




neural networks as tonic immobility, however, para-sympatheti-
cally mediated bradycardia leads to hypoxia, disrupting signals
from the brain stem that maintain muscle tone and leading to
compromised consciousness (Kozlowska et al., 2015). Opioid-
mediated analgesia is activated in these states via the PAG and the
rostral ventromedial medulla pain circuit (Kozlowska et al., 2015).
Finally, in extreme situations, a final stage of response may be
mediated by a shut-down of peripheral vagal activity and a vaso-
vagal response leading to fainting or flaccid immobility (Schauer
and Elbert, 2010) (see Figs. 1 and 2). Notably, although these re-
sponses occur during acute stress or trauma exposure, they also
continue post-trauma among individuals with trauma-related
psychopathology in response to trauma-related cues in the inter-
nal or external environment, thus representing learned processes
and a continuation of defensive posturing normally observed un-
der threat. Here, Kozlowska et al. (2015) described defensive
mind-body states as fixed action patterns that are repeated or
reactivated by environmental triggers, including motor patterns,
autonomic responses and opioid mediated analgesia (e.g., van der
Kolk, 2001).

Accordingly, functional sensory deafferentation mediated by
reduced integration of sensory information via the thalamus to the
cortex may underlie symptoms of depersonalization and dereali-
zation, given that these pathways are central to cohesive percep-
tual and sensory experiences, and thus embodiment of conscious
experience. In the case of individuals with the PTSD-DS, functional
sensory deafferentation may be maintained, despite the absence of
overt threat. Specifically, Schauer and Elbert (2010) describe re-

enactment of defence stages, including tonic and collapsed im-
mobility, in response to internal (e.g., intrusion symptoms) or
external environmental trauma cues. Here, associated decrements
in attention and arousal would be expected to give rise to pro-
gressive cognitive dysfunction and result in diminished availability
of cognitive resources. It is important here to consider the role of
autonomic arousal in cognition. Stress-cognition relationships
have been conceptualized as an inverted u-shaped curve, where
increasing levels of arousal are thought to lead to enhanced cog-
nitive performance to some optimal level, after which increased
arousal may have deleterious effects on cognition, as in the Yerkes-
Dodson Law (Cohen, 2011; Yerkes and Dodson, 1908). More recent
conceptualizations integrate dimensions such as task difficulty,
cognitive appraisal and individual coping mechanisms into this
model (Deffenbacher, 1994). Moreover, recent work has confirmed
that acute stress impairs performance on tasks requiring higher-
order cognitive resources (e.g., executive functioning) with asso-
ciated reductions in prefrontal cortex activation (e.g., dlPFC)
(Arnsten, 2009). Indeed, high levels of catecholamine release (e.g.,
dopamine and noradrenaline), which also follow an inverted
u-shaped curve in response to stress, appears to lead to reduced
neuronal firing in the prefrontal cortex (Arnsten, 2009).

Among individuals with PTSD, the thalamus may also play a
key role in the interplay between dissociative symptoms and
cognitive functioning where altered thalamic sensory processing is
postulated to underlie or enable dissociative symptoms (Krystal
et al., 1998; Lanius et al., 2014). Indeed, the thalamus is crucial to
the integration of sensory information in the cortex, amygdala, and

Fig. 1. This figure is based on ideas presented in Kozlowska et al. (2015). Responses to a stressful stimulus (e.g., the tiger) as in animal models are represented here as they
might appear in the human brain. Fight or flight response: Information from the limbic forebrain and amygdala mediate somatomotor activation (yellow pathway) via the
lateral periaqueductal gray (LPAG) leading to downstream activation of skeletal muscles via premotor centres in the pons and medulla. Autonomic activation (red pathway)
via the sympathetic nervous system is mediated by the hypothalamus leading to increased heart rate and vascular resistance via the pons and medulla, while activation of
the pituitary causes a release of ACTH and downstream cortisol with concomitant increased sympathetic tone. Tonic/collapsed immobility: Information from the limbic
forebrain and amygdala activates the ventrolateral periaqueductal gray (VLPAG), which acts as a break for the LPAG, leading to reduced sympathetic tone. Activation of the
vagal pathway from the dorsal motor nucleus (DMN) in the brainstem opposes sympathetic activation. Downstream projections of the VLPAG via the ventral medulla
mediate immobility. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

M.C. McKinnon et al. / Neuropsychologia 90 (2016) 210–234222



hippocampus (Amaral and Cowan, 1980; Kandel et al., 2000;
Krystal et al., 1998; McCormick, 1992; Turner and Herkenham,
1991). Critically, among healthy populations, dissociative states
may occur during exposure to very high or very low levels of
sensory stimulation (Krystal, 1988; Krystal et al., 1998). Krystal
et al. (1998) suggest that the role of the thalamus in trauma-re-
lated and possibly dissociative processes is supported by the
presence of receptors for neurotransmitters previously implicated
in the induction of post-traumatic (e.g., flashbacks) and dis-
sociative symptoms in thalamic networks, including the nora-
drenergic (Buzsáki et al., 1991; McCormick and Wang, 1991) and
glutamatergic receptors (McCormick, 1992). Indeed, whereas re-
sponses to trauma have been linked to the noradrenergic system
(Bremner et al., 1996a, 1996b; Krystal et al., 1989), ketamine (a
glutamate (NMDA) receptor antagonist) has been shown to induce
detachment and withdrawal as well as sensory distortions and
illusions (Krystal et al., 1994). Krystal et al. (1998) further link al-
terations in sensory processing via the thalamus and dissociative
states with attentional changes, where they cite work reporting
alterations in reported locus of attention (e.g., to peripheral sen-
sory stimuli or internal mental processes) among dissociated in-
dividuals (Carlson and Putnam, 1989). Taken together, Krystal et al.
(1998) hypothesize that extensive activation of monoamine sys-
tems under conditions or stress (e.g., dissociation) may lead to
interference with, rather than enhancement of, sensory
processing.

4.1. Neuroimaging findings supporting neurobiological model of
dissociation

More recent work has indicates that individuals with hyperar-
ousal and flashback/reliving show less activation of the thalamus

as compared to those with depersonalization/derealization re-
sponses during responses to trauma scripts (Lanius et al., 2006). As
such, the nature of the relation between thalamic activity and
dissociative symptomatology remains an important focus of future
research. Notably, in keeping with this model, D’Andrea et al.
(2013) recently described two patterns of psychophysiological
response to startle probes among trauma-exposed individuals
with PTSD symptomatology. Specifically, participants who re-
ported state dissociation after startle, had a PTSD diagnosis, and
varied exposure to trauma, showed initial reduced heart rate ac-
celeration and reduced skin conductance (that remained low
throughout the task), while also exhibiting decreasing heart rate
deceleration with concomitant increasing heart rate acceleration
as the task progressed. Conversely, participants who did not meet
criteria for PTSD, had lower trauma exposure (e.g., later in life,
single trauma) and who did not demonstrate state dissociation in
response to startle showed decreased heart rate acceleration and
skin conductance as the task continued along with stable heart
rate deceleration. D’Andrea et al. (2013) postulate that the re-
sponse pattern seen in the high-trauma, dissociative group-
represents activation of a shut-down of defensive responses,
where the individual engages in passive immobilization and
withdrawal of resources. These findings are consistent with pre-
vious reports of an absence of heart-rate increase in response to
traumatic scripts among patients with PTSD and comorbid dis-
sociative symptoms (Lanius et al., 2002), and of depressed skin
conductance and heart rate when recalling a trauma among rape
victims high in peri-traumatic dissociation (Griffin et al., 1997).
Moreover, in a recent study, Sack et al. (2012) reported reduced
heart-rate reactivity and attenuated reductions in parasympathetic
cardiac activity in response to a trauma script among individuals
reporting high levels of acute dissociative symptoms as compared

Fig. 2. Adapted with permission Zeitschrift für Psychologie/Journal of Psychology2010; Vol. 218(2):109–127, p. 111 ©2010 Hogrefe Publishing, www.hogrefe.com. Illustration of
the defence cascade model demonstrating dissociative states occur on a continuum along with the defence reaction adopted by the organism following confrontation by
threatening stimuli. During the hyperarousal/hypervigilance stage (marked in orange), an initial orienting freezing response facilitates information gathering (accompanied
by bradycardia). This is followed by fight or flight (accompanied by sympathetic activation and endocannabinoid-mediated analgesia) (da Silva et al., 2012; Keay and Bandler,
2001), then tonic immobility, mediated both by sympathetic and parasympathetic activation leading into the dissociative response (dark shaded area in centre of image),
when chance of survival is deemed low. On the dissociative side of the continuum (marked in blue), collapsed immobility occurs, consisting of compromised consciousness,
increased parasympathetic activation, decreased attention and arousal, decreased muscle tension, and opioid-mediated analgesia (Kozlowska et al., 2015). In extreme
situations, a vasovagal response may occur, leading to fainting or loss of consciousness. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

M.C. McKinnon et al. / Neuropsychologia 90 (2016) 210–234 223

http://www.hogrefe.com


to those reporting low dissociative symptoms. Finally, in a large
scale study including 1461 military veterans, a logistic regression
model for predicting current PTSD status that included baseline
heart rate, heart rate in response to trauma-related audio-visual
cues, and electromyogram and skin conductance response to
trauma scripts was successful in identifying two thirds of partici-
pants (Keane et al., 1998). Here, it is possible that the remaining
one third of participants with PTSD were not characterized by
heightened physiological arousal in response to trauma stimuli, a
pattern similar to that seen in PTSD-DS. Finally, heightened para-
sympathetic activity, as seen in tonic and collapsed immobility,
may be associated with reduced sensory perception, where among
healthy males, higher pain sensitivity was associated with lower
parasympathetic activity (Koenig et al., 2015). Further work is re-
quired to determine whether heightened parasympathetic activity
is associated with reduced sensory perception among healthy
individuals.

Among individuals with PTSD, neurobiological evidence points
to differing patterns of neural activation among individuals who
exhibit hyperarousal or re-experiencing reactivity (similar to the
“fight or flight” response (see Figs. 1 and 2)) in comparison to those
who experience dissociative symptomatology (similar to un-
responsive immobility, as above) (Bremner, 1999; Lanius et al.,
2010, 2012, 2006, 2002). Specifically, functional neuroimaging
studies indicate that individuals who reported re-experiencing a
traumatic memory in response to script provocation with con-
comitant psychophysiological hyperarousal exhibit reduced acti-
vation in the medial prefrontal and rostral anterior cingulate cor-
tex, accompanied by increased amygdala reactivity. These reliving
responses are therefore thought to be mediated by a failure of
prefrontal inhibition or top-down control of limbic regions. By
contrast, individuals who reported symptoms of depersonalization
and derealization (without concomittant psychophysiological hy-
poarousal) showed increased activation in the rostral anterior
cingulate cortex and the medial prefrontal cortex, suggesting that
depersonalization/derealization responses are mediated by mid-
line prefrontal inhibition of the limbic regions (Frewen and Lanius,
2006; Lanius et al., 2010, 2012).

4.2. Opioid-mediated contributions to neurobiological model of
dissociation

As noted by Kozlowska et al. (2015), dissociative responses (i.e.,
tonic collapsed immobility (see Figs. 1 and 2)) are associated with
opioid-mediated analgesia via the PAG and ventromedial medulla
pain circuit, where opioids are involved in triggering immobility
(Fanselow, 1986; Makino et al., 2000), suppressing vocal responses
to threat (Lanius et al., 2014), and down-regulation of the hy-
pothalamic mediated sympathetic responses to stress (Drolet
et al., 2001). Opioid receptors are present in high volumes in the
thalamus (Henriksen and Willoch, 2008), and opioids have been
linked to sensory perception, including pain and non-pain related
somatosensory perception (Mueller et al., 2010) and physiological
arousal, two key roles of thalamic nuclei. Accordingly, we posit
that opioid-mediated alterations in thalamic activity may underlie,
in part, the altered sensory integration and arousal levels asso-
ciated with states of collapsed immobility and dissociative symp-
toms. Indeed, stressful situations elicit the release of endogenous
opioids, as is seen in stress-induced analgesia (van der Kolk et al.,
1989) and endogenous opioid secretion following exposure to
trauma-related stimuli has been reported among individuals with
PTSD, whose self-reported responses included emotional blunting
(van der Kolk, 2001). Further, a study measuring endogenous β-
endorphin secretion in the cerebrospinal fluid of combat veterans
with PTSD reported significantly higher levels of β-endorphin in
the PTSD group compared with controls and a negative correlation

between β-endorphin levels and PTSD intrusion and avoidant
symptoms (Baker et al., 1997). Although not assessed in this study,
the inverse relation between intrusion and avoidant symptoms
and plasma β-endorphin levels may be related to an opioid-
mediated vulnerability to dissociative states. Moreover, exposure
to trauma-related stimuli induces a naloxone (opioid antagonist)
reversible increase in pain threshold among individuals with PTSD
(Pitman et al., 1990). Finally, a handful of studies report successful
reductions in dissociative symptoms, including depersonalization,
following treatment with opioid-receptor antagonists (e.g., na-
loxone and naltrexone) among individuals with depersonalization
disorder (Nuller et al., 2001; Simeon and Knutelska, 2005), and
BPD (Bohus et al., 1999; Schmahl et al., 2012; but see Philipsen
et al., 2004). Future work should aim to identify whether stress-
induced analgesia or the presence of endogenous opioids among
individuals with PTSD is related specifically to symptoms asso-
ciated with the dissociative subtype, including depersonalization
and derealization. Moreover, additional study is required to de-
termine whether reductions in pain sensitivity, as seen in highly
dissociative individuals (Bekrater-Bodmann et al., 2015; Ludascher
et al., 2007; Schmahl et al., 2014), are subserved by the en-
dogenous opioid system.

Opioid receptors are present throughout the cortex and limbic
system (Le Merrer et al., 2009) and opioids have been implicated
in memory disturbance in the animal literature (Itoh et al., 1994;
Ma et al., 2007; Ukai et al., 1997; Zhu et al., 2011). Specifically,
treatment with opioid agonists have been reported to interfere
with acquisition (Spain and Newsom, 1991; Zhu et al., 2011) and
retrieval (Zhu et al., 2011) of spatial memories, and to disrupt
working memory (Itoh et al., 1994), avoidance learning (Aguilar
et al., 1998; Ukai et al., 1997; Zarrindast and Rezayof, 2004), and
spatial recognition memory (Ma et al., 2007). Importantly, opioid
receptor antagonists appear to reverse the effects of opioid ago-
nists (Ukai et al., 1997; Zhu et al., 2011), and even facilitate
memory performance (Canli et al., 1990; Gallagher et al., 1983).
These findings are mirrored in human populations, where treat-
ment with naltrexone (opioid receptor antagonist) improved re-
cognition memory following stress induction by physiologically
arousing stimuli as compared to a matched placebo condition
(KatzenPerez et al., 2001). Among individuals receiving opioid
treatment for pain management in cancer, opioid use has also
been associated with reduced performance on measures of reac-
tion time, attention, and episodic memory, related to initial dosing
or dose increases (Kurita et al., 2009; Lawlor, 2002). Similar find-
ings have been reported among individuals with chronic pain,
where those using opioid-analgesics for pain management showed
greater impairment on tests of spatial memory, cognitive flex-
ibility, and working memory (Schiltenwolf et al., 2014) (but see
Hojsted et al. (2012)).

Critically, not only do opioids interfere with memory acquisi-
tion and retrieval, but they also interfere with hippocampal neu-
rogenesis, where chronic administration of morphine leads to re-
duced hippocampal neurogenesis and cell proliferation (Eisch
et al., 2000; Kahn et al., 2005; Mandyam et al., 2004). By contrast,
mice who were knocked out for the mu opioid receptor showed
enhanced neurogenesis as evidenced by increased number of
hippocampal progenitor cells and increased volume and neuron
number in the dentate gyrus (Harburg et al., 2007). These findings
were mirrored in a recent study among individuals with PTSD
with and without comorbid DID, where the authors reported
smaller global and subfield hippocampal volume among the PTSD-
DID group and smaller subfield hippocampal volume correlated
with dissociative symptoms in both PTSD groups (Chalavi et al.,
2015) (but see Nardo et al., 2013). Moreover, a study by Liberzon
et al. (2007) revealed alterations in central mu-opioid receptor
binding following psychological trauma, where men with combat-
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related PTSD and combat-trauma-exposed men without PTSD
demonstrated lower mu-opioid receptor binding in the extended
amygdala/ventral pallidum, thalamus, nucleus accumbens, insula,
dorsal ACC, and mPFC, but higher mu-opioid receptor binding in
the oribitofrontal cortex (with even higher binding among trau-
ma-exposed controls) and subgenual ACC relative to controls. In
addition, the PTSD group showed reduced binding in the rostral
ACC relative to both control groups. Critically, the up-regulation of
mu-opioid receptors in the orbitofrontal cortex as a function of
military trauma exposure may contribute to the effects of en-
dogenous opioids on cognitive functioning among individuals with
PTSD-DS. Future work should aim to identify differences in opioid
receptor availability and binding in individuals with PTSD-DS as
compared to those with PTSD.

Taken together, functional sensory deafferentation at the level
of the cortico-sensory pathways may contribute further to pat-
terns of cognitive dysfunction in patients with high levels of dis-
sociation. Here, the development and maintenance of functional
sensory deafferentation may limit access to cortical processing
resources including those required for memory encoding and re-
trieval, attention and executive functioning. Moreover, poor in-
tegration of sensory experiences would be expected to contribute
further to deficits in most aspects of cognitive functioning where
sensory input is requisite to the majority of cognitive control op-
erations. Concomitant activation of the endogenous opioid system
during states of thalamic-mediated sensory deafferentation and
collapsed immobility or dissociation may further compromise
cognitive functioning through opioid-mediated memory dis-
turbances and reduced neurogenesis and neuroplasticity (see
Fig. 3).

4.3. Altered brain connectivity among trauma exposed populations:
a potential link between dissociative status and cognitive dysfunction

As outlined above, emerging evidence points to a link between
dissociative symptoms and alterations in resting-state functional
connectivity within and between these neural networks and other
brain regions among trauma-related psychiatric populations. For
example, among women with PTSD as a result of early life trauma,
higher levels of dissociation were associated with increased con-
nectivity of the dlPFC (a main node of the CEN) with the DMN
(Bluhm et al., 2009). In addition, in women with BPD and a history
of trauma, increased levels of dissociative symptoms were asso-
ciated with increased functional connectivity of the amygdala
(which has been associated with the SN (Seeley et al., 2007)) with
the dlPFC (Krause-Utz et al., 2014a). An additional study of the
same population revealed that higher levels of state dissociation
were associated with increased connectivity of the amygdala with
the right ACC, right thalamus, and left insula when confronted
with negative stimuli in an emotional working memory task
where prolonged reaction times were also observed (Krause-Utz
et al., 2014b). A related study showed increased activity in limbic
brain regions, including the amygdala, hippocampus, insula, and
ACC during performance on the same task, however, higher levels
of state dissociation present at the beginning of the experiment
correlated negatively with activation in the amygdala, hippo-
campus, ACC, and insula, suggesting reduced emotional respond-
ing among individuals experiencing dissociation (Krause-Utz et al.,
2012). In another study investigating functional connectivity of the
DMN in women with BPD, women who scored higher on a mea-
sure of trait dissociation showed attenuated fMRI signal decrease
in the DMN in response to a “painful” stimulus during a functional
imaging task where participants were instructed to rate the se-
verity of pain (Kluetsch et al., 2012). The authors of this study
suggest that a reduced ability to down-regulate DMN activity
during task performance may contribute to the poor attentional

and inhibitory control observed in this population.
Interestingly, a related study identified distinct connectivity

profiles for specific symptom profiles of PTSD. Specifically, in
women with chronic PTSD as a result of childhood maltreatment,
higher severity of hyperarousal was associated with reduced
connectivity within the salience network. In addition, increased
severity of dissociative symptoms (specifically, depersonalization
and derealization) was associated with reduced connectivity of the
right perigenual ACC and the ventromedial prefrontal cortex with
the DMN and reduced connectivity between the dorsal anterior
and posterior regions of the DMN and between the CEN and
ventral anterior DMN (Tursich et al., 2015). Rabellino et al. (2015)
also examined functional connectivity of ICNs during supra- and
sub-liminal threat processing among individuals with PTSD and
PTSD-DS (Rabellino et al., 2015). Here, the authors reported altered
functional connectivity within the CEN, particularly, increased
functional connectivity of the vlPFC with the CEN in PTSD-DS as
compared to individuals with PTSD without the dissociative sub-
type. The authors speculate that this hyperconnectivity within the
CEN may contribute to the increased top-down inhibition of limbic
regions seen in PTSD-DS (Frewen and Lanius, 2006; Lanius et al.,
2010, 2012). Finally, in unpublished preliminary work from our
group, we found anterior insular uncoupling with the right CEN as
a function of increasing levels of dissociation, including deperso-
nalization and derealization, as measured by the well-validated
MDI.

The limited but provocative evidence for the impact of dis-
sociative symptomatology on functional connectivity in ICNs sheds
light on potential neural mechanisms underlying the association
between dissociation and cognitive dysfunction. Specifically, the
three aforementioned ICNs are linked inextricably to higher-order
cognitive processes (Menon, 2011), and alterations in these net-
works as a function of dissociative symptomatology would be
expected to impact negatively on cognitive functioning in these
populations. For example, inappropriate recruitment of regions
associated with the network involved in self-referential thinking
(DMN) to tasks relying on the CEN, as was reported by Bluhm et al.
(2009), may interfere with cognitive function through disruption
of the focused activity of the CEN. Increased connectivity of brain
regions involved in emotional processing (e.g., the amygdala) with
those central to higher-order cognitive processes (e.g., dlPFC)
(Krause-Utz et al., 2014a) may also disrupt activity in these regions
resulting in cognitive dysfunction (e.g., in working memory).
Moreover, hyperconnectivity within regions associated with the
SN (e.g., amygdala with right ACC and left insula) in response to
emotionally negative stimuli in association with state dissociation
may result in a reduced ability to attend to external cognitive
demands in the face of competing emotional stimuli (Krause-Utz
et al., 2014b). Critically, hyperconnectivity within the CEN may
result in increased top-down inhibition of limbic regions thought
to underlie depersonalization/derealization symptoms and reduce
the availability of the CEN for use in other cognitively demanding
tasks (Rabellino et al., 2015). Finally, our preliminary, unpublished
work, points towards uncoupling of the anterior insula with the
CEN as underlying, in part, the impact of dissociative symptoms on
cognitive dysfunction given the critical role of the anterior insula
in coordinating switching between the CEN and DMN (Goulden
et al., 2014; Sridharan et al., 2008) and thus engaging appropriate
attentional, working memory, and higher cognitive processes.

Indeed, this proposal is supported by work from our group
indicating that individuals with PTSD inappropriately recruited
task-negative brain networks (e.g., increased functional con-
nectivity within the DMN) during a working memory task, as
compared to healthy controls who demonstrated increased func-
tional connectivity of DMN nodes with areas associated with the
SN and CEN, suggesting a greater ability to down-regulate the
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DMN and to activate the CEN and SN during working memory
tasks among controls (Daniels et al., 2010). Here, a reduced ability
to appropriately recruit task-positive networks (CEN) for tasks
requiring working memory may be associated with an inability to
switch between the DMN and CEN and thus reduced cognitive
capacity. Although Daniels et al. (2010) did not directly assess the
relation between these alterations and dissociative symptomatol-
ogy, these findings coupled with those of Bluhm et al. (2009)
suggest that inappropriate recruitment of task-negative brain
networks and a potential inability to switch between networks in
response to cognitively demanding tasks in association with dis-
sociative symptomatology may be a significant contributor to
cognitive dysfunction the populations discussed here. Taken to-
gether, aberrant functional connectivity within and between these
networks, and reduced ability to appropriately activate task-re-
levant networks, may be related to reduced cognitive control in
association with dissociative symptoms. Future work should aim
to confirm the relation of dissociative symptomatology and the
ability to switch between task positive, and task negative
networks.

5. General discussion and conclusions

Dissociation has been understood as a response to traumatic
experiences since the beginning of the 20th century (Janet, 1901),
however, its’ associations with increased disease severity, poor
prognosis, and reduced functional and cognitive outcomes has
only begun to be elucidated over the past several decades. More
recent work points to a relation between altered patterns of brain
activity and connectivity and the presence of dissociative
symptoms.

The concept of a PTSD-DS is supported by evidence from stu-
dies using latent class and confirmatory factor analysis, where
approximately 15–30% of individuals with PTSD can be classified as
belonging to a dissociative subtype featuring symptoms of de-
personalization and derealization (Armour et al., 2014; Blevins
et al., 2014; Frewen et al., 2015; Spiegel et al., 2013; Steuwe et al.,
2012; Tsai et al., 2015; Wolf et al., 2012a, 2012b). Evidence of
distinct patterns of neural activity (Frewen and Lanius, 2006;

Lanius et al., 2010, 2012) and of distinct endocrine (Gola et al.,
2012; Zaba et al., 2015) response systems among individuals with
PTSD with high levels of dissociative symptomatology provide
further evidence for the dissociative subtype. Importantly, dis-
sociation is not a phenomenon linked exclusively to trauma-re-
lated disorders, including PTSD, BPD (Meares, 2012; Vermetten
and Spiegal, 2014; Winter et al., 2015) and dissociative disorders
(Brand et al., 2012). Instead, dissociative symptomatology or co-
morbid dissociative disorders are observed across numerous psy-
chiatric conditions, including panic disorder, agoraphobia and so-
cial phobia (Ball et al., 1997; Marquez et al., 2001; Mula et al.,
2007; Simeon et al., 2003), MDD (Nuller, 1982; Parlar et al., 2016),
bipolar disorder (Oedegaard et al., 2008), OCD (Belli, 2014; Belli
et al., 2012; Rufer et al., 2006a, 2006b), and schizophrenia (Yu
et al., 2010). Transdiagnostically, heighted dissociative symptoms
are associated with increased disease severity (Belli et al., 2012;
Rufer et al., 2006a; Stein et al., 2013), elevated risk of suicidality
(Stein et al., 2013), the presence of suicidal ideation and self-harm
behaviours (Foote et al., 2008), increased pain threshold, reduced
pain perception (related to self-harm behaviours) (Bekrater-Bod-
mann et al., 2015; Ludascher et al., 2007; Schmahl et al., 2014)
poor functional outcomes (Stein et al., 2013), and reduced treat-
ment efficacy (Bae et al., 2016; Kleindienst et al., 2011; Price et al.,
2014; Rufer et al., 2006b; Semiz et al., 2014; Spitzer et al., 2007).

In this review, we have identified a significant body of evidence
linking dissociative symptomatology to reduced neuropsycholo-
gical functioning among healthy individuals and individuals suf-
fering from psychiatric conditions. Specifically, evidence linking
heightened dissociative symptoms to reduced performance on
measures assessing a broad range of cognitive functions including
executive functioning, attention, working memory, immediate and
delayed verbal and visual memory, autobiographical memory, and
episodic memory has been reported among controls and in trau-
ma-related psychiatric populations (Amrhein et al., 2008; Brewin
et al., 2013; Bruce et al., 2007; Giesbrecht et al., 2004; Olsen and
Beck, 2012) [but see (Cloitre et al., 1996; De Ruiter et al., 2004;
Elzinga et al., 2007, 2000; Veltman et al., 2005) and Section 3.3
above for a discussion of conflicting evidence]. Preliminary work
from our group, reviewed here, also provides evidence for a link
between dissociative symptomatology and poor short-term

Fig. 3. During states of tonic or collapsed immobility, stress-induced release of endogenous opioids via the periaqueductal gray (PAG) triggers immobility (Fanselow et al.,
1986), suppression of vocal responses (Kalin et al., 1998), and down-regulation of the hypothalamic-mediated sympathetic response (e.g., fight or flight) (Drolet et al., 2001).
Here, endogenous opioids are postulated to mediate functional cortical deafferentation, given the diffuse distribution of opioid receptors throughout the limbic system,
thalamus, and prefrontal cortex (Le Merrer et al., 2009), and their influence on sensory perception (Mueller et al., 2010), arousal, memory (e.g., Zhu et al., 2011) and executive
functioning (Kurita et al., 2009; Lawlor, 2002). Specifically, we hypothesize that endogenous opioids may mediate functional sensory deafferentation via their actions on
thalamic nuclei, leading to reduced sensory integration with associated decrements in memory and executive functioning at the level of the prefrontal cortex. Endogeneous
opiods are also postulated to be involved in blunted emotional responses and impaired memory functioning via reciprocal projections between the vlPAG and limbic
structures, and between thalamic nuclei and limbic structures.
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memory performance among military trauma-exposed in-
dividuals. Differing patterns of episodic memory recall between
dissociative states have been reported in individuals with DID
(Bryant, 1995; Elzinga et al., 2003; Schlumpf et al., 2014; Reinders
et al., 2012), as has overgeneral autobiographical memory recall
(Huntjens et al., 2014; Barlow, 2011). Moreover, evidence for the
relation between neuropsychological dysfunction and dissociative
symptomatology extends beyond purely cognitive domains to the
realm of social cognition, where higher levels of dissociation have
been related to worse performance on measures of prosody (Na-
zarov et al., 2015), theory of mind (Nazarov et al., 2014), and
emotion recognition (Renard et al., 2012).

Although dissociation may be confused with attention, it is
critical to consider dissociation an orthogonal construct, with
dissociable neural and behavioural correlates reviewed here. In
cases where dissociative processes and cognitive operations
compete for shared processing resources and their underlying
neural networks, disruption of each may occur, with the evidence
reviewed pointing sharply to disruption across multiple cognitive
domains. Future work will be required to deconstruct carefully the
concept of dissociation to identify specifically those facets of its
presentation most likely to be associated with disruption of cog-
nitive performance (see Lanius et al., 2012 and Bryant, 2007 for a
discussion). Another critical avenue for future work will be to
compare directly the impact of state dissociation at the time of
testing to the impact of trait dissociation on cognitive dysfunction,
as well as to compare directly heterogeneous samples of trauma-
exposed individuals (e.g., military versus civilian trauma). Despite
knowledge of a clear relation between dissocaitive symptomatol-
ogy and cognitive function, however, the neurobiological me-
chanisms underlying this association remain to be unidentified.

Here, we propose further a neurobiological model linking al-
tered states of arousal, as in the defence cascade model of dis-
sociation (Schauer and Elbert, 2010; Kozlowska et al., 2015), to
reduced cognitive functioning among highly dissociative in-
dividuals (see Fig. 3). Specifically, we argue that functional sensory
deafferentation at the level of cortico-sensory pathways may, in
part, underlie cognitive dysfunction among highly dissociative
individuals, where reduced integration of sensory experiences,
mediated by thalamic relay sites, may interfere with cognitive
functioning in these populations. We have also identified the de-
leterious effect of opioid-mediated analgesia on memory and point
to the impact of opiod dysregulation on neurogenesis and neuro-
plasticity. Future work will be necessary to elucidate further the
relation between opioids, cognitive dysfunction, and thalamic
sensory integration among individuals with dissociative disorders
via prospective, longitudinal methodology.

We present a model linking altered connectivity within, and
between, three resting state ICNs crucial for higher-order cognitive
processes and consistently linked to psychopathology (Menon,
2011), with dissociative symptomatology in PTSD and other trau-
ma-related disorders. Specifically, we posit that dissociative psy-
chopathology and cognitive dysfunction may be linked through
inappropriate recruitment of brain regions associated with task
positive networks (CEN) to task negative networks (DMN) (as re-
ported by Bluhm et al. (2009)). Critically, preliminary work from
our group has identified insular uncoupling with the CEN and
DMN as a function of dissociative symptomatology that we hy-
pothesize to be associated with a reduced ability to switch be-
tween task-positive and task-negative networks in response to
external demands. Moreover, increased connectivity of emotion-
ally-driven brain regions to nodes of the CEN as a function of
dissociative symptomatology (Krause-Utz et al., 2014a) may lead
to reduced cognitive capacity. Finally, hyperconnectivity within
the SN in response to emotionally negative stimuli (Krause-Utz
et al., 2014b) may be related to a reduced ability to attend to

external cognitive demands in the face of competing emotional
demands leading to impaired cognitive function. Future work will
be necessary to determine directly the relation between con-
nectivity within and between these resting state networks, dis-
sociative symptomatology, and cognitive dysfunction in order to
confirm these hypotheses. Specifically, it will be critical to in-
vestigate the ability of individuals displaying dissociative symp-
tomatology to recruit task-positive networks in cognitively de-
manding environments and their ability to utilize key nodes of the
SN (e.g., the anterior insula) in order to achieve fluid switching.

Further work will also be required to gain an understanding of
the longitudinal course of dissociative symptomatology following
exposure to trauma, leading up to the development of illness and
following individuals through the course of their illness. Here, it
remains unknown how dissociative symptoms present long-
itudinally, and further, how underlying neural, cognitive, and
physiological changes may mediate the increased disease severity,
treatment resistance, and functional impairment observed among
individuals with high levels of dissociative psychopathology.
Specifically, prospective, longitudinal studies should investigate
the development of cognitive dysfunction among individuals with
dissociative psychopathology in relation to the functioning of the
CEN, SN, and DMN. Given the association between dissociative
symptomatology and reduced treatment efficacy (Bae et al., 2016;
Price et al., 2014; Rufer et al., 2006b; Semiz et al., 2014), future
work should also focus on identifying treatments aimed specifi-
cally at individuals with high levels of dissociative symptoms. It
will be of particular importance to investigate the efficacy of
treatments aimed at reducing cognitive dysfunction, such as cog-
nitive remediation therapies that have proven effective in other
psychiatric populations (Bowie et al., 2013; Deckersbach et al.,
2010; Elgamal et al., 2007; Kurtz, 2012; Wykes et al., 2011) but
have scarcely been applied to trauma-related psychiatric disorders.
It will also be crucial to identify interventions that target si-
multaneously dissociative symptomatology and cognitive dys-
function and seek to remediate the functioning of large-scale brain
networks. As reviewed by our group, these interventions may in-
clude cognitive remediation, mindfulness, and neurofeedback-
based approaches ( Lanius et al., 2015). In addition, it will be im-
portant to determine more precisely the impact of dissociation on
treatment effectiveness, where conflicting reports have arisen as
to the impact of dissociation on treatment (e.g., Bae et al., 2016;
Price et al., 2014; Wolf et al., 2015), and other reports where no
difference is noted between highly dissociative and low-dis-
sociative individuals. Notably, these studies have focused on the
impact of dissociation measured retrospectively, including symp-
tom frequency and severity over the last month, indices that are
prone to measurement error and non-specificity. It will be ne-
cessary here to determine the impact of state dissociation ex-
perienced immediately preceding and during therapy. Finally, we
have reviewed the transdiagnostic nature of dissociative sympto-
matology. On balance, it is imperative that clinicians and re-
searchers assess adequately dissociation and consider carefully
treatment approaches given the detrimental effects of this symp-
tom profile on disease severity, treatment efficacy and cognitive
functioning, with associated decrements in real-world, functional
outcomes.
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