predictive of PTSD fear and
dysphoric symptom reduction following TF-CBT.

Trial Registration: Prospectively registered at Australian and New Zealand Clinical

Trials Registry, ACTRN12612000185864 and ACTRN12609000324213.

Although trauma-focused cognitive behavior therapy (TF-CBT) is the
preferred treatment for PTSD, one-third of patients do not respond to this approach
(Bradley, 2005). Increasing attention is being given to neural m rkers that may
identify patients who are non-responsive to CBT. Most of these studies have used
functional magnetic resonance imaging (fMRI) prior to treatment. These studies have
found that better treatment response is associated with decreased ventral anterior
cingulate activation during nonconscious fear processing (Bryant et al., 2008a),
increased activation of the dorsal anterior cingulate in anticipation of negative images
(Aupperle et al., 2013), reduced dorsal anterior cingulate activation during image

presentation (Aupperle et al., 2013; van Rooij, Kennis, Vink, & Geuze, 2016),
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reduced amygdala activity to nonconscious (Bryant et al., 2008a) and conscious (van
Rooij et al., 2016) processing of negative stimuli, increased left inferior parietal lobe
activation during contextual cue processing (van Rooij, Geuze, Kennis, Rademaker, &
Vink, 2015), and greater activation of the dorsal prefrontal cortex and reduced
amygdala activation during emotion processing, and greater ventromedial/ventral

striatal activation during emotion conflict regulation (Fonzo et al., 2017).

A limitation of these neuroimaging studies is that they have used neural
activation to predict clinical change only in terms of the global construct of PTSD.
There is increasing recognition that the diagnostic conceptualization of PTSD is
actually highly heterogeneous (Galatzer-Levy & Bryant, 2013), and there are good
reasons to expect different neural substrates to predict how different types of PTSD
patients may respond to treatment. For example, PTSD patients with more
dissociative responses tend to overmodulate emotions, involving prefrontal inhibition
of limbic regions, relative to those with more fear and hyperarousal responses
(Felmingham et al., 2008; Lanius et al., 2010). Many factor analytic studies of PTSD
have identified four factors that include re-experiencing, avoidance, arousal, and
either numbing or dysphoric symptoms (Armour, O'Connor, ElKklit, & Elhai, 2013;
King, Leskin, King, & Weathers, 1998; Elhai and Palmieri 2011). Studies have shown
that these four factors can be explained as forming two latent factors that comprise
fear (including reexperiencing, active avoidance, hypervigilance, and elevated startle)
and dysphoric (passive avoidance, sleep disturbance, concentration difficulties, and
irritability) symptoms (Forbes et al., 2010, 2015). These latent symptom constructs

may represent a neurobiologically relevant means to measure treatment response
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because they may map onto distinct neural networks that are evoked by stimuli that
represent equivalent constructs. This proposal is supported by several converging
lines of evidence. First, fear stimuli (such as facial expressions of fear) relevant to the
construct of Fear symptoms have been shown reliably to engage amygdala-dorsal
ACC and dorsal medial prefrontal networks under conditions of explicit processing
and amygdala-ventral ACC networks under nonconscious conditions of implicit
processing, and to elicit distinct modes of functional connectivity in these networks
during explicit and implicit fear processing (Robinson et al., 2014). Patients with
PTSD exhibit abnormal profiles of activation in these networks when probed with the
same fear stimuli, including amygdala hyper-reactivity and hypo-reactivity depending
on level of awareness (Bryant et al., 2008b). Second, sad stimuli relevant to the
construct of Dysphoria symptoms have also been found to engage the amygdala and
ventral ACC. Third, happy face stimuli also relevant to the construct of Dysphoria
symptoms have been found to engage regions central to the positive affect, or reward,
circuits of the human brain (Whitton, Treadway, & Pizzagalli, 2015). In PTSD, we
have observed reduced activation of these same regions when probed by happy face
stimuli and reduced reward-related striatal and subcortical connectivity (Felmingham

et al., 2014; Zhu et al., 2017).

In the context of evidence that PTSD is characterized by two distinct
biologically relevant factors, this study aimed to advance our understanding of neural
predictors of TF-CBT for PTSD by using valenced facial stimuli to probe negative
and positive affect circuits, and to quantify the contribution of these circuits as

prognostic biomarkers for reduction of fear and dysphoric symptoms. PTSD patients
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viewed fear, sad and happy faces to determine the extent to which activation of
emotional networks was associated with reductions in fear and dysphoric symptoms.
We hypothesized that activation and connectivity within regions central to the
negative affect circuitry (i.e. the amygdala, hippocampus, ventral anterior cingulate
cortex and insula) probed by fear and sad faces would be prognostic of a subsequent
post-treatment reduction in PTSD fear symptoms, whereas regions central to positive
affect and reward circuitry (i.e. the amygdala, dorsal anterior cingulate, striatal cortex
and medial orbitofrontal cortex) probed by happy faces would be prognostic of a post-

treatment reduction in dysphoric symptoms of PTSD.

Materials and Methods

Participants

Participants were 50 treatment-seeking patients, enrolled into one of two
treatment trials between 2011 and 2016 (Bryant et al., 2013, 2018); 40 of these
patients were included in the imaging analyses (with 10 excluded for either failing to
complete the relevant task or not returning for post-treatment assessment). Only
patients randomized to the exposure therapy arms of the two trials (determined by a
random number generator) were included in the current study. The mean age of the 40
patients (19 females, 21 males) was 40.60+11.3 years, who were diagnosed with
PTSD by clinical psychologists using the Clinician Administered PTSD Scale (CAPS
(Blake et al., 1995)) following assault, childhood abuse, motor vehicle accidents, or
police duties which occurred on average 36.0+31.8 months prior to treatment.
Participants with a history of neurological disorder, moderate or severe traumatic

brain injury, psychosis, or substance dependence were excluded. The protocol
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permitted prescribed medication if the dosage had remained stable for two months
prior to the scan and was not altered during the course of the study; 11 (27.5%)
participants were taking selective serotonin reuptake inhibitors. The study also
included a comparison group of 40 healthy participants (18 females, 22 males) of
mean age 39.2+15.8 years who had never experienced a criterion A stressor and with
no current Axis | disorders, as assessed by the Mini International Neuropsychiatric
Interview (MINI version 5.5) (Sheehan et al., 1998). Depression and anxiety levels for
patients were also assessed by self-report using the Depression, Anxiety, and Stress
Scale (DASS; Lovibond & Lovibond, 1995). Participant characteristics are described

in Table 1.

Procedure

The study was approved by the Western Sydney Area Health Service Human
Research Ethics Committee and written informed consent was obtained from
participants. Participants were initially assessed for PTSD (as defined by DSM-1V) by
clinical psychologists using the CAPS and for comorbid Axis | disorders, the MINI
was used to assess for current major depressive episode (MDE), generalized anxiety
disorder, social phobia, panic disorder, agoraphobia, obsessive-compulsive disorder,

and a substance use disorder.

Imaging Procedure

During the fMRI session, participants completed two viewing of facial
expressions of emotion tasks, one designed to probe explicit appraisal of emotion

stimuli and the other to probe nonconscious reactivity to the same stimuli. These tasks
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have been established previously (Bryant et al., 2008), and demonstrated to be
relevant for predicting treatment outcomes in relevant clinical disorders (Goldstein-
Piekarski et al., 2016; Williams et al., 2015). Briefly, the patients either passively
viewed a series of emotional faces (angry, disgust, fear, sad, happy, and neutral) for
500ms with an interstimulus interval of 750ms (explicit task) or viewed the same
emotional faces with a stimulus duration of 10ms, immediately followed by a neutral
face for 150ms, and an interstimulus interval of 1100ms (implicit task) (see

Supplementary Materials for imaging protocol).

Treatment protocol

Within 2-3 weeks of scanning, participants commenced a course of 9 once-
weekly individual sessions of TF-CBT that were delivered by experienced doctoral-
level or masters-level clinical psychologists. This therapy involved an initial session
of psychoeducation about psychological responses to trauma, then 6 sessions of 40-
minute imaginal exposure to the trauma memory, instructions regarding in vivo
exposure to avoided situations, and cognitive restructuring of thoughts related to the
traumatic event. An additional session reinforced cognitive restructuring exercises,
and a final session focused relapse prevention (Bryant et al., 2013, 2018). This
therapy procedure is consistent with gold standard TF-CBT protocols (McLean,
Asnaani, & Foa, 2015). Independent clinicians rated the fidelity of 130 sessions
(18%), indicating full adherence to the treatment protocols and high level of quality
on a 7-point scale (mean = 6.11, SD = 1.32). There were no treatment effects

according to different therapist or therapist qualifications. A posttreatment assessment

This article is protected by copyright. All rights reserved.



using the CAPS was conducted by an independent clinical psychologist one week

following completion of the course of treatment.

Data Analyses

The fMRI preprocessing, models and connectivity analysis details for this task
have been previously published and included in the supplementary material. To test
the hypothesized symptom constructs and as done in previous emotional processing
fMRI studies, contrast images were derived for FEAR versus NEUTRAL, SAD
versus NEUTRAL and HAPPY versus NEUTRAL trials. To define the circuits of
focus for this study we used a region of interest (ROI) approach motivated by a
synthesis of existing knowledge, grounded in meta-analytic studies (Williams, 2016).
To test the specific hypotheses regarding neural activation associated with emotional
processing of negative emotion (FEAR and SAD faces), we employed the use of the
negative affect network (comprising of the subgenual [sgACC] and pregenual anterior
cingulate cortex, [pgACC], bilateral amygdala, insula, and hippocampus), chosen for
its relevance to neural circuitry of negative emotion processing (Kober et al., 2008).
To test hypotheses regarding neural activation associated with positive emotion
processing (HAPPY faces), we employed the use of the positive affect network
(comprising of the medial orbitofrontal cortex [MOFC], dorsal anterior cingulate
cortex [dACC], bilateral amygdala, and bilateral striatum [caudate, putamen, and
pallidum]), chosen for its relevance to neural circuity of positive emotion processing

(Liu, Hairston, Schrier, & Fan, 2011).

All ROI voxel-wise statistical analyses listed below were conducted at a

family wise error corrected p-level of 0.05 (pFWE<0.05), corrected for multiple
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comparisons by inputting the various ROIls as a single mask at this threshold. To
examine change in PTSD severity independent of initial severity (in a manner that
allows comparison with prior studies of prediction of treatment response), residual
change was calculated from a regression of pre-treatment total CAPS scores on post-
treatment total CAPS scores (Siegle, Carter, & Thase, 2006) (higher change scores
correspond to greater improvement), and were correlated with neural measures. To
examine change in PTSD severity, whilst considering the heterogeneity of the
disorder, residual change was calculated from a regression of pre-treatment CAPS
factor scores (Fear factor scores and Dysphoria factor scores) on post-treatment CAPS
factor scores, and were correlated with neural measures. Fear factor was defined as
total score of reexperiencing, active avoidance, hypervigilance, and elevated startle
symptoms and dysphoric factor as a total score of passive avoidance, sleep
disturbance, concentration difficulties, and irritability symptoms (Forbes et al., 2010).
These residual PTSD severity scores were then correlated voxel-wise within our
selected ROI for each emotion contrasts to identify associations between pre-

treatment neural activity with treatment recovery.

Functional connectivity analyses

Next, we conducted functional connectivity analyses (generalized
psychophysiological interactions [gPPI]) (McLaren, Ries, Xu, & Johnson, 2012)
using significant clusters from the activation correlation analyses to determine
whether neural connectivity for the relevant seeds was similarly associated with
treatment response (overall change in CAPS, and individual factor change scores).

We evaluated connectivity related to significant contrasts from the activation
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correlation analyses in second level ROI analyses testing for voxel-wise correlations
between connectivity and residual PTSD severity as done for activation previously

(see Supplementary Materials).

Comparison of PTSD symptom response outcomes relative to healthy controls

Next, we categorized the PTSD cohort into treatment responders or non-
responders (responders defined as those with at least 50% reduction in pre-treatment
CAPS) to evaluate baseline neural activation and connectivity profiles of responders
and non-responders relative to healthy controls. Mean beta values for the significant
clusters from the voxelwise analyses above (i.e. pretreatment activation and
connectivity associations with change in PTSD severity) were extracted and analysis
of variance (ANOVA) analyses were performed using the three groups followed by
post-hoc group contrasts using the Bonferroni corrected p<0.05 threshold. We also
determined whether the significant neural measures predicted treatment response
above and beyond clinical and demographic variables. We employed cross-validation
statistics to test generalizability of results and to identify the best predictive models

(supplementary materials).

Exploratory analyses

We also performed exploratory whole brain voxelwise correlation analyses to
test any effects beyond our hypothesized ROIs (see Supplementary Analyses). A
series of additional supplementary analyses were also conducted: 1) to evaluate group
specific activations and group differences in neural activations for emotional contrasts

for the PTSD and healthy control groups as voxel wise single and two sample t-tests.
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We also evaluated effects for the NEUTRAL vs. implicit baseline “REST” condition
to rule out if effects were driven by the neutral condition; 2) to evaluate
generalizability to further samples and to determine accuracy, sensitivity, and
specificity of the measures in predicting treatment response (responders vs non-
responders) using cross-validation analyses, as a general model and as a best-
predictive fit model; 3) to determine whether the significant neural measures
predicted treatment response above and beyond clinical and demographic variables;

and 4) to evaluate any confounds due to medication use on neural measures.

Results

Clinical Outcomes

All 40 included participants met DSM-IV criteria for PTSD prior to treatment
and completed 7-9 sessions of TF-CBT. The mean CAPS score was 71.8+17.6 at
pretreatment and 28.1+20.0 following TF-CBT treatment. Based on our set criteria,
27 (67.5%) participants classified as treatment responders and 13 (32.5%) were

classified as non-responders. Participant characteristics are outlined in Table 1.

Association Between Symptom Change and Pre-treatment Neural Measures

Significant correlations between PTSD symptom improvement (reduction in
CAPS scores) and pretreatment neural measures were observed for explicit
presentations of sad and fearful faces. No significant associations were observed for
explicit processing of happy faces. Similarly, there were no significant associations
for implicit presentations. For sad vs neutral, a significant positive correlation was

found between reduction in overall PTSD severity and left insula activation (Table 2;
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Figure 1A). There was similarly a significant positive correlation between reduction

in PTSD fear symptoms and left insula activation for both sad and fearful faces (Table
2, Figure 1B) but no significant voxelwise correlations for reduction in PTSD
dysphoric symptoms and activation (additional analyses were conducted on whole-
brain analyses, as well as analyses of single sample activations; see Supplementary

Tables S1, S2 and S3).

For sad vs neutral faces, connectivity of the left insula to the pgACC was
significantly negatively correlated with a reduction in overall PTSD severity, PTSD

fear symptoms and PTSD dysphoria symptoms (Table 2; Figure 2).

These effects were not driven by the neutral condition (all p>0.05 for
NEUTRAL vs REST). These effects were all significant controlling for medications
(Supplementary Tables S4 and 5). To identify whether low baseline symptom scores
or differences in DASS anxiety scores affected significant results, these results were
re-analyzed controlling for baseline symptom severity (as an overall CAPS change
score, and individual factor change scores) and then DASS anxiety; all originally
observed effects remained significant. To determine the power of our sample (n = 40)
for detecting the observed effects, a post-hoc power analysis indicated that the
achieved power was 47.7% for low (Cohen’s d=0.3) and 92.2% for medium (d=0.5)
effect sizes; suggesting there was limited power to detect small to medium effect

sizes.
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Comparison of neural profiles between treatment responders, non-responders, and

healthy controls

The main effect of group was found significant for all the neural activation
and connectivity measures that were associated with PTSD symptom improvement
described above (see Table 3). Posthoc analyses revealed that across all measures,
treatment non-responders had significantly less activation but more connectivity than
healthy controls and responders. Responders on the other hand had similar pre-

treatment levels of activation and connectivity relative to controls.

Predictive models of treatment response

In attempting to illustrate how the neural markers we identified could be
helpful for treatment decisions and informing future studies, we evaluated how the
predictive value of the significant neural measures compared to demographic and
clinical variables, the generalizability of the models using cross-validation statistics

and identifying the best predictive model to predict treatment response.

In this cohort, the demographic and clinical measures model alone did not
predict treatment response. However, the inclusion of the neural measures
significantly improved its predictive values (p=0.001). Cross-validated linear
regression analyses of a general model using mean fMRI signal from all predefined
network ROIs (without any bias of our main analysis findings), replicated to some
extent the correlation findings from the main analysis described above
(Supplementary Tables S6 and S7). The best predictive model in classifying

responders and non-responders, using the significant neural measures identified in the
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main analyses, identified left insula activation to sad faces, correlated to a change in
Fear factor scores, to be the best predictive feature of our analyses (Supplementary

Table S8).

Discussion

This study represents the first investigation of neural processes prior to TF-
CBT predicting treatment response on different features of PTSD. Overall PTSD
symptom severity reduction was associated with greater activation of the left insula
when participants were processing sad faces. During processing of both sad and fear
faces, better treatment response was positively associated with pre-treatment
activation of the left insula in terms of reduction of fear but not dysphoric symptoms.
Further, greater connectivity of the left insula to the pgACC was associated with
poorer response to treatment (i.e. reduced symptom reduction) in terms of overall

PTSD, as well as both fear and dysphoric symptoms.

The finding that greater symptom reduction following TF-CBT was associated
with activation of the left insula accords with the proposal that successful response to
exposure-based treatments involves sufficient emotional processing (Foa, 2006). It is
noteworthy that the co-ordinates in the current study involved the more anterior
portion of the insula, which has been repeatedly associated with affective processing
(Uddin, Nomi, Hebert-Seropian, Ghaziri, & Boucher, 2017). The current finding
suggests that the capacity to engage this affective processing region during processing
of negative emotions may be an important predictor of positive response to TF-CBT,
arguably because it reflects the capacity to engage emotions. This interpretation needs

to be understood in the context of previous studies that have reported that response to
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TF-CBT is associated with reduced activation of the salience network (Bryant et al.,
2008; van Rooij et al., 2016). These findings have been interpreted in terms of the
insula, and related salience regions, been hyperactivated during affective processing,
which reflects the inability to regulate emotions and are therefore prognostic of poor
outcome (Colvonen et al., 2017). This interpretation may depend, however, on the
nature of the stimulus presented and how this may engage emotion processing
networks. For example, van Rooij et al.’s (2016) finding that insula activation in
response to viewing negative images was associated with poorer response to TF-CBT
may be attributed to their use of images depicting negative and even traumatic scenes;
in contrast, the current study used faces with different emotional expressions. It is
possible that whereas activating the insula during more generic emotional processing
may reflect a capacity for emotional engagement that is optimal for TF-CBT,
overactivation of the insula when processing more salient and even traumatic stimuli
may reflect over-reactivity of the salience network that may be prognostic of poor

treatment response.

A particularly novel aspect of this study is the demonstration that during
processing of fear and sad faces activation of the left insula was predictive of
reduction of fear rather than dysphoric symptoms of PTSD. Increasing evidence
indicates that PTSD is a multifaceted disorder that extends beyond the construct of
fear (Elhai & Palmieri, 2011). It is relevant that prevailing models of PTSD focus on
the fear circuity of neural networks, including the salience detection network, with the
presumption that these neural circuits are relevant to processing of fear. The finding

that insula activation predicted reduction of fear, rather than dysphoric, symptoms
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highlights that specific neural circuits may be implicated in the remission of different
features of PTSD recovery. In the context of evidence of dysphoric symptoms of
PTSD predicting poor response to psychotherapy (Bryant, Moulds, Guthrie, Dang, &
Nixon, 2003; Schumm, Dickstein, Walter, Owens, & Chard, 2015), these results
suggest that there is a need to understand not only the neural factors predicting
reduction in fear symptoms but also those implicated in dysphoric PTSD

presentations.

The observation that diminished symptom reduction was associated with
connectivity of the left insula to the pgACC needs to be considered in the context of
the role of the pgACC. The pgACC is situated between the dorsal ACC, which is
implicated in error detection and working memory, and the ventral ACC, which
involves emotion processing, salience detection, and emotion regulation (Bush, Luu,
& Posner, 2000). Whereas hyperactivation of the pgACC predicts better
antidepressant response for depression (Chen et al., 2007; Davidson, Irwin, Anderle,
& Kalin, 2003), psychotherapy trials of depression have found reduced activation of
the ACC being associated with symptom reduction (McLaren et al., 2012; Siegle et
al., 2006). It has been suggested that CBT approaches may optimize regulatory
networks (such as the pgACC) in patients who are less likely to engage these circuits
naturally (DeRubeis, Siegle, & Hollon, 2008). Given the role of the insula in
emotional processing, it is possible that reduced connectivity between the pgACC and
insula whilst processing negative emotions reflects less need to engage regulatory and
affective networks because these patients are more able to manage affective states —

and therefore respond positively to exposure-based therapy.
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It is worth noting that no predictive effects were found for implicit processing
of negative stimuli. This contrasts with one earlier finding from a small pilot study
that found that greater amygdala activation during implicit viewing predicted poor
response to TF-CBT (Bryant et al., 2008). A central tenet of TF-CBT is that PTSD
patients can access emotional memories to a sufficient degree to allow regulation of
distress and integration of new corrective information (Foa, 2006). It is possible that
the finding of increased insula activation predicting better treatment response, and
particularly in terms of reducing fear symptoms, reflects the capacity of patients to
engage emotions under controlled processing; in contrast, automatic processing of

fear during may not be indicative of intentional engagement of aversive emotions.

We note several methodological limitations. First, we did not include a PTSD
wait-list condition that would have provided a stricter index of the predictive capacity
of baseline neural responses on TF-CBT relative to spontaneous remission; it is
noteworthy, however, that spontaneous remission is unlikely in the sample for whom
the mean time since trauma exposure was three years. Second, replication with a
larger sample size would permit stronger comparisons between treatment responders
and non-responders, and closer investigation of subtypes of PTSD. Third, we note that
a proportion of participants were using SSRIs; the dosage was stable for two months
prior to scanning and secondary analyses indicated that all significant results were
observed in non-medicated participants. Fourth, prediction of symptom reduction at
longer-term follow-up assessments would provide more insight into how neural

responding at baseline is related to long-term remission, and possibly relapse.
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In the context of increasing recognition that PTSD is a heterogeneous disorder
that encompasses features beyond fear circuitry, there is a need for more precise
predictors of targeted symptom reduction in TF-CBT. The current findings indicate
that whereas activation of threat detection regions during processing of negative
emotions (i.e. insula) predict reduction of fear symptoms in PTSD, they are not
predictive of dysphoric symptoms. This finding accords with well-documented neural
networks in fear circuitry models of PTSD, highlights that future studies that identify
neural predictors of treatment outcome could usefully delineate between fear and

dysphoric features of the disorder.
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Figures

Figure 1. Pre-treatment insula activation correlated (pFWE<0.05) with change in
overall PTSD severity (A) and in PTSD fear symptoms (B) for SAD vs
NEUTRAL and FEAR vs NEUTRAL contrasts. Scatter plots showing a
significant positive correlation between (A) overall symptom improvement
(p<0.001) and (B) fear symptom improvement (p<0.001) with left insula
activation for sad faces, and a significant positive correlation between fear

symptom improvement (p<0.001) with left insula activation for fearful faces.
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Figure 2. Pre-treatment Insula-pgACC connectivity for Sad vs Neutral correlated with
change in overall PTSD severity and PTSD fear symptoms. Scatter plots show
significant negative correlations between overall symptom improvement
(p=0.002), fear symptom improvement (p<0.001), and dysphoria symptom

improvement (p<0.001) with left insula to pgACC connectivity.
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Table 1. Participant Characteristics for PTSD (Treatment Responders, Non-

Responders) and Healthy Controls

PTSD T/ Treatment Ty’
Controls Treatment
(n= Non-
(n =40) Responders
40) Responders
n =27
( ) (n=13)
40.60 39.2 0.46 0.61
Age, M (SD) 41.4 (12.7)  39.0(7.9)

(11.3)  (15.8)

n 00 . 4 . .
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Months since 0.90

36.0
Trauma, M -
(31.8) 39.2(34.9) 29.2(23.7)
(SD)
Type of trauma, 2.49
n (%)
Childhood
4 (10.0) - 4 (14.8) 0 (0)
abuse
Motor
vehicle 8 (20.0) - 5(18.5) 3(23.1)
accident
Police-
12
related - 7(25.9) 5 (38.5)
(30.0)
trauma
16
Assault - 11 (40.7) 5 (38.5)
(40.0)
Prescribed 11 1.90
SSRI, n (%) (27.5) 8 (29.6) 3(23.1)
Major 0.37
b ) 25
epressive -
_IO (62.5) 16 (59.3) 9 (75.0)
Disorder, n (%)
Social Phobia, n 10 ) 5(185%) 5(385%)  1.86
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(%)

Panic Disorder,
n (%)

Agoraphobia, n
(%)

Obsessive
Compulsive
Disorder, n (%)

Generalized
Anxiety
Disorder, n (%)

DASS
Depression, M
(SD)

DASS Anxiety,
M (SD)

Baseline CAPS,
M (SD)

Posttreatment
CAPS, M (SD)

(25.0)

8
(20.0%)

10
(25.0%)

9
(22.5%)

7
(17.5%)

10.8
(4.9)

8.2
(4.4)

71.8
(17.6)

28.1
(20.0)

0.26
6(22.2%) 2 (15.4%)

4.60*
4 (14.8%) 6 (46.2%)

.01
6 (22.2%)  3(23.1%)

2.35
3(11.1%) 4 (30.8%)

0.37
106 (53)  11.3 (4.0)

1.8
73(49)  10.0 (2.2)

0.46
72.7(19.7)  69.9 (12.5)
17.3 (12.4)  50.7 (12.4)

8.10%*
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Baseline Fear, 40.0 0.17
- 40.2 (9.7) 39.6 (9.8)
M (SD) (9.59)

Posttreatment 13.8 8.78**
- 7.5 (5.4) 27.1(8.7)
Fear, M (SD) (11.4)

Baseline 314 0.41
Dysphoria, M ' - 31.8 (12.7 30.3 (6.3

ysp (10.9) (12.7) (6.3)
(SD)
Posttreatment 4.89**
Dysphoria, M L 9.7 (8.1) 23.6 (9.2)

SpNoria, - . . . .

yep (14.1)
(SD)

* indicates a significant difference at p<.05. ** indicates a significant difference at
p<0.001.

Table 2. Summary of voxelwise region of interest analyses for pre-treatment neural
activation and connectivity associations with reduction in PTSD severity. Correlations
between percentage improvement in clinician administered PTSD severity scores
(overall CAPS, and individual factor scores [Fear and Dysphoria] and pre-treatment
activation of Regions of Interest are reported significant at prwe <0.05 below. (L-left,
pgACC — pregenual anterior cingulate cortex).

Cluster Peak MNI  Peak  p-value
Emotion  Direction  Brain Region sizein  Coordinates  z- (FWE
voxels X,Y,2) score corrected)

Supraliminal emotions

Correlation with reduction in overall symptom score

Sad vs Positive L Insula 9 42,2,0 3.86 0.036
Neutral

Sad vs Negative L Insula <> 12 6 38,4 3.99 0.011
Neutral PgACC

Correlation with reduction in Fear factor score
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Sad vs Positive

L Insula 3 -44,2,4 3.82 0.042
Neutral
Fear vs Positive

L Insula 55 -42, 8,8 4.04 0.009
Neutral
Sad vs Negative L Insula <> 10 4,40, 2 3.85 0.019
Neutral pgACC

Correlation with reduction in Dysphoria factor score

Sad vs Negative L Insula <> 12 6. 38 4 3.99 0.011
Neutral pgACC

Table 3. Responders and non-responders versus controls in activation and
connectivity for supraliminal emotion processing. Extracted betas for significant
activation and connectivity results for each contrast are included. Brain measures
were included in an ANOVA analysis comparing all groups with Bonferroni corrected
posthoc comparisons conducted between each group. (L-left, pgACC — pregenual
anterior cingulate cortex, HC — Healthy Controls).

Br Hea Respon Non-
ain COMTe pegn  NOM- pyy dersvs  pocponde Non-
lation P Resp Y Non- b Responde
Re . onde Con rsvs Responde
. varia onder Respon rsvs HC
910 e S s trol ders vs Responde rsvs HC
n S HC rs
Mea P Mea Mea P Mea P
Mean Mean n va n P- n va n va
F Iy Diffe val Diffe Iy Diffe Iy
D D
(SD)  (SD) (SD) o enc ue renc - renc
e e e
Supraliminal
Sad vs Neutral
- 0.00
S@ES 0.069 0210 3 7. 0. - 00 0.6 0. - 0.
Ins g 017 12 00 027 o g 72 021 01
ula ' 027 (©2 8 1 9 4 5 0

score 8) 1) 30)
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