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FUNCTIONAL BRAIN
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TARGET REGIONS



PREFRONTAL CORTEX

mPFC modulates emotional
response inhibiting
amygdala and estinguishing
fear response



AMYGDALA

Amygdala has a central role in
formation and preservation of
emotional memories

Amygdala is also involved in memory modulation and consolidation



AMYGDALA

Inhibitory control from PFC on amygdala reduces the excessive firing of cortical
and subcortical structures upon conscious fear



HIPPOCAMPUS

Hippocampus processes episodic
and autobiographical memory
and is essential in identifying
“safe places”



HIPPOCAMPUS

Hippocampus is extremely
sensitive to stress and might
decrease in volume and
neuronal density following
chronic cortisol secretion



HIPPOCAMPUS

Nature Reviews | Neuroscience

It has a central role in consolidation from short to long term memory, in declarative
memory and spatial orientation



ANTERIOR AND POSTERIOR CINGULATE CORTEX



ANTERIOR CINGULATE CORTEX

With amygdala and insula
modulates mood and anxiety

The tight connections with
hippocampus contribute to
memory formation

Connettivity with frontal cortex
is related to self-esteem and self-
evaluation

Anterior cingulate cohordinates
hunger and sleep



POSTERIOR CINGULATE CORTEX

Posterior cingulate processes the “self”
and conscious experiences of emotions
and feelings

With precuneus it is involved in coping
with physical threats and processing
stressing material



INSULA

Insular activity has been correlated

to anxiety, processing negative
emotions and to the reliving of

symptom severity



INSULA

Insular hyperactivation is linked to the representation of psychological
traumas at somatosensory level
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FUNCTIONAL MAGNETIC RESONANCE IMAGING

fMRI allows dynamic measurements of cerebral activity by quantifying
oxygen consumption

Deoxygenated hemoglobin is found in neuronally active regions, highlighted
by fMRI imaging

Neuronal



NIRS

Near Infra-Red Spectroscopy reveals tissue oxygenation within few
centimeters from the probe



NIRS

CURRENT: YES EXPERIMENTAL: MAY BE FUTURE!



SPECT and PET

Injected radioisotopes distribute in the brain proportionally to the function to
be investigated (blood flow, metabolism or receptor density)



SPECT and PET

SPECT PET

More diffuse Better tracers choice
Lower costs Higher sensitivity

Versatile in somministration Better spatial resolution






Axons from
Presynaptic Cells




NEUROIMMAGING IN EEG

EEG enables higher temporal resolution, on the
order of milliseconds, rather than seconds.

Hardware costs are significantly lower for EEG
sensors versus an fMRI (or MEG) machine.

EEG sensors can be deployed into a wider
variety of environments than can a bulky,
immobile fMRI machine (or MEG system).

EEG is relatively tolerant of subject movement
versus an fMRI (and MEG) (where the subject
must remain completely still).

EEG can detect covert processing (i.e., processing
that does not require a response).

EEG is silent, which allows for better study of the
responses to auditory stimuli.

« EEG does not aggravate claustrophobia (MEG yes).







STATISTICAL ANALYSES
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2D E 3D IMAGING

3D FITTING TO PRE-DEFINED MODELS

3D IMAGING

GROUP DIFFERENCES




VOXEL-BASED METHOD



VOXEL-BASED METHOD IN CLINICAL SETTING
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POST-TRAUMATIC STRESS DISORDER

In DSM-5 PTSD is defined by the coexistence of 4 clusters of symptoms

re-experiencing (intrusive thoughts, flashbacks, nightmares)
avoidance (memory impairment, feelings of detachment,
efforts to avoid thoughts, places or people associated with
the trauma, social withdrawal)

negative alterations (mood and cognition)

hyperarousal (abnormal startle responses, hypervigilance,
irritability, sleep disturbance, difficulty concentrating)






PTSD AND NEUROIMAGING

O The first neuroimaging studies on PTSD were

performed in the USA at military hospitals
including mostly Vietnam war veterans

Table 3. Areas o Decreased Blood Flow ith Combat-Related Slides and Sounds Relative to Neutral Slides and Sounds in PTSD
Patients and Compar ;

PTSD patients (n = 10) Comparison subjects (7 = 10)
Talairach coordinates Talatrach coordinates
Z score X y z Brain region Z score X y z Brain region
5.04 =50 -—10 0 L. superior temporal pole (22) 5.80 -58 =32 20 L. superior temporal gyrus (41)
488 -10 =22 12 L. Thalamus 5.66 -52 -6 8 L. precentral (6)
442 -36 32 12 L _supes magoral (41) 5.09 =50 0 24

R. Mesofrontal (25)

459 8 20 -12 477 —46 -4 24
436 -8 18 -12 . Mesofrontal (25 414 —-40 -28 28 L. inferior pariental lobule (40)
423 -34 -86 16 Teq (19) 4.13 56 -6 8 R superior tempral pole (22)
3.60 =22 -90 20 3.06 62 —34 8
398 -8 52 0 L. anterior cingulate (32) 3.61 2 -12 32 Posterior cingulate (23)
387 50 —4 0 R superior temporal gyrus (21) 3.53 12 -54 —4 R cerebellum
3.66 -56 -—32 —4 L. middle temporal gyrus (21) 3.09 18 -5 -12
3.05 8 —56 0 R posterior parahippocampus (lingual) (19)

Z score = 3.00, p < .001.



PTSD AND NEUROIMAGING

Regional Cerebral Blood Flow
During Script-Driven Imagery in Childhood Sexual
Abuse-Related PTSD: A PET Investigation

Lisa M. Shin, Ph.D., Richard J. McNally, Ph.D., Stephen M. Kosslyn, Ph.D.,
William L. Thompson, B.A., Scott L. Rauch, M.D., Nathaniel M. Alpert, Ph.D.,
Linda J. Metzger, Ph.D., Natasha B. Lasko, Ph.D.,

Scott P. Orr, Ph.D., and Roger K. Pitman, M.D.

TABLE 5. Brain Regions of Sexually Abused Subjects With
PTSD (N=8) and Without (N=8) That Showed Significantly Dif-
ferent Changes in Cerebral Blood Flow in Response to Audio-
taped Scripts of Traumatic Events Relative to Neutral Events
(Condition-by-Group Interaction)

Coordinate of
Activation Focus

- (mm)3
Region Score X y z
reater increases in PTSD group
Orbitofrontal cortex 3.98 26 38 -16
348 26 30 -20
3.50 4 10 -20
Anterior temparal pole 3.31 =24 15 -28
Greater decreases in PTSD
Middle frontal gyrus
46° 448 42 46 8
9/10° 369 -24 52 12
Supenor frontal gyrus
443 14 50 28
352 =20 48 24
' 3.96 48 16 8
Superior temporal gyrus 464 -40 -52 16
403 48 -22 0
Middle temporal gyrus 464 62 -12 -8
Parahippocampal gyrus 370 -20 -20 -12
Inferior parietal lobule 3.69 60 -36 32
367 26 -56 36
352 —44 46 32
[Sreater increases in comparison
group
Anterior cingulate gyrus 3.31 7 38 0
Paosterior cingulate gyrus 355 4 52 24




NEUROIMAGING IN ABUSE RELATED PTSD
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CONNECTIVITY IN CIVILIAN TRAUMAS

Neurophysiological Responses to Traumatic
Reminders in the Acute Aftermath of Serious Motor
Vehicle Collisions Using [°0]-H,0 Positron Emission
Tomography

Elizabeth A, Osuch, Mark W. Wilis, Robyn Bluhm, CSTS Neuroimaging Study Group, Robert ). Ursano,
and Wayne C. Drevets

BIOL PSYCHIATRY 2008;64:327-335

<Functiona| conn@

Amygdala has strong connections
with anterior cingulate, insula and
hippocampus




MALTREATMENT AND CONNECTIVITY

Maltreatment in childhood also at subthreshold level
alters the capability of brain to regulate the fear response
and leads to a symptoms internalization during teenage
causing anxiety and depression

This suggests in case of childhood maltreatment to implement as soon as possible specific treatments

preventing serious problems, especially in females
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ASSAULTIVE VIOLENCE AND CONNECTIVITY

There is in adolescence a clear association between the
violence suffered, PTSD and functional organization of
brain cortex upon emotional process

Of utmost importance is the impact of care-giver
derangement suggesting a worsening of neural
connectivity in case of wanting family support



PTSD AND NEUROIMAGING

Bremner et al. Current Psychiatry Reports 2002, Gilboa et al. Biol Psych 2004;
4:254-263 55:263-272
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PTSD AND NEUROIMAGING

All neuroimaging studies converge in identifying
as implicated in PTSD:

prefrontal cortex (PFC)

amygdala

hippocampus

insula

Anterior and posterior cingulate cortex

The impairment of PFC associated with a hyper-
reactivity of the amygdala constitutes the core
neural correlate of PTSD



Ruth A. Lanius, M.D., Ph.D. Emotion Modulation in PTSD: Clinical and
ric Vermetten, M.D., Ph.D. ' ' ) i 2t
prictemeten 2.2 Neurobiological Evidence for a Dissociative Subtype

Richard ). Loewenstein, M.D.
Bethany Brand, Ph.D. Am | Psychiatry 167:6, June 2010

Christian Schmahl, M.D.

. Douglas Bremner, M.D. . ) . . - .. . .
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PTSD AND DISSOCIATION

Regions in which grey matter density correlates Regions in which pathological and non -
inversely with PTSD symptoms (in red) and pathological Dissociative Experience Scales
positively (in blue) with overall trait dissociation correlate with grey matter density

score



WHAT CAN WE DO?

NEUROBIOLOGY OF PSYCHOTHERAPIES

NEUROBIOLOGY OF EMDR



WHAT CAN WE DO?

NEUROBIOLOGY OF PSYCHOTHERAPIES

NEUROBIOLOGY OF EMDR



NEUROIMAGING and PSYCHOTHERAPY

Neuroimaging techniques have been used in an attempt to shed light
on the neurobiological correlates of various psychotherapies
revealing their neurobiological effects

Despite positive clinical
outcomes functional and
neuroanatomical studies are
still poorly randomized and
insufficient to draw robust
conclusions



Increased activity after psychotherapy
Left anterior cingulate
Left Broca's area
Left hippocampus -3
Left parictal

Left prefrontal cortex =20

— —11

Right parictal +18
Right thalamus

Decreased activity after psychotherapy
Lelt amygdala =30

Location and peaks of significant clusters of activation and deactivation after psychotherapy were set to threshold =334 corresponding
10 p<0001.




NEUROIMAGING and PSYCHOTHERAPY

ETCR - fMRI

Peres et al. 2011 - J Psychiatry Research 45:727-734
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NEUROIMAGING and PSYCHOTHERAPY
CBT - fMRI



NEUROIMAGING and PSYCHOTHERAPY
CBT - EEG






NEUROIMAGING and PSYCHOTHERAPY
MINDFULNESS



NEUROIMAGING and PSYCHOTHERAPY
PSYCHODYNAMIC PSYCHOTHERAPY

Psycodinamic psychotherapy aimed at improve

comprehension of emotional conflicts

Parahippocampal girus is involved in emotional memory O
and its diminished activation might reflect the repression

of emotional memories, that is the core expression of
somatoform disorder



NEUROIMAGING and PSYCHOTHERAPY

we investigated recurrently depressed (DSM-V) unmedicated outpatients (N=16) and control participants matched for sex,
age, and education (N=17) before and after 15 months of psychodynamic psychotherapy. Participants were scanned at two
time points, during which presentations of attachment-related scenes with neutral descriptions alternated with descriptions
containing personal core sentences previously extracted from an attachment interview. Outcome measure was the



onal and anatomical studies support the evidence of
iological models explaining the changes which take place
ing PTSD-related psychotherapies

findings call for continued

itment to unravelling the
hysiological mechanisms

lying these effective treatments of



WHAT CAN WE DO?

NEUROBIOLOGY OF PSYCHOTHERAPIES

NEUROBIOLOGY OF EMDR






TABLE 1. Signi
Cerebral Perfusioy after EMDR
Coordinate Z Value Region
44,48,24 446 Right middle frontal gyrus
40,34,44 406 Right middle frontal gyrus
40, 44,30 3.69 Right superior frontal gyrus 9 58, 6, 20
10,14,72  4.30 Right superior frontal gyrus
—8,48,58 3.95 Leftsuperior frontal gyrus

8,66,14  3.44 Right superior frontal gyrus
—6,64,14  3.39 Left medial frontal gyrus

Coordinate  Z Value
60, 12, -10 3.81

44,10, -20 3.69




EMDR AND SPECT

Effects of EMDR psychotherapy on **™Tc-HMPAO distribution
in occupation-related post-traumatic stress disorder
Marco Pagania'b, Goran Hogberg®, Dario Salmasob, Davide Nardod,
Orjan Sundin®, Cathrine Jonsson®, Joaquim Soares', Anna Aberg-Wistedtg,
Hans Jacobsson?, Stig A. Larsson® and Tore Hallstrom®

Nuclear Medicine Communications 2007, 28:757-765

Table 1 Means and SD for significant volumes of interest in the comparison of responders versus non-responders to eye movement
desensitization and reprocessing

Brain area g Responders (n=11) > S Non responders (n=4) > F(1,13) Pvalue
Mean SD Mean SD

BAI7 46.4 1.8 49.2 1.9 6414 0.025
BA37 416 1.5 44.0 1.8 6.397 0.025
BA4E 430 08 419 1.2 6.220 0.027
Hippocampus 418 14 44.3 1.1 10.078 0.007

BA, Brodmann's area.



PTSD
NS>S

EMDR
R>NR

EMDR AND MRI

cluster voxel TAL Region
p(cor) K Z punc)s x y z
0054 9132 359 0.001 -10 -60 3 L Lingual Gyrus BA18
318 0.001 -23 -57 -2 L Parahippocampal Gyrus BA19
305 0.001 -17 -55 32 L Posterior Cingulate BA31
300 0001 -3 -61 33 L Precuneus BA7
299 0001 7 -50 2 R Posterior Cingulate BA29
cluster voxel TAL Region
p(cor) K Z punc)s x y z
0036 7048 454 0.001 1 -27 36 R Posterior Cingulate BA 31
378 0.001 -3 -27 33 L Posterior Cingulate BA 23
340 0.001 -2 -32 31 L Posterior Cingulate BA 31
0029 7300 403 0.001 -35 9§ 58 L Middle Frontal Gyrus BA 6
318 0.001 -46 -10 57 L Precentral Gyrus BA 4
300 0001 -3 0 50 L Medial Frontal Gyrus BA 6
0025 7471 316 0.001 41 12 7 R Insula BA 13
3.09 0.001 31 -5 -11 R Parahippocampal Gyrus/Amygdala




WHY EMDR?

EMDR AND BET

Both treatment are effective but EMDR
results in a faster disappearance of symptoms



NEUROIMAGING AND PSYCHOTHERAPY

= Studies have probed into psychotherapies’ mechanism of action providing

evidence of an association between functional changes and treatment
efficacy

s However, none of them investigated real-time firing neurons in response to
the stimuli induced by psychotherapies since activations/deactivations were
only recorded before and after treatment

= This has restricted the reported information to static conditions not

describing in details the dynamics of regional activation during
psychotherapy



A BIT TIRED?

5 MINUTES OF REST AND STRETCHING!




EMDR AND EEG

= To explore the technical
feasibility of the on-line
recording of whole EMDR
sessions by means of EEG
and data analyses

= To identify the regions activated
during the bilateral ocular
stimulation upon traumatic
memory exposure



EMDR AND EEG

Clients with psychological traumas consisting in sexual abuse, grief and loss
trauma, abortion related trauma, severe physical abuse and natural
catastrophies.

Healthy subjects freely willing to participate served as controls undergoing
the same therapeutic protocol and neuropsychological assessments

In all control subjects the index trauma was chosen among the memories
with the highest impact on their memories

The major distinction between patients and controls was the lack of
trauma-related symptoms in the latter



EMDR AND EEG
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CLIENTS PRE-EMDR vs non-symptomatic CONTROLS
DURING BILATERAL OCULAR STIMULATION



PREFRONTAL CORTEX

Symptomatic phase: PREFRONTAL ACTIVATION

Evaluation of self-generated material

9;#; -

Autobiographical/episodic memory
retrieval
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Suppressing unwanted memories
Rostral PFC (OFC): Amydgala
In PTSD it is associated with activation <= In PTSD, hyperresponsivity to

in the amygdala during the recollection threat-related stimuli
of personal traumatic events



CLIENTS PRE-EMDR vs CLIENTS POST-EMDR
NEUROPSYCHOLOGICAL DATA

Table 2. Pre vs post EMDR treatment: mean (SD) and statistically significant differences in IES, BDI and SCL-90-R scores in

patients

Patients T p

(N=10)
IES /pre / TOTAL vs IES/post/ TOTAL 40.8 (15.9) vs 12.8(12) 6.386 000
IES /pre / intrusion vs IES / post/ intrusion 21.1(9.8) vs 6.6(6.6) 5.7 000
IES /pre / avoidance vs IES /post/avoidance 19.7 (7.7) vs 6.3(5.9) 5.448 000
BDI /pre / TOTAL vs BDI/post/ TOTAL 23.9(10.1) vs 9.5(9.5) 4.003 003
BDI / pre / cognitive vs BDI/ post/ cognitive 15.7(8.1) vs 6.7(7.1) 3.085 013
BDI / pre / somatic vs BDI/ post / somatic 8.2(3.3) vs 2.8(2.6) 4.92 001
SCL/pre/PST vs SCL/post/PST 59.6 (20.2) ws 37.7(19.7) 4.948 001
SCL /pre /PSDI vs SCL/ post/PSDI 2.11(.53) vs 1.41 (.46) 3.625 006
SCL /pre/GSI vs SCL/post/GSI 1.49 (.65) vs 0.66 (.52) 4.131 003




CLIENTS PRE-EMDR vs CLIENTS POST-EMDR
DURING BILATERAL OCULAR STIMULATION



EMDR AND EEG

m For the first time, brain activations associated in real time with
psychotherapy could be imaged and dynamically represented by
functional imaging throughout its whole duration

= Our findings pointed to a highly significant activation shift following
EMDR therapy from limbic regions with high emotional valence to
cortical regions with higher cognitive and associative valence

m This suggested a strong neurobiological rationale of EMDR, thus
supporting its efficacy as an evidenced based treatment for trauma






EMDR AND EEG

»We monitored by EEG EMDR psychotherapy sessions in two groups of clients

» In the symptomatic phase trauma exposure caused prevalent prefrontal
activation

» After symptoms disappearance the activation shifted to cognitive
associative areas

» In chronically exposed clients the neurobiological response was similar to
that in healthy controls

» The social context impacts on the neurobiological response to trauma
exposure

» The second arm of the study will reveal the differences in neurobological
response between EVIDR and tf-CBT






EMDR IN CHILDREN
EEG

256-channel Geodesic Sensor

Trentini C, Fania P, Pagani M, Speranza A.M, Nicolais G, Sibilia A, Verardo AR, Inguscio L, Fernandez i, Ammaniti M

Submitted Frontiers in Psychology 2015

During passive viewing paradigm, pictures are presented in randomized order, and remain
on-screen for 1500-ms, with inter-stimulus interval (ISI) of 1000 ms.

Pictures are all frontal head shots of adult amateur actors (50% men and 50% women),
taken from the Karolinska Directed Emotional Faces Series (KDEF, Lundqvist et al., 1998).



EMDR IN CHILDREN
EEG

BEFORE EMDR:

ACTIVATION IN:
*mPFC

=LIMBIC FRONTO-
TEMPORAL CORTEX




EMDR IN CHILDREN
EEG

AFTER EMDR:
ACTIVATION IN:

*"TEMPORO-MEDIAL
SUPERIOR CORTEX







EMDR IN CHILDREN
EEG

Correlations with Correlations with
Trauma Symptom Checklist Aggressive behavior (CBCL)
for Children

Positive correlation

Negative correlation



EMDR IN CHILDREN
EEG

In children a cognitive associative processing of the traumatic event
following successful EMDR therapy, coupled to a significant restraint of
negative emotional experiences

Neuropsychological scores correlated with cortical activity in the same
activated regions confirming their appropriateness as symptoms probes

The similar pre-therapy response to all kinds of stimuli can be interpreted in

two ways:

» all faces as belonging to adults cause a similar traumatic response

» also happy and neutral faces might make the kids remembering
circumstances in which adults were smiling or serious before abusing
them






BEYOND PTSD

PUTATIVE MECHANISM OF ACTION
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EMDR AND BIPOLAR DISORDER



EMDR AND BIPOLAR DISORDER

2014



EMDR AND VIOLENCE

Prog. Neuro-Psychopharmacol. & Biol. Psychiat. 2001, Vol. 25, pp. 91-140

1. Violence and aggression are major public health problems.

2. The authors have used techniques of electrical brain stimulation, anatomical-immunohistochemical
teclmiqum, and behavioral pharmacology to investigate the neural systems and circuits underlying
aggressive behavior in the cat.

3. The medial hypothalnmus and nndbram periaqueductal gray are the most important structures

mediating defensive perifornical lateral hypothalamus clearly mediates predatory
attack behavior AL aJbed nuclens of the stria terminalis, septal area, cingulate
gyrus, and prefrontal cortex projec ese structures directly or indirectly and thus can modulate the
intensity of attack and rage.

Defensive rage behavior occurs in response to a real or perceived threat (reactive aggression) it
lacks planning and is highly impulsive in its nature.
It is associated with a massive attivation of sympathetic system resulting in a minimal cortical

involement

Predatory attack behavior (proactive aggression) is highly
directed to the prey object and requires planning and
strategies to be employed in the attack, suggesting that
that the cerebral cortex is typically employed in the
attack sequence

Limbic system controls both such behaviors



EMDR AND VIOLENCE

Hyperactive left (approach-related behaviors) amygdala in individuals with higher levels of anger
expression may reflect a mechanism that triggers aggressive responses (defensive rage)

Hypoactive right (withdrawal behaviors) amygdala may reflect deficits in fearful face processing
leading to “blind rage” or aggressive behavior without appropriate distress processing



any other mind/brain process has neurobiological bases

gdalar response in present in
e sufferers and perpetrators

ehaviors are under the control
em and potentially regulated
stimuli

lay a role in integrating
gers into cognitive




EMDR AND ONCOLOGY

Brain Behav Immun. 2013 March ; 30(0): S109-S116







EMDR and CBT for Cancer Patients: Comparative Study of
Effects on PTSD, Anxiety, and Depression

Liuva Capezzani
Psychiatry Department and Area di Supporto alla Persona, Regina Elena National Cancer Institute, Rome, Italy
Luca Ostacoli
Marco Cavallo
Sara Carletto
Department of Mental Health, “San Luigi Gonzaga” Hospital Medical School, University of Turin, ASL TO3, Orbassano, Ttaly
Isabel Fernandez
EMDR Italy Association, Bovisio Masciago (MI), Italy
Roger Solomon
Buffalo Center for Trauma and Loss, Buffalo, NY
Marco Pagani
Institute of Cognitive Sciences and Technologies, CNR, Rome, Italy

CAPS Criterion B score

IES-R Total score

baseline

after treatment

FIGURE 2. Interaction between time and treatment for CAPS Criterion B score. FIGURE 1. Interaction between time and treatment for IES-R total score.




EMDR AND ONCOLOGY

Neurobiological features and response to EMDR treatment of PTSD in breast
cancer patients

20 patients treated with EMDR
20 patients not treated



EMDR AND DEPRESSION

Drevets et al. Biol Psychiatry 2000;48:813-829






BEYOND PTSD

PUTATIVE MECHANISM OF ACTION







MECHANISM OF ACTION

The mechanism by which EMDR exerts its effect in PTSD is poorly understood

Controversies continue to exist regarding how EMDR works

EMDR has generated considerable debate around the mechanism responsible for its
effectiveness

Conflicting account remain as to the mechanism of action of EMDR

KEY QUESTION

Does anybody know the neurobiological
mechanism of CBT?

CBT-CENTRIC TOLEMAIC SYSTEM



MECHANISM OF ACTION

Eye Movements (EM) increase inter-hemispheric connectivity (Christman et
al., 2003; Parker et al., 2008)

— Not supported in EEG studies (Samara et al., 2011, Propper et al., 2007)

Taxing working memory reduces vividness of stored memories (Van der Hout
et al., 2001; Kemps & Tiggerman 2007;Andrade et al., 2007)

— EM produces a reduction in the memory span

Modulation of the Default Mode Network (Landin-Romero et al., 2013)

In review by Landin-Romero et al 2015

EM provokes physiological changes similar to REM-sleep (Stickgold 2002;
Barrowcliff et al., 2004; Sack et al. 2008)






PTSD AND SLEEP

Sleep disturbances are main features of PTSD

In DSM-5 nightmares are considered intrusive symptoms (cluster B) and
insomnia among excitation and hyperreactivity symptoms (cluster E)

Both impact on general health
and cause also cognitive and
memory deficits



PTSD AND SLEEP

Sleep has a bracing function and facilitates emotional processes

Sleep disturbances as a powerful stressing factor enhance and prolong
daytime PTSD symptoms worsening the capability to recover.

Chronic insomnia and relative chronic
stress cause reduction of hippocampal
volume and neurogenesis



SLEEP AND MEMORY

Converging evidence supports the significance of sleep in learning and
memory reprocessing

Non-REM sleep (slow-wave-sleep,
SWS) appears to have a key role in
memory consolidation

SWS also facilitates information transfer from hippocampus to neocortex
and the reorganization of distant functional networks



SLEEP AND MEMORY

The “dialog” between hippocampus and neo-cortex favors memory
encoding

During Rapid Eye Movement (REM) sleep there is a decreased activity
from hippocampus to neo-cortex suggesting a more intense memory
consolidation

In this phase new associations of
emotional events mediated by
limbic structures take place






MECHANISM OF ACTION

Harper et al. 2009 — Traumatology 15:81-95
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Pagani et al. 2012 — PLOS ONE Volume 7 | Issue 9 | e457535






MECHANISM OF ACTION
INTEGRATION OF MEMORIES (Stickgold 2002)

Fragmented episodic and traumatic memories are stored in
hippocampus or amigdala without contextual integration

Memory integration needs the encoding in association cortex to create
an understanding in a larger context

Hippocampal-amygdala complex memories are transferred to
neocortex, replayed, consolidated into semantic associative memory
networks and information integrated to create meaning and “learn
from the event”



MECHANISM OF ACTION
INTEGRATION OF MEMORIES (Stickgold 2002)

The transfer might occur during slow-wave-sleep (1-3 Hz) and
definitive memory consolidation during REM sleep (about 4-6 Hz)

The traumatic episodic memory is weakened and then removed from
hippocampus. If this does not happen the lack of free space may lead
to memory and cognitive deficits (3° PTSD criterium)

Bilateral stumulation during EMDR reproduces the
neurophysiological conditions favorable for episodic memory
integration in associative neocortex



MECHANISM OF ACTION
INTEGRATION OF MEMORIES (Stickgold 2002)
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MECHANISM OF ACTION

Semantic memory

EMDR: Eye Movement Desensifization and Reprocessing

Episodic memory
Emotional implications



MECHANISM OF ACTION
INTEGRATION OF MEMORIES (Stickgold 2002)

We are not claiming that we have solid evidence for all of the links
and interpretations in the train of logic presented here

Our goal is to demonstrate that there is a reasonable explanation of
how EMDR works, which is consonant with modern neurobiology
and cognitive neuroscience

Stickgold, Journal of Clinical Psychology 2002; 58: 61-75



PHYLOSOPHY AND (NEURO)SCIENCE

A theory is clear, decisive, and positive, but it is believed by no one exept
the man who created it

On the other hand experimental findings are messy and inexact but are
believed by everyone except the man who did that work

H. Shapley, 1969
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