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WHAT IS DEVELOPMENTAL TRAUMA?

* The Complex Trauma Taskforce of the National Child Traumatic Stress
Network [Van der Kolk, B. A. (2005) Developmental Trauma Disorder, Psychiatric
Annals, 35(5): 401-40] coined the term “Developmental Trauma Disorder”
because most of the maltreated children did not meet the criteria for
PTSD.

* PTSD also cannot capture the multiplicity of physical, emotional, and
sexual abuse.

* PTSD diagnosis does not also encompass the developmental effects,
such as self endangering behaviors, self-hatred, self-blame, chronic
feelings of ineffectiveness, and loss of body regulation in areas of
sleep, food and self-care.
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ADVERSE CHILDHOOD EXPERIENCES STUDY (ACE)

[Anda, Robert F., et al. "The enduring effects of abuse and related adverse
experiences in childhood." European archives of psychiatry and clinical
neuroscience 256.3 (2006): 174-186.]

* Study of linkage between epidemiologic and
neurobiological evidence of the effects of childhood
trauma.

* Questions pertained to respondent’s first 18 years of life.

» Assessed 8 adverse childhood experiences: abuse
(emotional, physical, or sexual); witnessing domestic
violence; parental marital discord; growing up with-
mentally ill; substance abusing; or criminal household
members.
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° 3 TYPES OF ABUSES
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Eur Arch Psychiatry Clin Neurosci 2006 Apr, 206(3). 1731385,
Published online 2005 Nov 29 doi: -4

The enduring effects of abuse and related adverse experiences in
childhood
A convergence of evidence from neurobiology and epidemiology

Robert F Anda, MD, MS, Vincent J. Felitti MD, FACP, J._Douglas Bremner, MD, John D \Walker, MD, Charles Whitfield,
MD, Bruce D Perry, MD. PhD, Shanta R Dube MPH, and Wayne H_Giles, MD, MS

peﬁnition and prevalence of each category of adverse childhood experience and the ACE score

Childhood abuse Total
N=17337
Emotional abuse 106

(D1id a parent or other adult in the household...)
1 Often or very often swear at you. insult you. or put you down?
2 Sometimes. often. or very often act in 2 way that made you fear that you might be physically hurt?

Physical 283
(D1d a parent or other adult in the household...)

1 Often or very often push. grab. slap. or throw something at you?

2 Often or very often hit you so hard that you had marks or were injured?

Sexual 20.7
(Did an adult or person at least 5 years older ever...)

1 Touch or fondle you in a sexual way?
Have you touch their body in a sexual way?
Attempt oral. anal. or vaginal intercourse with you?
Actually have oral, anal, or vaginal intercourse with you?
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ADVERSE CHILDHOOD EXPERIENGES STUDY (ACE)

* Information from medical review of systems (ROS),
the physical examination (PE), and the ACE Study
questionnaire (ACEQ) used to define the health-
related behaviors or problem sources.

» Behaviors: mental health disturbances; somatic
disturbances; substance abuse; impaired childhood
memory; sexuality; and perceived stress, anger
control, and risk of intimate partner violence.
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* The number of ACEs (range: 0-8) was summed to
create the ACE scores, with scores of 4 or more
included as one category (= 4).
* Analyses were conducted treating the ACE score as
4 dichotomous variables (yes or no for scores of
>4, 3,2,and 1) with a score of 0 (no ACEs) as the
referent.
» Atleast 1 ACE reported by 64% of respondents.
* As ACE score increased, mean number of comorbid ‘
outcomes increased.
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Prevalence %

Relationship of ACE Score to the Prevalence of Mental Health
Disturbances and Somatic Health Disturbances
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The effects of childhood maltreatment on brain
structure, function and connectivity

Martin H. Teicher, Jacqueline A. Samson, Carl M. Anderson & Kyoko Ohashi

Nature Reviews Neuroscience 17, 652-666 (2016) | doi:10.1038/nm.2016.111
Published online 19 September 2016
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Figure 1 | Abuse type-specific
potent

* Verbal abuse: higher grey matter volume (GMV) in
auditory cortex and lower integrity of left arcuate
fasciculus. Diminished arcuate fasciculus integrity
associated with lower verbal IQ and comprehension.

* Witness domestic abuse: Lower grey matter density
in right lingual gyrus and reduced thickness in
portions of visual cortex. Witnessing domestic
violence between 11-13 years of age had
considerable effect on thickness and volume.

onthe
iol effects of exposurs to sgeaific types of childhood mdu.,..m..,nt on grey-matbor

MV o thick ‘and fbre—tract integrity: E reto B I werbal abuse
runs azmociated with inceeased GV in the audstany oorbes portion of the Left superior

temporal gyrus® (part al and decreased integrity of the Left arcuate fasciculbus (AF)

intersonnecting Wernicke's arma and Broca's srea? {part bl Visually witnessing rmultpls
cpisodes of demestic violonos was associsted with reduced GWV in right lingual gyrus,

left ocoipital pole and bilateral secondeny visual cortes: (W21 (part <) and decreased

integrity of the left inferior longitudinal fascioulus (ILF), which serves as avisual-limbic

pathaey™ (part di. Adults reportsng exposurs to mulktiple epizsodes of childhood

forced-contact sexusl abuze wers found o heve reduced G in right and left grimeny:

vizual cortesx (W1l and visual sssociation cortices, as well sz reduced thickness in right
limgrsal, Left Fusiform and left meddle oooipital gyri™ (part &) and portions of the
someatosensory cortex representing the ditoris and surrocwnding genital aree™ (part f.

Part & iz adapted with permissson from BEF 25, Elsevier Part b iz adapted with permizsion

» Sexual abuse: Lower GMV in primary visual cortex
and visual association cortices directly correlate
with duration of exposure before age of 12 and
associated with deficit in visual memory.

frowm REF 26, Elsewier. Part o iz adepted from BEF. 27 Part d iz adapted with permissicn from
REF. 25. Elsevvier: Part iz adapted with permizsion from REF. 28, Elsevier. Part f iz adapted
from en imege sourtesy of C. Heim, Charits Universi itEtamedizin Serlin, Gormany, and

) Prusssnes, MaGill University, Canada
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The effects of childhood maltreatment on brain
structure, function and connectivity

nature

REVIEWS N Eu ROSC' E NCE Martin H. Teicher, Jacqueline A. Samson, Carl M. Anderson & Kyoko Ohashi

Nature Reviews Neuroscience 17, 652-666 (2016) | doi:10.1038/nm.2016.111
Published online 19 September 2016

* Plasticity of the limbic system was found
to be altered.

* Structural connectivity was lower for
maltreated subjects in the left anterior
cingulate (emotions), as well as the
temporal pole, and medial frontal gyrus
(social cognition and theory of mind).

@ Region of interest I

Fiure € Network changes erocintd with - g.mmﬂ,;mmlm":m"* * In contrast structural connectivity was
%mw S e e ST higher for maltreated subjects in areas
o o e L mn%&m’égﬂ{é}"éﬁﬁ such as precuneus and anterior insula,
;:{:;:m:“’mmwfzxf«mtwff T which are linked to self-awareness.
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Figure 1. Correlations between
state symptoms and neural
responses to script-driven
trauma imagery (N =27).
Activations from baseline
associated with trauma and
neutral imagery were calculated
from average activation patterns
during the 20-s postscript
imagery periods. Significant
differences in blood-
oxygenation-level-dependent
(BOLD) response location

and intensity in the trauma
relative to the neutral condition
were determined via subtraction
analyses using SPM23. The
statistical parametric maps of the
t statistic (contrast images)
yielded by these linear contrasts
were then correlated with
Responses to Script-Driven
Imagery Scale (RSDI)
reexperiencing, avoidance, and
dissociation scores, using simple
pairwise correlations in a whole-
brain random-effects model with
two-talleda<.05, comesponding
to a minimum |r|=.30 {i.e.,
medium-sized or greater
correlation magnitude). Sample
RSDI reexpenencing items: “Did
you feel as though the event was
reoccurring, like you were
reliving it?” “Were you
distressed?” Sample RSDI
avoidance items: “Did you avoid
experiencing images, sounds, or
smells connected to the event?”
“Did you avoid feelings about the
event? Sample RSDI
dissociation items: “Did what you
were experiancing seem unreal
to you, like you were in a dream
or watching a movie or play?”
“Did you feel disconnected from
your body?”

Neural correlates of reexperiencing, avoidance, and
dissociation in PTSD: Symptom dimensions and emotion
dysregulation in responses to script-driven trauma
imagery

James W. Hopper 2, Pau . Frewen, Bessel A. v, der Kolk, Ruth A. Laniu

First published:

DO 10.1002/jt

» Re-experiencing severity correlated positively with
right anterior insula activity (involved in aspects of
emotional states) and negatively with rostral
anterior cingulate cortex activity (which can inhibit
the amygdala.

* Re-experiencing correlated negatively with
activation of right inferior frontal cortex (IFC), a
region implicated in inhibition of movement and of
emotional experience.

» Avoidance was negatively correlated with activation
in three separate anterior cingulate cortex (ACC)
clusters: left rostal ACC and SC, and bilateral
dorsal ACC.

+ Dissociation was negatively correlated with activity
in left superior temporal cortex, as well as right
anterior insula and right IFC.
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Preliminary Evidence for Aberrant Cortical Development in

The Journal of Abused Children

Neuropsychiatry e

Yutaka Ite, M.D., Ph.D., Martin H. Teicher, M.D., Ph.D., Carol A. Glod, R.N., Ph.D., and Erika

Ackerman, B.S.

and Clinical Neurosciences |y

Published online: August 01, 1998 | https://doi.org/10.1176/jinp.10.3.298

FIGURE 2. Differences between children with a history of abuse

and normal control subjects in magnitude of average 15 adolescent inpatients age (mean

intrahemisphere alpha EEG coherence based on

common reference (linked-ear) montage. age 10.7 years, male:female=7:8,

&0 10 medicated) with a history of
) E EE":; intense physical or sexual abuse.
g — The control subjects were 15
Il healthy volunteers (mean age 10.1
- years, M:F=6:9).
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HYPOTHESIS

» Adults that experienced developmental trauma will
show significantly different findings than those that
did not have such a history. Regions may include
those near the anterior cingulate, left frontal temporal
and limbic regions and right posterior regions
involved in social engagement and anxiety/fear. We

theorize that connectivity anomalies will be found as
well.
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 Study 1: 50 subjects underwent 19 channel EEG EC and
EO. 34 experimental (hx of abuse) vs. 16 normal controls.
For post-hoc analyses the exp group was divided in abuse
groups with 19 suffering emotional abuse/neglect and 15
physical/sexual abuses.

 Study 2: 19 subjects underwent 64 channel EEG EC and
EO. 12 experimental (hx of abuse) vs. 7 normal controls.

* Dependent measures included log power, source localized
activations, graph theory connectivity metrics.
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Makeig, Scott, et al. "Independent Component
Analysis of Electroencephalographic Data." in
Advances in Neural Information Processing Systems.

1996.
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Figure 1: Left: 4.5 seconds of 14-channel EEG data. Right: an ICA transform of
the same data, using weights trained on 6.5 minutes of similar data from the same

session.
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Journal of Meuroscience Methods 134 (2004) 921

JOURNAL OF

NEUROSCIENCE
METHODS

www.elsevier.com/locate/jneumeth

EEGLAB: an open source toolbox for analysis of single-trial EEG
dynamics including independent component analysis

Arnaud Delorme®, Scott Makeig

Swariz Center for Computational Newroscience, Institute for Newral Computation, University of California San Diego, La Jolla, A 920930961, USA

Recerved 17 June 2003; received in revised form 22 September 2003; accepted 16 October 2003

3 (B) Topography Aetvy

- @
@

1585
v

Magnitude (d8)

7 8 s,
® 6 6
010 20 3 40 %
- Froquency (Hz)

Fig. 4. Visualizing

of interest (Jung ct al., 2000).

(A) ical 2-D scalp maps of the ninc independent components (ICs) accounting for the most EEG
variance of the 32 components retuned by the ICA algorithm for the sample dataset. The component scalp map values retumned by ICA are proportional
to wV (scaling is distnibuted between the component maps and activity time courses). From its far-frontal scalp map, IC3 appears to account for cye
movement artifacts. (B) The ‘Component Propertics” display for 1C3 verifies that it accounts for cye artifacts since its activity spectrum is smoothly
decreasing (bottom pancl), and prominent cye movement artifacts appear in its activity ERP image (top right pancl). By removing this and other cye
‘movement components (not shown) from the dataset, the user can remove most evidence of cye movements from the data without removing other activity
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Fig. 5. Evaluating independent component contributions. (A) An EEGLAB spectopof) plot showing the components accounting for the largest portions of
10Hz activity at electrode POz (middle scalp map). The figure shows the power spectrum of the selected channel (top black trace), the activity spectra
of the projection to that channel of cach of the 32 componeats (lower traces), and the scalp power maps of the four largest-contributing components
(45,7, 10). (B) An emtopof) plot showing the cnvelopes (i.c., the min and max values, over all channels, at cach time point) of the five independent
‘components making the largest potential contributions to the ERP. The black thick tracs show the cnvelope (all channcls) of the ERP data and the thin
traces, the envelopes of the depicted component contributions to the ERP.
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GRAPH THEORY

Nodes
Edges
Paths
Clustering
Hubs
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Module lll Module I
TRENDS in Cognitve Sciences
Figure 1. Basic network attrib (A) Brai rks can be described and ', d as graphs g a collection of nodes (d /brain regions) and a
collection of edges (describing structural connections or functional relationships). The 9 dmd-arﬂodo-ddmﬂntopdmlmﬁxdmdlhmoﬁ.

(B) A path coresponds to a sequence of unique edges that are crossed when traveling between two nodes in the network. Low-degree nodes are nodes that have a
relatively low number of edges; high-degree nodes (often referred to as hubs) are nodes that huurdul\dyludlmbtofmcumd\hmelm:amw

nodes of the network that show a relatively high level of within-module connectivity and arelatively low level of i

| hubs’ are high-degree
ing to several

nodes that primarily connect to nodes in the same module. ‘Connector hubs’ are high-degree nodes that show a diverse ivity profile by
different modules within the network.
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GRAPH THEORY METRICS

* Clustering coefficient is a measure of the degree to which nodes in a graph
tend to cluster together. Cluster coefficient of a node is always between 0
and1l

» Average path length- average number of steps along the shortest paths for
all possible pairs of network nodes

* Global efficiency- measure of how efficiently a network exchanges
information

* Radius- minimum eccentricity (distance from one node to another) of any
vertex.

* Diameter- maximum eccentricity of any vertex
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STUDY 1: POWER AND SOURCE FINDINGS
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Channel level
19-chan eyes closed

?

This slide exemplifies
two general patterns
of differences
between the groups,
which can be seen at
multiple channels,
depending on which
channel you look at.
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Average scalp map for all clusters

Cis 2 (11 S5, 141C3)

&

Cis 5 (34 S5, 47 ICs)

@

Cls 8 (23 Ss, 28ICs)

Summary of IC clusters
7 clusters, one 1 outlier cluster
Clusters 4 and 7 focused on

Cls 3 (22 S3, 251Cs) Cls 4 (29 Ss, 29 ICs)

Outliers
Cluster

Cls 6 (13 Ss, 16 ICs)

&

Cls 9 (26 Ss, 36 ICs)

Cls 7 (41 Ss, 41 1Cs)

19-chan data,
Eyes-closed,
ICs dropped
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IC level
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LIMITATIONS OF 19 CH DATA FOR SOURCE LOCALIZATION

Average scalp map for all clusters

Cis 2 (11 Ss, 141Cs) Cls 3 (22 Ss, 25 ICs) Cis 4 (29 Ss, 29 ICs)

Cis 5 (34 Ss. 47 ICs) Cls 6 (13 Ss_ 16 ICs) Cls 7 (41 S, 411Cs)

Outliers ,
Cluster

Example remaining
IC dipoles from
eyes-closed 19-chan IC analysis
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STUDY1: CONNECTIVITY FINDINGS

Experimental v control group demographics

No significant difference for gender and handedness

Age was significantly different (p .014). Mean age of groups was 31.7 years
(sd 19.21) for exp and 19.38 (sd 1.36) for controls

Eyes closed graph theory metrics
No significant differences for clustering coefficient, global efficiency and

radius

Significant differences seen for path length (p .0388) and diameter (p .011)
Mean path length for exp 29.89 (sd 20.5) and controls 17.877 (sd 5.23)
Mean diameter for exp 74.62 (sd 48.34) and controls 38.97 (sd 15.51)
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Eyes open graph theory metrics

No significant difference for clustering coefficient

o Significant difference for path length (p .002), global efticiency (p .01),
radius (p .009) and diameter (p .002)

o O

ECPathLength
EORadius

100
ECDiameter

300+

B0

i3
8
i
"

B0

o 3
20
o
40
000 T T 204
Experimental Cortrol
Group i ﬁ

EOGIlobalEfficency

=
]

T T
Experimertal Control
Group




(@]

O

¢ o
o

Comparing abuse groups to control group. Physical/sexual,
emotional/neglect, and controls.

No significant difference for age, gender or medication usage
Significant difference for age between the groups (p .009)
No significant difference for age between the abuse groups

Eyes closed graph theory metrics

No significant difference for clustering coefficient, path length, global
efficiency or radius

Significant difterence for diameter (p .04)

Diameter means physical/sexual abuse 74.58 (sd 46.98), emotional
abuse/neglect 74.66 (sd 51.23) and controls 38.97 (sd 15.51)

No difference in diameter comparing abuse groups
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Eyes open graph theory metrics
No significant difference between the three groups for clustering coefticient

Significant diftferences for path length (p .004), global efficiency (p .088), radius
(p -009) and diameter (p .006)

(@)

Post hoc tests of significance across the three groups show that the abuse
groups are different than the control group but no different from each other.

Multiple Comparisons

Scheffe
__Mean 95% Confidence Interval
o [ Difference (-
Dependent Wariable Abuse Category Coded Abuse Category Coded K] Std. Error Sig Lower Bound Upper Bound
ECFathLength Fhysical_sexual Emeotional_MNeglect 5234 4177 464 -5.43 15.90
Coantrol 15.385" 4.266 .oon4 4.a9 26.28
Emotional_Reglect Fhysical_Sexual 5234 F Fr=r) -1s.90 5.43
Control 10.151 4.341 .o7s -.93 21.23
Control FPhysical_Sexual -15.385 4.266 ooa ‘ -26.28 4.49
Emotional_MNeglect -10.151 4.341 o7s -21.23 o3
ECGlobalEfficency Physical_Sexual Emotional_MNeglect -004 021 EED -.06 o5
Centrol -.048 o019 069 -10 oo
Ermotional_Medglect Physical_sexual oo4 021 985 -.05 o6
Control -.044 o020 118 -10 .01
Control Physical_sexual o048 019 069 oo 10
Emotional_MNeglect .044 .0z0 118 -.01 .10
ECRadius Physical_sexual Emotional_MNeglect 7715 4528 2a8 -3.85 19.27
Control 15.227 4.625 oos @ 342 27.03
Emotional_MNeglect Physical_sexual 7715 4.528 248 -19.27 3.85
Control 7.512 4.705 z2az -4.50 19.53
Control Fhysical_Sexual -15.227 4.625 oog9 -27.02 3.42
Emotional_MNeglect -7.512 4.706 292 -19.53 4.50
ECDiameter Fhysical_Sexual Emotional_MNeglect 7.588 1z.0189 sa4 2574 40.91
Control 423427 13.019 o010 2.02 75.67
Emotional_MNeglect Physical_Sexual _T.588 13018 ErE —40.91 25.74
Centrol 34.7547 13.276 044 77 68.74
Control Physical_Sexual 42342 13.01a o0 -T5.67 ENCE]
Emeotional_Meglect -34.7547 13.276 044 -68.74 77

*. The mean difference is significant atthe 0.05 level
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STUDY2: POWER AND SOURCE FINDINGS

Average scalgg 2 outlier 2 (5 Ss, 61Cs) Cls's (13Ss,131U3)  CL 5 (11 Ss, 11 .0s)
Is 5 (11 Ss, 11 ICs)

outlier 2 (5 Ss, 6 ICs)

P

Outliers {
Cluster

Is 6 (12 Ss, 12 ICs]

o

Is 9 (10 Ss, 10 ICs Is 11 (10 Ss, 10 ICs; Cle

o

Summary of IC clusters
IC Ievel 64-chan data,
64-chan Eyes-closed,
ICs dropped
eyes closed IC-level data,

- = .
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CONCLUSIONS/DISCUSSION

o EEG/ICA capable of demonstrating differences and regions of interest

o Individuals that experienced abuse as children show wide spread power
anomalies as adults that include multiple frequencies (theta, alpha and beta 1)

o Dipole localization suggests regions of interest that are likely critical to their
challenges and consistent with other forms of neuroimaging

o These include midline frontal, medial - posterior left frontal/temporal (insula),
precuneus, and right occipital/parietal/temporal regions of the brain.

o The majority of these include localizations to white matter tracts that connect
cortical to limbic regions of the brain.

o Extensive anomalies of connectivity suggesting that communication between
nodes, especially long range connectivity is problematic.

o At least in term of connectivity difficulties, abuse groups do not differ. This is,
whether you experience physical, sexual or emotional abuse your brain
pathways and their functioning are altered similarly.

-

o
- - -
=
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CONCLUSIONS/DISCUSSION

19 channel data is severely limited in it’s ability to source localize activity to
deeper structures and white matter pathways

Study 2’s low sample size may limit some of it’s findings and generalization
More data and types of analyses may help us find even more interesting
relationships

Implications for intervention:

Regions of interest may be points of feedback

Alpha and Beta 1 inhibition

Connectivity training may offer further access to systems that seem critical to
functioning
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THANKS!

Any questions?
You can find us at:


http://www.integrated-neuro.com/
https://www.facebook.com/IntegratedNeuroscienceServices/

