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Abstract. Objectives: The side effects, nonresponse, and prejudices against conventional pharmacological treatments call for comple-
mentary or alternative medical treatments (CAM) for ADHD. One possible treatment, at least for cognitive problems, might be the
administration of Ginkgo biloba, though evidence is currently rare. This study tests the clinical efficacy of a Ginkgo biloba special extract
(EGb 761°®) and its correlation with brain electrical activity in children with ADHD combined type according to DSM-IV. Method: In
this open clinical pilot study, EGb 761® was administered to 20 children with ADHD over 3 to 5 weeks. Dosage was increased to a
maximum of 240 mg daily if attention problems persisted. Possible drug side effects were assessed using the Side Effect Rating Scale.
Efficacy was assessed in a multilevel approach including clinical assessment, quality of life (QoL), as well as performance and preparatory
brain-electrical activity evoked during a Continuous Performance Test (Cue-CNV in the CPT). Results: A very low rate of mild adverse
effects occurred during the observation period. Following EGb 761® administration, possible improvements in QoL, ADHD core symp-
toms as well as CPT performance were detected. Improved core symptoms were positively related to elevated CNV amplitude. Conclu-
sion: This preliminary evidence suggests that EGb 761® at a maximal dosage of 240 mg daily might be a clinically useful alternative
treatment for children with ADHD, but further evidence is required before firm conclusions can be made.

Keywords: ADHD, Ginkgo biloba, complementary and alternative medicine, safety and efficiency, electrophysiology

Ginkgo biloba Extrakt EGb 761° bei Kindern mit ADHS - vorliiufige Befunde einer offenen Multi-Ebenen-Dosierungsfindungs-
studie

Zusammenfassung: Fragestellung: Unerwiinschte Arzneimittelwirkungen, fehlende Wirksamkeit und Vorurteile gegeniiber herkomm-
lichen medikamentdsen Behandlungsformen verlangen nach alternativen medizinischen Behandlungsmoglichkeiten der ADHS. Eine
erfolgversprechende, bislang kaum untersuchte Moglichkeit zur Behandlung kognitiver Aspekte ist die Gabe von Ginkgo biloba. Ziel
der vorliegenden Studie war die Priifung klinischer Wirksamkeit und deren Zusammenhang mit hirnelektrischer Aktivitit unter der Gabe
von Ginkgobiloba-Extrakt EGb 761® bei Kindern mit ADHS vom kombinierten Subtyp nach DSM-IV. Methodik: EGb 761® wurde in
einer offenen, klinischen Studie 20 Kindern mit ADHS iiber 3 bis 5 Wochen verabreicht. Die Dosis wurde bis maximal 240 mg tiglich
erhoht, solange klinisch relevante Aufmerksamkeitsprobleme bestanden. Klinische Wirksamkeit wurde auf mehreren Ebenen untersucht
und beinhaltete klinische Untersuchung, Lebensqualitit und Verhaltens- und hirnelektrische Aktivititsparameter wihrend eines Contin-
uous Performance Tests (Cue-CNV im CPT). Ergebnisse: Im Beobachtungszeitraum traten nur wenige leicht ausgeprigte unerwiinschte
Wirkungen auf. Nach Gabe von EGb 761® kam es zu moglichen Verbesserung von Lebensqualitit, ADHS-Kernsymptomatik und Leis-
tung im CPT. Verbesserungen der Kernsymptomatik waren gleichzeitig mit erhohter CNV-Amplitude korreliert. Schlussfolgerung: Die
Ergebnisse lassen vermuten, dass EGb 761® mit einer Dosis von bis zu 240 mg téglich eine vertrigliche und klinisch wirksame alternative
Behandlungsmoglichkeit fiir Kinder mit ADHS darstellt, wenngleich weitere Studien erforderlich sind, um diese vorldufigen Befunde
zu stiitzen.

Schliisselworter: ADHS, Ginkgo biloba, alternative Behandlungsméglichkeiten, Sicherheit, Wirksamkeit, Elektrophysiologie
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Introduction

Drug treatment with methylphenidate, amphetamine sul-
phate, and atomoxetine has been highly recommended
and successful in attention deficit/hyperactivity disorder
(ADHD) (Banaschewski et al., 2006). However, the side
effects, nonresponse, and prejudices against such drugs
by some parents demand more tolerable and more accept-
able treatments.

Although a lifetime prevalence of herbal therapy of
about 20% exists in child psychiatric patients (Cala, Cris-
mon, & Baumgartner, 2003), empirical research concern-
ing complementary/alternative medicine (CAM) for psy-
chiatric disorders in children and adolescents is scarce (Lo-
renc, Ilan-Clarke, Robinson, & Blair, 2009; Soh & Walter,
2008). Furthermore, the available studies have numerous
limitations (Feucht & Patel, 2011). This is all the more im-
portant because, first, several clinically relevant adverse re-
actions were reported in association with some CAMs
(about 1%; Jacobsson, Jonsson, Gerden, & Hagg, 2009)
and, second, interaction problems may arise when self-ad-
ministered herbal medicines and prescribed drugs are taken
at the same time, specifically because, third, the children’s
psychiatrists/pediatricians are usually not aware of such
use (Cala et al., 2003). Hence, more empirically based
knowledge and experience seem to be necessary, not only
in order to test CAM for clinical efficacy and effectiveness,
but also because of safety aspects, especially in ADHD.

The standardized Ginkgo biloba extract (EGb 761®h
might be one such possibility, at least inasmuch as related
to cognitive problems in ADHD. Although the exact phar-
macological mechanism is not fully understood (Nathan,
2000), a number of studies indicate positive effects in
adults, particularly in the treatment of cognition in demen-
tia (Birks & Grimley Evans, 2009; Dimpfel, Kler, Kriesl,
Lehnfeld, & Keplinger-Dimpfel, 2006; Herrschaft et al.,
2012; Itil, Eralp, Tsambis, Itil, & Stein, 1996; Rigney, Kim-
ber, & Hindmarch, 1999; Semlitsch, Anderer, Saletu, Bind-
er, & Decker, 1995; Subhan & Hindmarch, 1984; Wein-
mann, Roll, Schwarzbach, Vauth, & Willich, 2010), but
findings on ADHD are rare (Sarris, Kean, Schweitzer, &
Lake, 2011).

Additionally, electroencephalographic studies suggest
that Ginkgo biloba has vigilance-enhancing and cognitive-
ly activating effects on performance and brain electrical
activity (Dimpfel et al., 2006; Itil et al., 1996; Semlitsch et
al., 1995).

Since ADHD is characterized by cognitive dysfunctions,
the beneficial effects of Ginkgo biloba in this area may also
be helpful for treatment. Children, adolescents, and adults
with ADHD all show performance deficits in tasks tapping
executive functions such as sustained attention, response
preparation, and response monitoring. These processes can
be investigated with a continuous performance test (CPT),

which comprises a cued Go/Nogo test. Patients with
ADHD show slower and less homogeneous responses,
more omission errors indicating lapses in attention, and
false alarms related to impulsivity. The cue stimulus can
evoke brain electrical activity with a negative shift of slow
frequency located at centro-parietal sites. This contingent
negative variation (CNV) is associated with response prep-
aration and time estimation. Diminished CNV amplitude is
associated with performance problems and may be a fami-
lially driven life-long impairment in ADHD (Albrecht et
al., 2012; Doehnert, Brandeis, Straub, Steinhausen, &
Drechsler, 2010; McLoughlin et al., 2010). In addition, per-
formance is affected in ADHD when cognitive control is
required during the processing of incongruent items, which
can be tested with a modified CPT incorporating additional
flanker stimuli. Deficits in ADHD are particularly promi-
nent in this more demanding Flanker-CPT (Albrecht et al.,
2012; Valko et al., 2009), and it is expected that it is espe-
cially sensitive to therapeutic effects.

Recently, Sarris etal. (2011) provided a systematic review
of clinical trials on CAM in the treatment of children with
ADHD (Sarris et al., 2011): The only available short-term
double-blind randomized controlled trial comparing Ginkgo
biloba and methylphenidate in two groups (n = 25 each) of
children with ADHD revealed that both interventions lead to
behavioral improvement; Ginkgo biloba, however, was bet-
ter tolerated (MPH led to increased reports of headache, in-
somnia and decreased appetite) but less effective than meth-
ylphenidate (both Ginkgo biloba and MPH led to significant
improvements in the ADHD Rating Scale of Ad = 0.57 and
Ad = 1.39, respectively) (Salehi et al., 2010).

In two open studies, Ginkgo biloba extracts showed
promising preliminary results for treating the core symp-
toms of ADHD; however, the interpretation of these results
is limited by the small sample size in one study (N = 6,
Niederhofer, 2010)) and coadministration with American
ginseng extract as another CAM in the other study (Lyon
et al., 2001). Thus, further research should be undertaken
in order to overcome these inconsistent results.

Since the efficacy of treatments for ADHD should be
measured at different levels of functioning (reflecting eco-
logical validity), this multilevel dose-finding pilot study
was conducted not only to describe the behaviorally clini-
cal effects and the safety of Ginkgo biloba EGb 761® in
children with ADHD, but also to assess its effects at other
levels including performance during a sustained attention
task — while registering in parallel the brain electrical ac-
tivity during response preparation and testing whether both
levels are both statistically related to each other. In contrast
to other studies with Ginkgo biloba in children, not only a
broader psychopathological profile as well as quality of
life, but also brain electrical activity were taken into con-
sideration in order to assess treatment effects on different
levels, which may counteract the limitations of an other-
wise open pilot study

1 EGb 761° is the active substance of Tebonin® (Dr. Willmar Schwabe GmbH & Co. KG; Karlsruhe, Germany).
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Methods

Sample

From the files of the special outpatient unit on ADHD of
the Department of Child and Adolescent Psychiatry at the
University of Gottingen (Germany), 24 children with clin-
ical diagnosis of ADHD combined type were recruited
among the consecutive referrals to our outpatient clinic.
Four of the children were excluded because of missing (N
= 1) or withdrawn consent (N = 2) or susceptibility of a
secondary disorder (N = 1).

Thus, altogether 20 children (75% boys) diagnosed with
ADHD combined type according to DSM-IV who did not
tolerate or were unwilling to take methylphenidate were
included in the study. The children were aged 6 to 13 years
(mean 8.2 + 1.6 years) with a mean body height of 134 +
9.2 cm and a mean weight of 32.0 = 9.7 kg. All had a total
1Q above 80 and went to a regular school. Exclusion criteria
were pharmacological treatment within the last 2 weeks,
seizure disorder, and other disorders that may mimic
ADHD (such as disruptive behavior, anxiety, or depres-
sion) as well as other medical problems such as hyperten-
sion. The assessments within the framework of the study
were done by board-certified child and adolescent psychi-
atrists using clinical interviewing along DSM-IV and stan-
dardized questionnaires with children and parents, fol-
lowed by neurophysiological testing of the children in the
departments EEG laboratory. The protocol was reviewed
and approved by the local ethics committee. The principles
of Good Clinical Practice and the Declaration of Helsinki
were adhered to. Written informed consent of parents and
children (for the latter at least assent) was given.

Study Design

In an open single-center study, participants received Gink-
go biloba EGb 761® tablets over a period of 3 to 5 weeks.
EGb 761® is a dry extract from Ginkgo biloba leaves
(35-67:1), extraction solvent: acetone 60% (w/w). The ex-
tract is adjusted to 22.0 — 27.0% ginkgo flavonoids calcu-
lated as ginkgo flavone glycosides and 5.0 — 7.0% terpene
lactones consisting of 2.8 — 3.4% ginkgolides A, B, C and
2.6 — 3.2% bilobalide, and contains less than 5 ppm gink-
golic acids. The initial dose of 40 mg twice daily was suc-
cessively increased to 60 and 120 mg twice daily depend-
ing on efficacy and tolerability at weekly study visits. The
thus determined effective dose was then administered for
3 weeks. Dosage was increased if scores on the primary
outcome measure Attention Problems was above 1, indi-
cating clinically relevant difficulties. Figure 1 presents the
study protocol.

Possible side effects were rated by parents and children
using the Side Effects Rating Scale (SERS-D) (Lingjaerde,
Ahlfors, Bech, Dencker, & Elgen, 1987).
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Figure 1. Flowchart of the study design. After a screening,
participants received for one week a dosage of 80 mg Gink-
go biloba. If attention problems as measured by FBB-HKS
were still in the clinical range above 1, the dosage was in-
creased to 120 mg for 1 week or to a maximum of 240 mg
after another week, if attention problems persist. The effec-
tive dosage determined in this manner was then adminis-
tered for 3 consecutive observational weeks.

Behavior Ratings
Primary Outcome Variable

Any changes in parents’ assessment of their children’s at-
tentiveness between start and end of therapy were obtained
using the questionnaire FBB-HKS (part of the Diagnostic
System of Mental Disorders in Children and Adolescents
[DISYPS-KJ], a German DSM-IV-oriented rating scale for
ADHD problems; item: severity of attentive problems;
Dopfner & Lehmkuhl, 2000; Gortz-Dorten & Dépfner,
2009).

Secondary Outcome Variables

Any changes in parents’ assessment of their children’s
hyperactivity and impulsiveness as well as aggressive be-
haviors were obtained with the DISYPS-KJ FBB-HKS and
FBB-SSV, respectively (Dopfner & Lehmkuhl, 2000).
Changes in strains on family life were assessed by the Fa-
Bel (Ravens-Sieberer et al., 2001); and changes in the chil-
dren’s perceived quality of life were obtained with the
KINDL questionnaire (Ravens-Sieberer & Bullinger,
1998). The general psychopathological profile was as-
sessed using the German version of the children’s strengths
and difficulties questionnaire SDQ-D (Goodman, 1997;
Woerner, Becker, & Rothenberger, 2004).

Continuous Performance Test

The Continuous Performance Test (CPT; see Figure 2) con-
sists of a sequence of bold black letters presented with a
stimulus onset asynchrony of 1650 ms at the center of a 17"
CRT monitor against light gray background for 150 ms
each, subtending a viewing angle of 0.6° horizontally and
0.8° vertically. A response is required only if the cue (the

Z. Kinder-Jugendpsychiatr. Psychother. 42 (5) © 2014 Verlag Hans Huber, Hogrefe AG, Bern
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Figure 2. Comparison of the two CPT variants. The Con-
tinuous Performance Test comprises a sustained attention
and a Go/Nogo-Task. A sequence of letters is presented
with a stimulus onset asynchrony of 1650 ms; a response
is required only if the cue letter “O” is followed by the
target letter “X.” Additional attentional load is introduced
in the Flanker-CPT by use of additional incompatible
flanker letters.

letter “O,” 20% of all trials) is followed by a target (the
letter “X,” 10% of all trials). The impact of additional need
for cognitive control throughout all trials was assessed with
a Standard-CPT comprising only the central stimuli and a
Flanker-CPT with additional incompatible flanker-letters
(subtending approx. 2.0° viewing angle vertically). More
details can be found elsewhere (Albrecht et al., 2012;
Doehnert et al., 2008).

Electrophysiological Recording and
Processing

The EEG was registered from 27 Ag/AgCl electrodes ac-
cording to an extended 10-20 montage including FCz as
recording reference. Additional electrodes placed above
and below the right eye and at the other canthi to monitor
the electroocculogram (EOG) were recorded using Brain-
Amp amplifier (Brain Products, Munich, Germany). A
ground electrode was placed on the forehead, and the sam-
pling rate was set to 500 Hz with recording filters 0.016 to
100 Hz and a 50 Hz notch. Impedances were kept below
10 kQ.

Offline processing included downsampling to 256 Hz,
re-referencing to the average and filtering with 0.1 to
30 Hz/24 db/oct Butterworth filters. Ocular artifacts were
corrected on the unsegmented data using a linear regression
method (Gratton, Coles, & Donchin, 1983). If the ampli-
tude of any electrode exceeded =100 LV, a section —100 to
+800 ms was excluded from further analyses. Segments
—125 to 1875 ms around cue-onset without performance er-
rors were averaged, and the contingent negative variation

(CNV) was assessed as the mean amplitude 1200 to
1650 ms. All averages contained at least 15 segments.

Analyses

Changes in behavioral rating scales (including the SERS-
D) from the pretreatment to the posttreatment assessment
were analyzed with the one-sided nonparametric Wilcoxon
sign rank test. The CPT data were analyzed with a para-
metric analysis of variance ANOVA including within-sub-
jects factors Date (pretreatment vs. posttreatment), Flanker
(Standard-CPT vs. Flanker-CPT), and for the Cue-CNV
also factor Electrode (Cz vs. Pz).

The relationship between ADHD total score symptom
severity ratings by parents and the improved CPT parame-
ters was explored using percentage-standardized changes
from the preassessment to postassessment (with the preas-
sessment measurement set to 100% for each subject).
These parameters were entered into a principal component
analysis. It is expected that improvements in FBB-HKS
total score (indicated by positive percentage changes) are
correlated with improvements in response speed (negative
percentages indicating improvements) and improved Cue-
CNV (positive percentages indicate improvements, e.g., re-
duced parental ratings of ADHD severity, faster response
speed and lower error rates as well as elevated mean CNV
amplitudes in the post assessment).

Statistical power analyses were calculated using
G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007). With
conventional parameters (o set to .05 two-tailed with a
power of 1-§ = .75), the available full analysis set of 20
participants allows the detection of changes in the psycho-
pathology ratings with an effect size of d = 0.64 using non-
parametric Wilcoxon signed rank tests, and changes in the
Cue-CNV tested parametrically using analyses of variance
in the available sample of N = 13 with effect size of d =
0.8, (or d = 0.68 if also trends with o0 < .1 are considered).

Results

Safety Data

For two children, 60 mg EGb 761® b.i.d. proved to be the
effective dose, whereas all other 18 children received
120 mg b.i.d. as effective dose for 3 weeks. The 20 patients
included in the study were treated with EGb 761® over a
total period of 703 days. During this period three mild ad-
verse events were observed in three patients. Of these, eosi-
nophilia and allergic dermatitis were unrelated to the ad-
ministration of EGb 761®. Prolonged thrombin time was
unlikely related with study medication intake. Altogether,
the incidence of adverse events was 0.004 per observation
day, and no serious adverse events occurred under EGb
761®. The ratings of both parents and children of the SERS-

Z. Kinder-Jugendpsychiatr. Psychother. 42 (5) © 2014 Verlag Hans Huber, Hogrefe AG, Bern
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Table 1
Outcome measures of the full analysis sample (N = 20)

Outcome Pre! Post! Change’

Special Behavioral Scales
FBB-HKS (severity)

Total score 1.9+04) 1.5+0.7 -04+0.6
(p<.0D)
Attention problems? 2.0+05 1.6£0.7 -04x0.6
(p<.01)
Hyperactivity 1.7+£0.7 1.3+0.8 -04=x0.7
(p=.02)
Impulsiveness 20+0.5 1.5+08 -0.6+0.6
(p<.01)
FBB-SSV (severity)
Total score 0.7+0.3 0603 -0.1+0.2
(p=.01)
Oppositional-aggressive 1.5 +0.6 1.2+£0.7 -03+x04
(p<.01)
Dissocial-aggressive 02=x0.1 02+0.1 0=0.1
(p=.25
Psychopathological Profile
SDQ-D
Prosocial behavior 6.5+24 7.6+2.2 1.1+1.2
(p<.0D)
Peer problems 47+23 42+27 -08=%19
(p=14)
Hyperactivity 75+14 7021 0517
(p=241
Emotional Problems 3.0+2.0 33+£24  02+1.38
(p=.62)
Conduct Problems 34+1.7 33x14  -0.1x1.0
(p=.98)
Quality of Life
FaBel (Total score®) 11.7+1.2 11.2+12 -05+0.7
(p<.01)
KINDL (Total score®)  62.3+13.1 65.8+14.2 2.4 +10.7
p=.72)
SERS-D
Parent 33.8+21.5 263+214 -75+185
(p =.05)
Child 33.1+£20.7 253+224 -79=x145
(p=.02)

Note. 'Mean + standard deviation, 2Mean + standard deviation and
p-value of the one-sided Wilcoxon’s sign rank test, *Main dependent
variables.

D indicated lower burden from symptoms typically en-
countered as side effects with psychotropic drugs (both p
= .05, see Table 1).

Behavior Ratings and Quality of Life

After therapy with EGb 761®, significant improvements
were found for the parents’ assessment of their children’s
attentiveness (FBB-HKS attention problems, Ad = 0.78, p

<.01). Furthermore, severity of the FBB-HKS items hyper-
activity, impulsivity, and the total score for symptom sever-
ity were decreased significantly (all Ad > 0.61, p < .01,
Table 1).

The general psychopathological profile obtained with
parent-rated SDQ revealed significant improvement re-
garding Prosocial Behavior (p < .01) while Peer Problems,
Hyperactivity, Emotional Problems, and Conduct Prob-
lems remained nearly unchanged (all p > .14, see Table 1).
Moreover, improvements were also found in the FBB-SSV
Oppositional-Aggressive symptomatology ratings (p <.01)
while Dissocial-Aggressive symptoms showed probably a
floor-effect with no change (p = .25). Strains on family life
(FaBel) also improved (p < .01), but the children’s self-re-
ported quality of life measured with the KINDL remained
unchanged (p = .72).

Continuous Performance Test

Due to insufficient performance (less than 50% hit-rate or
more than 25% commission errors in cued Nogo trials, N
= 4) or an insufficient number of artifact-free Cue-trial
EEG-sweeps (less than 15 sweeps, N = 4), a total of 7 da-
tasets were excluded from the event-related potentials
(ERP) analysis. This total dropout rate of 35% is due to a
mean dropout rate of ~10% for each of the four CPT as-
sessments conducted, which is similar to other studies (Al-
brecht et al., 2012; Banaschewski et al., 2003). The exclud-
ed subjects did not differ in age (F1, 18) = 2.0, p = .18), nor
FBB-HKS total scores from preassessment or postassess-
ment or percentage change from the 13 subjects included
in the ERP analysis (all F1,18) < 1, p > .47).

Performance

Reaction times were slower for the Flanker-CPT compared
to the Standard-CPT (Flanker: F(i, 12) = 13.1, p < .01, part
n? = 0.52), but they also showed some tendency toward
improvement (p = .06 posthoc), which was not present in
the Standard-CPT (Time: F(1.12) = 2.7 p = .13, part n° =
0.19; Flanker*Time: F, 12) = 1.9 p = .19, part 0> = 0.14,
see Figure 3a).

Reaction-time variability was similar for both tasks in
both assessments (all Fj, 12) < 2.0 p > .19, d < 0.39, Fig-
ure 3b).

Omission error rate showed a trend toward an interac-
tion effect Flanker*Time (F(1,12) =3.3 p = .09, d = 0.51),
which was driven by increased omission error rate in the
Standard-CPT, but rather decreased omission error rate in
the Flanker-CPT (Figure 3c). Commission errors were
more frequent in the Flanker-CPT (F(1, 12) = 10.8 p = .01,
d = 1.05); other effects were not present (see Figure 3d).

Z. Kinder-Jugendpsychiatr. Psychother. 42 (5) © 2014 Verlag Hans Huber, Hogrefe AG, Bern
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Figure 4. Cue-CNV waveforms and topographical maps. The contingent negative variation (CNV) 1200 to 1650 ms after
cue onset is maximal over centro-parietal sites and shows an improvement in the Flanker-CPT.

Event-Related Brain Activity:
Preparatory Cue-CNV

The Cue-CNV mean amplitude showed a strong trend to-
ward an interaction effect Flanker*Time (F(1, 12)=4.0p =
.07, d = 0.55), driven by a decreased Cue-CNV in the
Standard-CPT (p = .05) and a trend toward increased CNV
in the Flanker-CPT (p = .1 one-tailed). All other main and
interaction effects were not significant (all F,12) < 1.2, p
> 31, part n* < 0.09, see Figure 3d and Figure 4).

Relation of Changes in ADHD Symptom
Severity with Flanker-Continuous
Performance Test Parameters

Since improvements were present in FBB-HKS total
score and Flanker-CPT reaction time, omission error rate

and as a tendency also for mean Cue CNV amplitude, the
percent-standardized changes from the preassessment to
postassessment (positive values indicating improve-
ments, e.g., shorter RT or more negative CN'V at the post
assessment) as well as age at preassessment were ex-
plored in a principal component analysis. A Scree test
favored a two-component solution, which explained 72%
of the total variance: improvements in response speed
and omission errors as well as the patients age loaded
particularly on the first component (which explained
39% variance). Improvements in ADHD total symptom
rating, Flanker-CPT Cue CNV mean amplitude showed
high loadings on the second component (33% explained
variance, see Figure 5 for Varimax-rotated component
loadings).
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Figure 5. Relationship of changes in ADHD symptom rat-
ings and CPT. The relationship of % normalized changes
in ADHD symptom ratings using FBB-HKS rating scales
as well as response speed and Cue-CNV mean amplitude
in the Flanker-CPT were explored. (a) A principal compo-
nent analysis revealed a two-component solution with im-
provements in FBB-HKS and Flanker-CPT Cue-CNV
loading on component 1, and response speed loading on
component 2. (b) Improvements in FBB-HKS ratings were
associated with stronger increases in Flanker-CPT CNV
(reductions in FBB-HKS and increased CNV negativity
were indicated by positive A% values, r = .45, p = .00).

Discussion

The main finding of this pilot CAM-study with EGb 761®
was that improvements of ADHD symptomatology were
positively related to elevated CNV amplitude, which may
yield interrelated effects at different assessment levels and
thus may present some preliminary evidence for the effica-
cy of Ginkgo biloba at a dosage level of up to 240 mg daily.

Concerning safety aspects, the data indicate that EGb
761® was well tolerated by the patients. The incidence of
adverse events with a rate of 0.004 per observation day was
low compared to common pharmacological treatments
such as methylphenidate (e.g., see Dopfner, Gortz-Dorten,
Breuer, & Rothenberger, 2011). Administration of EGb
761° revealed improvements at the level of behavioral rat-
ings obtained from parents for the primary outcome vari-
ables. Significant improvements were found for attention
problems. Similarly, the secondary outcome variables
hyperactivity and impulsiveness as well as some opposi-
tional defiance/conduct disorder (ODD/CD) problems also
showed improvements. This is roughly in line with previ-
ous findings in ADHD drug studies.

However, no improvements were found in the broad-
range psychopathological profile obtained with the SDQ.
The SDQ reflects several strengths and difficulties of chil-
dren whereas, the FBB-HKS and FBB-SSV ratings are
more disorder specific. This specificity may indicate that
improvements detected by the FBB ratings may go beyond
general social desirability or unspecific expectancies or bi-
as by the parents who were aware of the (desired) treatment
with Ginkgo biloba extract and might have been biased
toward positive effects. It has to be discussed how far par-
ents may well expect also specific improvements following
the treatment. Moreover, it remains open whether improve-
ments in attention problems were also present during struc-
tured school situations, which would have require addition-
al teacher ratings, lacking in this pilot study.

Furthermore, parents might expect little harm when giv-
ing CAM to their children, which might be reflected in the
lower ratings of side effects after treatment. Moreover,
there are hints that the decision to use CAM treatment in
children highly depends on the parents’ attitude (probably
positive expectations for treatment outcome and/or safety)
toward CAM treatment options (Lorenc et al., 2009). Thus,
it is ethically imperative to carefully evaluate potential
risks of CAMs in clinical studies and to inform the parents
about the results in order to prevent a misleading awareness
of the risk-benefit ratio.

Quality of life as measured by the parent-rated family
burden FaBel total score and the child-rated KINDL
showed mixed results: While parents reported significant
improvement in the FaBel, the change in the children’s
KINDL total score did not reach significance. This may be
a power issue, since the magnitude in KINDL change was
similar to a recent evaluation study of atomoxetine, which
was significant in a larger sample (Wehmeier et al., 2011).

The above-mentioned subjective effects and the related
problems for interpretation may not be present at the ex-
perimental level of this study, which reflects more objec-
tively the child’s behavior. Findings at this level of descrip-
tion may counteract the missing placebo-arm and help to
understand problems associated with ADHD in the frame-
work of neuropsychological constructs. As expected, pre-
sentation of additional incompatible flanker stimuli led to
generally slower responses, probably because of additional
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time needed for cognitive control. Under EGb 761® we de-
tected elevated response speed in the Flanker-CPT, which
is particularly sensitive to performance problems in ADHD
(Albrecht et al., 2012). Reaction-time variability as well as
accuracy were not improved. Hence, the faster responses
in the second assessment specific for the Flanker-CPT were
probably not an effect of an optimized speed-accuracy
tradeoff, but rather may reflect a performance improvement
per se. However, this may also be influenced by a retest
effect which we did not control for.

The third assessment level was evoked brain activity.
Here, we focused on an electrophysiological correlate of re-
sponse preparation. The analyzed CNV mean amplitude is of
particular importance in ADHD research. It reflects prepara-
tion and time estimation as a proximal biological factor asso-
ciated with the disorder, and its reduced amplitude may be a
life-long endophenotypic impairment in ADHD (Albrecht et
al., 2012; Doehnert, Brandeis, Imhof, Drechsler, & Steinhau-
sen, 2010; McLoughlin et al., 2010). Moreover, slow cortical
potentials are also a target for neurofeedback training in
ADHD (Gevensleben, Rothenberger, Moll, & Heinrich,
2012; Heinrich, Gevensleben, Freisleder, Moll, & Rothen-
berger, 2004), which highlights the important functional rel-
evance it may have in ADHD. In the current study, the CNV
amplitude was increased in the second assessment following
administration of EGb 761% in the Flanker-CPT, but de-
creased in the Standard-CPT. While this disordinal interac-
tion may be partly explained by possible differential motiva-
tion effects (that may have led also to a lack of performance
improvement in the Standard-CPT), the Flanker-CPT re-
vealed a relative increase in CNV amplitude as a central elec-
trophysiological parameter of preparation-related brain activ-
ity and increased response speed in the following Go trial.
However, it remains open whether this was influenced by
retest effects, as discussed for performance data.

Despite potential alternative explanations for improve-
ments of the three interrelated assessment levels studied, a
correlation of changes in the core outcome parameters be-
tween these levels would highlight that there may be a com-
mon cause for all these effects. To test this assumption, we
conducted a principal component analysis between chang-
es from preassessment to the postassessment of the core
behavioral rating parameter of ADHD symptomatology,
Flanker-CPT performance as well as CNV amplitude. In
order to differentiate spurious relationships due to common
developmental effects, also the age of the participants was
entered. The Scree test favored a two-component solution,
which explained almost 3/4 of the total variance of the five
variables. Improvements in Flanker-CPT performance as
well as age loaded on the first component — and may thus
reflect insight effects in task performance strategy. The sec-
ond component comprises changes in FBB-HKS ADHD
symptomatology at the level of behavioral ratings and
changes in preparation-related brain activity (CNV). As
these two parameters are susceptible to different limita-
tions, their correlation may index a common cause for these
improvements, not compromised by developmental trends.

Limitations

This open pilot trial has several limitations, which allow us
to speak only of a positive tendency in relation to the pos-
sible clinical efficacy of EGb 761® in children with ADHD.
Hence, the sample was quite small, and a placebo control
group and randomization were missing. There was no
blinding and no teacher report, and the observational period
was rather short. On the other hand, the present results
seem to encourage setting up a randomized controlled trial.

Conclusion

The current short-term open pilot study showed that Gink-
go biloba special extract (EGb 761®) seems to be a well-
tolerated complementary or alternative medicine for treat-
ing childhood ADHD in patients who do not tolerate or are
not willing to take methylphenidate. Treatment with Gink-
go biloba EGb 761® over a total summarized period of
more than 700 observation days revealed an incidence rate
of 0.004 adverse events per observation day without any
serious side effects. Following administration, interrelated
improvements on behavioral ratings of ADHD symptoms
and electrical brain activity related to response preparation
were detected in this open study.

Taken together, the current study provides some prelim-
inary evidence that Ginkgo biloba EGb 761® seems to be
well tolerated in the short term and may be a clinically
useful treatment for children with ADHD. Double-blind
randomized controlled trials are required to clarify the val-
ue of the presented data.

Clinical Significance

The trends of this preliminary open study may suggest that
Ginkgo biloba special extract (EGb 761®) might be con-
sidered as a complementary or alternative medicine for
treating children with ADHD. A dosage of 60 to 120 mg
twice daily seems to be adequate. But further studies on
dose-finding, clinical efficacy and safety on long-term ob-
servations are required before firm conclusions can be
drawn.
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