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Abstract

Introduction. So far some methods to help diagnosis of ADHD gdewanin EEG decomposi-

tion by the FFT method and the discovery of thatr@hship between different frequency
bands, the most clarifying the TBR rate in the mmefal regions, have been proposed. This
procedure requires a complex gadgetry so we el advantages of a simple model

based on the visual inspection of the EEG tracheggnted in an ad hoc method.

Method. In order to compare the accuracy of three diagooséthods of detection of ADHD
against normal individuals based on EEG, the RO@esuwere calculated. Three methods
were compared: a) the Theta/Beta Ratio (TBR) methibek decomposition with the Fast
Fourier Transformation (FFT), b) the Delta + Thefdpha index obtained by visual position
decomposition-Verley method and c) the direct asialgf EEG specific montages performed

by untrained individuals in EEG interpretation.

Result. Individuals with ADHD were diagnosed correctly ugiautomatic procedures studied
(92.9% of discriminatory capacity by TBR method &1id7% by the Verley visual method).

In addition, 55.5% of not trained individuals wexlgle to discriminate the ADHD from nor-

mal cases with a diagnostic accuracy similar toah®mated methods (discrimination index
86.8%).

Conclusion.ADHD has a specific EEG pattern that can be easitpgnized by the proposed

EEG montages. These preparations allow to hightlghtichness of Theta and Beta frequen-
cies in the selected regions with a low cost anddaguate diagnostic accuracy, even for sub-
jects without prior training in interpreting the 6Hracing. This fact supports the use of the

EEG as a complementary measure in the early diigradsADHD.
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Resumen

Introduccion. Hasta el momento se habian propuesto métodos deddigco del TDAH
fundamentados en la descomposicion EEG por el mébd y el hallazgo de la relacion
entre distintas bandas de frecuencia, siendo laavlasatoria la tasa TBR en las regiones
prefrontales. Este procedimiento exige un aparat@eplejo por lo que se evaluaron las ven-
tajas de un método sencillo basado en la inspecdgiral del trazado EEG presentado de

formaad hoc

Método. Mediante el calculo de las curvas ROC, se compandrécision de tres métodos

diagnosticos de TDAH, frente a trazados de indiegdnormales, basados en EEG: a) el mé-
todo TBR tras descomposicion FFT; b) el indiceadgtieta/alpha obtenido por descomposi-
cion visual por el método de Verley; c) los analdirectos del EEG con montajes especificos

realizado por individuos no entrenados en integaiéh EEG.

Resultado. Los individuos con TDAH fueron diagnosticados cotaenente mediante los

procedimientos automaticos estudiados (capacidetimhinatoria del 92,9% segun método
TBR y 91,7% segun método visual de Verley). Ademas5,5% de los individuos no entre-
nados consiguieron distinguir los casos TDAH yrosmales con una precision diagnostica

similar a los métodos automaticos (indice de disiciacion del 86,8%).

Conclusion: EI TDAH tiene un patron de EEG propio que puedef&aimente reconocible

mediante los montajes EEG propuestos. Dichos memfarmiten resaltar las riquezas The-
ta/Beta de las regiones seleccionadas con un bagie/ una precision diagnostica adecuada,
incluso para sujetos sin entrenamiento previo emdapretacion del trazado EEG. Este hecho

apoya el uso del EEG en la deteccion tempranaldaHr

Palabras Clave:TDAH, EEG, Diagnéstico, Educacién
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Introduction

ADHD is a sindrome caused by a maduration déficthe basal frontal lobe, accord-
ing to the available evidence (Sarnthein, Moreln\&tein, y Jeanmonod, 2005; Saunders y
Westmoreland, 1979). It has a prevalence rate @o5n childhood (Willcutt, 2012) and pro-
duces behavioral and learning deficits that interfgith the normal development of the indi-
viduals who suffer from it. Since the inhibitionfd& at inhibiting their own behavior and
maintaining attention in an external stimulus, guieement that is predominant in classroom
tasks, forces the student to a great adaptati@nteffhich is not always successful, as a con-
secuence, their management in classrooms diffioufteachers. This problem also often oc-
curs at home and hinders the normal process oblsmation and adoption of social norms.
Thus, both academic and interpersonal demands eattdred; something, teachers and par-
ents tend to agree on. It is known that if they raedicated from a moment near the begin-
ning of the syndrome, the probability of fallinganalcohol or drugs and antisocial behaviors
decreases by 60-70% (Sweeney, 2009). In the casdudtfwith ADHD, the lack of attention,
their tendency to cognitive fatigability and lackamnsistency, interferes with the learning of
complex tasks and forces them to be continuousiygimg their job, which makes their so-
cialization harder, besides academic problems.rTdrgisocial behavior and their passage to
more serious psychiatric forms are frequent, esfigcin relation to the consumption of
drugs. Therefore, a quick and cheap diagnosis wiadiitate the treatment from the initial

moments of the process.

Another added difficulty to the correct identificat of ADHD patients lies in the lack
of reliability and validity of the assessment instients normally used for school guidance
and clinical diagnosis. Besides, these are noy faltjective nor specific methods for the de-
tection of organic pathology of the central nerveystem. These are difficulties taht educa-
tion proffesionals, parents and society have te.f&o far the diagnosis was clinical and the
Food and Drug Administration (FDA) and American dasation of Neurology recommended
that it should be performed by a multidisciplindaeam, consisting of Neuropaediatricians,
Psychologists and Child Psychiatrists, since it lsarcaused by multiple causes and overlap
with similar symptomatologies originated by othathmlogies, which made the process cost-
ly both in time and money. In this search, someasshers have proposed to use the electro-

encephalogram (EEG) for the diagnosis of ADHD, siithas certain characteristics to make
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it a reliable measure of the cerebral activity,egivits relation with the cortical functioning
and the oscillations of the electric fields caudsdthe activity of synaptic populations.
(Epstein, Bej, y Foldvary-Schaefer, 2006; Moore wriP2012; Snyder, Rugino, Hornig, y
Stein, 2015).

Recently, bioelectrical markers extracted from Bt&G have been proposed to be ca-
pable of identify and distinguish ADHD cases frothey disorders of similar or overlapping
syntomatology, and do so whith a high discrimimatoapacity. With the simple analysis of
the power spectrum of the frequency bands, measuted=FT on the simultaneous record-
ing electrodes, Magee et al.,, (Magee, Clarke, BavtgCarthy, y Selikowitz, 2005), using
standard statistical procedures (cluster and regmesanalysis), obtained a diagnostic sensi-
tivity of 89%, with a specificity of 79.6%. Poil,ith a similar procedure, achieved a diagnos-
tic accuracy of 67%, with a reliability of 83% idwts (Poil et al., 2014). Other authors have
proposed the Theta / Beta, Theta Beta Ratio (TRER) of frontopolar regions and the frontal
midline, which is increased in cases of ADHD buwédo than 1 in normal cases, as indicated
by Rudo- Hutt (Rudo-Hutt, 2015) and Snyder (Snyeteal., 2015), that is why this calcula-
tion is considered as a biomarker for the quick AD#iagnosis in children with compatible
symptomathology. With TBR and coherence data, élgos are created that reach a level of
accuracy of 76% in the discrimination of the norrmwadl ADHD patients EEG, and the 81% if
we add age, according to Helgadottir (Helgadéttale 2015).

Objectives and hypotehsis

However, compared to direct visual analysis of EE@se procedures, requiere a very
sofisticated equipment, that are not always avkldtr the usual neurofisiologic services.
According to our experience, certain predetermimexentations of the EEG records, allow a
quicker and easier identification, if bipolar mayg¢a with no more thatn 5-10 channels per
epoch are displayed. The objective of this studipisompare different methods of ADHD
discrimination based on the computerized EEG.

Method

Participants
This work studied two different samples of subjetise first sample is constituted by

50 EEG subjects records from between 6 and 15 ydaag were matched by sex; 30 had
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typical ADHD symptomathology and 20 were normal jeats without ADHD symp-
tomathology that were recorded between years 2663210, in the Service of Neurophysi-
ology at the General Hospital Santa M2 del RodeCartagena (Spain). That study was ap-
proved by ethical commite of the aforementionedpitas The ADHD subtype was not speci-
fied (hiperactive or innatentive) in the samplasgibecause this is a retrospective study and
many of the cases were not classified following ADslLbtypes. Second, because the study’s
objective was to fast screen posible ADHD cased,anty then filiate the subtypes, because,
as far as we know, EEG has not yet been useddodtfierentiation.

A second sample was colleted in order to compaterd diagnostic method, which
will be further described. For this method, sulgeeithout previous experience in the inter-
pretation of EEG and the clinical diagnosis of ADMIre collected. A total of 21 first grade
students of Speech therapy voluntarily performeddiagnostic test based on EEG records.
Demographic data of the second sample can be fiouhable 1.

Table 1.Descriptive characteristics of the naive testenspke

Mean (range) / frequency (%)

N 21

Age 34,3 years (25-71)

Gender
Men 14 (66,7%)
Women 7 (33,3%)

Profession
Non qualified 5 (23,8%)
Engineering 3 (14,7%)
Education/ Teaching 2 (9,5%)
Economy/Business 7 (33.0%)
Management/office worker 4 (19.0%)

Measures

EEG recodings have a duration of 20 seconds, a HzZ3Bandpass, and the frequen-
cies used for FFT decomposition were between 1-20with a slope less than 40 Hz and
with a sampling frequency of 250 Hz. None of theases had expressive sings of epilepto-
genic potentiality. These recordings were obtaiaetest, with eyes closed and were free of
artifacts. They were analyzed by the authors usimymethods of frequency decomposition

and by a set of subjects with no EEG reading egpe& through direct visual recognition
with an ad hoc montage.
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Procedure

The three methods are detailed below:

A) Fast Fourier Transformation series decompositioh each of the classical EEG
frequency bands (delta, theta, alpha and betagdh ef the cases analyzed and calculating the
rate between theta and beta (TBR) rhythms.

b) Visual decomposition of the frequency richnekghe recordings using the visual
method proposed byerley(Verley, 1967) And the calculation of the Deltalketa / Alpha
guotient in the prefrontal derivations of the same.

c) In order to evaluate the expressive capacitthefbipolar EEG tracings, proposed
by the authors, we asked a sample of subjectsnaithrior experience in the EEG interpreta-
tion to visualize, 10 seconds of tracing 10 indidts with ADHD symptomatology and 10
traces of normal subjects in the computer. Therdiegs were randomly presented using a
montage consitent of an eight-channel bipolar abgeshowing the scalp anterior and poste-
rior regions of the study subject (images 1 and@stwo recording samples of an individual
with ADHD and a normal one). These naive subjeasevasked if they had previous EEG
reading experience. Five subjects were discardeduse the answers were incomplete and
this prevented calculating the accuracy rate. Nointhem had experience in EEG as evi-
denced by their respective occupations and theivars.

The answers were automatically registered througiomaputerized application of a
web form where the images of the recordings weesgted and asked to select whether it
was a normal case or ADHD. The subjects previoussiyalized two examples of normal re-
cordings and two examples of recordings with ADHiDjmages similar to those shown in
Figures 1 and 2. Subsequently, the presentatioanbafijer accepting their express consent. In
addition, only during the first five slides, subieavere given the correct choice after their
selection in order to provide feedback on theipoese. When the subjects finished identify-
ing the recordings, they were informed, throughapplication, of the completion of the test.
In addition, a scale of 1 to 10 was included atehé of the test to indicate the subjective dif-

ficulty of the task.

Statistical analysis
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In order to compare the means between the perantaigthe different frequency
bands obtained with the first two procedures (aatticrand visual, Verley) and the TBR and
Delta + Theta / Alfa indices for EEG for ADHD andrmal subjects non parametric tests
were employed. The Kruskal-Wallis test for indepamtdsamples, considering p <.05 as sig-
nificant was calculated. For the calculation of tha&gnostic accuracy, the ROC curves were
obtained for sensitivity and specificity of eachtbé methods. The response types were ex-
tracted and the Sensitivity / Susceptibility S = MP + FN) and Specificity E = NP / (FP +
NP) (Pepe, 2003). The discriminant capacity, follgythe ROC curve analysis of each pro-
cedure, was calculated using the formula: Sensitiv{1-Specificity) (see Pepe for a review,
2003). SPSS v.21 was used for these analyzes.&xde 7.

Table 2.Possible responses when trying to discriminate BRHB from Normal cases

Answer TDAH Normal

It is ADHD (Affirmative) Hit (VP) False Hit (FP)

It is not ADHD (Negative) | Miss (FN) Correct Rejeti (VN)
Results

Subjects with ADHD presented a higher Theta / Bat@ than the normal cases (Ta-
ble 3). Differences in theta richness in the freptefrontal regions of ADHD cases and nor-
mal cases were found. Cohen's d was also calculdteda magnitude of d = 2.00. This indi-
cates a size of the high effect on the theta bamédses of ADHD. When comparing the TBR
index, the effect size was of also of high magret¢@ohen's d = 1.69) for TBR in ADHD
(according to Cohen's interpretation criteria (9&“ohen's d value greater than 0.8 is High

magnitude). See Table 3.

Table 3.Mean differences calculated by K-W test between &€domposition and the The-
ta/Beta ratio (TBR) for ADHD and Normal cases

TDAH Normal K-W p

X (s.d.) X (s.d.)
Delta 16,81 (3,25) 10,48 (1,76) 12,063 .001***
Theta 34,31 (5,98) 25,13 (2,45) 8,836 .003**
Alpha 23,51 (2,8) 27,98 (5,26) 2,727 .099
Beta 29,39 (3,59) 40,82 (5,73) 10,925 .00 1%
Theta/Beta 1,16 (0,26) 0,61 (0,38) 10,363 .001***

Note:**p< .0L***p <.001
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http://dx.doi.org/10.14204/ejrep.41.16024




Bioelectrical markers of ADHD: enhancement of difeEiG analysis

Using the TBR as a diagnostic indicator and ushey dutoff value = 1, two groups
were obtained: a) <1 for normal and b) > 1 for ADHIDe discrimination coefficient proved
to be very effective, separating the cases of AHIIn the Normal ones with a success rate
of 92.9% (Discrimination coefficient = .929; p <3)0
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Figure 1.EEG recording of a 9 year old ADHD patient
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Figure 2.EEG recording of a 7 years old normal subject
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We calculated the percentages of richness of tifiereint frequency bands in the fron-
to-polar derivations analyzed by the visual procedaccording to Verley's temporal tech-
nique (Table 4). The Beta rhythm appears so sdacause it is very difficult to identify the
times in which it is dominant, since it generalfypaars overimposed to other slower activi-
ties that are dominant with the naked eye. As @RRT discrimination procedure based on
FFT, Verley's visual analysis showed that the redsnof slow waves (delta + theta) in the
fronto-central regions was much higher in the cadeSDHD (Cohen's &= 2.05). The ROC
curve calculation of the Alpha and Delta + Thetghim richness through the quotient for the
identification of ADHD vs. Normal, yielded a sigmiéntly discriminatory capacity of 91.7%
(Discrimination coefficient #0.917,p < .016).

Tabla 4.Mean differences between Verley direct visual neetal the Delta+Theta/Alfa for
ADHD and Normal cases

TDAH Normal U M-W p

X (s.d.) X (s.d.)
Delta+Theta 56,8 (16,88) 26,58 (14,31) 2,402 .015*
Alpha 7 (4) 63,33 (15,12) -2,934 .002**
Beta 14,2 (13,06) 10,08 (3,8) 0,242 ns
Delta+Theta/Alpha 8,11 (0,21) 0,42 (3,31) -2,882 .002**

Note: *p<.05; *p<.01

Regarding the discriminative capacity of the globigual test for the naive subjects
without previous experience, we found differenufssdepending on the perceived difficulty.
A 55.5% of the naive subjects who showed a lowlle¥difficulty in discriminating between
the cases / controls were 86.62tigcrimination coefficient 0.868,p < .01). While the rest
reached a discrimination index of 0.726 that wassignificant p > .05). The comparisons of
the discrimination indices for the three methods strown in Figure 4. It can be noticed that
the sensitivity or susceptibility of detection otase of ADHD is greater in the direct global
visual test of the tracing than the automated ¢aficun method of Theta / Beta. Frequency
band analysis procedures (both FFT and visual)gutdée have a more specific discrimination
profile, while the overall visual diagnosis of setis with no experience was more sensitive
to ADHD cases. In summary, we found that directi@procedures are capable of detecting
ADHD cases with typical clinical practice, evendgroup of subjects without previous train-
ing.
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Discussion and conclusion

In classrooms, teachers and counselors often fimidren from whom they suspect
they might have psychoeducational alterations beyoarmal difficulties. Differentiating
those cases that could improve with an educationeivention alone from those who need
complementary treatment (psychological, medical,. e} is overdemanding for the educator,
more oriented to teaching. In addition, in the caB&DHD, the diagnostic difficulties, so
evident in the literature, require a more precgeeaning compared to other more manageable
alterations in the educational environment. Ouwultesoffer a fast, EEG-based screening
method that promotes referral to multidiscipliné@ams and can shorten the time from the

detection of the psycho-educational problem taoagining of treatment.

As Moore and Puri point out in their book "TexbowkClinical Neuropsychiatry and
Behavioral Neurosciences" (Moore & Puri, 2012), Timerpretation of an EEG is far from
intuitive. While some knowledge of Neuroanatomy ewkt easy to understand an MRI or
CT scan, understanding the EEG, as well as the E&@aiires a certain degree of preparation,
since, as Epstein points out, EEg recordings reguieth correct registration and appropiate
presentation (C. Epstein et al., 2006). Taking éhf@sts into account, plus the verification
that depending on the region in which they appeapettific visual preparation of the record-
ings facilitated the recognition of rythm abnorrtia, we had to admit the utility of the pro-
posed bipolar montages, with few derivations bywvagion, allowing global visual recogni-
tion in the EEG recordings in cases of probable AD$yndrome. This can be made easily
and cheaply, since it does not need more appatiasunsthe simple electroencephalograph.
This idea is supported by Snyder who, in a worklighked in "Brain and Behavior", suggest-
ed that the EEG could be of help in the diagnosABHD (Snyder et al., 2015).

The fact that an important number of people withmetvious knowledge of electroen-
cephalography and even medical knowledge weretahldgentify ADHD cases, with only a
discreet information on what the task requested tanough the Internet, shows that the
presentations are clear enough and the cases ofDAdiffer from the normal ones. It also
makes clear that the mere knowledge of the bia&tattmanifestation of the syndrome is
enough to suspect its presence in a subject, ghadrit has a concrete structure that is mani-
fested by the excess of theta activity and by edef rapid rhythms specially in fronto-polar

regions. Snyder et al. (Snyder et al., 2015) foandaverage increase of 32% of the frontal
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theta rhythm in subjects with ADHD compared to #iegivity of normal subjects, and in line
with our data, these authors found a high magnitlitference (Cohen d = 1.53). A similar
increase in theta rhythms in a previous review\strhlyzing a total of 1498 cases of ADHD
compared to normal, was also found (Cohen's ddmiviL.14-1.48) (Snyder Y Hall, 2006a).
In our study, we found differences of similar magde (Cohen's d = 2.00) for the TBR
method and for the visual decomposition methodhefEEG recording using the Delta + The-
ta / Alpha index (Cohen's d = 2.05). Notice thatta results point in the same direction.

Under normal conditions, the richness of frontalabactivity is usually higher than
that of theta activity. As a consecuence, the TB#oris usually less than one. However, in
the ADHD syndrome it is always greater than one @edhigher the ratio the more signifi-
cant. Therefore, the TBR has to be consideredtagdiomarker. The cases of similar clinic,
with a TBR ratio above the normal (TBR <0.7) buvlm relation to the most significant cas-
es (admission limit for ADHD = 0.98) (normal mearL:6 SD normal) (Monastra, Lubar, Y
Linden, 2001), usually have a clinical symptomaggleomorbid to the typical ADHD, which
is best explained by other psychiatric or neuraabipathologies (criterion E of the
DSM)(Daley, 2004; Mirsky Y Duncan, 2001; Snydernkt 2015; Zametkin et al., 1990). This
means that the cases selected by the bioeleatnietdod must be recognized by a multidisci-
plinary clinical team as indicated in the introdant In addition, there is a group of ADHD
clinical syndromes that have normal EEG and onlyifeat the clinical symptomps. These
can only be diagnosed by clinical study. At prestay represent between 16 and 18% of the
prevalence of ADHD (Loo Y Makeig, 2012), for thisason EEG research continues in this

syndrome in order to find faster and more reliarithms than the current ones.

In our case, for children with typical clinical gentation, we obtain a discrimination
index using the automatic TBR of 92%, which is $amto other studies reviewed by Loo
(Loo Y Makeig, 2012) which range between 63% to 9919d between 61 y el 88 %, accord-
ing to another meta-analysis review (Snyder Y H&20I06b). With the direct visual method
(Verley), we obtain a discrimination index of 91.78alculatin the ation between slow activi-
ty (deltattheta) and alpha activity. This may bggasting that the (Theta+Delta)/Alpha in-
dex as calculated by the authors is a reliable atetor the selection of posible ADHD cases

and does not requiere any additional instrumentt dgman the EEG recording device.

The correct treatment is very important to be sssfteg with the integration of these

patients in society. However, in the history ofigats of this type there are often large dis-
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crepancies between the observations of parentseactlers, which is completely understand-
able. That is why an objective biomarker is cursebnsidered to be very useful. For all
these reasons, in all Western societies, an atteen@asy, safe and cheap method for diagno-
sis is being explored to diagnose and treat thasers as early in their life as possible. Ac-
cording to our results, although it is more acautat have serial decomposition and calcula-
tion of the TBR of the prefrontal region, the EE£Sttcan be directly evaluated if the appro-

priate montages are used, speeding up the deteft®DHD cases.

This study presents some limitations that mustdresicdered when interpreting the re-
sults. First, the division into subtypes of ADHD smaot taken into account. The reason was
that this study focused on frontal lobe defectsiciwtaccording to the previously mentioned
research form the common nucleus that charactettisedisorder under study. In addition, at
the moment, work with sufficient reliability is nkhown to demonstrate that a differentiation
in EEG-based subtypes is possible. A second limitas that the screening has not been cor-
related with the information extracted from the mogsychological tests normally used for the
diagnosis. However, this was not the intentionha study, but rather the comparison be-
tween different EEG-based diagnostic procedureshabthe correlation between bioelectri-
cal activity and cognitive function, evaluated tigb such tests, should be studied in future
work. Also, future work should be directed to apitlis type of techniques in the school pop-
ulation in order to identify those individuals @k of ADHD. We intend, in collaboration
with educators, to organize a system for detedimggpossible existence of ADHD, which
would consist primarily of recognizing a learningda or behavioral defect with parent and /
or teacher observations and, secondly, If thid Bgeening is positive, it would allow the
rapid inspection by the center's counselor teamitan@ferral to the neurophysiology service
for a more accurate diagnosis, and referral, ifrappate, to a multidisciplinary treatment

team for its treatment.
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