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◎Thanks to Rusty Turner, MD
◎Jack Johnstone, PhD and Marvin Sams
◎Intro to Workshop
◎Where are you?
◎What are your goals?



“Whatever you need to see in a QEEG you 

can see in the raw waveform”. – Jay 

Gunkelman

This is true to a degree. Maybe not about 

complex relationships in the data.



Artifacting
Avoiding the “garbage in – garbage out”



Artifact – types and methods deletion 

◎Artifacts come in two types:
○Physiological

◉Muscle Artifact

◉Eye Movement

◉Perspiration

◉EKG (ECG)

◉Respiration

◉Tongue Movement

○Non physiological

◉60 Hz (50 Hz) Interference

◉EEG electrode popping

◉Other environmental sources 



EKG



Blink

Alpha suppression 



Muscle
Change in Beta activity over the course of study: manipulating the patient 



Movement



Drowsy states

Resting

Stage 2 sleep







EMG artifact



Temporal EMG



Ocular Artifact



Eye Rolling



Eye Blinks



Eye Movement +



Sleep



Sleep



Electrode Artifact



Delta Drift



Cardiac Artifact





The Importance of Understanding the 

Raw EEG

◎It all boils down to the squiggly lines.

◎If it’s not in the EEG then the maps can’t be 
right.

◎Must be able to tell the difference between 
artifacts and real EEG.

◎QEEG is an average metric of what is in the EEG. 
Averaging can miss important details contained 
in the extremes.

◎Seizure/subclinical spike and wave discharges.

◎Other EEG oscillations.



EEG Oscillations



















Frontal Intermittent Rhythmic Delta Activity (FIRDA)













Standard QEEG Assessment





Standard vs More Complex EEG/QEEG 

Analyses

◎Method of Artifacting: Manual vs ICA/Computer 
assisted
◎Degree of cleaning in EEG
◎Isolation of waveforms vs looking at everything
◎More detailed analysis of source localized 
activity
◎Sources for components vs a source for all of
the EEG
◎Viewing the brain as one location operating a
function vs. systems of interacting hubs
◎CONNECTIVITY



Types of Neural Connectivity

◎Structural Connectivity

◎Functional Connectivity

◎Effective Connectivity

Sporns, O. (2010). Networks of the Brain. MIT press.



Structural Connectivity

◎A set of physical or anatomical connections 
linking neural elements. 



Functional Connectivity

◎Patterns of deviations from statistical independence between 
distributed and spatially remote neuronal units. The basis of 
this is time series data from neural recordings. Their relation is 
taken as neuronal coupling and often takes the form of 
correlation, coherence, phase locking or comodulation. There 
is no causal relationship, effect or interaction.



Effective Connectivity

◎Network and causal effects between neural elements.

◎Inferred through statistical techniques such as time series analyses 
and statistical modeling that assess causality and interaction.

◎Requires complex data processing and modeling techniques such as 
ICA, Partial Directed Coherence and Granger Causality.



Comparing levels of connectivity



Comparing DTI to Coherence measurements













Exemplar: Major Depression



Exemplar: Major Depression



Novel EEG Analysis pipeline focused on 

effective connectivity assessment

EEG data collection

Independent 
Components Analysis

Dipole Source 
Localization

Multivariate Granger 
Causality

Graph Theory Metrics



ICA/EEGLAB Scientists and Journals

o Journal of Neuroscience 
Methods

o Plos One
o Computational 

Intelligence and 
Neuroscience

o NeuroImage
o Computational 

Intelligence and 
Neuroscience

o Frontiers in Neuroscience
o Frontiers in Neural 

Circuits

o UCSD Swartz Center for 
Computational 
Neuroscience

o University of Oxford
o UCLA Semmel Neuroscience 

Institute
o MGH/Harvard Medical 

School
o Georgetowwn University 

Medical Center
o University of Michigan 

Neuroscience Department







Example: 25 year old woman with a history of emotional abuse as a child and adult. Presents with anxiety, 

panic, nightmares and dissociation.







Graph Theory: Network Dynamics



Graph Elements

◎Hubs: A node with links that exceeds average.

◎Low vs High Degree Hubs.

◎Provincial Hubs.

◎Modules.

◎Connector Hubs. 







Case Review 1

The patient is a 52-year-old female who presented with struggles with 

depression, fatigue, anxiety, night sweats over the past 30 years. Just 

before joining the air force her grandfather hung himself. During her 

service she had a “breakdown” and couldn’t cope. She was seen by a 

military psychiatrist and discharged. 

She has had individual, group psychotherapy in the past and is currently 

taking Paxil and Flexeril (Zyprexa and Ambien in the past).  

She has had 4 separate psychiatric hospitalizations, 3 for 30 days and 

one for 3 months. There is a family history of depression, anxiety and 

bipolar disorder.























Case Review 2

The patient is a 10-year-old female who presented with symptoms of 

impulsivity, poor auditory processing, speech articulation, behavioral 

problems, attachment issues and expressing unwanted thoughts about 

sexual contact. This has included wanting to touch others in inappropriate 

ways. 

She was adopted through the foster care system after her foster home was 

shut down due to allegations of sexual abuse. Prior to this, she was 

abandoned by her mother at 4 months and then reared in a foster home until 

20 months when she was then adopted by her current parents. 

She currently receives psychotherapy and EMDR treatment. She is in the 4th

grade and is being home schooled as she cannot be around other children at 

this time. She has struggled with reading, spelling and math. 

Presenting difficulties included depression, intense anxiety, obsessive sexual 

thoughts toward family members and peers, thoughts about hurting her 

parents, and previous thoughts about hurting herself.































QPS Average

◎3 modes:

○Avg: average value 

(sum/samples)/number of samples

○Dev: difference in the range of 

values

○Mod: simultaneous combination of 

avg and dev



Anecdotal evidence

◎Obsessive-Compulsive Disorder

◎Seizures

◎Autism

◎TBI

◎Dyslexia

◎Speech/Language

◎Emotional regulation

◎Depression

◎Developmental trauma/PTSD



Efficacy Studies in Support of 4 channel MVCNF (N = 591)

Population Sample Design Findings 1 Findings 2

General Population N = 174 MVCNF v 2 Ch 

CNF

MVCNF > 2 Ch 

CNF

Enhanced 

coherence and 

reduced power

Traumatic Brain 

Injury

N = 20 Compared time 

since injury in 3 

groups

Improvements in 

symptoms and NP 

testing

Changes 

associated with 

increases in 

coherence

Epilepsy N = 52 MVCNF v 2 Ch 

CNF

MVCNF > 2 Ch 

CNF

81% reduction in 

seizures

Learning 

Disabilities

N = 63 MVCNF v 2 ch

CNF v resource 

room

MVCNF > 2 

ChCNF > RR

1.6 year increase in 

reading

Autism N = 110 MVCNF v 2 Ch 

CNF

MVCNF > 2 Ch 

CNF

98% success rate

Autism MND N = 78 MVCNF v 2 Ch 

CNF v Bipolar 

MVCNF > 2 

ChCNF > Bipolar

Mu suppression 

with coherence 

changes 

Depression N = 54 MVCNF 

Psychotherapy v 

WLC

MVCNF > both 

groups

94% success rate, 

crossover and 2 yr

f/u

Developmental 

Trauma

N = 40 MVCNF v. 

Psychotherapy

Exp > controls on 

clinical ratings

Δ in power, 

sources and 

connectivity



Study Methodology

◎Subjects were assigned to one of three groups (N = 45).

◎These included an effective connectivity (15), functional connectivity 
within group (15) and a functional connectivity between group (15) 
comparison. Group 1 and 2 were the same subjects (within groups) that 
received different interventions at different time points (FC always first).

◎All subjects received four channel multivariate coherence training over 
12-15 sessions.

◎Clinical ratings and therapist ratings (0-20) were derived at the 
completion of their treatment regimen. 

◎Client ratings were largely subjective and based on self-ratings only or 
parental ratings at the completion of training and during the process.

◎Therapist ratings were performed at the completion of training and 
were based on objective test findings including neuropsychological, 
behavioral and qeeg findings that reflected change over time.

◎QEEG analysis of change included measures of power at the component 
level, dipole sources, spectral properties, and multiple measures of graph 
theory connectivity.











Statistical Analyses of Graph Theory Metrics 

(Connectivity)

Analysis of Variance

Cluster 

Coefficient

Global 

Efficiency

Path Length Radius Diameter

F = 0.429 F = 4.60 F = 2.93 F = 3.35 F = 3.70

p = 0.654 p = 0.016 p = 0.064 p = 0.045 p = 0.033













Conclusions

◎Measures of effective connectivity can be gleaned from QEEG data.

◎Effective connectivity guided multivariate coherence training led to 
enhanced client and therapist ratings of outcome.

◎Therapist ratings are consistently higher than clients and show more 
significant differences.

◎Both ratings show an increased likelihood of greater outcomes (> 10) 
in the effective connectivity group.

◎Positive NF outcomes in this group showed greater reductions of 
delta/theta, alpha and beta frequencies. These were commonly seen 
over bilateral posterior brain regions including temporal locations and 
midline frontal locations as well.

◎Positive NF outcomes were associated with greater changes in 
multivariate connectivity. This is especially true for long range 
connectivity (diameter).

◎Use of effective connectivity leads to changes in connectivity and is 
more likely to prevent negative connectivity changes.



Case Review 3

The patient is a 54-year-old male who suffered a TBI 3 months prior 

in a motorcycle accident. He was in a coma for 19 days with axonal 

shearing injuries. He was in a hospital for a month and then 

transferred to inpatient rehabilitation for another month before going 

home. There was evidence of an acute intracranial bleed.

Reported symptoms have included visual problems, visual 

hallucinations, confusion. He has night terrors and nighttime 

confusion as he sees things in the dark like fires. He has trouble 

sleeping due to nightmares, frequent urination and hallucinations 

when awake.

He is taking Neurontin and Ativan and receives ST, OT and PT.
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Thank you and 

to our team!
https://www.integratebrainhealth.com/

https://www.integratebrainhealth.com/

