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ABSTRACT

Since the first reports of neurofeedback treatment in Atiention
Deficil Hyperactivity Disorder (ADHD) in 1978, many studies have
investigated the effects of neurofeedback on diffesent symploms of
ADHO such as inattention, impulsivity and hyperactivity. This technique
s also uSed by many practilioners, but the question as to the evidence-
based level of this treatment is stil unclear. In this study selected
research on neurofeedback treatment for ADHD was collected and a
meta-analysis was performed.

Both prospaciive controlled studies and studies employing a pre-
and post-design found large sffect sizes (ES) for neurofeedback on
impulsivity and inattention and a medium ES for hyperactivity.
Randomized studies demonstrated a lower ES for hyparactivity
supgesting that hyperachivity is probably most sensilive to nonspecific
treatment factors.

Due to the inclusion of some very recent and sound methodological
studies in this meta-analysis, polential confounding factors such as small
studies, lack of randomezation in pravious studies and a lack of adequate
control groups have been addressed, and the dlinical effects of
neurofeedback in the treatment of ADHD can be regarded as clinically
meaningful. Three randomized studies have employed a semi-active
control group which can be regarded as a credible sham control
providing an equal level of cognitive training and client-therapist
ineraction. Therefore, in line with the AAPB and ISNR guidelines for
rating clinical efficacy, we conclude tat neurcfeedback treatment for
ADHD can be considered "Efficacious and Specific” {Level 5) with a large
ES for inatlention and imputsivity and a medium ES for hyperactivity.
INTRODUCTION

In 1976 Luber and Shouse* were the first to report on EEG and
behavioral changes in a hyperkinetic child after training the Sensorimator
EEG rhythm (SMR: 12-14 Hz). The rationale behind using SMR training
in hyperkinetic syndrome lays in the fact that the most characteristic
behavioral correlate of this mythm is immobility?® a reduction in
muscular lension accompanying SMR fraining® and excessive SMR
production in quadriplegics and paraplegics,* suggesting that enhancing
this rhythm through operant conditioning should decrease the
hyperkinetic complaints. Emplaying within subject ABA design, Shouse
and Lubar® also showed that hyperactive sympioms decreased when
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SMR was enhanced and hyperaciive symptoms increased when SMR
was inhibited. Several variations of this training prolocel have been
developed and tested over the years such as erhancing beta and
inhibiting theta, enhancing SMR and inhibiting beta, etc. For a detailed
axplanation of these different protocols akso see Menastra ®

In 2004, Heinrich et al.” wene the first fo report positive results afler
Slow Cortical Potential (SCP) neurcfeedback in the treatment of
Attention Deficit Hyperactivity Disorder (ADHD). SCP neurcleedback is
different from the above mentioned approaches in that changes in the
polarity of the EEG are rewarded (i.e., positivity vs. negativity in the
EEG) and a discrete reward scheme is used. Interestingly, both the
SCP neurcleedback and SMR neurofeadback approaches have been
successfully used in treating epilepsy as well (for an overview also see
Egner and Sterman®} and ere suggested to both regulate cortical
eucitability.** Several studies have compared theta-beta training and
SCP training both within-subject™ and between-subjects,” and both
neurofeedback approaches show comparable effects on the different
aspects of ADHD such as inattention, hyperactivity and impulsivity.
Furthermere, SMR ftraining also leads to concurrent positivity,
suggesting both approaches modulate activity in the same underlying
neurophysiological network. (For an overview of SMR-SCP inter-
relations see Kleinnijenhuis et al."}.

The inifiat findings by Lubar and Shouse' and Heinrich et al.’” have
slimutated a considerable amount of research into the treatment of
ADHD with EEG Biofeedback or newofeedback. Many clinicians are
currently using this therapy in their clinical practice. Therefore, the
question arises concemning the evidence-based level of neurofeedback
therapy for ADHD and its significance in the treatment of ADHD.

The Guidelines for Evaluation of Clinical Efficacy of Psychophysio-
logical Inerventions™ joinfly accepted by the Internatianal Society for
Neurofeedback and Research (!SNR) and the Association for Applied
Psychophysiology and Biofeedback (AAPB) and similar © those from
the American Psychological Association (APA) specify five types of
classifications ranging from “Not empirically supporied” fo “Efficacious
and specific”. These levels have been defined as follows:

Level 1: not empiricalty supported. This dassification is assigned to
those treatments that have only been described and supported by
anecdotal reports andfor case studies in non-peer reviewed joumnals.

Level 2. possibly efficacious. This classification is considered
appropriate for those treatments that have bean investigated in at least
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one shudy that had sufficient statistical power, well identified outcome
maasures, but lacked randomized assignment 10 control condition
intemal to the study.

Leval 3: probably efficacious. Treatment approaches thal have been
evalugted and shown to produce beneficial effects in multipie obser-
vational studies, clinical studies, wail Tist control studias, and within-
subject and between-subject repication studies merit this classification.

Levet 4: eficacious. In order fo be cansidered “efficacious,” a
treatment must meet the following criteria: {a) in a companson with a no-
treatment control group, aitemative treatment group, or sham (placebo)
control ulilizing randomized assignment, the investigational treatment is
shown to be statistically significanty superior 1o the control condition or
the investigational treatment is equivalent to a treatment of estabiished
efficacy in a study with stﬁcierﬁpowerlodetedmoderaiecmeremes;
(b)ﬂnshﬂeshavebeenwﬂucteduﬂhapopulaﬁonh&abdfora
specific problem, from whom inclusion criteria are delinaated in 2
reliable, operationally defined manner, (¢) the study used valid and
deadyspedﬁedomwnemeasumsrdabdeprobbmbdng
freated; (d) the data are subjected o appropriated data analysis; (e) the
diagnostic and freatment variables and procedures are clearly defined in
a manner that permits repkication of the study by independent
researchers, and (f) the superiority or equivalence of the investigational
freatment have been shown in at least two indepandent studies.

Level 5: efficacious and Specific. To meet the criteria for this
classification, the treatment needs lo be demonstraled to be
statistically superior ¥ 8 credible sham therapy, pil, or bona fide
rreatment in at ieast two independent studies.

Monastra ot al¥ critically reviewed the herature and applied the
above mentioned guidelines. it was concluded that neurofeedback
treatment for ADHD could be considered as “Level 3: probably
afficacious.” However, in that same year LOO and Barkiey™ published a
review article where they concluded that = _the promise of EEG
Biofeedback as 8 lagitimale treatment cannot be futfited withoul studies
that ace scientifically rigorous.” (© page 73). The main concems they
raisad were the tack of well controlied, randomized studies, the smal
groupsizesandmetadtofprooflhalm EEG Feedback is solely
responsible for the clinical penefit and not nonspecific fectors such as
the additional time spent with a therapist or *cognitive training.” In 2006,
Hottmann and Stadtier* concluded that EEG Biofeedback has gained
promising emyirical support in recent years, but there is stll a strong
need for move empirically and methodologically sound evaluation
studies. Given these difflerent conclusions based on the same literature,
a more quantitative approach might be warmanted lo establish the
evidence-based level of neurofeedback treatment in ADHD also
including more recent studies addressing some of the concems raised.

To date no quanitative meta-analysishasbeendoneonmismA
meta-analysis provides a powerful approach to integrate many shudies
and invesﬁgalﬂﬂmweralleﬂeclacrosssmdiﬁ. Such an analysis could
addmssomeufmeissuesmisedandmmeeﬁedsize-andhance
diriwlrelem—oi!mmeﬂmdshawaﬁtaﬁvemn%oe
ADHD is characterized by persistent sympioms of inattention, impulsivity
andéor hyperaciivity” in this meta-analysis we will investigate the effacts
of neurofeedback and stimulant medication on the core symptoms of
ADHD: Hyperachivity, inatiention and impulsivity.

METHOD
Study selection

The fiterature was searched for studies investigating neurofeedback

or EEG Biofeedback in ADHD children. For this purpose the compre-
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hensive heurofeedback bibiography compiled by Hammond* served as
the first basis. Furthermore, a search in PubMed was performed using
combinations of the following keywords: “neurofeadback” of *EEG
Biofeadback” or ‘newotherapy” or “SCP~ or “Siow Cortical Potentials”
and “ADHD" or "ADD" or “Aftention Defict Hyperactivity Disorder” of

(ISNR and Saciety for Applied Neuroscience (SAN)) during the last 2
years o obtain polential studies that are currently in press.

All these publications were obtained and screened for inclusion
criteria. The reference lists of the articles were 310 cross-checked for
any missing studies. |n order lo guarantee sufficient scientific rigidity
papers had to be published in a peer-reviewed scientific journal or be
part of a PhD thesis.

The designs had to comply with the following critaria: treated sub-
jects should have a primary diagnosis of ADHO/ADD; (1) controlled be-
twaensubiectduignsiudieswmrtaveuseda passive (waiting list) or
aclive (stimulant medication; biofeadback; cognitive training) conbrol
groups either randomized or not, of {2) prospeciive within subject
design studies of (3) retrospective within subject design studies with a
large enough sample to provide & refiable representation of daity
praclice (N>500).

The neurofeadback treatment was provided in a standardized
mannier, and no more than two reatmen prolacols were used.

Standardized pre- and post-assessment means and Standard
Deviations (SDs} for at least 1 of the following domains had 10 be
avallabla: Hyperactivity, Inatientiveness of CPT commission eMors.
When the means and SDs from a given study were not available, they
were requestad from the authors. Not all authors respanded or were
still able to retrieve this information, and if there was not sufficient
information avaliable the study was axcluded fram the meta-analysis.
Study grouping

in neurofeadback training several treatmant profocols are used, such
as SMR enhancement combined with Theta Suppression, Beta
enhancement with Theta supprassion, and the training of Siow Corfical
Potentials (SCP). Most shudies use cantral areas (Cz, C3. C4j s a
raining sie and only a fow studies included Frontal sites (Fz, FC2). To
ramain in fine with the majortty of the fiterature on EEG frequency bands,
for this meta-analysis we classified both SMR/Theta and Beta/Theta
training as Beta/Theta training, since the SMR frequancy band (12-15
Hz) is part of the Beta-1 frequency spectrum, Furthermore, a5 explained
inhelntrndmﬁonboﬁSCPandhelabetaneuufaedbﬂd(slm
comparable effects on the different aspects of ADHD such as inattenbon,
hyperactivity and impulsivty, Therefore, in the cument meta-analyss
boﬂ\SCPandme%a-betanmmfeedbad(pmmodsminvesﬁguedin
the same m&yds.mmwltsmnmism-ar\dysiswilba neviewod
post-hoc for differential effects of the diisrent training profocols.

Data collection

The following pre- and post-assessiment measures were collected
from the included studies: (1) Hyperactivlly: assessed with a DSM
raling scale such as Conners (CPRS-R); ADDES-Home, BASC, SNAF,
FBB-HKS (parents) or DSM-IV Rating Scale (Lauth and Schiottke); (2)
mmattention: assassed with an inatiention rating seale such as FBB-
HKS, Conners (CPRS-R, BASC, ADDES-Home, SNAP/iowa-Conners)
of DSMHV Rafing Scale (Lauth and Schiottke), (3) Impulsivity:
commission errors on @ CPT such as a TOVA, IVA (auditory prudence
measure) or Go-NoGo test.

These measures were used as treatment endpoints.
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Meta-Analysis

In a meta-analysis Effect Sizes (ES) are calculated based on the
pre-treatment and post-treaiment averages and standard deviations
takan from the studies included in the meta-analysis. This results in an
ES with a 95% confidence intervat per study. An ES is a scale free
statistic, thus aflowing comparison of scores on various instruments.
Based on multiple studies 2 grand mean ES is calculated wilh a 95%
confidence intarval that provides the weighted ES for all studies which
can be considered the trug ES for the whole population. ES for the
differant studies are ofien plotted in a forest plot providing a graphical
overview of all results. The ES Is regarded as a measure of “clinical
relevance” in that the higher an ES the higher the dinical refevance.

In this study, two ES were calculated. First, for the controlled
between-subject design studies the ES of the neurcfeedback group as
compared 10 the control group were calculated. These dala were used
to compare the oulcome after neurofeedback therapy with a control
condition. Since some studies have used an active control group
(Stmulant medication) or a semi-active conlrol group {attention
training.>" EMG Biofeedback"” or group-therapy™) the within-subject
ES were also calculated and plotted for all ADHD children treated with
nevrofeedback from both the controlled and the within-subject designs.

ES wera calculaied with Hedges' D using the pooled pre-lest SD*#
and the pre-post treatment differences for the outcome measures of
the controlled studies. For the within-subject analysis the pre- and
posk-reatment means and SDs were usad to calculate the ES. The
grand mean ES, 95% confidence intervais, Ct {helerogeneity of ES)
and failsafe number (Rosenthal's method: a<0.05) were caiculated
using MetaWin version 2.1.2 The fail-safe number is the number of
shudies, Indicating how many unpublished nufl-findings are needed in
order to render an effect nonsignificant.

When the fotal heterogenelty of a sample (Qif) was significant —
indicating that the variance among effect sizes is greater than expecied
by sampling error - studies were omitted from the meta-analysis one-
by-one, and the study contributing most to the significance of the Ot
vake was exchuded from further analysis for that variable until the Qt
value was no longer significant. This was done for a maximum of 3
iterations. if more than 3 studies needed to be excluded in order o
oblain a non-gignificant Ct value, then other explanatory variables for
the effects have to be assumed.?' In such a case the resulls for that
variable will not be interpreted further.

Post-Hoc Analysis

Post-hoc analyses were camied out to check for potential
diffarances in methodological approaches and quality of studies. The
ES were submitted to a one-way ANOVA to analyse the following
variables: (1) Neurofeedback protocol: SMR/Bsta/Theta vs.
BetaTheta vs. SCP profocols as well as SCP prolocols vs. all
Beta/Theta protocols; (2) Time: studies before 2006 and studies afler
2006 were compared to check for differences in ES in newer studies;
(3) studies empioying randomization vs. nonrandomized studies.
Since the a priori expectation is that randomized studies will have
lower £S, we considered a p-value of below 0.1 as significant {one-
tailed significance) thus using a sirict criterion for this dimension; (4)
Medicalion; studies carried out in medicated subjects vs. studies
camied out in unmedicated subjects.

Finally, the Pearson correlation coefficient was established
between the average number of sessions and the ES. Since it is
expected from leaming theory that mare sessions will lead 1o better
clinical effects a one-tailed test was performed.
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RESULTS

Fifteen studies met all criteria and were included in the meta-
analysis. One randomized controlled trial (RCT) from Linden et al =
and one prospective study (Lubar el al2) were excluded from the
meta-analysis since no SDs were available for those studies. Two
double-biind placebo contralled studies by deBeus® and Picard® and
ane controlled study by Fine, Goldman and Sandford™ were excluded
since they were not published and no means and SDs were available,

All studies investigated the effect of neurofeedback in chiren, An
overview of all included studies can be found in Table 1. For all controlied
siudies there was a total of 476 subjects, and for the pre/posi-design
shudies there was a total of 718 subjects included in the meta-analysis.
Drop-out rates were only reported in 5 studies™ = and are therefore nol
included in Table 1. Reposted drop-out rates were around 10% for most
sludies for both treatment and control groups.

The following calculations were parformed to make data compatible
with the meta-analysis: Kropotov el al.*' reported the data based on a
group of good-performers (N=71) and a group of poor performers
{N=15). Xiong et a.* reported the data based for 3 groups of ADHD
{Inattentive, Hyperacive and Combined type of ADHD). The means and
$Ds for these studies were hence re-calculated for the whole sample
using the formuta: $SD=sqrtjn*sum{x"2}-{sum{x)}*2)/{n{n-1))] for sian-
dard deviations. All data used in this meta-analysis can be downloaded
from www.braincnics.com under downioads.

Prospective controlled studies

Note that there were two types of controlied studies:; studies with a
passive or semi-active control group such as a waiting list control
group, EMG biofeedback and cognitive training and studies using an
active control group such as stimulant medication (‘gold standard”
treatment for ADHD). These studies have been analysed separately.
Figure 1 shows the results of the meta-analysis for both the studies
with a passive control group (Neurofeedback vs. control group) and an
active control group (Neurofeedback vs. stimulant medication group).
A positive ES denotes a decrease in symploms for that measure. For
impulsivity the ES for the neurofeedback vs. stimulant medication
group is close fo 0; suggesting that neurofeedback has similar effects
as compared 1o stimutant medication. Furthermore, note the large
grand mean ES for inattention (E$=0.81) and impulsivity (ES=0,69) for
neurcfeedback compared 10 a control group. For hyperactivity and
inattention there were not enough data available for & valid comparison
between methylphenidate and neurofeedback.

Inattention

The tast for heterogeneity was significant (Qt=43.47, p=0.0000;
mean ES: 0.9903) meaning thal the variance among the ES was
greater than expected by sampling error. It was found that the study
from Monastra et al® (ES<2.22) and Holtmann et al."” (ES=-.39)
contributed most 1o the significant Gt and were hence exckided from
the analysis.

The mean ES for inattention was 0.8097 (95% confidence inferval
(C1) 0.39-1.23; Total N=201). The test for heterogeneity was not
significant (CQt=3.31, p=0.51). The fail-gafe number of studies was 52.1,
indicating that at least 52 unpublished null-findings are needed in order
to render the effect of neurofeedback on attention nonsignificant.
Hyperactivity

The test for heterogeneity was significant ((1=16.45, p=0.01153;
mean ES: 0.6583). k was found that the study from Monastra et al.®
{ES=1.36) confributed most to the significant Qt and was hence ex-
cluded from the analysis. The mean ES for hyperactvity was 0.3962
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Figure 1.

This graph shows the forest plots for the controlled studies with the Eflect Size (ES) and their 95% confidenca intervals for controlied studies and numbers comespond
lo the studies in Table 1. The Grand Mean bars are the ES for inattention hyperactivity and impulsivity with the forest plot for impulsivity shawing both the ES for ney-
rofeedback compared lo control graups {tap grand mean) and neurcfesdback compared to stimulant medication {bottom grand mean). A positive ES denotes a larger
decreasa in symploms for the neurolesdback group as compared to the control group. It can be diearty seen from this figure that mast studies had positive ES with

Grand Mean ES medium to large and significantly different from zero. Alsa note that the Grand Mean ES for the comparison of neunofeedback with stimulant medica-

tian is ghmost 0 for impulsivity, indicating that these treatments have similar effects.

{95% CI 0.050.75; Totsl N=235. The test for heterogeneity was not
significant (Qt=2 83, p=0.726). The fall-safs number of studies was 154.
Impulsivity

Neurofesdback vs. Control Group

The mean ES for impulsivity was 0.6862 (85% CI 0.34-1.03; Tolal
N=241). The ltest for heterogeneity was not significant {Q1=2.63,
p=0.757}. The fail-safe number of studies was 37.7.

Neurofesdback vs. Methyiphenidate

The mean ES for impulsivity was -0.0393 (95% C| -0.45-0.37; Total
N=240). The test for heterogeneity was not significant (Q1=0.26,
p=0.967. The fail-safe number of studies was 0.

Within-subject effects

In Figure 2 the within-subject ES are shawn for all studies included
in the meta-analysis. Note the high grand mean ES for all 3 domains.
The study by Strehl et al.® and Leins ot al." showed relatively low ES
for hyperaclivity and inattention. This is probably caused by the DSM-
IV based questionnaire they used which only employs categorical
answers (yes/no) whereas all other studies usad scales thal employed
dimensional scales.

Inattention -

The test for heterogeneity was significant {Q1=26.07, p=0.008;
mean ES: 1.1126). It was found that the Monastra et al.® {ES=1.45))
study conlributed most to the significant Qt. This study combined a
Comprahensive Clinical Cara plan with neurofeedback which might
partty explain this finding, Furthermore, this study selected subjects
based on an increased theta/beta ratio and hence might nat have been
a representative ADHD group. This sefection might have led to inclu-

sion of a sub-group of ADHD patients which are good responders to
neurofeedback, hence explaining the large ES,

The mean ES for inattention after exchuding this study was 1.0238
{95% Cl1 0.84-1.21; Total N=324). The test for heterogeneity was not
significant (Ct=16.26, p=0.093) meaning that the variance among the
ES was not greater than expected by sampling error. The fail-safe num-
ber of shuces was 508.6.

Hyperactivity

The mean ES for hyperactivity was 0.7082 (85% C1 0.54-0 87: Total
N=375). The test for heterogeneity was not significanl (Qt=13.57,
p=0.258) meaning that the variance among the ES was greater than
expected by sampling error. The fail-safe number of studies was 320.3.
Impuisivity

The test for heterogeneity was significant {Q1=24.93, p=0.015;
mean ES: 0.7487). i was found that the Kaiser and Othmer study*
(ES=0.63) contributed most to the significant Q. This was also the only
nauralistic study, hence the ES was calculated excluding this study.
The mean ES for impulsivity was 0.9394 (95% CI 0.76-1.12; Total
N=338). The test for helerogensily was not significant (Qt=16.15,
p=0.135) meaning that the variance among the ES was not greater than
expecied by sampiing error. The fail-safe number of studies was 511.7.

Figure 3 shows the grand mean ES for the controlled studies
compared to the within-subject ES for all studies for all 3 core symp-
toms. Nole that ES for the confrolled studies are slightty smaller,
which could be due to the fact that many controlled studies used a
“semi-active” control group such as attention training,™” EMG
Biofeedback® or group-therapy.™ Furthermore, given the 95% con-




CLINICAL EEG and NEUROSCIENCE ©2009 VOL. 40 NO. 3

|
E ]
5
Hu
-
T REM
»
-
21
| )
i) 03 . F] -
nmttersion: IS Dindges” I
o
»
n
—— N
. o
—— (it M
-
L]
L]
L4
108 [ ] .- k] 1.
r—— L]
AREOPY
had o
»
»
et et 1
p—— (0 WA
2% @0P
-
100
o
I »
. L] .- T tL J
griaivity: RS Pladyss’ 0)
Figure 2.

This graph shows the forest plots for the within-subject ES for inattention {ES= 1.02), hyperactivty (ES=0.71} and impulgivity (ES=0.94). AR ES are shown with their
95% confidence intervals and numbers comespond 10 the studies in Table 1. it can be clearty seen that all studies show positiva ES and mast are significant from 0
givan their §5% confidence intervals.
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This figure shows the grand mean ES fov the controlled studies compared 1o the within-subject efect sizes for all studies for all 3 core symploms. Nota that the ES for
the controlied studies are slightly smallet, which coukd be due o the fact that meny conirolled studies used a "san¥-active” control group. Furthermore, given the 85%
confidence intervals the ES for inattantion, hyperactivity and impulsivity are significant for both comparisons.
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This figure shows the comelation between number of sessions {horizontal} and
the ES {vertical) fot the different studies, This figure shows the associatian for
inattention (which was significant) and that there is an effact of a larger num-
ber of sessions.

fidence iMervals the ES for inattention, hyperactivity and impuisivity
are significant for both comparisons.
Post-hoc analysis

Post-hoc analysis did not reveal any differences in ES between
studies 1) employing SMR/Theta, Bela/Theta, SMR/Beta/Theta and
SCP neurofeedback protocols. Also no differences were found
between SCP siudies on the one hand and all BstaTheta studies on
the othar hand and no effect was found for 2) Time. It can also be seen
from the Forest plots that thers is no clear relation between ES and
time. No significant differences were found between studies carried out
in medicated vs. unmedicated subjects. For this purpose the ES for
studies with no medicated subjects®+" 235 were compared agains!
the olher studies. Most studies only included a minority of medicaled
subjects. In total 113 subjects treated with neurofeedback were on
medication from a total of 973 subjects (12%).

For randomization there was a significant effect for the
hyperactivity scale only (p=.080; F=.716; df=1, 11), demonstrating
that the ES for randomized sludies was lower (ES=0.54) as compared
1o nonrandomized studies (ES=0.80). For inattention and impulsivity
there were no differences,

There was a significant correlation between the average number of
sessions in studies and improvement of inatlention (p=0.04; r=1550)
but not for impuisivity and hyperactivity, mearing that better effects on
inattention are achieved with more sessions, also see Figure 4.
DISCUSSION

This study investigated the effects of neurofeedback therapy on
core symptoms of ADHD using a meta-analylic approach. Fifteen
studies were found fulfilling our criteria, with a lotal of 1194 subjects
and the majority of studies conducted in Germany (B studies) and the
USA (5 studies). Six siudies employed randomized aliocation of
subjects and 3 studies compared neurofesdback with stimulant
medication {the current *goid standard” in the treatment of ADHD). The
study by Bakhshayesh® was a PhD thesis, however this manuscript
has also been submitted for publication in an international journai
(Bakhshayesh, persanat communication).

From the controiled studies in the meta-analysis it was avident that
neurcfeedback had large ES® on inatlention and impulsivity and a

A.‘
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medium ES for hyperactivity. Many of these controlled studies have
used semi-active control groups such as cagnitive training," EMG
Biofeedback® or group-therapy.® Since it is known thal cognitive
training for instance can imprave ADHD symploms such as inattention
and hyperactivityimpulsivity”™ the within-subject ES were aiso
calculated. These showed large ES. They wers significant for each of
the core symptoms: inattention, impulsivity and hyperactivity. For an
overview of ES from controlled studies as well as those of within
subject effects also see Figure 3.

In Figure 1 it can be clearly seen thal the studies from Bakhshayesh
Gevensleben o al™ and Hottmann et al.” have the lowest ES for
hypemcﬁvity.Thesswememcﬂyheawdiesmalanemloyedaseni-
acive control group in a randomized design. The fact thet the ES for
hyperactivity was significanly iower — though stil a medium ES — for
randomized studies suggests that yperactivity is probably most sensiive
to nonspedific treatment faciors, Future studies should use randomization
in order 1o provide evidence for treatment sffects on hyperactivity.

Interestingly, posthoc analyses did not reveal any differences
petween the different neurofeedback approaches used such as
theta/beta, SMR theta and SCP newrofeadback nor a differential efficacy
for the 3 domains. Given Lubar and Shouse’s' initial retionale to use
SMR fraining in hyperkinetic syndrome we expected a higher ES for
hyperachivity in SMRAheta studies. This was not the case and lends
further suppont 1o the fatt that these approaches modulate activity in the
same underlying newrophysiclogical network. However, further research
is needed fo investigate this issue. There also were no differences
between neurofeedoack studies in medicated vs. unmedicated subjects.
Only 12% of al subjects in this meta-analysis were on medication.
Although it was not passible to separate the effects within the studies,
these results tand to suggest that the eflects of neurfeedback are
similar for medicated and unmedicated subjects. Further research on the
impact of madication on neurofeedback is also needed.

There are saveral issues when interpreling meta-anaiytical data.
For instance the selection of studies and relevant variables is directly
related to the quality of the outcome of the meta-analysis.
Furthermore, there is the possibility of publication bias causing a
higher ES due 10 unpublished results of null findings also referred to
35 the “file drawer problem ™ The fail-safe numbers in reiation %o the
number of included studies were rather high in this study. The fail-safe
number is the number of nonsignificant unpublished studies to be
added 1o the meta-analysis to change the results of the meta-analysis
from significant to not significanL. The fail-safe number for controlled
studies was 15 for hyperactivity, 52 for inattention and 37 for
impulsivity. The fail-safe number for within-subject studies was 320 for
hyperactivity and more than 500 for inaftention and impulsivity. It
seems rather unlikely that such numbers of studies with null-findings
exist and have not been published.

This “file-drawer problem™ was further addressed by the & priori
seloction of treatment end-points and requesting additionsl
funpublished) deta from authors if required. Most studies reported many
resulls, such as rating scale data for inattention and impulsivity and a
range of neuropsychological tests. For this mela-analysis we
specifically defined the measures to be included for the 3 domains a
priori, such as raling scale data for hyperaciivity and inattention and
commission emors on a CPT test as a measure of impulsivity. Since
most authors will focus their papers mostly on the significant findings of
their shady, our approach aimed at minimizing the risk of over-estimaling
the effect si2es. In many cases (such as "*%) we requesied the
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means and SD's for the commission emmors andfor rating scale data
which in some cases were nol even significant for that study.

In the past several criticisms have been raised about studies
investigating the eficacy of neurcieedback in the traatment of ADHD
for instance by Loo and Barkley" and Hoitmann and Stadtier* as
regards to small sample sizes, lack of adequate control group, no
randomization, disregard of long-term ouicome. Below we will address
these critical issues in the light of the many recently conducied studies:
Randomization

in this meta-analysis suppoart was found for tne need of randomized
trials, given the fact that ES were significanty smalier for randomized
\rials for hyperactivity scales, but not for inatiention and impulsivity. The
average ES for randomized studies was stil medium {ES=0.54).
Furihermore, in this meta-anatysis the rasults of 6 randomized studies
have been incorporated, with all s ing medium to high ES for
inattention and impulsivity and fow to high €S for hyperactivity. Indeed
randomization is required in order to conduct refiable studies, but it can
bo concluded that randomized studies so far sl show large ES for
inatiention and impulsivity.

Sample-size

The largest studies to date are the studies by Monastra® (N=100),
Gevensleben et al.”® {N=34) and Kaiser and Othmer® (original study
N=1080; data avallable in this mete-analysis N=530; Kaiser, personal
commurication). The resuits from the Monastra study™ need to be inter-
preted with caution since this study was axciuded from most anatysis
since ﬂoontributadmostmmehetaogene%tyofES {Q). This is probably
related to the fact that subjects in that study besides newoleadback and

which might have ledtomemghEs.mesu!ybyGevensiebenetal.‘“
is the most methodologically sound study to date. It included
mdomizaﬁon,alargasan'plesizeandamdﬁ-wwappmd\.ms
study showed a medium ES for hyperactivity {E5=0.55) and a large ES
for inttantion (ES=0.97). Finally, the Kaiser and Othmer study™ is the
fargest study to date. For impulsivity the ES was medium {ES=0.63), but
this valug was excluded from the analysis sinca this study confributed
msltnmmmogeneitydES.TﬁswnprobabiybeexplaMbym
fact that this study was & naturalistic study and was methodologically the
jeas! controlled study included in the meta-analysis. However, this
mdumESofalargeunconﬂ’oledMUmlisﬁcsmdydoesl\mer
damonstrate the ecological validity of naurofaodback in dlinical praclice.

Finaky, the current meta-analysis also addresses the issua of
small-sample size by combining all studies into a meta-analysis,
thereby further addressing the sample size concem.
Adequate control groups

in the past it has been suggesied by many authors that a potential
explanation of the effects of neurofeedback could stem from “cognitive
training” since chikiren are engagng in a feedback task for often 30-50
sessions. Furthermore, it hes been suggested that the time spent with
a therapist could be an explanabion for the reatment effacts. Such
concems could be addressed by double-blind controlied studies.

Given the difficulty of conducting a doubie-bind placebo controlled
studyhneurofeedbadt.uﬂid\islikelybbeassudatedmmhighdmp-
out rates in the control group® several groups have siil addressed
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these concoms. For instance, Gevensleban et al" and Holtmann et
al.” have used control groups who were intensively and equaily trained
on an aftention demanding task {computerized cognitive training) 1o
control for these unspedific effects. Eurthermore, Drechsier et al."
used a conirol group undergoing group-therapy and Baknshayesh®
used an EMG Biokeedback group as @ controd group. In all these
studies neurofesdback in comparison to this semi-active control group
still had medium to large ES for inattention and imputsivity, and small
to medium ES for hypesactivity. Especially the control groups used by
Gevensieben et al.® Holtmann et al.” and Bakhshayesh® can be
considered & credible sham control, with even “active” properties
oxpecied to show improvements on gymptoms such a8 working
memory, inatiantion and hyperactivityimpulsivity.

None of the studies comparing neurcfeedoack with stimulant
medication used random assignment. Patticipants setf-selected the
treatment of their preferencs. This meay bias these results, however seif
seloction polentially maximizes the effects of expectancy in both
groups. Failure to find a significant difference between treatments in
small unandomized trials (possibly a type 2 error) does not prove that
neurcfeedback is as good as stimulant medication. More studies using
randomization and larger sample sizes are needed to investigate
further how neurofeedback compares {0 stimutant medication o the
treatment of ADHD.

Publication In unsubscribsd joumnals

Many studies in the past have only béen published in
neurofeedback specific joumals such s the Journal of Neurotherapy
{which is not indexed by Medfine) and Applied Psychophysioogy and
Biofeedback.Asmbeseenﬂummesmd\esinTabiei most of the
recent studies have been published in journals with higher impact
factors which are indexed in Medkine such as Biological Psychialry,
Neuroscience Letiers and Pediatrics.

Long-term effects

Long-iarm effects could nol be addressed in this meta-analysis.
However, several studies did report foliow-up results. Heinvich et al”
pedormedalrmﬂ'isfonow-upiorlheSCPgroupandfmmdaN
measures improving further (Heinrich, personal communication:
Unpublished results). For the study of Strehl and colleagues™ 6
months follow-up Scores in impulsivity, inatiention and hyperactivity
wereshomtoimpmveevenmrmrascumparedmmeendof
trealment."® A 2-year follow-up for this study” showed that all
improvements in behavior and aftention tumed out 1o be stable. Test
results for attention and some of the parents’ ratings once more
improved significanty. In addition, EEG-self ragulation skills tumed out
10 be still preserved, indicating that these children were stil able to
successfully reguiate their brain activity.

Takenmgeﬂ\ar,ilcmbeconcludedmtﬂ\ediniwaﬁadsd
neurofeedback are stable and might even improve further with lime.
This, in contrast to shmulant medication where it is known that when
the medication is stopped often the initial complaints will come back
again and recent evidenco showing that temporary treaiment with
stimutant medication is not bikety bo improve long-term outcomes.®
Pre- and post-QEEG differences

Fimuy,iiso&enslatedﬂlaistldiesdonotrepott,orfaﬂlnrepoﬂ.
pre- and post-QEEG differences since the EEG is the basis of
treatment in neurofeedback (for example see Loo and Barkley").
However,&ﬁsisnotamdiblereasontocﬁﬁdzemedinimlefﬁmcyoi
neurofeedback or any other treatment. The primary question & ‘does it
work? and a secondary question which is not addressed in this paper
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s “how does it work?” Other clinical trials into psychoactive medication
or other nguromodulation lechniques also do not demonstrate this. For
example, a study investigating pre- and post-QEEG and ERP (Event
Related Potential) data afer 20 sessions of rapid Transcranial
Magnetic Stimulation (rTMS) in depressed patients also failed to find
any pre- and post-QEEG differencas, but did find localized changes in
ERPs.“ (TMS treatmend is also hased on the assumption of frontal
asymmetry, often reported in EEG studies as well.“ inlerestingly,
soveral studies did find a nommaiization of ERPs as a result of
neurofeedback’™"* as can be seen in Table 1 suggesting that rather
tagk-related EEG {or ERPs) but not passive Eyes Open and Eyes
Closed EEG shouki be further investigated. in our opinion, passive
EEG such as Eyes Open and Eyes Closed EEG should be seen as a
stable trait marker or Phenotype®“ and should hence not be
considered a valid treatment end-point, whereas disorder specific
behavioral questionnaires andfor event related EEG or ERPs should
he the primary treatment end-points.

CONCLUSION

Due to the inclusion of some very recent and sound methodological
studies in this meta-analysis many polential confounding factors have
been addressed and the clinical affects of neurofeedback in the
treatment of ADHD can be regarded as clinically meaningful with large
ES for inatiention and impulsivity and a medium ES for hyperactivity.
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