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ARTICLE INFO ABSTRACT

Keywords: Quantitative EEG (QEEG) has emerged as a potential intermediate biomarker for diagnostic clarification in
QEEG mental illness. This systematic review examines published studies that used qEEG in youth with psychiatric
Child illness between 1996 and 2017. We conducted a comprehensive database search of CINAHL, PubMed, and
Adolescent Cochrane using the following keywords: “quantitative EEG” and depression (MDD), anxiety, attention-deficit
E;;:i;]:; hyperactivity disorder (ADHD), autism spectrum disorder (ASD), eating disorder, conduct, substance use,
ADHD schizophrenia, post-traumatic stress disorder, and panic disorder. Our search yielded 516 titles; 33 met final
Pediatric inclusion criteria, producing a total of 2268 youth aged 4-18. qEEG was most frequently studied as a potential
Anxiety diagnostic tool in pediatric mental illness; few studies assessed treatment response. Studies show higher theta/

beta ratio in ADHD vs healthy controls (HC). The most consistent finding in ASD was decreased coherence in
ASD vs HC. Studies show MDD has lower temporal coherence and interhemispheric coherence in sleep EEGs than
HC. Further research is needed in the areas of mood, anxiety, ASD, and relationship to treatment. It remains
unknown if abnormalities in qQEEG are nonspecific markers of pediatric psychiatric illness or if they have the

Depression, ASD

potential to differentiate types of psychopathology.

1. Introduction

Mental illness often first presents in childhood and adolescence,
with up to 1 in 5 adolescents having a psychiatric illness that will
persist into adulthood (Lee et al., 2014). Accurate diagnosis and early
intervention in these early stages of psychiatric illness can mitigate
sequelae into adulthood (Belcher, 2014; Yap, 2010). Although sig-
nificant advances have been made in the last several decades in the
treatment of childhood psychiatric disorders, diagnostic certainty re-
mains challenging, and imprecise nosology and overlapping presenta-
tions are particularly difficult in childhood (Mendelson and
Tandon, 2016). Biomarkers have the potential to clarify and aid in di-
agnosis. Many biomarkers are being investigated, ranging from genetic
markers to active markers of disease (Kim et al., 2014).

Electroencephalography (EEG) has emerged as a promising bio-
marker for a wide range of psychiatric illnesses (Dharmadhikari et al.,
2018; Verrusio et al., 2015). When studying EEG as a biomarker for
psychiatric illness, the bulk of the research has been on quantitative
EEG (qEEG)- the mathematical analysis of EEG through standardized
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algorithms (Jackson and Bolger, 2014). qEEG is appealing as a potential
biomarker because of its ease of use, relatively low cost and wide
availability (David Soltysik, 2018). Research is expanding regarding the
use of qEEG as both a possible biomarker aiding in diagnosis and a
possible predictor of response to treatment for individuals with psy-
chiatric disorders (Olbrich et al., 2015; Widge et al., 2018).

In contrast to the adult psychiatric literature, qEEG research is only
recently expanding in pediatrics (Simkin et al., 2014; Swatzyna et al.,
2015). To date, O'Reilly and colleagues have systematically reviewed
the literature regarding autism spectrum disorder (ASD) and the use of
qEEG, but no systematic review of the full body of research in qEEG
regarding childhood mental illness exists (O'Reilly et al., 2017). qEEG is
a quick and relatively inexpensive process that uses existing and widely
available technology. Given the need for biomarkers in pediatric psy-
chiatric disorders and some evidence of promising utility in adults with
psychiatric disorders, this systematic review examined the existing data
on use of qQEEG in psychiatrically impaired, with the goal of de-
termining whether qEEG is useful in identifying and characterizing
children with psychiatric disorders.
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“quantitative EEG” and (depression or anxiety or ADHD or ASD or eating disorder or conduct
disorder or substance use disorder or schizophrenia or post-traumatic stress disorder or panic

disorder) in PubMed, Cochrane and CINAHL
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Fig. 1. Systematic review search diagram.

2. Methods

We performed a systematic review to examine existing data on
qEEG in children and adolescents with psychiatric disorders. Because of
the limited research available, we cast a broad net, searching published
reports up to 2017 and included the top ten most frequently diagnosed
disorders in children and adolescents, listed in search terms below
(Merikangas et al., 2010; Michaud and Fombonne, 2005). As the review
strategy was to include studies published up until 2017, any studies
after 2017 are not included in the formal results, though they are briefly
discussed.

The following search strategy was used in PubMed, CINAHL and
Cochrane databases: “quantitative EEG” and (depression or anxiety or
attention-deficit/hyperactivity disorder (ADHD) or ASD or eating dis-
order or conduct disorder or substance use disorder or schizophrenia or
post-traumatic stress disorder or panic disorder). Our initial search
yielded 516 titles, of which 33 articles met final inclusion criteria; see
Fig. 1.

One author identified duplicates and titles to be excluded, with
feedback from the review team (SL, MS). Two authors reviewed ab-
stracts and full text for inclusion in final review. The review was an
iterative process (Fig. 1), with the core review team giving input
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weekly. Inclusion criteria were: new research studying qEEG in children
and adolescents (including data ages 1-18 (inclusive of 18)) with psy-
chiatric illness (DSM-IV or -5) commonly seen in children (as defined by
the 10 most common psychiatric illness in youth (Merikangas et al.,
2010; Michaud and Fombonne, 2005)).

Exclusion criteria were: 1) data on age 19 and older only; 2) neo-
natal or infant data; 3) non-psychiatric diagnoses; 4) diagnosis not
within previously defined top 10 illnesses; 5) healthy controls only; 6)
case reports, review articles or meeting presentations; 7) not written in
English; 8) studying non-humans; 9) full text not available; and 9)
studying EEG, but not qEEG. If the article stated "children" but did not
define an age range, the article was included. If article made no men-
tion of age range of participants, it was excluded.

3. Results
3.1. Studies and sample

Thirty-three studies of qEEG met inclusion criteria, with a total
sample of 2268 children and adolescents, ages 4-18. Males out-

numbered females in the sample (M:1295 (66%), F:649 (34%)); two
studies (N = 324) did not report gender; see Table 1 for details of the



Use reported
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Table 1 Table 1 (continued)
Summary of data collected in included studies.
Variable Number (%) of studies
Variable Number (%) of studies
Antipsychotics 3(9.0)
Sample size 33 (100) Antidepressants 3(9.0)
Demographic Stimulants 4(12.1)
Age 33 (100) Type of study
Sex 31 (93.9) Interventional 11 (33.3)
Race or ethnicity 1(3.0) Diagnostic 22
Education 6 (13.1)
Handedness 7 (21.2)
Medical/Neurologic Comorbidity Excluded 21 (63.6)
EEG measures
Power 29 (87.9)
Power Ratio 14 (42.4)
Coherence 4 (12.1)
EEG methodology
Eye position 29 (87.9) p
Task 33 (100) :
Awake 31 (93.9) ox s
Asleep 3(9.0) @ w o ¥
Length of EEG 26 (78.8) !
System 33 (100)
Standard 32 (97.0)
LORETA 1 (3.0) °
Number of electrodes 33 (100) A
Symptom or illness severity/diagnostic measures
ADHD
DSM-V criteria 1(3.0)
DSM-IV criteria 4 (12.1)
DSM-IV-TR criteria 2 (9.7)
DSM-III-R criteria 1(3.0)
Achenbach scales 1(3.0)
BRIEF 1(3.0) Fig. 2. Study distribution.
Conners’ Rating Scales 7 (21.2)
Child Behavioral Checklist 1(3.0)
CPNI 1(3.0) type of data collected in the included studies. Geographically, there was
DFSC'IV, . . . 130 a wide distribution of studies; see Fig. 2. As noted in Fig. 3, diagnostic
Disruptive Disorder Behavior Checklist 1(3.0) . d b di in d . f ADHD
Wender Utah Rating Scale 13.0) categories targeted by studies in decreasing 'requency were
Other clinical interview/questionnaire 3(9.0) (N =16, 46%), ASD (N =9, 27%), Mood Disorders (N = 4, 14%),
ASD Disruptive and Impulse Control Disorders (N = 2, 5%) and one studied
DSM-V criteria 4121 multiple diagnoses. Twenty-one studied gEEG as a tool to aid in diag-
g:mx ;rlitz:eria ‘1‘ gzo)l) nosis, and the remaining 12 studies investigated qEEG's use as a marker
ADL-R 1 (3:0) of medication or biofeedback treatment effect.
ADOS-2 1(3.0)
ASDS 1(3.0) . . .
CARS 309.0) 3.2. Summary of findings by diagnostic category
VAB-S 1(3.0)
Other clinical interview/questionnaire 3(9.0) See Figs. 4 and 5 for common terms and definitions used in re-
Bipolar Disorder II viewed studies.
DSM-IV 1 (3.0)
BDI-II 1(3.0)
Edinburgh 1(3.0) 3.2.1. ADHD
sﬁggs'm i ggg In ADHD, qEEG was reported as a diagnostic aid in 10/16 (62.5%)
Conduct Disorder ’ of the studies, as a part of biofeedback in 3/16 (18.8%) of the studies,
DSM-IV-TR 1 (3.0) and as a measure of stimulant response in 3/16 (18.8%) of the studies.
APSD 1(3.0) When used as a diagnostic aid in ADHD, three studies collected
G?ée];ailged Anxiety Disorder LG qEEG readings with the subjects’ eyes open (EO) (Bresnahan et al.,
T . Lo 30 1999; Kuperman et al., 1996; Markovska-Simoska and Pop-Jordanova,
Other clinical interview/questionnaire 1 (3.0) A X
Intermittent Explosive Disorder 2017), three studies collected qEEG with eyes closed (EC) (Clarke et al.,
Other clinical interview/questionnaire 1 (3.0) 2006; Fonseca et al., 2008; Hermens et al., 2005), three studies had
Major Depressive Disorder/Depression both EO and EC conditions (Coolidge et al., 2007; Fonseca et al., 2013;
DSM-IIL-R criteria ) 3009 Ogrim et al., 2012) and one study provided no information (Kim et al.,
Brief Psychiatric Rating Scale-Children's 1 (3.0) . .. . . . .
Beck Depression Inventory 3(9.0) 2015). While the majority of diagnostic studies compared qEEG vari-
Bellevue Index of Depression 1 (3.0) ables in children with ADHD to healthy controls (HC) (Bresnahan et al.,
Children's Depression Rating Scale-Revised 2(9.7) 1999; Clarke et al., 2006; Fonseca et al., 2013, 2008; Hermens et al.,
;Gs?\?)s i 82 2005; Kim et al., 2015; Kuperman et al., 1996; Markovska-Simoska and
Weinberg Screening Affective Scale 3(9.0) Pop-Jordanova, '201 7; Qgrlm et al., 2012), one studled'qE].EG V:arlables
Medication use reported as a tool to differentiate ADHD from other psychiatric disorders
Unreported 13 (39.4) (Coolidge et al., 2007). Half of the diagnostic studies reported the
No use during testing 12 (36.4) participants were medication free (Clarke et al., 2006; Fonseca et al.,

2013, 2008; Hermens et al., 2005; Markovska-Simoska and Pop-
Jordanova, 2017); the other half did not specify if participants were
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Explosive Aggression 3%
Anxiety Disorders 5% Intellectual Disability 3%
|

Bipolar Disorder,
type Il 3%

ADHD
46%

H 0
Conduct Disorder 2% MDD

11%

Fig. 3. Diagnoses studied with qEEG .

taking any psychoactive medications (Bresnahan et al., 1999; Coolidge

et al., 2007; Kim et al., 2015; Kuperman et al., 1996; Ogrim et al., Absolute Power — voltage of a frequency band

2012). Relative Power — percentage of power in any band compared with the
When studying qEEG as a diagnostic aid for ADHD, the most total power inithe patient's FEG

common qEEG variables collected in studies were absolute and relative Coherence — similarity or correlation of 2 EEG signals in a frequency

. band (measured from 0-1 with 1 representing the most similarity)
theta power, beta power, delta power and the ratio of theta power/beta

power. Findings were mixed regarding differences between ADHD
participants and healthy controls; see Table 2 for details.

Several studies reported on the ability of qEEG measures to differ-
entiate between a participant with ADHD and HC (Fonseca et al., 2008;
Kim et al, 2015; Markovska-Simoska and Pop-Jordanova, 2017). Fig. 5. Common terms in qEEG.
Markovska-Simoska and colleagues reported that when using the ratio
of theta power/beta power (theta/beta ratio) gEEG was 81% accurate

Amplitude — square root of power

ERP- Event Related Potential; measure of QEEG response to a specific
external stimulus

MW}‘WW Gamma 30-100Hz
AJWV’V[JVMM{WY b/\mﬂp{)’”\{\ Beta 12-30Hz

% \/WUWM Alpha 8-12 Hz

\*"\/\-/\/\/\/“ Theta 4-7 Hz
w Delta 0-4 Hz

* Sensorimotor rhythm (12-15 Hz, reported in neurofeedback and autism studies)

Fig. 4. Common frequencies in qEEG studies.
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treatment was non-randomized, based on the child's clinical presenta-
tion. If participants experienced negative effects or did not respond to
the initial treatment, they were switched to another treatment. Resting
EC qEEGs were obtained prior to treatment initiation and ten months
after initiation of treatment. These were compared to a database of 31
HC youth. The authors reported that predominately inattentive symp-
toms and elevated theta power were associated with lower response to
both stimulant medications and more negative effects. Youth with
elevated alpha and beta power were more likely to respond to either
stimulant medication (Chabot et al., 1999).

Ultimately, in ADHD, the most common finding in the reviewed
studies was a higher theta/beta ratio in youth with ADHD vs. HC.
Treatment with either medication or biofeedback showed a wide range
of changes in qEEG over time.

3.2.2. Anxiety

One study investigated the use of qEEG in adolescent anxiety dis-
orders specifically (Demerdzieva and Pop-Jordanova, 2011), while one
additional study looked at a wide variety of diagnoses, including an-
xiety disorders (Swatzyna et al., 2015). Demerdzieva and colleagues
studied 26 youth (M:17, F:9), ages 7-18 with GAD, per ICD-10 criteria;
no diagnostic procedure was described. The participants were not on
medication, and the EEG was recorded for five minutes with EO and
five minutes with EC. The authors reported asymmetry in the absolute
power in the alpha wave length. The authors reported only finding
statistically significant asymmetry in the EC condition. There was no
HC group in this study.

Swatznya and colleagues analyzed a clinical database containing
diagnostic, demographic, and qEEG records of 224 youth, aged 5-17,
with a wide variety of psychiatric disorders who were reported to have
failed two trials of medications and were defined as “refractory” by the
authors. No diagnoses were specifically targeted and no gender in-
formation was available. Four non-specific abnormalities (encephalo-
pathy (EN), focal slowing (FS), beta spindles (BS), and transient dis-
charges (TD)) were identified in the participants’ EEGs and several
statistical models were developed to explore the relationship between
diagnosis, medication trials, and qEEG abnormality. The authors re-
ported that there was a statistically significant association between the
presence of BS and the diagnosis of MDD, although only 35% of subjects
with BS on the qEEG carried a diagnosis of MDD. In addition, the au-
thors reported that the presence of EN was negatively associated with
the diagnosis of an anxiety disorder. Participants were on a wide variety
of medication; the specific medications and durations were not docu-
mented or reported in the manuscript.

3.2.3. ASD

Nine studies reported the use of qEEG in children with ASD; five
used qEEG as a diagnostic biomarker and four used qEEG in the course
of ASD treatment. (Billeci et al., 2016; Chan et al., 2009; Chan and
Leung, 2006; Coben et al., 2008; Khadem et al., 2016; Machado et al.,
2015; Paula et al., 2017; Scolnick, 2005; Wang et al., 2015). When used
as a diagnostic aid in children with ASD, qEEG was collected during the
task of visualizing human faces in two studies, at rest in two studies and
with video input in one study (Chan and Leung, 2006; Coben et al.,
2008; Khadem et al., 2016; Machado et al., 2015; Paula et al., 2017).

Khadem et al. reported on a measure of effective connectivity,
predictive information transfers (PITs) in youth with ASD during a task
of visualizing human faces (Khadem et al., 2016). The authors found
reduction of long range PITs in children with ASD (N = 12), particu-
larly from frontal to right temporal channels in comparison to HC
(N =19) (Khadem et al., 2016). Paula and colleagues studied the
power spectrum during facial processing in children with ASD (N = 8)
compared to HC during the same task (N = 8) (Paula et al., 2017).
During the visualization of human faces, youth in the ASD group de-
monstrated higher absolute power in beta and gamma frequencies
compared to HC, particularly in the frontal, occipital, and center-
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parietal areas (Paula et al., 2017).

Coben et al. and Chan et al. compared qEEG measures of youth with
ASD to HC while at rest (Chan and Leung, 2006; Coben et al., 2008).
Coben et al. reported on power and coherence in 20 ASD youth and 20
HC while at rest with EC (Coben et al., 2008). The authors reported that
relative delta was reduced globally in children with ASD compared with
controls, seen most predominantly in the left frontal and vertex regions.
They also reported higher relative theta in ASD youth vs. HC at frontal
and posterior regions, and lower absolute beta in the posterior region.
Regarding coherence, Coben et al. reported reduced coherence across
multiple electrodes and across hemispheres when compared to HC.
They reported lower delta and theta coherence with short-medium
inter-electrode distances and lower delta coherence with the long inter-
electrode distances. Interhemispheric coherence was also lower in
delta, theta and beta bands in youth with ASD vs. HC (Coben et al.,
2008).

Chan et al. compared 17 ASD youth to a database of 105 HC. Two
qEEGs were taken three months apart with EO at rest (Chan and
Leung, 2006). The authors report higher absolute amplitude in all fre-
quency bands in youth with ASD vs. HC, and a higher theta/beta ratio
in youth with ASD. The authors reported higher variability within
session in amplitudes of all frequency in youth with ASD vs. HC but
reported that differences between youth with ASD and HC remained
stable over three months (Chan and Leung, 2006). The authors reported
a sensitivity of 87.5% and a specificity of 96.2% when using a combi-
nation of amplitude of the sensorimotor frequency and the beta fre-
quency to differentiate youth with ASD from HC. Using variability
within the alpha frequency alone to differentiate the two groups, they
report a sensitivity of 62.5% and specificity of 94.2% (Chan and
Leung, 2006).

Machado et al. studied youth with ASD with qEEG while they
watched a cartoon. In this experimental condition, the authors reported
lower absolute delta and theta power in central brain regions, and
lower absolute beta power in posterior brain regions in ASD youth
(N = 11) when compared to HC (N = 14). Machado et al. also reported
higher intra-hemispheric coherence in youth with ASD compared to HC
(Machado et al., 2015).

Three studies described small, pilot studies which investigated the
use of qEEG as part of biofeedback or behavioral interventions with
ASD youth (N = 28) without a comparator group (Billeci et al., 2016;
Scolnick, 2005; Wang et al., 2015). Billeci et al. described a feasibility
study where five children with ASD used a wearable qEEG device
during a therapeutic interaction with a behavioral therapist
(Billeci et al., 2016). Authors reported that when the children were
engaged with the therapist, there was an overall increase in power in
the occipital areas in the theta, alpha, beta, and gamma bands com-
pared to when they were not engaged. They also found increased in-
terhemispheric coherence at the central and posterior beta frequency
bands (Billeci et al., 2016). Wang et al. reported on 18 ASD youth that
participated in 18 sessions of neurofeedback. There was an overall in-
crease in the relative power of the gamma frequency and a decrease in
the theta/beta ratio at the end of the 18 neurofeedback sessions
(Wang et al., 2015). Scolnick et al. described a pilot study of five par-
ticipants with Asperger's disorder who completed 24 sessions of neu-
rofeedback in which participants were rewarded for increased qEEG
activity in the 12-15 Hz, or “sensorimotor frequency”. The authors re-
ported that 2 of the 5 participants’ QEEG showed an increase in power
in the 12-15 Hz range, but 3 of the 5 did not (Scolnick, 2005).

Chan et al. used qEEG as an outcome measure in a randomized,
controlled trial of a seven-start needle stimulation (a form of acu-
pressure) compared to treatment as usual (control group) (N = 32)
(Chan et al., 2009). Sixteen of the participants completed qEEG pre- and
post-treatment. The authors reported a decrease in amplitude of whole
brain delta, theta, and beta frequencies in the treatment group when
compared to the control group (Chan et al., 2009).

In summary in ASD, studies reported a wide range of findings
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comparing ASD youth to HC; the most consistent finding was decreased
coherence in ASD youth vs. HC. Treatment studies showed that qEEG
technology was tolerated by youth with ASD but did not report con-
sistent changes in qEEG after intervention.

3.2.4. Mood disorders

Swatzyna et al.’s study included a wide range of clinical diagnoses,
including MDD (see above) (Swatzyna et al., 2015). In addition, Moeini
et al. described the only investigation found on qEEG in youth with
bipolar (BP) spectrum illness (Moeini et al., 2015).

Armitage and colleagues published three studies reporting that
qEEG recorded during sleep is related to depressive disorders in youth
(Armitage et al., 2001; Armitage et al., 2000, 2002). In their 2000
study, they compared 25 children (age 8-12) with MDD to five HC
children, and compared 25 adolescents (age 13-17) with MDD to ten
HC adolescents. The MDD diagnosis was obtained by clinical interview,
structured diagnostic interview, and children's depression rating scale
(CDRS). Youth with MDD showed lower coherence between beta/delta
waves between right and left hemisphere vs. HC in both adolescents
and female children with MDD. In addition, lower interhemispheric
coherence in the beta and theta frequencies were measured in adoles-
cents with MDD vs. HC while asleep, most notably in adolescent fe-
males. These results were not found in children with MDD, only ado-
lescents (Armitage et al., 2000).

Armitage et al. (2001) studied delta power during NREM sleep in
adolescent females (ages 13-16) with MDD (n = 8) vs. HC (n = 8). As
above, MDD was diagnosed with a clinical interview, a structured DSM
interview, and the CDRS. The authors reported MDD adolescents have
lower delta power than HC during sleep (Armitage et al., 2001).
Armitage et al. (2002) investigated if QEEG variables during sleep could
predict treatment response in MDD youth, age 8-18 (n = 47). A sleep
qEEG was recorded at baseline and measured temporal (over time)
coherence of beta, theta, and delta frequencies. Youth were part of a
larger treatment study, and were assessed for treatment response at six
months one year. Authors reported that lower temporal coherence was
associated with a longer time to recovery from MDD. For males with
MDD, low temporal coherence was associated with shorter time to re-
currence; in females, lower coherence was associated with a longer time
to recovery (Armitage et al., 2002).

Moeini et al. reported on the only included study of youth with
bipolar disorder (Moeini et al., 2015). The authors studied 21 youth,
ages 12-18, with BP type II compared with 18 HC using qEEG with EO
at rest as a possible diagnostic marker. Eleven of the participants were
reportedly hypomanic and ten were actively depressed during the study
(Moeini et al., 2015). Moeini et al. reported increased alpha power in
the front-central, temporal, and right parietal regions in BP youth when
compared to HC.

Overall in mood disorders, studies of youth with MDD were re-
ported to have lower temporal coherence and interhemispheric co-
herence in sleep EEG when compared to HC.

3.2.5. Disruptive behavior disorders

Two studies reported on the use of qEEG in aggressive and dis-
ruptive behavior in youth (Bars et al., 2001; Calzada-Reyes et al.,
2017). Calzada-Reyes et al. reported on the use of qQEEG in youth with
conduct disorder (CD) (n = 42) (Calzada-Reyes et al., 2017). They di-
chotomized the youth with CD into those with and without callous and
unemotional traits. Their QEEGs were recorded while subjects were
awake with EC. Results showed increases in both non-specific parox-
ysmal activity and beta activity in the frontal lobe when compared to
those without callous and unemotional traits (Calzada-Reyes et al.,
2017). Bars et al. reported on the evaluation of a clinical database of
267 youth with qEEG data and explosive aggression compared with a
clinically referred group of 59 youth without explosive aggression.
Explosive aggression was defined as “any mention of rage, out-of con-
trol anger, out-of-control aggression, verbal or physical attacks,
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intermittent  explosive  disorder, or episodic  dyscontrol
syndrome”(Bars et al., 2001). qEEG was obtained with EO. Resting and
visual EP were measured after the youth were shown a series of patterns
and flashing lights. The authors reported higher amplitude of the P100
evoked potential and higher absolute delta power in youth with ex-
plosive aggression compared to youth without explosive aggression. No
diagnostic or medication information was reported (Bars et al., 2001).
Ultimately, youth with aggression and disruptive behavior disorders
were studied with a wide range of tools and a non-specific definition of
diagnoses. No control groups were included to make comparisons to.

4. Discussion

This systematic literature review of the qEEG literature in pediatric
psychiatric disorders identified 33 studies with a combined sample of
2268 children and adolescents. gEEG was most frequently studied as a
potential diagnostic tool, with only a handful assessing the use of QqEEG
related to treatment response. The majority studies focused on ADHD
(N = 16, 46%), on ASD (N = 9, 27%) and MDD (N = 3, 11%).

In youth with ADHD, the most common qEEG finding was a higher
theta/beta ratio vs. HC. However, several studies found no qEEG dif-
ferences between ADHD and HC. As an ADHD diagnostic aid vs. HC,
studies reported sensitivity of qEEG ranging from 83 to 93% and spe-
cificity from 83 to 88%. However, none of these studies corrected for
multiple statistical analyses and may have overestimated sensitivity and
specificity. As a specific biomarker differentiating ADHD from other
psychiatric disorders, qEEG appears more limited with a sensitivity of
50% and specificity of 36%. Behavior rating scales, as a diagnostic aid
for comparison show sensitivity ranging from 75 to 98% and specificity
ranging from 33 to 83% differentiating ADHD from other psychiatric
disorders in youth (Tripp et al., 2006). ADHD treatment, both with
medication and with neurofeedback, demonstrated changes on qEEG,
with wide variation in what qEEG variables were measured across
studies. Ogrim et al. published a 2019 study showing possible differ-
ences between stimulant responders and non-responders regarding
posterior theta/alpha ratio, where excess theta in ADHD is related to a
positive medication response (Ogrim and Kropotov, 2019). Overall,
qEEG findings in ADHD indicate an increase in slow-wave cortical ac-
tivity, possibly related to frontal hypo-activity (Fernandez et al., 2009).
qEEG markers were non-specific in ASD vs. HC. The most consistent
finding was decreased inter- and intra-hemispheric coherence; re-
searchers have hypothesized that decreased connectivity, particularly
in response to social stimuli, is a neurobiological feature of autism.
Consistent with this hypothesis, the included studies show decreased
coherence, one measure of connectivity, in ASD subjects compared to
HC. Measures of power spectra were less consistent; several studies
showed increased fast-wave activity and decreased slow-wave activity,
yet several other showed increased amplitude across all frequencies in
youth with ASD. All of the included studies regarding qEEG and
treatment modalities were pilot studies testing feasibility of using qEEG
as a marker of treatment response. In 2018, Sysoeva et al. published a
well-designed study that compared youth with ASD, relatives of ASD
youth and HC and assessed previously reported changes in amplitude of
ERPs in these populations. This study showed modest evidence for
difference in ERP amplitude in ASD and highlighted the importance of
the way the EEG data is collected and analyzed and the variability in
how this is reported across studies (Sysoeva et al., 2018). Overall,
however, no consistent conclusions regarding treatment response can
be drawn from these preliminary studies in ASD.

In youth with MDD, lower coherence was found in three studies in
sleep EEGs when compared to HC. Preliminary data suggested that
lower coherence may be associated with a longer time to recovery and
shorter time before relapse. This decreased coherence was only found in
adolescents, not younger children, and was particularly pronounced in
adolescent females with MDD. This may indicate that MDD disrupts a
sensitive developmental period in adolescence when normal



M. McVoy, et al.

connectivity and cortical coordination develops.

The studies that reported on aggression in youth did not have
control groups to compare to and attempted to characterize types of
aggression within a larger group of disruptive and aggressive youth.
The authors reported higher levels of non-specific, atypical qgEEG pat-
terns in youth with callous and unemotional traits and in youth with
explosive aggression compared to those without.

5. Conclusions

This systematic literature review suggests that qEEG may separate
psychiatrically ill children from HC, however, further studies with
larger sample sizes are needed to reach a solid conclusion regarding
ability to differentiate psychiatrically ill youth from healthy controls.
Beyond this, it remains a bigger question if abnormalities in qEEG are
nonspecific markers of pediatric psychiatric illness or if qEEG has the
potential to differentiate one type of psychopathology from another.

Significant limitations remain in the current literature regarding
youth with psychiatric illness and qEEG as a biomarker. Most studies
lacked a control group, sample sizes were small and a wide range of age
groups were often compared. Many of the studies failed to control for
multiple comparisons in the statistical analysis, increasing likelihood of
false positive conclusions and potentially inflating effect size.

In addition, there is significant inconsistency in the process of qEEG
acquisition, even within diagnostic categories. Consistency of acquisi-
tion with EC, when possible, may mitigate some of the confounding
variables of qEEG measures “at rest,” and standardized visual stimuli
for qEEGs obtained with EO may make comparison across studies more
feasible. In addition, there was wide variety in number of EEG channels
and how the EEG data was processed.

Finally, it appears that psychotropic medication has an impact on
qEEG outcomes, although non-specific at this point. However, studies
were inconsistent in the reporting of medication use and types of
medication given during qEEG administration. Consistent reporting of
medication use and monitoring of medication effects will also improve
the ability to distinguish effects of underlying psychopathology, treat-
ment, and medication.

Although promising, there is a clear need for further research on
qEEG in youth with psychiatric illness, especially in the areas of mood,
anxiety and in relationship to treatment. Overall, the literature would
benefit from researchers adopting a more consistent methodology when
it comes to using qEEG. Ideally, future research will analyze previous
qEEG methodology and determine if it is methodologically appropriate.
If it is, it is recommended that the researchers replicate the study using
as many similar criteria as possible, such as: type of machine, number of
channels used, having patients open or close their eyes during the
qEEG, and analyzing the data similarly. If the researchers do not choose
not replicate a past study, it would be helpful if it was clearly articu-
lated why they decided the study wasn't methodologically sound for
replication. By doing this, qEEG collection will become more uniform
and will allow for better comparison and conclusions to be drawn from
a larger pool of data.

6. Limitations

This systematic review has limitations that need to be considered.
Because of the broad net cast to review all of the most common disorders
of childhood, it is possible that, within a specific diagnosis, qEEG lit-
erature were missed. In particular, studies of ASD often included both
youth and adults but did not report youth data separately. Consequently,
this review does not address the full breadth of qEEG literature in autism.

In addition, neurofeedback studies may not have specifically men-
tioned qEEG in the abstract and consequently may have been missed in
this broad review of the literature. Future reviews, as the research ex-
pands, may want to focus on qEEG as a diagnostic marker alone or as
aid to treatment alone.
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