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Posttraumatic stress disorder (PTSD) is a highly debilitating psychiatric condition that develops
in a subset of individuals following a traumatic event, such as a threat of death, serious injury
or sexual assault [1]. Over the past two decades, substantial body of research has focused on key
neural regions and circuits that play a role in pathogenesis and maintenance of PTSD symptoms
[2,3]. More specifically, hyper-activation of amygdala, insula, and dorsal anterior cingulate cortex,
as well as hypo-activation in ventral medial prefrontal cortex and altered function of hippocampus
have been repeatedly reported [4,5]. Moreover, PTSD has been consistently found to be associated
with increased functional connectivity within Salience Network (SN; linked to threat and salience
detection with key nodes in dorsal anterior cingulate cortex, insula/operculum and amygdala)
[3,6], decreased connectivity within Default--Mode Network (DMN; linked to mind wandering,
autobiographical memory and self-referential processes and comprised of posterior cingulate cortex,
ventral medial/subgenual prefrontal cortex and hippocampus) [3,7], as well as with functional SN-
DMN desegregation (i.e., greater inter-network connectivity) [3,8,9]. Alterations in connectivity
patterns of SN and DMN with other networks such as Frontoparietal Network (FPN) and attention
networks, have also been reported in PTSD. Specifically, increased connectivity between SN and
ventral and dorsal attention networks (VAN and DAN, respectively) [8], decreased connectivity
between DMN and Frontoparietal Network [10,11], as well as increased connectivity between SN
and Frontoparietal Network [9] (Table 1).

Notably, much of the literature is based on a comparison of PTSD patients to non-trauma-exposed
controls, which raises the question of the effect of trauma exposure itself on the reported neural
patterns. Studies that did include trauma-exposed controls and compared them to PTSD patients,
have been mainly utilizing a two-group design, without analyzing non-trauma-exposed controls [12-
15]. As such, findings from these studies contribute to the knowledge of PTSD mechanisms, but not
to the understanding of the neural correlates of trauma exposure per se. In the next paragraphs of
the commentary, we will summarize the existing literature on effects of trauma on functional neural
patterns, discuss it in relation to the alterations reported in the PTSD literature, and focus on a
recent study from our group which included a three-group design (PTSD patients, trauma-exposed
and non-exposed controls). We will then discuss the significance of these findings, what they could
teach us about vulnerability and resilience mechanisms and how they could guide research design and
treatment approaches.

To date, empirical evidence of functional neural changes associated with traumatic exposure is
rather limited. Several studies demonstrated elevated activity of regions of SN (insula, dorsal anterior
cingulate cortex and amygdala), as well as greater within-SN connectivity (between amygdala and
insula), as linked to experiencing trauma [16-19]. In this context, van Marle et al. [20] and our
group [3] proposed that greater within-SN connectivity following acute psychological stress may
underline the sustained state of hypervigilance. Studies that investigated acute stress and related
changes in functional connectivity patterns showed that stress-induction is associated with increased
within-SN connectivity and decreased within-DMN connectivity [21]. Interestingly, trauma-exposed
controls were found to exhibit altered within-DMN connectivity compared to non-trauma-exposed
controls, a connectivity which was also associated with dissociation symptoms after trauma [19,22].
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Table 1: Summary of dysregulations of large-scale networks in PTSD.

FPN
dLPFC, vLPFC

VAN
IFG, TPJ

DAN
MFG, PPC, FEF

SN
Amy, Insula, dACC

DMN
vmPFC, PCC, Hpc

DMN

Autobiographical memory
Mind wandering
Self-referential processing

- t [3,8,9] l [3,71

SN

Threat detection

t 13,6]

DAN

Top-down voluntary - -
orienting

VAN

Alerting

Reorienting attention to
unexpected stimuli

FPN
Top-down control -
emotional regulation

Arrows illustrate increased or decreased within or between-network connectivity in individuals with PTSD compared to healthy controls. Dashes
illustrate lack of consistent findings on PTSD-related alterations in connectivity patterns within and between specific large-scale networks. Amy:
Amygdala; dACC: Dorsal Anterior Cingulate; FEF: Frontal Eyes Fields; Hpc: Hippocampus; IFG: Inferior Frontal Gyrus, MFG: Middle Frontal Gyrus;
PCC: Posterior Cingulate Cortex; PPC: Posterior Parietal Cortex; TPJ: Temporal Parietal Junction; vmPFC, dIPFC, vIPFC: ventromedial, dorsolateral,

ventrolateral Prefrontal Cortex.

Furthermore, trauma-exposed controls displayed increased activity in
regions of the prefrontal cortex (part of DMN), relative to both non-
trauma-exposed and PTSD groups [23,24], although lower activity
in both trauma-exposed controls and PTSD groups compared to a
non-trauma-exposed group was also shown [24,25]. Trauma-exposed
controls were also found to be associated with greater connectivity
between regions of prefrontal cortex and ventral striatum, which
has been linked to anhedonia symptoms [26,27]. Further research
is needed to clarify effects of trauma exposure on DMN and other
networks, as well as on symptoms and behavioral responses that occur
in the aftermath of trauma. Notably, a three-group design, involving
a group of trauma-unexposed healthy controls is particularly useful,
as it allows to distinguish between effects of trauma exposure per se,
from those associated with PTSD development.

A recent study by our group utilized a three-group design,
examining the neural correlates of trauma exposure in a non-treatment
seeking adolescent population during resting-state functional MRI
[28]. There, we indeed replicated some of the findings previously
reported in PTSD patients (e.g., lower within-DMN and greater
SN-DMN connectivity), but also highlighted the effect of trauma
exposure on neural function. Specifically, trauma-exposed controls
exhibited greater within-SN connectivity, compared to non-trauma-
exposed controls. The trauma-exposed group also showed greater
connectivity between SN and DAN (specifically, between amygdala
and superior parietal lobule), as well as lower connectivity between
DMN and DAN (between hippocampus and middle frontal gyrus).
Interestingly, these patterns were not different between adolescents
with PTSD symptoms and the trauma-exposed non-PTSD group,
suggesting that these altered connectivities are likely the result of

a traumatic exposure itself. The altered connectivity with DAN
similarly suggests that trauma exposure may drive some of the altered
connectivity with attention networks reported in PTSD [29].

Alterations that are found in both trauma-exposed individuals
and in PTSD patients could represent vulnerability factors, which
increase risk to develop symptomatology, in conjunction with other
factors that are absent in the trauma-exposed group alone. Such is
the greater within-SN connectivity [3,6,30-32]. Greater within-SN
connectivity after a stressful event is also consistent with prior trauma
literature [20,33], and could represent a state of hypervigilance
that could increase risk to develop PTSD after subsequent trauma.
Similarly, the finding of greater SN-DAN connectivity after trauma
[28] is consistent with a neural alteration reported in PTSD patients
and could relate to disrupted attention reported in these patients
[29]. Interestingly, trauma exposure in this study was associated
with lower DMN-DAN connectivity [28], a pattern not seen in
PTSD patients. It is possible that this represents a better segregation
of the DMN and DAN, that could serve as a protective factor or
mechanism of resilience, protecting trauma-exposed individuals
from PTSD development. Further research of PTSD patients and
trauma-exposed individuals is needed to better understand both
the pathophysiologic and the adaptive processes involved in PTSD
development.

Importantly, while the Sheynin et al. study utilized a cross-
sectional design [28], ideally, future research will also utilize a
prospective longitudinal approach. If participants could be recruited
at the time or even before the trauma (identifying high-risk
population), it will help to pinpoint the pre-existing vulnerability
factors, isolating them from trauma and disorder-related underlying
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mechanisms. Longitudinal assessments at multiple time points
would be beneficial not only to better understand the process of
PTSD development, but also to establish causative links that are
not possible based on cross-sectional data alone. For instance, by
studying individuals pre and post exposure to stressful events during
a military service, Admon et al. found that lower within-DMN
connectivity (between hippocampus and ventromedial prefrontal
cortex) is a consequence of trauma that might contribute to PTSD
symptoms, while greater activation in SN (amygdala) before
traumatic exposure could put individuals in higher risk to develop
PTSD symptoms later [34,35]. If the identification of “high-risk”
is not feasible, assessment in the early aftermath of trauma (before
PTSD is established and early in pathophysiologic process) will help
to capture early emerging symptoms, and to discriminate them from
transient changes [36]. Importantly, fluctuation in clinical picture
within first six months following the trauma had been observed by
us and colleagues [36], suggesting that more stable clinical picture
might emerge later on. In this case, final assessment in longitudinal
studies should be conducted within 9-12 months from trauma, or
sometime after the 1-year period (to avoid 1-year “anniversary” that
has been shown to be associated with exacerbation of traumatic
symptoms [37]).

Finally, understanding of neural correlates of trauma per se
(distinct from underlying mechanisms of PTSD) not only contributes
to existing knowledge on resilience and PTSD pathogenesis, but
might be able to assist in guiding the choice of treatment approaches.
If consistent patterns of functional connectivity and activation
associated with trauma exposure can be established, it could have
a prognostic value, identifying cases when secondary prevention
could be helpful. If these patterns also lead to better understanding
of PTSD pathophysiology, this would assist with mechanistic
understanding of PTSD and the development of mechanism-based
treatments. In sum, this commentary highlighted the importance
of studying trauma-exposed healthy controls, to better understand
effects of trauma alone, as well as in the larger context of the neural
alterations reported in PTSD patients. Its importance lies not only
in the greater understanding of symptoms development in PTSD,
but also in its potential to inform decisions made by researchers and
clinicians in the field.

Conflict of Interests
No conflict of interest reported by authors.

Funding Sources
No funding received.

References

1. American Psychiatric Association. American Psychiatric Association:
Diagnostic and Statistical Manual of Mental Disorders.

2. Pitman RK, Rasmusson AM, Koenen KC, Shin LM, Orr SP, Gilbertson
MW, et al. Biological studies of post-traumatic stress disorder.
Nature Reviews Neuroscience. 2012 Nov;13(11):769-87.

3. Sripada RK, King AP, Welsh RC, Garfinkel SN, Wang X, Sripada CS, et
al. Neural dysregulation in posttraumatic stress disorder: evidence
for disrupted equilibrium between salience and default mode brain
networks. Psychosomatic Medicine. 2012 Nov;74(9):904.

4. Sheynin J, Liberzon I. Circuit dysregulation and circuit-based
treatments in posttraumatic stress disorder. Neuroscience Letters.
2017 May 10;649:133-8.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Liberzon |, Abelson JL. Context processing and the neurobiology
of post-traumatic stress disorder. Neuron. 2016 Oct 5;92(1):14-30.

Sripada RK, King AP, Garfinkel SN, Wang X, Sripada CS, Welsh RC,
et al. Altered resting-state amygdala functional connectivity in
men with posttraumatic stress disorder. Journal of Psychiatry &
Neuroscience: JPN. 2012 Jul;37(4):241.

Lanius RA, Frewen PA, Tursich M, Jetly R, McKinnon MC. Restoring
large-scale brain networks in PTSD and related disorders: a proposal
for neuroscientifically-informed treatment interventions. European
Journal of Psychotraumatology. 2015 Dec 1;6(1):27313.

Block SR, King AP, Sripada RK, Weissman DH, Welsh R, Liberzon I.
Behavioral and neural correlates of disrupted orienting attention
in posttraumatic stress disorder. Cognitive Affective & Behavioral
Neuroscience. 2017 Apr;17(2):422-36.

Rabellino D, Tursich M, Frewen PA, Daniels JK, Densmore M,
Théberge J, et al. Intrinsic connectivity networks in post-
traumatic stress disorder during sub-and supraliminal processing
of threat-related stimuli. Acta Psychiatrica Scandinavica. 2015
Nov;132(5):365-78.

Clausen AN, Francisco AJ, Thelen J, Bruce J, Martin LE, McDowd J,
et al. PTSD and cognitive symptoms relate to inhibition-related
prefrontal activation and functional connectivity. Depression and
Anxiety. 2017 May;34(5):427-36.

Tursich M, Ros T, Frewen PA, Kluetsch RC, Calhoun VD, Lanius RA.
Distinct intrinsic network connectivity patterns of post-traumatic
stress disorder symptom clusters. Acta Psychiatrica Scandinavica.
2015 Jul;132(1):29-38.

Esterman M, Stumps A, Jagger-Rickels A, Rothlein D, DeGutis J,
Fortenbaugh F, et al. Evaluating the evidence for a neuroimaging
subtype of posttraumatic stress disorder. Science Translational
Medicine. 2020 Nov 4;12(568).

Miller DR, Logue MW, Wolf EJ, Maniates H, Robinson ME, Hayes JP,
et al. Posttraumatic stress disorder symptom severity is associated
with reduced default mode network connectivity in individuals
with elevated genetic risk for psychopathology. Depression and
Anxiety. 2017 Jul;34(7):632-40.

Kennis M, Rademaker AR, van Rooij SJ, Kahn RS, Geuze E. Resting
state functional connectivity of the anterior cingulate cortex in
veterans with and without post-traumatic stress disorder. Human
Brain Mapping. 2015 Jan;36(1):99-109.

Yuan H, Phillips R, Wong CK, Zotev V, Misaki M, Wurfel B, et al.
Tracking resting state connectivity dynamics in veterans with PTSD.
Neurolmage: Clinical. 2018 Jan 1;19:260-70.

Marusak HA, Etkin A, Thomason ME. Disrupted insula-based neural
circuit organization and conflict interference in trauma-exposed
youth. Neurolmage: Clinical. 2015 Jan 1;8:516-25.

Cisler JM, Esbensen K, Sellnow K, Ross M, Weaver S, Sartin-Tarm A, et
al. Differential roles of the salience network during prediction error
encoding and facial emotion processing among female adolescent
assault victims. Biological Psychiatry: Cognitive Neuroscience and
Neuroimaging. 2019 Apr 1;4(4):371-80.

Ganzel BL, Kim P, Glover GH, Temple E. Resilience after 9/11:
multimodal neuroimaging evidence for stress-related change in
the healthy adult brain. Neurolmage. 2008 Apr 1;40(2):788-95.

Ke J, Zhang L, Qi R, Xu Q, Zhong Y, Liu T, et al. Typhoon-related
post-traumatic stress disorder and trauma might lead to functional
integration abnormalities in intra-and inter-resting state networks:
a resting-state fMRI independent component analysis. Cellular
Physiology and Biochemistry. 2018;48(1):99-110.

Curr Res Psychiatry 2021; 1(3):44-47.

46



Citation: Lokshina Y, Sheynin J, Liberzon I. Post-trauma brain: A commentary on functional brain alterations after trauma and implications to
posttraumatic stress disorder. Curr Res Psychiatry. 2021; 1(3):44-47.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Van Marle HJ, Hermans EJ, Qin S, Fernandez G. Enhanced resting-
state connectivity of amygdala in the immediate aftermath of acute
psychological stress. Neurolmage. 2010 Oct 15;53(1):348-54.

Zhang W, Hashemi MM, Kaldewaij R, Koch SB, Beckmann C,
Klumpers F, et al. Acute stress alters the ‘default’ brain processing.
Neurolmage. 2019 Apr 1;189:870-7.

Du MY, Liao W, Lui S, Huang XQ, Li F, Kuang WH, et al. Altered
functional connectivity in the brain default-mode network of
earthquake survivors persists after 2 years despite recovery from
anxiety symptoms. Social Cognitive and Affective Neuroscience.
2015 Nov 1;10(11):1497-505.

Blair KS, Vythilingam M, Crowe SL, McCaffrey DE, Ng P, Wu CC, et al.
Cognitive control of attention is differentially affected in trauma-
exposed individuals with and without post-traumatic stress
disorder. Psychological Medicine. 2013 Jan;43(1):85-95.

New AS, Fan J, Murrough JW, Liu X, Liebman RE, Guise KG, et al.
A functional magnetic resonance imaging study of deliberate
emotion regulation in resilience and posttraumatic stress disorder.
Biological Psychiatry. 2009 Oct 1;66(7):656-64.

Bolsinger J, Seifritz E, Kleim B, Manoliu A. Neuroimaging correlates
of resilience to traumatic events—a comprehensive review.
Frontiers in Psychiatry. 2018 Dec 12;9:693.

Olson EA, Kaiser RH, Pizzagalli DA, Rauch SL, Rosso IM. Anhedonia in
trauma-exposed individuals: functional connectivity and decision-
making correlates. Biological Psychiatry: Cognitive Neuroscience
and Neuroimaging. 2018 Nov 1;3(11):959-67.

Olson EA, Kaiser RH, Pizzagalli DA, Rauch SL, Rosso IM. Regional
prefrontal resting-state functional connectivity in posttraumatic
stress disorder. Biological Psychiatry: Cognitive Neuroscience and
Neuroimaging. 2019 Apr 1;4(4):390-8.

Sheynin J, Duval ER, Lokshina Y, Scott JC, Angstadt M, Kessler D,
et al. Altered resting-state functional connectivity in adolescents
is associated with PTSD symptoms and trauma exposure.
Neurolmage: Clinical. 2020 Jan 1;26:102215.

29.

30.

31

32.

33.

34.

35.

36.

37.

Block SR, King AP, Sripada RK, Weissman DH, Welsh R, Liberzon I.
Behavioral and neural correlates of disrupted orienting attention
in posttraumatic stress disorder. Cognitive, Affective, & Behavioral
Neuroscience. 2017 Apr;17(2):422-36.

Rabinak CA, Angstadt M, Welsh RC, Kennedy A, Lyubkin M, Martis
B, et al. Altered amygdala resting-state functional connectivity in
post-traumatic stress disorder. Frontiers in Psychiatry. 2011 Nov
14,2:62.

. Brown VM, LaBar KS, Haswell CC, Gold AL, McCarthy G, Morey RA.

Altered resting-state functional connectivity of basolateral and
centromedial amygdala complexes in posttraumatic stress disorder.
Neuropsychopharmacology. 2014 Jan;39(2):351-9.

Abdallah CG, Averill CL, Ramage AE, Averill LA, Goktas S,
Nemati S, et al. Salience network disruption in US Army soldiers
with posttraumatic stress disorder. Chronic Stress. 2019
May;3:2470547019850467.

Marusak HA, Etkin A, Thomason ME. Disrupted insula-based neural
circuit organization and conflict interference in trauma-exposed
youth. Neurolmage: Clinical. 2015 Jan 1;8:516-25.

Admon R, Leykin D, Lubin G, Engert V, Andrews J, Pruessner J, et al.
Stress-induced reduction in hippocampal volume and connectivity
with the ventromedial prefrontal cortex are related to maladaptive
responses to stressful military service. Human Brain Mapping. 2013
Nov;34(11):2808-16.

Admon R, Lubin G, Rosenblatt JD, Stern O, Kahn |, Assaf M, et al.
Imbalanced neural responsivity to risk and reward indicates stress
vulnerability in humans. Cerebral Cortex. 2013 Jan 1;23(1):28-35.

Ben-Zion Z, Fine NB, Keynan NJ, Admon R, Halpern P, Liberzon |, et
al. Neurobehavioral moderators of post-traumatic stress disorder
(PTSD) trajectories: study protocol of a prospective MRI study of
recent trauma survivors. European Journal of Psychotraumatology.
2019 Dec 31;10(1):1683941.

Ehlers A, Clark DM. A cognitive model of posttraumatic stress
disorder. Behaviour Research and Therapy. 2000 Apr 1;38(4):319-45.

Curr Res Psychiatry 2021; 1(3):44-47.

47



