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KEYNOTE PRESENTATIONS 

 
Functional Neuroimaging as a Window into 
Human Brain Function: Applications to Better 
Understand and Optimize Neuromodulatory 
Therapies 
Vitaly Napadow 
Massachusetts General Hospital, Boston, Massachusetts, USA 
Harvard Medical School, Boston, Massachusetts, USA 
Center for Integrative Pain NeuroImaging (CiPNI), Boston, 
Massachusetts, USA 
 
Functional brain imaging has opened a window into 
brain function in humans and has significantly 
enhanced our understanding of neural function and 
connectivity supporting aversive symptom states.  
Our research has shown that the brain is composed 
of multiple primary sensory and associative networks 
that activate and deactivate over time as distinct 
assemblies.  These networks can become blurred 
when chronic, recurring activation of network nodes 
is maintained.  For example, recurring, spontaneous 
pain in a distinct body area brings saliency to 
specific somatosensory and nociceptive input, 
blurring the Salience Network (SLN) and 
somatotopically-distinct subregions of the 
Somatomotor Network (SMN).  Additionally, 
catastrophizing about pain activates the Posterior 
Cingulate Cortex (PCC) and brings saliency to 
ruminative thought, blurring SLN and default mode 
network (DMN).  Functional MRI brain connectivity 
metrics can be used to evaluate objective brain-
based markers that track with clinical pain.  
Applications include objective markers of disease for 
drug and non-pharmacological/behavioral 
intervention trials, baseline predictor of response, 
and targets for neurofeedback. 
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Impact of Childhood Maltreatment on Brain 
Development and the Critical Importance of 
Distinguishing Between Maltreated and Non-
Maltreated Diagnostic Subtypes 
Martin Teicher 
McLean Hospital, Belmont, Massachusetts, USA 
Harvard Medical School, Boston, Massachusetts, USA 

 
Childhood adversity is the most important 
preventable risk factor for mood, anxiety, 
personality, substance abuse, and psychotic 
disorders.  Recent studies suggest that clinical 
sequelae may stem, at least in part, from enduring 
effects on brain development.  Research will be 
reviewed highlighting the effects of childhood abuse 
on EEG coherence and the development of the 
hippocampus, white matter tracts, and cortical 
regions.  Evidence will be presented identifying 
sensitive periods when specific brain regions are 
most vulnerable and unique effects of difference 
types of abuse on sensory systems and pathways 
that convey the adverse experience. These findings 
will be placed into context illustrating how exposure 
to abuse affects multiple components of the brain 
circuit responsible for threat detection and also 
affects the network architecture of the brain.  Finally, 
the case will be made that maltreated and non-
maltreated individuals with the same primary DSM 
diagnosis differ clinically, neurobiologically, and 
genetically.  We refer to the disorder in the 
maltreated cohort as an ecophenotype and show 
that it is associated with earlier age of onset, more 
severe course, more comorbid diagnoses, and 
poorer response to first-line treatments.  Recognition 
of this distinction may be of paramount importance 
in effectively identifying appropriate interventions 
with neurofeedback emerging as a key modality for 
treating individuals with the ecophenotype. 
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The Evolution of Quantitative EEG: A Perfect 
Storm 
Leslie S. Prichep 
NYU School of Medicine, New York, New York, USA 
BrainScope Company, Inc., Bethesda, Maryland, USA 

 
The historical evolution of QEEG will be explored 
with emphasis on significant steps its development.  
The following will be highlighted: 1) Early steps in 
quantification that pave the way, including normative 
equations (John et al., 1980), source localization 
(Pascual-Marqui, Esslen, Kochi, & Lehman, 2002), 
and Default Mode Network (Buckner, Andrews-
Hanna, & Schacter, 2008); 2) QEEG treatment 
predictive biomarkers, including cognitive decline 
(Jelic et al., 2000; Prichep et al., 2006) and OCD 
(Dohrmann, Stengler, Jahn, & Olbrich, 2017); 3) 
QEEG as a surrogate for advanced neuroimaging, 
including TBI (Hanley et al., 2017) and chronic pain 
(Prichep et al., 2017).  Impact of the “perfect storm” 
represented by advances over the last decade in 
technology, signal processing, and machine learning 
classification methodologies will be discussed in this 
context.  
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INVITED PRESENTATIONS 
 
Early Detection and Treatment of Attention 
Deficits in Preterm Infants 
Thalía Harmony 
National Autonomous University of Mexico, Department of 
Behavioral and Cognitive Neurobiology, Institute of Neurobiology, 
Campus Juriquilla, Querétaro, Mexico 
 
This study described the application of a scale for 
evaluation and treatment of early attention deficits in 
infants, the “Infant Scale of Selective Attention” 
(EEAS).  It is well known that attention deficit begins 
in infancy and adversely affects individuals 
throughout life; thus, the challenge is to find ways to 
diagnose and treat it early in life, during infancy, to 
try to prevent children from developing attention-
deficit/hyperactivity disorder.  EEAS measures the 
infant’s overall ability to detect, locate, track, and 
respond selectively to visual and auditory stimuli.  
Also, an intervention program was designed to 
stimulate attention in infants with delayed attention.  
This program was applied daily, from 3 to 8 months 
corrected age.  Monthly behavioral measures from 3 
to 8 months and event-related potentials (ERP) 
recordings for a two-tone oddball paradigm were 
collected in 10 full-term and 21 preterm infants with 
white matter injury and attention deficits.  Eleven 
preterm infants participated in the attention 
stimulation program (experimental group) and 10 did 
not (control group).  The behavioral study showed 
that the experimental group had a faster rate of 
improvement in attention than the control group.  
ERPs showed that deviant stimuli were automatically 
detected and could involuntarily capture attention 
but only in the healthy and treated groups.  
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Functional Neuromarkers for Psychiatry and 
Neurology: Defining Brain Dysfunctions and 
Constructing Protocols of Neuromodulation 
Juri Kropotov 
Institute of the Human Brain of Russian Academy of Sciences, 
Saint Petersburg, Russia 
 
The paper describes a recently emerged 
methodology of extracting functional neuromarkers 
from spontaneous multichannel EEG, event-related 
de/synchronization, and event-related potentials 
(ERP).  The methodology includes methods of blind 
source separation for artifact correcting and 
extracting latent (hidden) components from resting-
state EEG and from event-related potentials, 
methods for constructing normative and patient 
databases, for comparing the extracted individual 
parameters with the normative data, as well for pre-
post comparison.  The high test–retest reliability of 
neuromarkers, the high level of specificity and 
sensitivity for defining dysfunctions in ADHD, 
schizophrenia, OCD, autism, depression, and 
dementia are described.  Application of the 
methodology for predicting clinical outcome in 
response to pharmacological medication, for 
constructing protocols of neurofeedback, tDCS 
(transcranial Direct Current Stimulation) and TMS 
(transcranial magnetic stimulation) in clinical 
population is presented.  
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STUDENT AWARD WINNERS –  
PLENARY PRESENTATIONS 

 
Is A/T Neurofeedback Training (NFT) a 
Successful Treatment Method for Women with 
Moderate to Severe Trait Anxiety: A Clinical 
Trial and Methodological Considerations 
Bettina Viereck1, Ute Strehl2, and Boris Kotchoubey2 
1University of Hartford, West Hartford, Connecticut, USA 
2University of Tuebingen, Tuebingen, Baden-Wuerttemberg, 
Germany 

 
Since the late 1960s neurofeedback (NFT) has been 
used to treat adult individuals with anxiety disorders.  
Yet most related, evidence-based research studies 
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were conducted between the mid-1970s and late 
1990s.  Therefore, NFT as an efficacious treatment 
for anxiety problems remains unclear.  The literature 
research discloses that of few studies, most used 
sample sizes 10 subjects or less per experimental or 
control group, results have been mixed, and the U.S. 
NIH’s National Center for Complementary and 
Integrative Health (NCCIH) at this time does not 
endorse NFT as an efficacious treatment for anxiety 
problems. 
 
In the present study 27 women between (age range 
= 19–67) with moderate to high trait anxiety were 
randomly assigned to either experimental or control 
condition, and received either 10 sessions of A/T 
NFT to up-regulate Theta (5–7 Hz) and Alpha power 
(8–11 Hz) or received ten 25-min sessions of 
alternately up- and down-regulating beta (15–19 Hz) 
and hibeta (20–24 Hz), respectively, at the Pz 
location, while getting auditory and visual feedback.  
Activation/Deactivation was assessed before and 
after each session via the Activation Deactivation 
Adjective Checklist (AD-ACL) list.  Pre- and post-
EEGs, anxiety (BAI, STAI, GAD-7), treatment 
expectancy, locus of control, and a variety of 
qualitative measures such as cognitive strategies, 
treatment group belief, and best times and worst 
times of day for learning were assessed. 
 
Preliminary results using growth curve modeling 
(GCM using lmer), as well as traditional 2x2 and 2x3 
ANOVAs and regression statistical analyses, 
indicate that both participants of experimental (EG) 
and control groups (CG) were able to successfully 
up-regulate their theta and alpha power, as well as 
the T/A ratio during the course of a session as well 
as over the course of the 10 treatment sessions.  
Self-perceived anxiety as measured by the two of 
the three anxiety measures went down significantly.  
No significant difference between EG and CG could 
be observed.  
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The Effect of Slow Breathing Training on 
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Kaohsiung City, Taiwan, Taiwan 

 
Background.  Previous studies have confirmed that 
slow breathing training not only improves heart rate 
variability and autonomic activation but also 
increases subjective relaxation feeling and reduces 
negative emotions.  The purpose of this study was to 
explore the effect of slow breathing training on 
electroencephalogram (EEG). 
 
Methods.  Fifty-three healthy participants were 
randomly assigned to slow breathing group (n = 27; 
mean age was 25.30 ± 6.86 years; 3 male and 24 
female) and control group (n = 26; mean age was 
31.23 ± 14.77 years; 7 male and 19 female).  
Participants in the slow breathing group received 60-
min weekly training for 4 weeks between pre- and 
posttest.  The control group only received pre- and 
posttest.  All participants received 5-min resting EEG 
measurement with eyes-opened at Fz, Cz, and Pz 
by using BrainAvatar (BrainMaster Technologies, 
Inc., Bedford, OH) at pre- and posttest.  The EEG 
was analyzed in the following bandpass: delta (1–4 
Hz), theta (4–8 Hz), alpha (8–12 Hz), total beta (12–
32 Hz), beta1 (12–15 Hz), beta2 (15–22 Hz), beta3 
(22–28 Hz), and beta4 (28–32 Hz).  The change in 
scores of pre- and posttest EEG were compared 
between two groups.  
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Results.  There was no significant difference 
between slow breathing group and control group in 
age (t = 1.86, p = .71) and gender (χ2 = 2.16, p 
= .14).  Significant group * time interaction effects 
were found at pre- and posttest between two groups 
at Fz on beta2, F(1, 51) = 7.09, p < .05; beta3, F(1, 
51) = 6.90, p < .05; and beta4, F(1, 51) = 4.71, p 
< .05.  The post-hoc comparison showed a trend to 
decrease beta activity in the slow breathing group, 
while increasing beta activity in the control group.  
Moreover, there were significant differences 
between two groups on change scores at Fz of 
beta2, t(51) = 2.66, p < .05; beta3, t(51) = 2.63, p 
< .05; and beta4, t(51) = 2.17, p < .05.  However, 
there was no significant interaction effect on beta1 at 
Fz, as well as no significant interaction effect on 
EEG index at Cz and Pz. 
 
Conclusion.  This study confirmed that slow 
breathing training is a useful intervention protocol in 
decreasing cortical arousal at frontal area. 
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Background.  Several neurophysiological subtypes 
based on EEG biomarkers have been identified in 
ADHD (Johnstone, Gunkelman, & Lunt, 2005).  
However, most studies investigating the efficacy of 
neurofeedback as a treatment for ADHD use a 
uniform treatment protocol without taking into 
account individual EEG biomarkers (Arns, de Ridder, 
Strehl, Breteler, & Coenen, 2009).  A recent pilot 
study suggests that personalizing neurofeedback 
protocols to individual EEG biomarkers of ADHD 
might lead to increased specificity and efficacy of 
treatment (Arns, Drinkenburg, & Leon Kenemans, 
2012).  Hence, this preliminary study aims to 
investigate the effects of personalized EEG-
neurofeedback in a population of college students 
with ADHD.  
 

Methods.  Eighty college students with a diagnosis 
of ADHD received personalized EEG-neurofeedback 
training (NFT) two times a week over a period of 4 
months.  Half of the participants was randomly 
assigned to the experimental condition.  The other 
half was placed on a waiting list to serve as a control 
group and received treatment later.  Resting-state 
EEG signals were recorded to evaluate overall brain 
activity pre- and posttraining and to determine 
individual EEG biomarkers for selection of 
personalized treatment protocol.  ADHD behavioral 
symptoms were assessed pre- and posttraining 
using the Conners’ Adult ADHD Rating Scale–Self-
Report: Long Version (CAARS–S:L) and the IVA-2.  
 
Results.  The expected result is that a significant 
change will be observed in subjects trained in EEG 
neurofeedback, both in brain activation patterns and 
at the behavioral level.  More specifically, 
normalization of targeted resting brain waves is 
expected in the experimental group.  Changes in 
neural activity in the experimental group is also 
predicted to be correlated with improvements in 
ADHD symptoms.  
 
Conclusion.  This preliminary study will 
demonstrate the feasibility of personalizing 
neurofeedback protocols to individual EEG 
biomarkers of ADHD and the efficacy of 
neurofeedback as a treatment for ADHD.  On a 
broader level, it will allow for a better understanding 
of the impact of neurofeedback training on neural 
and behavioral correlates of ADHD.  
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Background.  Previous studies indicated that frontal 
alpha asymmetry (FAA) is a potential biomarker for 
major depressive disorder (MDD).  However, some 
results did not support the FAA.  The purpose of this 
study was to examine the electroencephalogram 
(EEG) difference among healthy participants and 
patients with MDD patients whom with and without 
FAA.  
 
Methods.  Ninety-five healthy participants and 73 
patients with MDD were recruited.  Five minutes 
resting EEG with eyes-closed was measured at 
frontal (F3, F4) and midline (Fz, Cz, Pz) by 
BrainAvatar (BrainMaster Technologies, Inc., 
Bedford, OH).  The EEG singles were analyzed into 
the following bands: delta (1–4 Hz), low theta (4–6 
Hz), high theta (6–8 Hz), total theta (4–8 Hz), low 
alpha (8–10 Hz), high alpha (10–12 Hz), total alpha 
(8–12 Hz), low beta (12–20 Hz), high beta (20–32 
Hz), and total beta (12–32 Hz).  FAA score was 
calculated by log(F4 alpha) − log(F3 alpha).  FAA 
score higher than 0 refers F4 alpha is higher than F3 
alpha (FAA+); on the other hand, FAA score lower 
than 0 refers F4 alpha is lower than F3 alpha 
(FAA−).  Participants were divided into one of four 
groups based on their FAA score: healthy control 
with FAA+ (H+ group), healthy control with FAA− 
(H− group), MDD with FAA+ (M+ group), and MDD 
with FAA− (M− group).  
 
Results.  No significant difference between four 
groups on age, F(3, 168) = 0.43, p = .73, and sex, χ2 
= 2.60, p = .46.  Significant differences were found 
between four groups on total theta and high beta, 
the post hoc comparison found that M+ and M− 
group had lower total theta at Fz and Cz compared 
with H− group (F = 3.76, p = .012; and F = 3.85, p 
= .011, respectively).  M− group had higher high 
beta at Fz, F3, F4, and Cz compared with H− group 
(F = 4.58, p = .004; F = 5.34, p = .002; F = 4.53, p 
= .004; and F = 4.32, p = .006, respectively).  
 
Conclusion.  This study indicated that not all 
patients with MDD had FAA mechanisms in brain 
activity.  The most significant finding was that MDD 
with FAA− had lower total theta and higher high beta 
compared to the healthy controls who with FAA−. 
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Background.  Cognitive-behavioral therapy (CBT) is 
the most commonly used evidence-based practice in 
the treatment of mental disorders (Butler, Chapman, 
Forman, & Beck, 2006).  CBT is an effective 
treatment for Obsessive-Compulsive Disorder (OCD) 
and is also applicable to patients with both OCD and 
Autism Spectrum Disorder (ASD).  However, 
previous studies have reported that CBT for patients 
with both OCD and ASD might be less effective than 
for patients with OCD alone (Mito et al., 2014; 
Murray, Jassi, Mataix-Cols, Barrow, & Krebs, 2015).  
In addition, there is no evidence as to why autistic 
traits might be risk factors.  Therefore, we 
investigated whether comorbidity between ASD and 
OCD might significantly affect treatment outcome, 
and discovered predictors of CBT outcomes using 
structural magnetic resonance imaging (MRI) data. 
Finally, we suggested implications for the integration 
of neurofeedback training (NFB) and CBT.  
 
Methods.  Fifteen patients were diagnosed with 
having OCD with ASD, and 22 patients were 
diagnosed with OCD without ASD.  Both groups took 
CBT for 12 to 20 sessions.  First, to examine the 
effectiveness of CBT for OCD patients with and 
without ASD, we compared CBT outcomes between 
both groups.  Second, to investigate how the 
structural abnormalities profile of the brain at 
pretreatment influenced CBT outcomes, we 
performed a structural MRI comparison focusing on 
the total gray matter volume in both OCD patients 
with and without ASD, as well as those who reached 
remission and did not reach remission. 
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Results.  OCD patients with ASD responded 
significantly less well to CBT than OCD patients 
without ASD.  They had significantly smaller gray 
matter volumes than OCD without ASD in the 
bilateral occipital lobes and the right cuneus (BA 18 
and 19), both of which play important roles in 
visuospatial processing.  After controlling for autistic 
traits, the nonremission group displayed a smaller 
gray matter volume than the remission group in the 
left dorsolateral prefrontal cortex (DLPFC, BA 10, BA 
46).  The DLPFC has an important role in executive 
functions including spatial attention and working 
memory processes, and these cognitive processes 
at pretreatment might affect CBT outcomes.  Our 
results support the revised model for OCD proposed 
by Menzies et al. (2008), which shows that the brain 
pathology of OCD is not only limited to the 
orbitofronto-striatal “affective” circuit associated with 
limbic structures but also involves abnormalities 
including the DLPFC that may represent the 
dorsolateral prefronto-striatal “executive” circuit. 
 
Conclusion.  In our study, after controlling for 
autistic traits, the smaller the pretreatment gray 
matter volume in the left DLPFC, the less likely the 
OCD patients would fully remit.  The application of 
NFB in the treatment of OCD has not been 
systematically investigated; however, several studies 
showed that NFB in the limbic system would result in 
a reduction in experienced anxiety (Hammond, 
2003).  In addition to these studies, we suggest that 
NFB in the DLPFC prior to CBT could improve 
executive functions.  As Mohlman and Gorman 
(2005) mentioned, the successful use of CBT is 
assumed to rely on cognitive skills known as 
executive functions (e.g., allocation of attention, self-

monitoring) governed by the prefrontal cortex 
including the DLPFC.  
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