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Abstract

Posttraumatic Stress Disorder (PTSD) is a debilitating condition often associated with difficulty in
emotion regulation, including reappraising negative emotions. This study assessed neural
mechanisms associated with emotion regulation in veterans prior to and following treatment for
PTSD. Participants with PTSD and combat exposed controls (CC) completed diagnostic
evaluation and underwent fMRI scanning while completing Emotion Regulation Task (ERT) and
Emotional Faces Assessment Task (EFAT). Participants with PTSD were randomly assigned to
Prolonged Exposure plus placebo (PE+PLB), Sertraline plus enhanced medication management
(SERT+EMM), or PE plus SERT (PE+SERT) and repeated diagnostic evaluation and MRI
scanning following treatment. The amygdala, dmPFC, and dIPFC were examined as regions of
interest. On ERT, veterans with PTSD showed significantly less dmPFC activation than CCs
during reappraisal vs emotional maintenance. Within the PTSD group, results demonstrated a
significant association between less activation in the dmPFC during emotion reappraisal vs
maintenance trials before treatment and greater reductions in symptoms from pre- to post-
treatment. During the EFAT, there were no group differences between participants with PTSD and
CCs in brain activation, and no relationships between brain function and PTSD symptoms. These
findings suggest that less emotional reactivity might potentially reflect less need for recruitment of
prefrontal regions when reappraising negative emotion, and is an individual factor associated with
better treatment outcome.
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Amygdala; Dorsomedial prefrontal cortex; Medial prefrontal cortex; Veterans; fMRI; Prolonged
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Introduction

PTSD is a debilitating disorder that can arise following exposure to a traumatic event
characterized by symptoms of negative affect, re-experiencing the traumatic memory,
hyperarousal, and avoidance of trauma reminders (American Psychiatric Association, 2013).
Military veterans with combat exposure from Afghanistan and Iraq (Operation Enduring
Freedom/Operation Iragi Freedom/Operation New Dawn; OEF/OIF/OND) show prevalence
rates of PTSD between 6-16% (Hines et al., 2014; Richardson et al., 2011). The VA/DOD
Clinical Practice Guideline for PTSD (2017) includes several effective interventions
including Prolonged Exposure therapy (PE) and Selective Serotonin Reuptake Inhibitors
(SSRIs; including sertraline; Rauch et al., 2018).

Recent research on PTSD has sought to examine neural correlates of psychological
processes associated with PTSD symptoms and treatment response. One consistent finding is
that people with PTSD demonstrate exaggerated emaotional reactivity compared to controls,
indexed by greater activation in the amygdala (Garfinkel et al., 2014; Rauch et al., 2000;
Rougemont-Biicking et al., 2011). In particular, symptoms such as hyperarousal and
persistence of traumatic memory are thought to be mediated by hyperresponsivity in the
amygdala (Girgenti et al., 2017). Indeed, greater PTSD symptoms (hyperarousal in
particular) have been associated with greater activation in the amygdala while viewing
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negative (e.g. fearful, angry) compared to neutral faces (Lieberman et al., 2017; Stevens et
al., 2013).

Diminished top-down control of the amygdala by medial prefrontal regions (mPFC) is
thought to contribute to overactive emotional reactivity (Fitzgerald et al., 2017; Javanbakht
et al., 2015), and difficulty inhibiting responses to trauma-related stimuli (Heroux et al.,
2017). The regulatory relationship between prefrontal executive control regions and the
amygdala has been of particular interest in understanding emotional reactivity and
reappraisal in PTSD. Previous literature on neural activation during emotional reappraisal in
healthy adults (Kompus et al., 2009) have demonstrated increased neural activation in brain
regions associated with emotion regulation such as the dmPFC, dIPFC, and anterior
cingulate cortex (ACC), and decreased activation in centers of emotional reactivity such as
the amygdala, in veterans with and without PTSD (Fitzgerald et al., 2016). Behavioral
treatment studies examining neural activation prior to and following PE have demonstrated
relationships between greater symptom reduction following PE and greater prefrontal
activation and less amygdala activation at baseline during emotion regulation tasks (Fonzo et
al., 2017). Although prior treatment studies have demonstrated effects on brain function in
regions associated with emotion processing and regulation, no studies to date have compared
the neural impact of psychotherapy and pharmacotherapy, and their combination.

The literature examining emotion processing in individuals with PTSD suggests both
overactive emotion reactivity to negative stimuli and difficulty regulating emotion, which
have been linked to aberrant neural activation in regions involved in emotion processing (i.e.
reactivity to emotional faces and regulation (Lieberman et al., 2017; Rauch et al., 2018).
Moreover, people who experienced symptom reductions following PTSD treatment had less
activation in emotion processing regions like amygdala and more activation in regulatory
regions like PFC (Fonzo et al., 2017). Thus, in order to fully identify neural mechanisms
associated with treatment response in PTSD, tasks that probe both emotion processing and
emotion regulation are needed.

The present study used two well-established tasks to assess neural function associated with
emotion processing and emotion regulation. We assessed neural function during emotion
processing and regulation in participants with PTSD before and after assignment to
evidence-based treatment groups [Prolonged Exposure plus placebo (PE+PLB), Sertraline
plus enhanced medication management (SERT+EMM), or PE plus SERT (PE+SERT)].
Trauma-exposed (not meeting criteria for PTSD) combat controls (CC) were assessed at pre-
treatment to serve as a comparison group. Using both the Emotion Regulation Task (ERT;
Rabinak et al., 2014) and Emotional Face Assessment Task (EFAT; Hariri et al., 2002), we
examined three primary questions. First, we examined differences in neural activation
between PTSD and CC. We predicted that during emotion regulation on the ERT,
participants with PTSD would show greater amygdala activation and less dmPFC and dIPFC
activation during reappraisal vs. emotional maintenance than CC. Similarly, on the EFAT, we
predicted that participants with PTSD would show hyperreactivity in the right and left
amygdalae and hypoactivation in the mPFC during emotional compared to neutral faces.
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Second, we examined relationships between pre-treatment neural activation and PTSD
symptoms (both pre-treatment symptoms and change in symptoms from pre to post
treatment) in participants with PTSD. We expected that more severe pre-treatment symptoms
would be associated with reduced recruitment of regulatory regions (i.e. dmPFC and dIPFC)
during cognitive reappraisal on the ERT and negative faces on EFAT. We hypothesized that
greater differences in symptoms from pre to post treatment would be associated with greater
recruitment of these regulatory regions during cognitive reappraisal on the ERT and negative
faces on EFAT.

Third, we examined relationships between change in activation from pre to post treatment
and PTSD symptoms from pre to post treatment in participants with PTSD. We hypothesized
that symptom improvement would be associated with decreased amygdala activation and
greater PFC activation during reappraisal for ERT and emotional faces on EFAT from pre to
post treatment. Additional secondary aims for both tasks included task-based connectivity
using a generalized psychophysiological interaction analysis (gPPI) to examine how
connectivity between amygdala and PFC differed between PTSD and CC groups, and
whether it was predictive of treatment response.

Method

Participants

The fMRI study was a part of a multisite randomized controlled treatment trial for PTSD,
funded by the Department of Defense between 2011 and 2016 (PROlonGed ExpoSure
Sertraline Trial [PROGrESS]; see Rauch et al., 2018, 2019, for further details on the larger
study). fMRI data from 75 OEF/OIF/OND veterans (51 with PTSD and 24 CCs ranging in
age from 20 to 57 years (Mean (M) prsp= 33.07, standard deviation (SD) p7sp= 8.70; M=
35.73, SDcc= 8.32)) collected prior to treatment were included in these analyses. Due to
attrition over the course of treatment and unusable data, data from 26 participants with
PTSD (Mage = 34.46, SDge = 9.02) were retained from pre to post treatment and were
included in the final analyses (See Tables 1 and 2 for task-based sample demographics). The
Prolonged Exposure and Sertraline Trial (PROGFESS) is a randomized clinical trial
approved by the institutional review boards at the Veterans Affairs Ann Arbor Healthcare
System, University of Michigan Healthcare System, the Veterans Affairs San Diego
Healthcare System, the Ralph H. Johnson Veterans Affairs Medical Center, and the
Massachusetts General Hospital Home Base Veterans Program and the Department of
Defense Human Research Protection Office.

2.1.1. Inclusion/Exclusion criteria—OEF/OIF/OND Veterans with combat-related
PTSD with significant impairment (CAPS = 50) lasting at least three months were recruited.
Veterans and active duty service members obtaining care at Veterans Affairs Ann Arbor
Healthcare System at the University of Michigan, VA San Diego Healthcare System,
Charleston VA Medical Center, and Massachusetts General Hospital were eligible for
participation. Exclusion criteria included imminent risk of suicide, active psychosis, alcohol
or substance dependence in the past 8 weeks, inability to attend appointments, prior
intolerance or failure of adequate trial of PE or Sertraline (SERT; defined as at least 2
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months of SERT at least 100 mg/day), medical illness likely to result in hospitalization or
for which treatments are contraindicated, or cognitive impairment. Inclusion and exclusion
criteria for CCs were the same as for the PTSD patient group. However, potential CC
participants were excluded if they endorsed a history of PTSD symptoms (CAPS > 20),
related to any type of trauma. fMRI specific exclusion criteria include: left-handedness,
ferrous containing metals within the body (e.g., aneurysm clips, shrapnel/retained particles),
inability to tolerate small, enclosed spaces, and patient girth exceeding fMRI machine
dimensions.

Procedures

2.2.1. Clinical assessment—The Clinician Administered PTSD Scale for DSM-IV
(CAPS-1V;, Blake et al., 1995) was the primary outcome measure to assess PTSD symptoms
pre-treatment (Week 0) and post-treatment (Week 24). The CAPS-1V was administered for
all participants by treatment-blind, CAPS-trained, independent evaluators with at least
Master’s level clinical training (See Fig. 1 for timeline of treatment administration; Rauch et
al., 2018). In addition to assessing total symptom scores, scores were also collected for
individual symptom clusters. Intrusion (Cluster B) symptoms included unwanted memories,
nightmares, flashbacks and distress surrounding reminders of traumatic events. Avoidance
(Cluster C) symptoms included avoidance of thoughts, feelings, or external reminders
related to trauma. Negative alterations in cognitions or mood (Cluster D) include inability to
remember features of trauma, negative thoughts about oneself, others, or the world, blame of
self or others for the trauma, decreased interest in activities, and overall negative affect.

2.2.2. PTSD treatment—~Participants with PTSD completed their randomly assigned
treatment protocol over 24 weeks. Blinded clinical interviews were conducted prior to and
following treatment. Participants received 1) Prolonged Exposure with a placebo pill (PE
+PLB), 2) Sertraline with 30 min of Enhanced Medication Management (psychoeducation
about PTSD and support to enhance medication compliance; see Rauch et al., 2018 for full
details) for the first twelve weeks to balance time spent with a therapist/psychiatrist (SERT/
EMM), or 3) both PE and SERT (PE +SERT,; See Tables 1 and 2 for sample size of
treatment groups by task). Data from the CC group were collected at baseline only. All
participants received sertraline or a placebo pill in a double-blinded design. Participant
attrition was similar across treatment groups, but contributed to unequal and underpowered
treatment groups. Furthermore, in concert with results from the larger PROGrESS study
(Rauch et al., 2019), we found no differences in treatment response between the three
treatment arms, (A1, 137)=0.18, p= 0.68). Thus, fMRI analyses were not conducted on
treatment group differences related to neural function during ERT and EFAT.

2.2.3. fMRI tasks—For additional details regarding the Emotion Regulation Task (ERT)
and Emotional Face Assessment Task (EFAT), see (Rauch et al., 2018). Brief descriptions of
the tasks are as follows.

2.2.3.1. Emotion regulation task.: Participants completed three runs of the ERT during
fMRI scanning. The task consisted of 80 aversive and 80 neutral pictures from the
International Affective Picture System (IAPS; Lang and Cuthbert, 1997) presented in block
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format (5 images over 20 s). Prior to each block, participants saw a crosshair, followed by an
instruction (Look, Maintain, Reappraise; Fig. 2A). Maintain and Reappraise instructions
appeared prior to blocks of negative images, while Look instructions appeared for neutral
images. For “Maintain” blocks, participants were instructed to passively view images and
experience emotions evoked by the images; for “Reappraise” blocks, participants were
instructed to use the cognitive strategy of reframing negative images to decrease the intensity
of their negative emotional responses (e.g., reinterpret a woman crying outside of a church
as expressing tears of joy at a wedding). Participants also viewed neutral images and were
asked to simply “Look” at the images. The key contrast of interest was between trials of
reappraisal and emotional maintenance, although secondary analyses were also conducted
on Reappraise vs Look and Maintain vs Look contrasts.

2.2.3.2. Emotional faces assessment task.: Participants completed two runs of the EFAT
during fMRI scanning. Each run consisted of twelve blocks during which participants
viewed a trio of faces and were instructed to match one of the two faces (bottom) that
expressed the same emotion (e.g. angry, fearful, happy, neutral) as the target face (top; Fig.
2B). Participants also completed twelve baseline blocks during which they matched simple
geometric shapes (e.g. circles, rectangles, triangles). The key contrast of interest for all
analyses on this task was negative (e.g. fearful and angry face trials) compared to neutral
faces.

2.2.4. MRI data collection—A Philips 3-T Achieva X-series MRI scanner (Philips
Medical Systems, Andover, MA) with a SENSE 8 channel head coil was used for data
collection at the Ann Arbor Veterans Affairs Hospital. The scanning parameters and analysis
methods are consistent with those previously reported by our lab (Duval et al., 2018;
Liberzon et al., 2015) and other fMRI aims in this study (to be reported elsewhere). A 3D
FFE-TFE sequence (field of view (FOV)= 256 x 256 mm, slice thickness= 1 mm, 0 mm gap)
was used to acquire T1-weighted anatomic images and slice localization, transformation,
and co-registration were conducted using axial slices aligned with the AC-PC plane. EPI
single shot sequence was used (EPI factor= 43, repetition time/echo time (TR/TE)= 2000/25
ms, flip angle= 90°, field of view (FOV)= 220 x 220 mm, slice thickness= 2.8 mm, 0 mm
gap, 42 data points, 150 dynamic scan). Gradient echo blood oxygen level dependent
(BOLD) scans were used to acquire functional data.

2.2.5. Data scoring and analysis—MRI data were analyzed using Statistical
Parametric Mapping (SPM8) for MATLAB. Pre-processing of functional images included
slice-time correction, realignment, and co-registration to structural images, normalization to
the Montreal Neurological Institute (MNI) standard brain template and smoothing. Runs
with greater than 3 mm of motion in any of the six planes (x, y; z pitch, roll, yaw) were
excluded from subsequent analyses.

2.2.6. Regions of interest—Based on prior literature using EFAT and ERT to examine
regions involved in emotion processing and regulation in PTSD, we hypothesized that
activation in dmPFC, dIPFC, and amygdala would be associated with performance on both
EFAT and ERT (Javanbakht et al., 2015; Kim et al., 2013). In order to define regions of
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interest (ROIs) based on task-related activation in our sample, we first created contrasts
(reappraise vs look on ERT, all faces vs all shapes on EFAT) to examine general task-related
brain activation at pre-treatment, across all participants (PTSD and CC combined),
independent of group membership, symptom severity, or treatment arm. The reappraise vs
look contrast was used on the ERT, as we wanted to isolate regions involved in emotional
reappraisal, while controlling for passive viewing of neutral images without emotional
content or efforts to regulate (Fitzgerald et al., 2017). On the EFAT, all faces trials were
expected to recruit the greatest activation in regions previously associated with emotion
processing, and the shapes trials allowed us to establish a baseline for matching non-
emotional stimuli (Klumpp et al., 2013). For all ROls, we used the Montreal Neurological
Institute (MNI) atlas to determine that our regions of activation fell within the hypothesized
regions based on prior literature Fig. 3. Results revealed significant task-based activation in
dmPFC and dIPFC on ERT, and in dmPFC and amygdala on EFAT. We then created 3 mm
radius spheres around the activation peak for right and left amygdala, and 5 mm radius
spheres for the mPFC and dIPFC. The average beta weight from each ROI was then
extracted and submitted to analyses described below to examine group differences in brain
function and relationships between brain function and treatment-related symptom change.
Since we did not expect laterality effects (Blair et al., 2007; Kim et al., 2013), we averaged
across both left and right sides to generate average beta weights in the three ROIs
(amygdala, dmPFC, dIPFC).

2.2.7. Statistical analyses—Primary analyses were performed in R (R Development
Core Team, 2013; version 3.5.1) to examine 1) pre-treatment differences between PTSD and
CC groups; 2) relationships between pre-treatment neural activation and PTSD symptoms
prior to treatment and from pre to post treatment; and 3) relationships between change in
activation from pre to post treatment and change in PTSD symptoms from pre to post
treatment. Independent #test analyses were conducted to examine pre-treatment group
differences while forced entry linear regression models were used to examine pre-treatment
brain function as predictors of total and subscale PTSD symptoms at pre and post treatment.
Linear regressions were also used to examine change from pre to post treatment brain
function as predictors of total and subscale PTSD symptoms from pre to post treatment.
Secondary analyses utilized generalized psychophysiological interaction analysis (gPPI) in
MATLAB using SPM 8, in order to assess relationships between neural connectivity during
both the ERT and EFAT and PTSD symptom severity. Each of the ROIs from analyses of
task-based activation were included as a seed for the gPPI analyses; connectivity between
ROI seeds and all other voxels in the brain were examined in PTSD compared to CC groups
and relationships between connectivity and symptom change over time were assessed. All
analyses were FWE corrected at p < 0.05 at the whole brain level (after initial thresholding
at p< 0.001 uncorrected).

3. Results

As expected, participants with PTSD scored significantly higher on the CAPS (Mgpr=
75.16, SDgpy=15.37; Megar= 73.96, SDepar= 15.59) compared to CC (MER'T: 1.75,
SDepy=3.68; {60.99) = —32.20, p< 0.001; Mgear= 1.96, SDgpar= 3.76; #53.98) = —29.78,
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p<0.001). Average age did not differ between PTSD and CC groups for either task (o>
0.05).

Emotion-regulation task (ERT)

3.1.1. Tests of normality—Shapiro-Wilks Tests of normality were conducted on
variables of interest for analysis. Pre-treatment symptom scores (/= 0.83, p < 0.01) were
not normally distributed; however, difference scores between pre-treatment and post-
treatment symptoms (/= 0.99, p = 0.98) did follow a normal distribution. Beta weights
extracted from dmPFC during Reappraise vs. Baseline (W= 0.99, p=0.59) and Maintain
vs. Baseline (W= 0.99, p=0.77) followed a normal distribution. However, beta weights
extracted from the bilateral amygdala did not follow a normal distribution for Reappraise vs.
Baseline (W= 10.96, p=0.01) or Maintain vs. Baseline (W= 0.96, p= 0.02). Although beta
weights extracted from dIPFC during Maintain vs. Baseline were normally distributed (W=
0.98, p=0.40), beta weights extracted for dIPFC during Reappraise vs. Baseline (/= 0.96,
p=0.03) were not normally distributed. Analyses were conducted using log transformed
values for variables that were not normally distributed.

3.1.2. Pre-treatment group differences in activation—There was a marginally
significant group difference in dmPFC activation with CC demonstrating greater activation
for the Reappraise vs. Maintain contrast (M= 0.24, SD= 0.43) compared to participants with
PTSD (M= 0.04, SD=0.38; 51.89) = 2.01, p = 0.05; Fig. 4). There were no significant
group differences for other ROIs during Reappraise compared to Maintain trials.

3.1.3. Pre-treatment neural activation associated with pre-treatment PTSD
symptoms—A linear regression model revealed a trending relationship between pre-
treatment neural activation in the ROIs (amygdala, mPFC, dIPFC) and pre-treatment PTSD
symptoms during Reappraise vs. Maintain trials (A3, 47)= 2.39, p= 0.08, R%= 0.08).
DmPFC was a significant contributor to the model (8= -0.42, p= 0.01), suggesting that
greater pre-treatment dmPFC activation for Reappraise compared to Maintain trials was
associated with fewer pre-treatment PTSD symptoms.

3.1.4. Pre-Treatment neural activation associated with change in PTSD
symptoms—We found a significant relationship between pre-treatment neural activation in
the ROIs (amygdala, mPFC, dIPFC) during Reappraise vs. Maintain trials, and change in
symptoms from pre to post treatment, even when pre-treatment symptoms were controlled
for in the model (F (4, 35)= 3.22, p=0.02, R%= 0.19) Fig. 5. Specifically, less pre-treatment
dmPFC activation was associated with greater symptom change (8= —0.50 p = 0.002).
Amygdala and dIPFC activations did not significantly contribute to the model individually
(B=-0.22, p=0.14; p=-0.02, p=0.90; Fig. 4a—c). When this model was repeated with
ROIs predicting CAPS symptom clusters, it was only significant with re-experiencing
symptoms. This model revealed a significant main effect of pre-treatment activation on
change in re-experiencing symptom scores from pre to post treatment (A3, 29)= 3.85, p=
0.02, R?=0.21). Individual predictors were examined further and revealed a significant
relationship between dmPFC activation and change in cluster B (re-experiencing) symptom
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scores (= —0.52, p=0.02). There were no significant main effects of PTSD clusters C
(avoidance) or D (negative alterations in cognition and mood), all g’s > 0.05.

3.1.5. Change in neural activation and change in PTSD symptoms—We found
no significant relationships between change (defined as a difference between Pre-treatment
activation-Post-treatment activation) in neural activation in the ROIs (amygdala, mPFC,
dIPFC) for any contrasts and change (Pre-Post) in PTSD symptoms, all p’s > 0.05.

3.1.6. Neural connectivity differences between groups and PTSD symptoms
—Results from gPPI analyses revealed no significant pretreatment differences in functional
connectivity between PTSD and CC groups in the three seed regions from primary ERT
analyses, all p’s > 0.05.

Emotional faces assessment task (EFAT)

There were no significant group differences in pre-treatment activation in primary ROIs for
EFAT (amygdala, mPFC; all p’s > 0.05). Furthermore, there were no significant
relationships between pre-treatment activation or change in neural activation and pre-
treatment or change in PTSD symptoms in primary ROIs. In addition, results showed no
significant relationships between neural activation and discrete symptom clusters in ROIs.
Finally, results from gPPI analyses revealed no significant group differences in functional
connectivity between the seed regions identified in primary analyses.

4. Discussion

We examined group differences in neural activation during emotion processing and
regulation between people with PTSD and CCs. We also assessed relationships between
neural activation and the change in PTSD symptoms before treatment and from pre- to post-
treatment. ERT was used to assess brain function during emotional maintenance and
reappraisal while EFAT was used to examine neural activation during processing of
emotional faces. Somewhat surprisingly, our findings suggest that better treatment outcome
is related to less recruitment of prefrontal regions during reappraisal of negative emotions
(i.e. less activation in the dmPFC during cognitive reappraisal).

We expected that activation in ROIls associated with emotion processing and regulation
(amygdala, mPFC, dIPFC) would be associated with PTSD symptoms both at pre-treatment
and pre- to post-treatment. Based on prior literature (Fitzgerald et al., 2016; Kompus et al.,
2009), we also hypothesized that we would observe differences in both emotion processing
(amygdala) and regulation ROIls (dmPFC, dIPFC) during these tasks in participants with
PTSD compared to CCs. Our hypotheses that there would be differences in activation
between PTSD and CC groups in the amygdala and dIPFC were not supported, nor did this
study provide evidence for relationships between change in activation in these regions and
change in symptoms. However, present findings partially supported our hypotheses
regarding relationships between pre-treatment activation in the dmPFC and symptom change
from pre- to post-treatment in participants with PTSD.
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Less dmPFC activation during reappraisal was associated with better treatment response in
participants with PTSD in the current sample. These results are in contrast with previous
literature suggesting that greater symptom reduction following treatment is associated with
less activation in emotion processing regions like amygdala and more activation in
regulatory regions like PFC (Fonzo et al., 2017; MacNamara et al., 2016).

One possible explanation of our findings is that less dmPFC activation was required to
regulate emotional response in participants that went on to have better outcomes, and could
be associated with less emotional reactivity and/or less effort to modulate emotions during
reappraisal. Reduced prefrontal regulation during reappraisal of negative information prior
to treatment will be associated with more successful treatment response. Notably, also in
contrast to prior literature suggesting that greater prefrontal cortex activation was associated
with less re-experiencing of emotional autobiographical memory (Denkova et al., 2015), less
dmPFC activation was a significant predictor of reductions in re-experiencing symptoms
(e.g. nightmares, flashbacks) in our sample. Our finding suggests that less prefrontal
activation may be required, or less effort to regulate emotional responses may occur, in
people who response better to treatment. Given that a significant model including less
activation in the dmPFC, dIPFC, and amygdala predicted symptom reduction, it is possible
that decreased emotional reactivity may also contribute to decreased need for prefrontal
regulation. Furthermore, congruent patterns of activation between the dmPFC and amygdala
during maintenance of emotion mirror previous findings suggesting that greater coupling
between these regions may be required for sustained emotional states, like anxiety
(Andreatta et al., 2015; Vytal et al., 2014).

The dIPFC has previously been implicated in emotion regulation models and has
demonstrated greater activation in participants with PTSD undergoing cognitive reappraisal
tasks (Sheynin and Liberzon, 2017). Although clinical populations (e.g. participants with
anxiety, PTSD) have exhibited reduced activation in the dIPFC during cognitive reappraisal
(Kim et al., 2013; Pico-Perez et al., 2017; Zilverstand et al., 2016), some literature has
suggested that the process of reappraisal reflects mind wandering states or internal self-
referential states typically reflective of neural function at rest (Deak et al., 2017). Therefore,
it is possible that the ERT does not specifically probe dIPFC activation, which is typically
associated with external, task-based thought (Aupperle et al., 2012).

Analyses of brain function during EFAT did not yield significant differences between PTSD
and CC groups, nor significant correlations between neural activation and symptom change
from pre- to post-treatment. It is possible that, at least in our sample, processes of emotion
regulation assessed on the ERT are more sensitive in predicting treatment response than
more emotion-processing focused tasks like EFAT.

Several limitations of this study should be considered when interpreting our results. First,
statistical power was reduced due to participant dropout and therefore, results were at a risk
of false negatives. Furthermore, the CC group did not return for a follow-up MRI scan, as
the primary focus of this study was to examine predictors of treatment outcome in PTSD.
However, due to this design decision, we cannot rule out the possibility that changes from
pre- to post-treatment were due to practice/habituation effects rather than treatment effects.
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Future studies should include “pre” and “post” scans in both PTSD and control groups. We
were underpowered to detect differences in neural function between the three treatment
modalities. Thus, we are not able to determine whether different treatments (PE vs SERT vs.
the combination) impact neural function differently. Future studies with larger samples
should continue to investigate treatment specific changes in neural function from pre- to
post-treatment. On the ERT, due to the block design of the task, it is possible that the BOLD
signal did not adequately capture the renewed process of reappraisal for each trial, and
future studies may need to use event related designs and/or vary trial length to fully capture
neural activation during reappraisal. Furthermore, although previous research has
demonstrated the utility of EFAT in eliciting amygdala activation, this task may not have
enough sensitivity to elicit specific neural differences in prefrontal regions. Future research
using this task would also benefit from an implicit baseline (e.g. crosshair), in addition to the
baseline of shape trials.

Although previous research has examined associations between treatment outcomes for
PTSD and neural function underlying emotion processing and regulation, this is one of the
first studies to examine the relationship between treatment response and brain function
associated with emotion regulation and appraisal in veterans with and without PTSD.
Overall, our findings suggest that less activation in dmPFC might reflect less need for
recruitment of prefrontal regions when reappraising negative emotion, and is an individual
factor associated with better treatment response.
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Fig. 1.

Timeline for administration of treatment in each treatment group (Rauch et al., 2018).
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A. Emotion Regulation Task (ERT)
block design
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B. Emotional Faces Assessment Task
(EFAT) sample block design
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Fig. 2.
Task block designs of emotion regulation and appraisal tasks.
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Bilateral Amygdala

FWE
Region X y z k Z-Statistic  Corrected
p value
dmPFC 6 50 28 375 275 0.00
Bilateral
Artiygdala (+/-) 30 -4 -23 5612 6.74 0.00

dIPFC (L/R) -48/45 23/17 19/22 339/390  7.16/8.21 0.00

EFAT

mPFC R Amygdala
L Amygdala
FWE
Region X y z k Z-Statistic  Corrected
pvalue
mPFC 6 20 46 375 7.75 0.00
R Amygdala 21 -4 .17 2 5.03 0.01
L Amygdala 24 -4 .17 247 6.01 0.00

Fig. 3.
ROIs with coordinates (x, ¥, 2), # of voxels (k), z statistics, and FWE corrected p-values for
ERT and EFAT.
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(A)  PTSD vs CC Pretreatment dmPFC Activation
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(B) PTSD vs CC Pretreatment dmPFC Activation
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Fig. 4.
A. Pretreatment activation on Reappraise vs. Maintain trials was greater in the PTSD group

compared to CC group. B. A further breakdown of average activation across Reappraise and
Maintain trials for both PTSD and CC is provided to clarify direction of relationships. Error
bars are based on standard error of the mean.
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Fig. 5.

Le?ss pretreatment neural activation for participants with PTSD in A. dmPFC, B. bilateral
amygdala, and C. dIPFC was associated with greater symptom reduction over time.
Reappraise vs. Maintain Contrast plotted against symptom change, with further breakdown
of Reappraise and Maintain trials by symptom change to clarify direction of relationships.
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