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Abstract It has been hypothesized that abnormalities of
information processing in migraine may be attributed to
impairment of cerebral maturation. However, the most
evidences for this hypothesis have come from cross-sec-
tional studies during childhood. We performed a longitu-
dinal study and recorded contingent negative variation
(CNV), an event-related slow cortical potential, in
migraine children (n = 27) and age-matched healthy
individuals (n = 23) in 1998 and 8 years later (2006).
Amplitudes of all CNV components were reduced and
habituation of the initial CNV (iCNV) increased in the
observed time. However, the reduction of the iCNV
amplitude was more pronounced in migraine patients who
were in remission in 2006 and in healthy subjects and less
pronounced in migraineurs with persisting headaches.
Patients with the worsened migraine demonstrated the most
pronounced loss of iCNV habituation in 1998 and signifi-
cantly increased iCNV amplitudes in 2006. This longitu-
dinal study supports the hypothesis of impaired cerebral
maturation in migraine and shows that migraine manifes-
tation is a key factor interfering with the natural maturation
process of central information processing.
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CNV  Contingent negative variation
iCNV  Initial CNV
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PINV  Post-imperative negative variation
RT Reaction time

TTH  Tension-type headache
Introduction

According to current concepts of migraine pathogenesis,
abnormal cortical excitability and altered cortical infor-
mation processing seem to represent fundamental features
of the brains of migraineurs [1]. In the last two decades, the
contingent negative variation (CNV) has been established
as an appropriate method to investigate both these features
[2]. CNV is a slow cortical, event-related potential which
can be recorded from the scalp between two stimuli
(warning [S1], and imperative stimulus [S2]) during
expectancy [3]. From a physiological point of view, the
CNV amplitude reflects the excitability of the dendritic
trees of cortical pyramidal neurons following activation in
the cortico-striato-thalamo-cortical loop [4]. If longer
(>3 s) inter-stimulus intervals are employed, sub-compo-
nents of the CNV can be separated. The initial CNV com-
ponent (iCNV, 0.5-1.0 s after S1) has been related to the
orienting response [5, 6]. The late CNV component (ICNV,
some hundred ms before S2) is believed to represent the
stimulus anticipation and response preparation [7, 8].
Migraine patients are characterized by increased
amplitude as well as reduced habituation of the CNV [9].
Especially, the amplitude of the iCNV component and its
habituation are abnormal in migraine [10-16]. In 1999,
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Kropp et al. described differences in iCNV between adult
patients suffering from migraine without aura and healthy
subjects but not children or adolescents. In the ages 15-19
years, healthy adolescents demonstrated a significant
reduction of the iCNV amplitude and a substantial increase
of the iCNV habituation. However, these developmental
changes did not occur in migraineurs [17]. It was proposed
that the described differences between migraine patients
and healthy subjects in iCNV amplitude and habituation
found in adults might be due to an impaired maturation of
sensory information processing in migraine patients
[13, 17]. The concept of impaired sensory maturation in
migraine was supported by other studies which used
measurement of the intensity dependence of auditory
evoked potentials [18, 19] and habituation of visual evoked
potentials [20, 21]. Although recent CNV studies encour-
aged the concept too, they demonstrated a lack of age-
dependent development of the ICNV but not of the iCNV
[22, 23]. Among methodological differences, the con-
tradictions between the studies may have been caused by
one important bias: most of the previous studies employed
a cross-sectional design. Thus, there is a crucial need for
longitudinal studies in order to prove the hypotheses of
migraine being a disorder of impaired sensory maturation.
The advantage of longitudinal studies was shown by
Oelker-Ax et al. [24]. The authors demonstrated lack of
development for late and total CNV in children with
migraine after 4 years follow-up.

The aim of this study was to investigate changes of the
CNV over 8 years in children and adolescents suffering
from migraine without aura as well as in healthy, age-
matched subjects using a longitudinal study design. The
changes of CNV were correlated with the clinical course of
migraine during this time.

Patients and method
Participants

A two-point longitudinal assessment was done in 1997-
1998 (T1, n = 93 participants) and 2006-2007 (T2, n = 50
participants). At T1, 45 patients suffering from migraine
without aura (age 10.37 & 2.45 years, 28 boys) and 48
headache-free control children and adolescents without
family history of migraine (age 11.33 & 2.66 years, 21
boys) were investigated. At T2, 27 (60%) migraine children
and 23 (48%) healthy controls could be followed up. The
main reason for healthy subjects dropping out was non-
compliance (lack of motivation to take part in the study
once again). The reason for migraine patients dropping out
was either loss of contact or non-compliance in a few
children. There were no differences between dropouts and
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participants according to clinical course of headache, CNV
characteristics, and psychopathological parameters at T1.
Migraine and healthy families were recruited from the
outpatient department of the University Hospital of Paedi-
atric Neurology, Kiel. Healthy children were recruited from
local schools. For details regarding the recruitment proce-
dure, diagnostic arrangements, demographic and clinical
characteristics of subjects at T1 see [13].

At T2, structured headache interviews were performed
with all subjects and the migraine diagnosis was re-eval-
uated according to the revised criteria of the International
Headache Society [25]. All diagnoses of migraine at T1
were supported using revised diagnostic criteria. In cases of
failed remission, all patients with migraine without aura at
T1 (IHS code 1.1.) still had the same type of headache at
T2. Subjects reporting both migraine and tension-type
headache (TTH) were included into the migraine group.
Some patients developed very frequent headaches (see the
group with worsened migraine) which did not fulfill diag-
nostic criteria for chronic migraine or chronic TTH.
However, chronic daily headache cannot be excluded
because of a short observation period. None of the patients
demonstrated a transformation of migraine into the TTH.
Additionally, a child-adapted prospective daily headache
diary was used to assess headache characteristics over a
four-week-period prior to the investigation [26]. The
diagnosis of migraine was validated by the headache diary
in all patients without remission. Both the diary data
(absence of migraine) and the history (no migraine head-
aches in the previous 6 months) were taken as criteria for
remission. Both criteria were fulfilled in all cases.

Demographic and clinical characteristics of participants
at T2 are presented in Table 1. Neurological and internal
medical examinations revealed no health problems
(including acute infection) other than primary headaches in
all participants. None of the subjects presented with any
psychiatric disorder, which would have fulfilled the diag-
nostic criteria of DSM-IV-TR (4th Edition, American
Psychiatric Association, Washington, DC, 2000). None of
the participants used any medication or took part in any
non-pharmacological treatment programs for at least
6 months prior to the investigation. None of the patients
took acute medication more than two times a month. Care
was taken that the time interval between the attacks and the
recording be at least 5 days as CNV amplitudes show
periodic changes in the migraine interval [11, 12]. The
influence of the current state of the participants on the CNV
was considered by recording the quality and duration of
sleep during the night before investigation, assessing mood
(subjective evaluation on the digital scale from 1 to 7),
present medications, as well as drug, alcohol and caffeine
intake on the day of recording using a standardized ques-
tionnaire. There were no differences between the groups
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Table 1 Demographic and
clinical characteristics of

Healthy subjects

Migraine patients

participants With remission Improved Worsened
No. 23 9 12 6
Men:women 10:13 4:5 9:3 4:2
Age (years) 18.1 £19 18.8 £ 2.7 19.1 £2.8 18.0 £ 2.7
Duration of disease (years) 134+ 19 13.3 £ 2.8 132+ 1.3
Days with migraine/months
T1 24 +28 36+23 224+ 13
T2 - 22422 72+62
Duration of attack (h)
Mean age and duration of 1 71431 71436 42+06
disease are given for T2. T2 - 48 +52 5.6 £25
The parameters are given as a Severity of attack from 1 to 5
mean £ standard deviation TI 47 £ 07 41£07 4208
T1 investigation in 1998, T2 ™ _ 27 4+ 2.4 51+ 06

investigation in 2006

with regard to any of these factors (one-way ANOVA and
x*: non-significant). None of the subjects had a hearing
impairment or had drunk alcohol during the 3 days before
investigation. In girls, no recordings were performed in the
premenstrual period of the cycle. Most of the recordings
were carried out in the afternoon.

The study was permitted by the Ethic Committee of the
Faculty of Medicine, University of Kiel, Germany. All
participants and their parents were instructed about the
study and written informed consent according to the Dec-
laration of Helsinki (current version, 1996) on biomedical
research involving human subjects (Tokyo amendment)
was obtained. All subjects received money as a compen-
sation for the efforts to participate and were highly
motivated.

Experimental design and recordings

CNV was recorded at T2 using the same procedure and
same equipment as at T1 [13]. All participants were seated
in an armchair with eyes open in an electrically shielded
soundproof room. The subjects were asked not to close or
move their eyes or to blink. The auditory warning (S1) and
imperative stimuli (S2) with an intensity of 75 dB were
produced by a loudspeaker located behind the subject. The
interval between S1 and S2 was 3 s. A CNV session con-
sisted of 32 trials in which the subject was to react
immediately to the imperative stimulus (GO-response). In
addition, eight trials were randomly presented in which no
reaction was expected (NO-GO-response). The warning
stimulus (S1) for the GO-response had a frequency of
/= 1,000 Hz and lasted 100 ms. The warning tone for the
NO-GO-response had a frequency of f= 200 Hz. The
imperative stimulus (S2) had a frequency of f = 2,500 Hz,

lasted a maximum of 1,500 ms and was deactivated by
pressing the button with the dominant right hand. Reaction
time was defined as the period between the onset of S2 and
the pressing of the button. S1 and S2 pairs were offered at
random intervals of 10-15 s. The duration of the recorded
epoch was 6 s (the recording began 1 s before S1 and
ended 2 s after S2). The period between recording onset
and S1 was taken as the baseline for all measurements.

The EEG was recorded using non-polarisable Ag/AgCl
electrodes over Cz according to the International 10-20
System with linked mastoids as reference. The electrode
site on the scalp was prepared with alcohol and scraped
with rough paper resulting in an electrode impedance of
less than 10 kQ. There were no differences in electrode
impedances between all investigated groups. The EEG
signals were amplified using a Nihon Kohden amplifier
with a time constant of 5 s (equivalent to a high-pass filter
of 0.03 Hz), a low-pass filter of 35 Hz and digitized at a
rate of 100 Hz for each channel. Vertical eye movement
artefacts were excluded by parallel recording of the elec-
trooculogram (EOG) using electrodes (Ag/AgCl) posi-
tioned 5 cm above and below the right eye. The trial was
rejected if EOG deflections greater than 20 nV interfered
with 5s of the EEG recording. A protocol listed the
number of rejected trials for each recording. There were no
significant differences between the groups with respect to
the number of rejected trials.

Data analysis
The GO-trials were averaged and the amplitudes of the
total CNV, the iCNV and ICNV components as well as the

post-imperative negative variation (PINV) were calculated.
The total CNV was assessed between 500 and 3,000 ms
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following S1. The iCNV was defined as the mean ampli-
tude in a window of 200 ms around the maximal amplitude
of the expectancy wave between 550 and 750 ms after S1
[27]. The ICNV was the mean amplitude during the 200 ms
preceding S2. PINV was the mean amplitude of CNV
between 500 and 2,000 ms following S2. Each recording
was divided into eight blocks of four consecutive trials to
determine the course of habituation and trends in the early
CNV amplitudes. Habituation was indicated by a negative,
whereas loss of habituation was marked by a positive slope
as calculated by linear regression (y = ax + b, where a is
the slope of habituation and b the intercept of linear
regression) [28]. This study considered only the early CNV
component of habituation data. This limitation of data is
based on the literature and on observations made in the
same group of patients as well as on the results at Tl1,
whereby only the early CNV showed habituation differ-
ences between the groups [13].

Statistical evaluation

Since the data were normally distributed (P > 0.8 in the
Kolmogorov—Smirnov test) and characterized by homoge-
neous variances (F' test), parametric tests were applied. For
clinical data, two-tailed # statistics was calculated in groups
of migraine patients. For CNV characteristics, main within-
subjects effect “Follow up” (Tl vs. T2) and between-
subjects effect “Group” (migraine patients with remission
vs. patients with improved migraine vs. patients with
worsened migraine vs. Healthy subjects) and the interac-
tion “Follow-up x Group” were determined using
MANOVA. The comparisons between the groups at T1 and
T2 were performed with one-way ANOVA. Any observed
effects in the between-subjects were evaluated with post
hoc Bonferoni tests and corrected for multiple comparisons
(P < 0.05 corrected). The comparisons between T1 and T2
for CNV parameters were performed using paired-samples
t tests and subsequent Bonferroni alpha adjustment. All
statistical evaluations were made using SPSS for Windows
11.0 (SPSS Inc., Chicago, USA).

Results
Clinical course of migraine

Table 1 represents demographic and clinical characteristics
of migraine at T1 (1998) and T2 (2006) in each group. In
the migraine group, 9 (33%) patients became headache-
free, 18 (67%) patients still reported migraine without aura.
In these patients, migrainous headaches were also docu-
mented in a headache diary. Headache frequency was taken
as a criterion for improvement or worsening of headaches.
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In most patients with enduring migraine, the headaches
improved in 12 patients (reduced frequency of migraine in
a headache diary in 2006 compared with 1998). In the other
six patients, the migrainous headache worsened over time
(increased frequency of migraine). The comparison of
headache characteristics at T1 between patients with
improved and worsened migraine and subjects who became
headache-free revealed no significant differences. Two
children from the group of healthy subjects developed
migrainous headaches and were therefore excluded from
further analysis. The CNV parameters in these children did
not differ from those in the group of migraine patients with
worsened headaches. However, larger group of newly
diagnosed subjects with migraine is needed to make con-
clusions about the value of CNV as a predictor for devel-
opment of migraine over time.

Changes in CNV characteristics

Amplitudes of all CNV components decrease over time in
healthy subjects, migraineurs with persisting headaches
and migraineurs with remission (Fig. 1). The same is true
for iCNV habituation which increases in all groups during
the follow-up (Fig. 2). The reaction time seems to decrease
with age: the older the subjects, the faster the reaction time.
Statistical analysis corroborates these statements
(Table 2). The main effect “Follow-up” was significant for
all components, habituation coefficient as well as for the
reaction time. This indicates that all CNV parameters
changed between T1 and T2. The main effect “Group” was
significant for the coefficient of CNV habituation and for
the iCNV component. This suggests that iCNV amplitude
and habituation differ between the groups either at T1 or at
T2. The interaction “Follow x Group” was significant for
both iCNV amplitude and coefficient of CNV habituation.
This means that the iCNV and its habituation undergo
different changes over time in the investigated groups.
The subsequent ANOVAs (comparisons between groups
separately for T1 and T2) demonstrated that the described
difference in the iCNV habituation occurred at T1 [F (3,
44) = 3.37; P = 0.03] and the difference in the iCNV
amplitude can be attributed to both T1 [F (3, 44) = 4.32;
P = 0.009] and T2 [F (3, 44) = 4.02; P = 0.01]. No other
significant differences between groups, neither for T1 nor
for T2, were found. Post hoc tests revealed significantly
higher coefficients of habituation in the group of migraine
patients with worsened headache compared with migrai-
neurs with improved migraine (P = 0.04, corrected) or
healthy control subjects (P = 0.02, corrected). Indeed,
patients with enduring headaches who worsened in the
8-year follow-up demonstrated pronounced loss of habit-
uation in 1998. At T1, the iCNV amplitude was signifi-
cantly increased in the group of migraine patients who
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Fig. 1 Amplitudes (mean and
standard deviation) of different
CNV components which were
determined at T1 (1998) and T2
(2006) in healthy subjects and
migraine patients (with
remission, improved or
worsened headaches). Reaction
time (mean and standard
deviations in parentheses) is
given in the figure with PINV.
P values demonstrate difference
(paired ¢ tests) between
amplitudes of the iCNV
obtained at T1 and T2. These
differences did not survive
Bonferroni alpha adjustment for
the late CNV component and
the total CNV

Fig. 2 Course of habituation of
the iCNV determined at T1
(1998) and T2 (2006) in healthy
subjects and migraine patients
(with remission, improved or
worsened headaches).
Amplitudes in eight blocks of
recordings are given as mean
and standard error. Regression
lines are supported by equations
y = A(z) x + B(up) where A is
a mean of regression coefficient
and z its standard deviation;

B an intercept and up its
standard deviation

were in remission at T2 and in migraine patients with
worsening of headaches compared with migraineurs with
improved headaches (corrected P = 0.034 and P = 0.046,
respectively). At T2, only patients with worsening of
headaches were characterized by significantly higher iCNV
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amplitudes compared with migraineurs who were in
remission at T2 (P = 0.01, corrected) and healthy subjects
(P = 0.04, corrected).

Migraine patients who were in remission at T2 and
subjects demonstrated the most pronounced
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Table 2 Results of ANOVA with the within-subjects factor Follow-up, between-subjects factor Group and interaction Follow-up x Group for
amplitudes of all CNV components, regression coefficient characterizing iCNV habituation (Hab.A) and reaction time (RT)

Total CNV Initial CNV Late CNV PINV Hab. A RT
Follow-up 24.8/<0.001 57.2/<0.001 13.2/<0.001 5.3/0.026 19.9/<0.001 31.4/<0.001
Group 2.12/0.102 5.36/0.003 2.37/0.083 0.64/0.610 3.51/0.023 1.32/0.280
Follow-up x Group 0.99/0.402 3.47/0.024 0.31/0.825 0.09/0.965 3.04/0.039 1.27/0.296

Results are given as F value/P value. Degrees of freedom for Follow-up: 1, 44; for Group and Follow-up x Group: 3, 44. Significant results are

shown in bold

reduction of the iCNV amplitude in the 8-year follow-up.
Two-tailed paired-samples ¢ tests for comparisons between
iCNV amplitudes at T1 and T2 within each group (see
Fig. 1 for the iCNV component) show that the most clear
reduction of the iCNV over time was observed in healthy
subjects and migraine patients with remission, less pro-
nounced reduction was seen in the migraine group with
worsening of headaches, and the reduction of the iCNV in
the group with improved headaches was even non-signifi-
cant. Concerning coefficient of the iCNV habituation,
migraine patients with worsening of headaches demon-
strated the most pronounced reduction of the coefficient in
the 8-year follow-up. However, not all comparisons of
habituation coefficients between T1 and T2 with t tests
survived Bonferroni alpha adjustment.

Discussion

This study provides the following main findings: (1) 33%
of migraine patients experienced spontaneous remission in
the 8 years follow-up; (2) amplitudes of all CNV compo-
nents decreased and habituation of the iCNV increased in
the observed time; (3) the reduction of the iCNV amplitude
was more pronounced in migraine patients who were in
remission at T2 and in healthy subjects and less pro-
nounced in both migraine groups with persisting head-
aches; (4) patients with worsened headache demonstrated
the most pronounced loss of iCNV habituation at T1; (5)
the iCNV amplitude at T2 differentiates patients with
worsened migraine (larger iCNV amplitude) from patients
with remission or healthy control subjects.

Prognosis of migraine in childhood and adolescents

Prospective studies have shown that migraine remits in 17—
48% of subjects, persists in 20-81% of patients, and
transforms into other types of headache in 11-37% of cases
[29, 30]. In patients with persisting migraine, the
migrainous headache improved in the majority of them [31,
32]. Our data (33% remission and 44% improvement) are
well in line with previous studies. However, we did not find
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transformation of migraine into other types of primary
headaches, unlike other studies. This discrepancy may be
explained by certain methodological features. It is impor-
tant to emphasize that the aim of our study in the year 1998
was to investigate the relationship between clinical course
of migraine, psychiatric comorbidity and neurophysio-
logical parameters in migraine families [13, 33]. The study
was conceptualized as a neurophysiological study rather
than an epidemiological one. For that purpose, only
patients with a strong diagnosis of migraine without aura
were recruited: all patients were required to use a daily
headache diary to report and document in vomiting during
migraine attacks, severe headaches accompanied by pro-
nounced disability or positive family history in addition to
the fulfillment of the IHS criteria for migraine. Recruitment
was carried out from a clinical sample of patients which
had not participated in any prior treatment programs. In the
course of the 8-year follow-up, only 18% were treated
mostly with behavioral therapy in years 1998-2000.
Therefore, the clinical course of migraine was spontaneous
in the majority of our patients. Moreover, the remission,
improvement and worsening of migraine in our study were
determined based on information from both clinical inter-
views and headache diaries which compared the clinical
course of migraine in the years 1998 and 2006. Most pre-
vious studies used only interviews or questionnaires to
assess the clinical course. Indeed, there is evidence that
patients underestimate the frequency and accompanying
symptoms and overestimate the duration and severity of
migraine attacks in interviews compared with diaries [34,
35]. In our opinion, the sample of participants in our study
is insufficient to be able to address epidemiological ques-
tions about the prognosis of migraine. However, this
sample does have advantages for use in neurophysiological
investigations.

CNV changes over time

In this longitudinal study, all components of the CNV
significantly decreased and the habituation of the iCNV
increased during the observed 8 years. These results cor-
respond with our previous cross-sectional study which
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demonstrated a pronounced reduction in the iCNV ampli-
tude and an increase in iCNV habituation with age in
healthy subjects in late adolescence and early adulthood
[17]. Indeed, healthy pre-school and primary school chil-
dren are characterized by significantly larger iCNV
amplitudes and more pronounced loss of the iCNV habit-
uation than healthy adults [13, 17]. These developmental
CNV features of children were interpreted in terms of the
influence of cerebral maturation on processes of cortical
excitability and information processing in healthy indi-
viduals [8, 13, 17, 22, 23]. Note that the longitudinal study
demonstrated all CNV components undergoing changes
and reduction over 8§ years. It seems likely that the overall
voltage of cortical negativity over the vertex decreases with
time. Since all components are influenced by maturation,
the results are difficult to interpret in terms of the func-
tional significance of each particular component. It may be
misleading to say that the reduction of iCNV and the
increase in its habituation with time may reflect the mat-
uration of orienting reactions and early motor preparation
as part of response anticipation [5, 6, 13, 36], reduction of
the ICNV may be attributed to the maturation of advanced
motor preparation and sensory attention [7, 8], and the
reduction of PINV may represent the maturation of
movement and contingency evaluation [37, 38]. It is more
likely that developmental changes influenced unspecific
mechanisms which underly all components, such as
mechanisms which regulate cortical excitability [4]. Tak-
ing into account the recent work of Bender et al. [23], it
may be suggested that the reduction of the CNV voltage
over Cz with increasing age may be due to developmental
changes in modulatory circuits of the brainstem, i.e. due to
reduced influences of the unspecific ascending reticular
formation on the excitability in the cortico-striato-thalamo-
cortical loop [3, 39]. Alternatively, our results may be
explained by increasing influence of prefrontal cortex on
thalamo-cortical circuitry, since the control function of the
prefrontal cortex matures into late adolescence/early
adulthood [40]. Finally, the described neurophysiological
changes may be related to an unspecific decrease of overall
cortical excitability with age. Different studies have shown
that the amplitudes of negative evoked potentials decrease
and positive potentials increase with increasing age [41,
42]. Event-related potential negativity is interpreted as a
representation of cortical excitability, facilitating the pro-
cessing of sensory input, while positivity is a manifestation
of neuronal inhibition [3, 4]. Therefore, sensory maturation
results in the predominance of inhibitory over facilitatory
processing seen in reduction of all negative components of
evoked potentials, including the CNV. Our data cannot
pinpoint which particular mechanism underlies CNV
changes with increasing age. One possible way to answer
this question is the analysis of age-related changes in CNV

topography [8, 23, 43]. However, the data from 1998 were
obtained only from Cz, so investigation of topography is
not possible in this study.

Differences between migraineurs and healthy subjects

Both migraine patients who were in remission in 2006 and
healthy subjects demonstrated equal trajectories of cerebral
maturation. However, migraine patients with persistence of
headaches were characterized by a less pronounced
reduction of the iCNV amplitude in the 8-year follow-up.
This longitudinal study supports previous observations
from our cross-sectional study which showed that migrai-
neurs were characterized by a delay in cerebral maturation
[17]. It seems likely that the persistence of headaches is an
important factor influencing cerebral maturation of the
iCNV. Indeed, most patients in the study of Kropp et al.
[17] suffered substantially under headaches. The burden
from migraine and active manifestation of the disease may
explain differences in iCNV amplitude between healthy
subjects and migraine patients observed in previous studies
[5, 10-17, 27, 33]. This aspect is supported by this study.
Patients with worsened migraine differed significantly from
migraineurs who demonstrated remission or healthy sub-
jects at T2 for the amplitude of the iCNV. It seems likely
that the genetic effect on CNV in migraine is compromised
by the described effect of brain maturation. Previous
studies have demonstrated a genetic contribution to the
variance of the iCNV amplitude and habituation in
migraine [13, 44]. However, this contribution may be
shown only for patients and their relatives (adolescents and
young adults) which finished maturation of brain functions
associated with CNV [44]. Therefore, age of patients and
developmental stage of their brain functions have to be
taken into account by investigation of genetic effects on
brain activity in migraine.

The influence of migraine manifestation on iCNV and
its maturation was not described for the coefficient of
habituation. Although the reduction of the coefficient in the
8-year follow-up was more pronounced in the group with
worsened migraine, this effect may be attributed to a sig-
nificantly more pronounced loss of the iCNV habituation in
this group in 1998. In 2006, all groups of migraine patients
and healthy subjects demonstrated equal iCNV habituation.
This finding is in contrast with the study of Kropp et al.
[17] which has demonstrated a clear reduction of the
habituation coefficient with age in healthy subjects but not
in migraine patients. There are different explanation for the
described differences between the study of Kropp et al.
[17] and our data. (1) At T1 and T2, we investigated
patients with a spontaneous clinical course of migraine
who were recruited from the database of the University
Hospital of Paediatric Neurology. Most children had been
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referred to the clinic for diagnosis only (only 18% were
motivated to be treated). It seems likely that migraine only
had a limited impact on quality of life in the majority of our
patients. The patients in the study of Kropp et al. [17] had
been referred to the Institute of Medical Psychology
between 1990 and 1998 for treatment. The recruitment bias
in the cross-sectional study of Kropp et al. [17] may have
misled the course of maturation of the iCNV habituation.
This bias is resolved by the employment of a longitudinal
design. (2) Although 8 years passed from the first record-
ing, the recording at T2 was the repetition. In 1998, the
children were younger and may have reacted more sensi-
tively to the novel situation associated with neurophysio-
logical recording. The impact of this at T1 may have led to
reduced CNV habituation, which subsequently normalized
at T2 in most of the subjects investigated, irrespective of
diagnosis. Moreover, a statistical regression to the mean in
all groups cannot be ruled out, because the iCNV habitu-
ation in children was minimal at T1.

This study provided an additional interesting finding:
patients with worsened migraine at T2 demonstrated a
pronounced loss of iCNV habituation at T1. It seems likely
that the iCNV habituation is associated with a poor clinical
prognosis of migraine. It is difficult, however, to estimate
the significance of this finding because of a small number
of patients in the group with worsened migraine. To prove
the validity of these observation and to investigate the
significance of other neurophysiological parameters for the
prognosis of migraine further large-scale longitudinal
studies are needed. Moreover, larger group of newly
diagnosed subjects with migraine is needed to make con-
clusions about the value of CNV as a predictor for devel-
opment of migraine over time.
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