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Abstract
Previous studies point towards differential connectivity patterns among basolateral (BLA) and
centromedial (CMA) amygdala regions in patients with posttraumatic stress disorder (PTSD) as
compared to controls. Here, we describe the first study to compare directly connectivity patterns
of the BLA and CMA complexes between PTSD patients with and without the dissociative
subtype (PTSD+DS and PTSD-DS, respectively). Amygdala connectivity to regulatory
prefrontal regions and parietal regions involved in consciousness and proprioception were
expected to differ between these two groups based on differential limbic regulation and
behavioural symptoms. PTSD patients (n = 49), with (n = 13) and without (n = 36) the
dissociative subtype, and age-matched healthy controls (n = 40) underwent resting-state fMRI.
Bilateral BLA and CMA connectivity patterns were compared using a seed-based approach via
SPM Anatomy Toolbox. Among patients with PTSD, the PTSD+DS group exhibited greater
amygdala functional connectivity to prefrontal regions involved in emotion regulation (bilateral
BLA and left CMA to the middle frontal gyrus and bilateral CMA to the medial frontal gyrus) as
compared to the PTSD-DS group. In addition, the PTSD+DS group showed greater amygdala
connectivity to regions involved in consciousness, awareness, and proprioception —implicated in
depersonalization and derealization (left BLA to superior parietal lobe and cerebellar culmen;
left CMA to dorsal posterior cingulate and precuneus). Differences in amygdala complex
connectivity to specific brain regions parallel the unique symptom profiles of the PTSD

subgroups and point towards unique biological markers of the dissociative subtype of PTSD.
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Introduction
The dissociative subtype of posttraumatic stress disorder (PTSD+DS) — exhibited by 13-30% of
PTSD patients — has recently been added to the fifth revision of the Diagnostic and Statistical
Manual (American Psychiatric Association, 2013; Lanius et al., 2012; Stein et al., 2013; Steuwe
etal., 2012; Wolf et al., 2012). In addition to genetic predispositions associated with the
emergence of PTSD+DS (Wolf et al., 2014), epidemiological evidence points to several risk
factors also associated with PTSD+DS, including prior trauma, childhood adversities, and
childhood onset of PTSD (Stein et al., 2013).

Numerous studies point towards differential patterns of neural activation of the amygdala,
prefrontal cortex (PFC), anterior cingulate cortex (ACC), precuneus, and parietal lobe in PTSD
patients who exhibit dissociative responses during traumatic script-driven imagery or fear
processing as compared to those who instead demonstrate re-experiencing symptoms
(Felmingham et al., 2008; Hopper et al., 2007; Lanius et al., 2002; 2005; 2010a). This
observation led to the identification of two types of emotion and amygdalar dysregulation among
PTSD patients, proposed to occur at baseline as well as in response to trauma reminders:
undermodulation and overmodulation (Lanius et al., 2010b; 2012). Emotional undermodulation
consists of reliving traumatic experiences with related hyperarousal, characteristic of non-
dissociative PTSD patients (PTSD-DS). This behavioural response is associated with decreased
activation of PFC regions and ACC, thereby decreasing top-down inhibition of the amygdala and
leading to hyperactivation of the limbic system (Lanius et al., 2010b; 2012; Shin and Liberzon,
2005; 2010; also see Birn et al., 2014; Stevens et al., 2013; Yan et al., 2014). Here, Lévesque et
al. (2003) report increased activation within the right dorsolateral prefrontal cortex (dIPFC) when

healthy participants were asked to suppress negative emotions that were associated with
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increased amygdala activity. Similarly, Banks et al. (2007) show that the dIPFC exhibits
connectivity to the amygdala when healthy participants were asked to regulate negative affect,
suggesting top down PFC inhibition of the amygdala. A recent study has also reported that
hyperarousal is associated with negative mPFC-amygdala coupling in PTSD (Sadeh et al., 2014).
In contrast to emotional undermodulation, overmodulation is associated with emotional
detachment and hypoarousal involving symptoms of depersonalization and derealization
characteristic of PTSD+DS. Emotional overmodulation is thought to be mediated by increased
PFC and ACC activation, resulting in excessive top-down inhibition of the amygdala (Lanius et
al., 2010b; 2012). Right amygdala activity has also been shown to be negatively correlated with
trait dissociative symptoms during exposure to thermal pain in PTSD patients (Mickleborough et
al., 2011). Additionally, findings from a meta-analysis examining neuroimaging findings in
PTSD have demonstrated a dorsal hypoactive amygdala region, comprising the centromedial
complex (CMA,; see below), which was suggested by the authors to be related to autonomic
blunting associated with emotional numbing and dissociation (Etkin and Wagner, 2007). Taken
together, these findings suggest that the amygdala may exhibit differential neuromodulation in
PTSD+DS and PTSD-DS.

The amygdala can be classified into two subdivisions, forming the basolateral (BLA) and
CMA amygdala complexes. The BLA and CMA have differential patterns of functional and
structural connectivity, in addition to unique roles in fear processing (Roy et al., 2007; Phelps et
al, 2004), which are altered in PTSD patients (Milad, 2014; Sripada et al., 2012). The BLA
evaluates sensory information and mediates cortical integration of fear and other emotions
(Jovanovic and Ressler, 2010). The BLA is regulated by feedforward inhibition from the medial

PFC via somatostatin connections, with outputs to the thalamus, striatum, and PFC (Duvarci and
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Pare, 2014). The CMA is involved in the execution of fear responses, with GABAergic outputs
to the brainstem and periaqueductal gray involved in descending pain modulation (Duvarci and
Pare, 2014; LeDoux, 1998; Milad, 2013). The CMA also receives thalamic projections and
mediates major nociceptive pathways (Duvarci et al. 2014). Notably, deactivation of the CMA
results in the impairment of fear expression and acquisition (Duvarci and Pare, 2014).

A novel study by Brown et al. (2014) reported differential resting-state connectivity of
the BLA but not the CMA between military-trauma exposed PTSD patients and veteran controls,
where the PTSD group showed greater connectivity to the pregenual ACC, dorsomedial PFC,
and dorsal ACC, and controls showed stronger connectivity to the left inferior frontal gyrus.
These findings suggest that the BLA and CMA complexes may exhibit unique roles in relation to
PTSD symptomatology.

Critically, no studies have compared directly patterns of amygdala complex (BLA and
CMA) resting-state connectivity in PTSD+DS versus PTSD-DS, which is the objective of the
current study. Due to the proposed differential PFC- and ACC-mediated inhibition of the
amygdala in PTSD+DS and PTSD-DS (exacerbated inhibition and attenuated inhibition,
respectively), connectivity between the BLA and PFC (dIPFC) and ACC was expected to be
greater in the PTSD+DS as compared to the PTSD-DS group. Moreover, given that patients with
PTSD+DS and PTSD-DS exhibit unique behavioural symptoms, connectivity of the CMA was
predicted to differ between these groups. Finally, we hypothesized altered amygdala connectivity
(BLA and CMA) to lateral and midline parietal regions involved in consciousness, awareness,
and proprioception among PTSD patients — which may contribute to the unique symptoms

observed between the two patient groups.
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Methods
Participants
Participants were recruited between 2009 to 2013 from the Department of Psychiatry London
Health Services Center (LHSC), through family physicians, mental health professionals,
psychology/psychiatric clinics, community programs for traumatic-stress survivors, and
posters/advertisements, all within the London, ON community. The sample consisted of 49
PTSD patients and 40 age-matched healthy controls (demographic and clinical information are
summarized in Table 1). Exclusion criteria for all participants included: any implants or metal
that do not comply with 3T fMRI safety standards, a history of head injury with any loss of
consciousness, significant untreated medical illness, a history of neurological disorders, a history
of any pervasive developmental disorders, pregnancy, and current use of any psychotropic or
cardiovascular medications within one month prior to the study. The exclusion criteria for PTSD
patients included: history of bipolar disorder or schizophrenia, alcohol or substance
dependence/abuse not in sustained full remission within 6 months prior to participation in the
study. Exclusion criteria for the control group consisted of current or past Axis-I or Axis-II
disorders. Participants were assessed using the DSM-IV Structured Clinical Interview (SCID)
(First, 1997), the Clinical Administered PTSD Scale (CAPS) (Blake et al., 1995), Beck’s
Depression Inventory (BDI) (Beck et al., 1997), and the Childhood Trauma Questionnaire (CTQ)
(Bernstein et al., 2003). Additionally, the Multiscale Dissociation Inventory (MDI) (Briere,
Weathers et al., 2005) was administered - which is a standard 30-item test of 6 types of
dissociative responses: Disengagement (DENG), Depersonalization (DEPR), Derealization
(DERL), Emotional Constriction (ECON), Memory Disturbance (MEMD), and Identity

Dissociation (IDDIS). All PTSD participants met criterion A in the DSM-IV and had a CAPS
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score of greater than 50. To be classified as PTSD+DS, PTSD patients required a score of at least
2 on both frequency and intensity for either the CAPS depersonalization or derealization items, a
conservative standard method of DSM-IV PTSD+DS characterization (Steuwe et al., 2012),
which restricts false positives. All scanning took place at the Robarts Research Institute’s Center
for Functional and Metabolic Mapping in London, Ontario, Canada. The research ethics board at
the University of Western Ontario approved the current study, and all participants provided
written informed consent.

fMRI Data Acquisition

Functional images were collected using a 3.0 T, whole-body MRI scanner (Magnetom Tim Trio,
Siemens Medical Solutions, Erlangen, Germany) with the manufacturer’s 32-channel phased
array head coil. BOLD fMRI images were acquired with the manufacturer’s standard
gradient-echo EPI pulse sequence (single-shot, blipped-EPI, interleaved slice acquisition order
and tridimensional prospective acquisition correction). Participants’ heads were immobilized
with foam padding within the head coil. EPI volumes were acquired with 2 mm isotropic
resolution with the following parameters: FOV = 192 mm X 192 mm X 128mm (94 x 94 matrix,
64 slices), TR/TE = 3000 ms/ 20 ms, flip angle = 90°, 120 volumes. Participants were asked to
close their eyes, relax and let their minds wander during the 6-minute (120-volume) scan. After
the scan, participants were asked whether they had been able to comply with the instructions and
whether they felt as though they had drifted out of wakefulness (all participants had been able to
comply with the instructions, and no participant reported having drifted out of wakefulness).
fMRI Data Preprocessing

Image preprocessing and statistical analyses were conducted using Statistical Parametric

Mapping (SPM8 and SPM12, Wellcome Department of Neurology, London, UK:
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hhtp://www.fil.ion.ucl.ac.uk/spm) within Matlab 8.3 (The Mathworks Inc., MA). For each
participant, all functional images were realigned to the first image in the series, resliced, and
mean functional images were created. Functional images were further motion corrected using the
ART software (Gabrieli Lab. McGovern Institute for Brain Research, Cambridge, MA), which
computes motion outlier regressors to be used in the 1% level analysis as a covariate of no
interest. Movement did not differ between participant groups based on SPM and ART
parameters. The images were then spatially normalized. The mean image was co-registered to
the SPM EPI template and the resulting deformation matrix was applied to the functional images.
All images were then smoothed using a 6mm full-width-half-maximum isotropic Gaussian filter.
Band-pass filtering was conducted using successive application of a high-pass and low-pass filter
with frequency cut-offs of 0.012 Hz and 0.1 Hz respectively (in-house software by co-author
Jean Théberge). Seed region-of-interest masks were created using SPM’s Anatomy Toolbox
(Eickhoff et al., 2005) featuring cytoarchitectonically-based probability maps of the amygdala.
Connectivity correlations were standardized using a Fisher Z transformation in SPM8.
Statistical Analyses

Subject-level analyses were conducted separately for each amygdala ROI. For each participant, a
mean signal intensity time course was extracted from SPM’s Anatomy Toolbox for each of four
seed regions (bilateral BLA and bilateral CMA) and then used as a regressor in a correlation
analysis with the whole-brain resting scan data for that participant. Connectivity is thus
indicative of a correlation between amygdala seed regions and other brain areas. Both positive
correlations and anti-correlations were examined. A whole-brain 3 (group) x 2 (complex) full-
factorial analysis of variance (ANOVA) was conducted in the second level analyses. The

between-group factor consisted of 3 levels: PTSD+DS, PTSD-DS, and controls, and the within-
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group factor consisted of 2 levels: BLA and CMA. The variance for the between-group factor
was set to unequal in order to account for the unequal sample size (Milligan et al., 1987). Here, a
restricted maximum likelihood adjustment was made to the degrees of freedom during inference,
using weighted least squares to produce Gauss-Markov estimators. The group x complex
interaction yielded 8 significant (FWE-corrected p < .05, k = 10) gray matter clusters (see Table
2 for ANOVA results). Follow-up comparisons for the 8 coordinates meeting the above error rate
protection were then conducted examining connectivity values in one- and two-sample t-tests.
Follow-up analyses utilized p-uncorrected < .005 k = 10, as following the suggestion of
Lieberman and Cunningham (2009) to balance the relative risk of Type I versus Il error rates.
One-sample within-group analyses were conducted for each PTSD patient group and control
group, individually for each amygdala seed region. Two-sample between-group contrasts were
explored for each seed region, comparing both PTSD patient groups, and each patient group to
the control group. Similarily, bilateral dIPFC coordinates were specified a-priori and used to
conduct small volume correction analyses with an 8-mm radius sphere (MNI 36 25 30: Lévesque
et al, 2003; MNI 48 28 36 and MNI -12 22 60: Banks et al., 2007) (FWE-corrected p < .05k =
10). This region was chosen as the model postulated by Lanius et al. (2010) hypothesizes that
PFC regions exhibit differential top down inhibition in PTSD+DS versus PTSD-DS. Critically,
Lévesque et al. (2003) report increased activation within the right dIPFC when participants were
asked to voluntarily suppress negative emotion — where negative emotion was associated with
increased amygdala activation. Banks et al. (2007) show that bilaterally the dIPFC exhibits

connectivity to the amygdala when participants were asked to regulate negative affect.

Baseline amygdala activity was also compared across groups for each seed to avoid

potential confounding factors when drawing inferences about activity correlations. This is
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important as differences in connectivity between groups may be driven by the unique baseline
activity of the seed region (see Supplemental Methods). To measure baseline amygdala complex
activity, mean signal intensity time courses were extracted for each amygdala seed on the
participant level to compare across groups. In addition, clinical variables CAPs, CTQ, MDI, and
BDI were compared across groups. One-way independent analyses of variance (ANOVAS) were
used to compare baseline amygdala activity and clinical variables (see Supplemental Methods for
statistics protocol). Furthermore, subscale MDI depersonalization and derealization items were
averaged for each participant and evaluated as a predictor of amygdala connectivity in a multiple
regression including data from all PTSD (PTSD-DS and PTSD+DS) patients, examining the 8
FWE-corrected clusters reported from the group x complex interaction and coordinates from the

dIPFC a-priori region-of-interest.

Results
Clinical Variables and Baseline Amygdalar Activity
All clinical variables (CAPS, BDI, CTQ, and MDI) yielded significant values for Levene’s test
of homogeneity of variance (means and standard deviations are presented in Table 1, statistics
are presented in Table 3). Via Games-Howell comparisons, no significant differences were found
between PTSD+DS and PTSD-DS groups in regard to CAPS, BDI, and CTQ scores. MDI scores
were significantly higher in the PTSD+DS as compared to PTSD-DS group. MDI and CTQ
scores were higher in the PTSD+DS and PTSD-DS group as compared to the control group.
There were no between-patient group differences in baseline amygdala activity (see
Supplemental Results: Table s5 for means and standard deviations, Table s6 for statistical
details) and, therefore, connectivity comparisons between patient groups could be interpreted

with confidence in this regard.
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One-Sample Functional Connectivity Within the Dissociative Subtype, Non-Dissociative
PTSD and Control Groups
Resting-state activity in the BLA and CMA predicted widespread activation in multiple cortical
and subcortical regions within all participant groups for both the coordinates extracted from the
ANOVA interaction and the a-priori dIPFC region. These results generally replicated findings by
Brown et al., (2014) and Roy et al., (2009). As they are not the main focus of the current study,
within-group data are reported in Supplemental Results (see Tables s1, s2, s3). There were no
significant anti-correlations for within-group connectivity maps.
Dissociative Subtype and Non-dissociative PTSD Group Differences in Functional
Connectivity
When examining connectivity values from the ANOVA interaction coordinates, the PTSD+DS
group showed greater functional connectivity between the left BLA and the left superior parietal
lobe (SPL) (BA 5), and the left culmen of the cerebellum (Figure 1a; Table 4a) as compared to
the PTSD-DS group. The PTSD+DS also showed greater functional connectivity between the
left CMA and the left dorsal posterior cingulate (BA 24), left medial frontal gyrus (BA6), and the
left precuneus (BA 7) (Figure 1c), while the right CMA showed greater functional connectivity
to the left medial frontal gyrus (BA 32) (Figure 1d) as compared to the PTSD-DS group. The
PTSD-DS group did not show any significantly greater connectivity patterns to any of the
amygdala complexes as compared to the PTSD+DS group.

In addition, when examining the dIPFC a-priori region, the PTSD+DS group showed
greater functional connectivity between both the left and right BLA and the right middle frontal
gyrus (BA 9) (Figure 1a and 1b; Table 4b). The PTSD+DS group also showed greater

connectivity between the left CMA and the right middle frontal gyrus (BA 9) (Figure 1c).
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MDI Correlations to Functional Connectivity Within PTSD Patients

Higher depersonalization and derealization MDI scores predicted increased connectivity between
the left BLA and right middle frontal gyrus — a region showing one of the strongest between-
patient group differences in connectivity in the main analysis (see Table 5).

Control Group and PTSD Patient Group Differences in Functional Connectivity

When investigating between-group BLA and CMA functional connectivity, widespread cortical
and subcortical differences were found when comparing the control group to both the PTSD+DS
and PTSD-DS groups, for both the coordinates extracted from the ANOVA interaction and a-
priori dIPFC region. Control group comparisons are similarly reported in Supplemental Results

(see Table s4).

Discussion

The primary aim of the present study was to compare connectivity patterns of the BLA and CMA
complexes between individuals exhibiting PTSD+DS and PTSD-DS. As compared to the PTSD-
DS group, the PTSD+DS group exhibited greater amygdala functional connectivity to prefrontal
regions involved in emotion regulation (bilateral BLA and left CMA to the middle frontal gyrus
and bilateral CMA to the medial frontal gyrus). In addition, the PTSD+DS group showed greater
amygdala connectivity to regions involved in consciousness, awareness, and proprioception (left
BLA to superior parietal lobe and cerebellar culmen; left CMA to dorsal posterior cingulate and
precuneus) as compared to the PTSD-DS group.

In keeping with our hypothesis, we found increased functional connectivity between the
amygdala and PFC regions in PTSD+DS as compared to PTSD-DS. This finding is in line with

the proposed increased versus decreased PFC inhibition of limbic regions in PTSD+DS versus
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PTSD-DS, respectively (Lanius et al., 2010b). There was also greater connectivity in the
PTSD+DS group between both bilateral BLA and left CMA to the right middle frontal gyrus and
between bilateral CMA and the left medial frontal gyrus as compared to the PTSD-DS group.
This parallels previous findings in terms of structural connectivity of the BLA, which projects
outputs to the PFC and receives feedforward somatostatin inhibition from cortical inputs
(Duvarci and Pare, 2014). Etkin et al. (2011) suggest that there is an imperfect separation of
function in ventral and lateral PFC with regard to appraisal/expression and regulation of emotion,
respectively. Group differences in amygdala connectivity with the middle and medial frontal gyri
in the present study may therefore underlie emotional appraisal/expression and/or regulation.
Previously, Lévesque et al. (2003) also report that the lateral portion of the right dIPFC is
associated with the voluntary suppression of negative emotion when healthy participants were
asked to suppress sadness, where increased sadness was associated with activation in the
amygdala. In a connectivity analysis by Banks et al. (2007), prefrontal dorsolateral and
dorsomedial cortices, as well as ACC, showed increased connectivity to the amygdala when
healthy participants were asked to regulate their negative affect, suggesting top-down inhibition
of the amygdala. Notably, a recent meta-analysis suggests that the supplementary motor area
may mediate dIPFC emotion regulatory effects on the amygdala (Kohn et al., 2014). Finally, it is
worth noting that in the present study, the PTSD+DS group did not display increased
connectivity between the BLA and the ACC, as we had hypothesized based on the Lanius et al.
(2010b) model. Future studies will therefore be required to determine whether the presence of an
emotional stimulus (as opposed to resting state) will lead to altered amygdala-ACC connectivity

in PTSD+DS.
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We had further hypothesized that there would be altered between-group connectivity with
regard to the BLA and CMA and parietal regions responsible for regulating consciousness,
awareness, and proprioception — phenomena central to depersonalization and derealization
experiences. The PTSD+DS group showed greater connectivity as compared to the PTSD-DS
group between the left BLA and the left SPL. The SPL is involved in spatial orientation and is
characterized by visual and sensory inputs (Wolbers et al., 2003), where damage to the SPL
results in astereognosis — the inability to recognize objects through touch (Davis et al., 2006).
The SPL also plays a significant role in motor imagery, monitoring of imagined limb
configuration, and proprioception (Wolbers et al., 2003). Increased connectivity between the
BLA (which mediates cortical integration of fear and emotional responses) and the SPL may
therefore be directly related to symptoms of depersonalization, where alterations in SPL function
may occur during an out-of-body experience and would thus need to be integrated by the BLA.

The PTSD+DS group showed greater connectivity between the left CMA and the
precuneus as compared to the PTSD-DS group. The precuneus has been shown to be involved in
first-person perspective taking, consciousness, and self-related mental representations during rest
(Cavanna and Trimble, 2006). This finding parallels our hypotheses, where those functions
subtending consciousness and formation of perspective are likely altered in depersonalization
responses, characteristic of PTSD+DS. In support of this finding, Medford et al. (2006) report
altered precuneus activity in depersonalization disorder patients as compared to controls when
preforming an emotional verbal memory task.

The dorsal PCC also showed greater functional connectivity between the left CMA in
the PTSD+DS group as compared to the PTSD-DS group. Generally, the PCC has been shown to

be associated with visuospatial orientation that is mediated through its extensive parietal lobe
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connections and assessment of self-relevant sensations (VVogt, 2005), and recently, it has been
suggested that the dorsal PCC is involved in conscious, awareness, and attention (Leech and
Sharp, 2014). Moreover, the dorsal PCC is implicated in orienting the body toward innocuous
and noxious somatosensory stimuli, and mediates nociception — the encoding and processing of
harmful stimuli (Vogt, 2005). This also parallels previous structural findings suggesting the
CMA to be implicated in major nociceptive pathways (Duvarci and Pare, 2014). Therefore, the
PTSD+DS group may encode harmful stimuli and traumatic experiences in a unique, i.e.
detached way. Notably, the mid-cingulate cortex is very close to the dorsal PCC coordinate
reported in the current study and is involved in reward value of behavioural outcomes during
performance of cognitive tasks (Vogt, 2005). Thus, through the encoding of reward, the brain
may characterize dissociation as an adaptive response that mitigates overwhelming experience
via emotional detachment. On balance, the current results suggest that the orchestration of fear
responses via connectivity between the CMA and dorsal PCC may be unique in PTSD+DS
patients, where self-relevant sensations, consciousness, awareness, and attention may be altered
in dissociative states. These findings are consistent with results previously reported by Lanius et
al. (2005) in which PCC activity was greater in PTSD patients who showed
depersonalization/derealization responses during traumatic recall relative to those PTSD patients
who exhibited flashback/re-living symptoms.

Finally, the left BLA displayed increased connectivity between the culmen of the
cerebellum in the PTSD+DS group as compared to the PTSD-DS group. The cerebellum has
been previously shown to be involved in proprioception — the perception of limb configuration.
Therefore, increased connectivity to the BLA may be important for integrating culmen functions

of imagined limb configuration during PTSD+DS symptoms of depersonalization.
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The between PTSD patient group comparisons in the current study revealed BLA
connectivity to similar prefrontal brain regions reported by Brown et al. (2014), albeit the current
study does not report group differences to ACC, and Brown et al. (2014) do not report any
between group differences in CMA connectivity. These connectivity differences between studies
may be due to the use of trauma-exposed control participants in Brown et al.’s (2014) study as
opposed to healthy controls in the current study and/or to different types of trauma exposure
(military versus civilian). Furthermore, it is not clear whether the Brown et al. (2014) study
included patients with PTSD+DS.

Several limitations of the current study are worth noting. Seed-based analyses have
revealed significant sex-related differences in amygdala functional connectivity such that the
amygdala exhibits greater functional connectivity at rest among females to the subgenual PFC
and hypothalamus, when compared to males (Kilpatrick et al., 2006). Considering that the
current sample is 75% female, the results may be biased towards the detection of differences in
connectivity to prefrontal regions and may not be as sensitive to alterations in amygdala
connectivity characteristic of males. In addition, the current study utilizes the DSM-IV CAPS as
a diagnostic criteria for PTSD+DS. Subsequent studies should replicate the current findings
using DSM-5 diagnostic criteria. Dynamic causal modeling should also be conducted in order to
ascertain amygdala connectivity directionality in both PTSD groups in larger samples. It is also
critical to note that our analyses do not provide information on whether connectivity is inhibitory
or excitatory. Moreover, cardiac and respiratory physiological-related changes in BOLD signal
were not corrected for. There is a mixed consensus in the field of functional connectivity
regarding the need to correct for cardiac and respiratory-related changes in BOLD signal (Birn et

al., 2006; 2008; 2009; 2012; Cordes et al. 2001) — which is also reflected in the PTSD literature —
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where some studies remove physiological noise (e.g., Roy et al., 2009; Sripada et al., 2012) and
others do not (e.g., Brown et al., 2014; Philip et al., 2013). Finally, future studies will need to
examine how amygdala connectivity may change over the course of PTSD and also elucidate
connectivity differences in response to emotional/traumatic triggers within PTSD+DS and
PTSD-DS groups.

In conclusion, the results of the current study point toward unique amygdala connectivity
of both the BLA and CMA complexes among individuals with the dissociative subtype.
Differences in amygdala complex connectivity to specific brain regions parallel unique
symptoms of trauma within this PTSD group. Amygdala complex resting state connectivity may
serve as a biological marker for PTSD+DS, and the identification of specific patterns of BLA
and CMA connectivity may help to further characterize PTSD patient groups. Critically, these
findings emphasize the importance of employing a heterogeneous conceptualization of PTSD
patient groups when designing neurobiological and clinical studies — as opposed to studying one
amalgamated patient group. Moreover, our results may point to unique treatment avenues for
various types of PTSD patients, such as using neurofeedback via real-time fMRI to mediate
different connectivity patterns. Such studies are currently underway in our laboratory.
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Table 1.

Demographic and Clinical Information

Measure PTSD-DS (n = 36) PTSD+DS (n = 13) Controls (n = 40)
Age M=37+129 M=37+12.7 M=323+114
Sex Females = 26 Females =11 Females = 29

CAPS 69.0 + 13.2 79.5+20.2 0.7+3.0

CTQ 63.0+25.9 71.2+20.2 31.6+84

BDI 24.3+8.1 335 £11.6 1.6 +2.6

MDI- DENG 14.0+5.3 17+ 4.6 8.0+2.4

MDI- DEPR 7.0+£3.2 12.3+45 5.3+0.7

MDI- DERL 9.0+£3.7 13.8+4.0 5.3+0.7

MDI- ECON 11.0+5.6 17.25+5.3 5.3+0.8

MDI- MEMD 9+37 14.8+4.0 57+1.1

MDI- DDIS 6+23 9.4+51 5.0£0.0
MDD n=1 n=1 n=0
Panic Disorder n=1 n=0 n=0
Agoraphobia n=0 n=0 n=0
Social Phobia n=0 n=2 n=0
OCD n=0 n=0 n=0
GAD n=0 n=0 n=0
Somatization Disorder n=0 n=0 n=0
Somatoform Disorder n=0 n=1 n=0
Eating Disorders n=0 n=0 n=0

Abbreviations: CAPS = Clinician Administered PTSD Scale, CTQ = Childhood Trauma Questionnaire, BDI =
Becks Depression Inventory, MDI = Multiscale Dissociation Inventory, DENG = Disengagement, DEPR =
Depersonalization, DERL = Derealization, ECON = Emotional Constriction, MEMD = Memory Disturbance,
IDDID = Identity Dissociation, MDD = Major Depressive Disorder, OCD = Obsessive Compulsive Disorder, GAD
= Generalized Anxiety Disorder, n = Number of Participants Corresponding to a group, PTSD+DS = dissociative

subtype PTSD group, PTSD-DS = non-dissociative PTSD group, Control = age-matched control group.
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Table 2.

3 (Group) x 2 (Complex) Full Factorial ANOVA

Cluster z
Analysis Gyrus/Sulcus H BA Size MNI Coordinate F(2, 344) score  p FWE
X y z

gzﬂfﬁe"t of Middle Occipital Gyrus L 19 16836 -32 -82 16 24.53 6.35  <.0001
Middle Temporal Gyrus L 21 16836 -60 -22 -8 21.32 5.90 <.0001

Claustrum L 604 -28 20 -8 10.53 3.97 <.0001

ﬁ{gf;cgocnomp'ex Inferior Parietal Lobule L 40 3716 -46 -50 54 28.38 6.84  <.0001
R 40 4276 56 -38 50 23.81 6.25 <.0001

Superior Parietal Lobule L 7 3716 -36 -52 62 25.83 6.52 <.0001

Cerebellum, Tonsil L 1811 -36 -48 -40 18.53 5.47 <.0001

Cerebellum, Declive R 1811 18 -54 -20 17.96 5.38 <.0001

Temporal Gyrus R 22 4276 58 -50 8 19.17 5.57 <.0001

L 21 384 -52 4 -24 15.90 5.03 <.0001

Dorsal Posterior Cingulate L 24 705 -6 4 40 15.10 4.88 <.0001

Full factorial analysis of variance displaying FWE-corrected gray matter clusters. Abbreviations: BA =

Broadmann area, FWE = family-wise error cluster-corrected threshold, H = Hemisphere.
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Table 3.

Clinical Variables

. Levene's Post Hoc Tukey-Kramar
Variable Homogenity Test ANOVA Comparisons HSD Games-Howell
CAPS F(2 ,86) = 36.067, N/A PTSD-DS & N/A (3, 22) = 2.473,
p <.001 PTSD+DS ns
BDI F(2,81) =17.439, N/A PTSD-DS & N/A t(3, 15) = 2.530,
p <.001 PTSD+DS ns
CTQ F(2, 86) = 19.499, N/A PTSD-DS & N/A (3, 27) = 1.475,
p <.001 PTSD+DS ns
PTSD-DS & N/A 1(3, 41) = 6.93,
Control p <.001
PTSD+DS & N/A t(3, 13) = 6.880,
Control p <.001
MDI Total F(2, 85) = 18.724, N/A PTSD-DS & N/A (3, 17) = 4.700,
p <.001 PTSD+DS p =.001
PTSD-DS & N/A t(3, 38) = 7.250,
Control p <.001
PTSD+DS & N/A t(3, 34) = 9.238,
Control p <.001

27

Abbreviations: PTSD+DS = dissociative subtype PTSD group, PTSD-DS = non-dissociative PTSD group, Control =

Age-matched control group, CMA= Centromedial amygdala baseline activity, BLA= Basolateral amygdala baseline

activity, N/A = not applicable, CAPS = Clinician Administered PTSD Scale, CTQ = Childhood Trauma
Questionnaire, BDI = Becks Depression Inventory, MDI = Multiscale Dissociation Inventory, DENG =
Disengagement, DEPR = Depersonalization, DERL = Derealization, ECON = Emotional Constriction, MEMD =

Memory Disturbance, IDDID = Identity Dissociation, MDD = Major Depressive Disorder, OCD = Obsessive

Compulsive Disorder, GAD = Generalized Anxiety Disorder.
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Table 4.
Dissociative Subtype and Non-dissociative subtype PTSD Between-Group Connectivity

Differences

Table 4 A)
Seed Cluster t(47) z p
Region Contrast Gyrus/Sulcus H BA Size Beta Values MNI Coordinate score Unc.
PTSD-DS  PTSD+DS
X Y z
LeftBLA  PTSD-DS>PTSD+DS  ns
Superior
PTSD-DS<PTSD+DS . L 5 10 0.011 0.086 22 -48 64 4.79 4.30 <.0001
Parietal Lobe
Cerebellum, L 10 0.043 0.115 -28 -46 -30 3.23 3.06 =.001
Culmen
Right BLA PTSD-DS>PTSD+DS  ns
PTSD-DS<PTSD+DS  ns
Left CMA PTSD-DS>PTSD+DS ns
Dorsal
PTSD-DS<PTSD+DS  Posterior L 24 23 -0.015 0.024 -14 -4 48 3.76 350  =.0002
Cingulate
Medial Frontal - = ¢ 23 0.003 0.053 -8 6 48 3.00 2.90 =.002
Gyrus
Precuneus L 7 18 -0.012 0.055 -32 -50 50 3.09 3.00 =.002
Right CMA  PTSD-DS>PTSD+DS  ns
PTSD-DS<PTSD+DS g%‘?' Frontal - 3 11 -0.001 0.055 -8 10 48 3.00 2.83 =.002
Table 4 B)
Seed Cluster t(47) z
Region Contrast Gyrus/Sulcus H BA Size Beta Values MNI Coordinate score p FWE
PTSD-DS  PTSD+DS
X Y z
Left BLA  PTSD-DS>PTSD+DS  ns
PTSD-DS<PTSD+DS g;‘:ﬂff’om""' R 9 17 0.003 0.106 38 32 32 3.50 3.28 =.042
Right BLA  PTSD-DS>PTSD+DS  ns
PTSD-DS<PTSD+DS gﬁgffrom""' R 9 13 -0.020 0.114 38 32 32 3.42 3.21 =.045
Left CMA  PTSD-DS>PTSD+DS  ns
PTSD-DS<PTSD+DS g;‘:ﬂffrom""' R 9 20 0.015 0.071 38 28 30 3.37 3.17 =.041
Right CMA  PTSD-DS>PTSD+DS  ns

PTSD-DS<PTSD+DS  ns

A) Follow-up comparisons from the ANOVA interaction, p < .005, k = 10.

B) Small volume correction a-priori analysis, FWE-corrected p < .05, k =10. Abbreviations: BLA = Basolateral
amygdala, CMA = Centromedial amygdala, PTSD-DS > PTSD+DS = Contrast images representing greater
connectivity in the non-dissociative PTSD group compared to the dissociative subtype, PTSD-DS < PTSD+DS =

Contrast images representing greater connectivity in the dissociative subtype PTSD group compared to the non-
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dissociative PTSD group, H = Hemisphere. Unc = Uncorrected for multiple comparisions, FWE = family-wise error

corrected, BA = Broadmann Area.
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Table 5.
Subscale MDI Depersonalization and Derealization Correlation to PTSD Amygdala

Connectivity

MNI t(47) z p
Seed Region Gyrus/Sulcus H BA Cluster Size Coordinate score Uncorrected
X y z
Left BLA Middle Frontal Gyrus* R 9 14 38 32 32 3.34 3.15 <.001

Subscale MDI depersonalization and derealization items averaged for each participant and evaluated as a predictor
of amygdala connectivity including data from all PTSD (PTSD-DS and PTSD+DS) patients. Abbreviations: H =

Hemishere, BLA = Basolateral amygdala, BA = Broadmann Area.

* Indicates the a-priori analysis.
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Figure 1. a) Brain areas representing greater connectivity to the left basolateral amygdala within
PTSD+DS as compared to PTSD-DS; b) Brain areas representing greater connectivity to the
right basolateral amygdala within the PTSD+DS as compared to PTSD-DS; c) Brain areas
representing greater connectivity to the left centromedial amygdala within PTSD+DS, as
compared to PTSD-DS; d) Brain areas representing greater connectivity to the right centromedial
amygdala within PTSD+DS as compared to PTSD-DS. Statistical threshold p < .005
uncorrected, k = 10 for all 2-sample t-tests. Abbreviations: PTSD+DS= dissociative subtype
posttraumatic stress disorder group PTSD-DS = non-dissociative posttraumatic stress disorder
group, BLA = basolateral amygdala, CMA = centromedial amygdala, PCC = posterior cingulate
cortex.

* Indicates the a-priori region-of-interest analysis.
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