Acta Neurol Belg (2017) 117:97-102
DOI 10.1007/s13760-016-0655-9

CrossMark

@

ORIGINAL ARTICLE

Addenbrooke’s cognitive examination test for brief cognitive
assessment of adolescents suffering from migraine with aura

Igor Petrusic' - Vera Pavlovski' - Zorica Savkovic® - Dragana Vucinic

Branislav Filipovic* - Jasna Jancic®®

3 .

Received: 28 December 2015/ Accepted: 23 May 2016/ Published online: 2 June 2016

© Belgian Neurological Society 2016

Abstract The aim of this study was to assess the role of
the Addenbrooke’s cognitive examination test (ACE-R) in
the evaluation of cognitive status in migraineurs interic-
tally. A total of 44 adolescent patients and 44 healthy
controls, matched by age and gender, have undergone
ACE-R testing. Migraineurs were additionally questioned
about migraine aura features and presence of higher cor-
tical dysfunctions (HCD) during an aura. According to the
questionnaire results, patients were subsequently divided
into HCD and Non-HCD group. ACE-R scores of migraine
patients were significantly lower than in healthy controls
(93.68 £ 3.64 vs 9691 £ 2.49; r=4.852, p <0.001).
Also, subscores of memory and verbal fluency were sig-
nificantly higher in the control population. There was no
correlation of HCD occurrence with cognitive examination
score, although Non-HCD subgroup achieved better score
(93.13 £3.91 vs 94.29 4+ 3.30; = 1.053, p = 0.298).
Findings have shown that migraineurs get lower ACE-R
test scores, with a tendency to have a poorer outcome in
more complex aura. Also, our study has revealed that the
ACE-R test is an easily administered test for brief
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assessment of cognitive status in migraineurs. Future per-
spectives could be further evaluation of ACE-R test in
larger sample size and the impact of migraine with aura on
cognitive function in adolescents.
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Introduction

According to the Global Burden of Disease Study 2013
(GBD2013), migraine is the sixth most common cause of
adult disability worldwide [1]. Although the burden of
migraine in adolescents is not easily assessed, it is con-
sidered to be substantial [2]. Taking into consideration the
fact that the prevalence of migraine in adolescents around
the world was 7-11 % [3], whereas 25 % of patients with
migraine experienced an aura [4], disability among ado-
lescent migraineurs is to be thoroughly investigated.

Long duration and frequent migraines can result in the
absence from school and can cause problems within the
family, as well as disturbance in social interactions [5].
While an impact of ictal migraine period on everyday life
could be easily understood, the effect of migraine on
interictal period is rather difficult to estimate [6]. Although
it is proved that migraineurs develop impairment in certain
cognitive functions [7-9], especially the decline in verbal
performance and attention [10, 11], the association
between the complexity of migraine attacks and interictal
cognitive impairment is yet to be investigated. Moreover,
the complexity of migraine aura showing great variety of
cortical dysfunctions (such as speech difficulties, amnesia,
dysgnosia and dyspraxia) is supposed to imply involvement
and possible disorder of cortical regions other than
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occipital lobe [12, 13]. Therefore, the impact on cognition
of these patients during the migraine-free days could be
quite significant.

However, impaired cognitive performance in migrai-
neurs with aura has not been reported in all the studies
[14-16]. These discrepancies might be due to various
reasons, e.g., insufficient sensitivity and specificity of the
neuropsychological tests conducted or a selective investi-
gation of only highly specific cognitive functions [11, 15].

The main problem with studies concerning the cognitive
impairment in migraineurs is the fact that batteries, which
assess multiple neuropsychological functions, are time
consuming. In this study, the potential role of Adden-
brooke’s cognitive examination test—ACE-R [17] (version
validated for Serbian language) was considered for the
above mentioned purpose. We chose this type of test
because it broadly and briefly examines cognitive func-
tions, which is suitable for comparing test results with
impaired cognitive functions during complex migraine
aura. A further advantage of the ACE-R is that it provides
normative data for five subscales, enabling accurate anal-
ysis of the cognitive impairment patterns. Although it is
known that ACE-R was developed for the diagnosis of
dementia [17], its implementation can be also quite useful
for mild cognitive impairment. Since ACE-R is an easily
conducted test, there should be no obstacles in using it
among adolescent population.

Therefore, the aim of this study was to assess the cog-
nitive profiles of adolescents affected by migraine with
aura, and particularly to compare the results of the cogni-
tive test of those who reported symptoms of higher cortical
dysfunctions (HCD) during an aura and those who had no
such symptoms.

Methods
Population

A total of 74 adolescents (aged 13-19 years at the
moment of the randomization) having migraine with aura,
who were admitted at the tertiary Clinic of Neurology and
Psychiatry for Children and Youth, from the beginning of
2008 till the end of 2014 (7 years), were invited to take
part in this study. The diagnosis was based on the Inter-
national Classification of Headache Disorders criteria
(2004) [18]. All participants were neurologically and
psychiatrically examined. Excluding criteria were: the
occurrence of multiple types of headache, previous or
current prophylactic therapy for migraine, motor aura
symptoms, chronic migraine, concomitant neurological or
psychiatric disorders, metabolic disease, changes in neu-
roradiological results and patients who did not respond to
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the call. Forty-four patients who had met the above
mentioned inclusion criteria were enrolled in this study. A
specially designed questionnaire [12] was used to collect
the data on migraine aura features and HCD (e.g., lan-
guage and memory impairment) during an aura (Table 1).
The patients were interviewed by a doctor (I.P. or V.P.),
experienced in headache research. According to the
questionnaire results, patients were subsequently divided
into HCD group (patients who reported at least one HCD
symptom occurring twice or more in their migraine auras)
and Non-HCD group (patients who reported only visual
and somatosensory symptoms) for additional more pro-
found analysis. All the participants and their parents gave
their written informed consent. Afterwards, elementary
and secondary school patients were selected. Then, 44
healthy controls were randomly selected and matched
with migraineurs in terms of gender and age. Neurological
and psychiatric diseases were excluded from healthy
controls. Healthy controls were used as negative control
for mild cognitive impairment testing. The Adden-
brooke’s cognitive examination—revised test (ACE-R),
was carried out at the clinic by physicians and consents
obtained from participants and school authorities.
Research protocol of this study was approved by the
review board at the clinic where the research was
conducted.

Cognitive evaluation

ACE-R test was administered to all the participants. The
ACE-R is a comprehensive and easily administered pen
and paper test of cognition which has been used in a
number of neurodegenerative diseases [19]. The test
takes between 14 and 20 min to perform and assesses
five cognitive domains: attention/orientation (18 points),
memory (26 points), verbal fluency (14 points), language
(26 points) and visuospatial abilities (16 points), giving a
total score of 100 points. ACE-R scores, subscores of
memory and subscores of verbal fluency were compared
among migraineurs and healthy controls. Subsequently,
an influence of age at migraine onset, frequency of auras
per year, aura duration, and HCD symptoms on ACE-R
scores and subscores were analyzed. Migraineurs did not
have migraine attack 7 days before nor 7 days after
testing.

Statistical analysis

The data are presented as arithmetic mean & SD or as
min—max values. The differences between ACE-R scores
and subscores were tested for significance by the inde-
pendent ¢ test. Pearson correlation was used for com-
paring the patients’ age, aura duration, and aura
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Table 1 Study questionnaire
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During the aura of your migraine attack, have you ever noticed

Shimmering or blurred dots in the visual field?

Twinkling zig-zag lines in the visual field?

Blurred vision (like looking through tick glass)?

Tunnel vision (narrowing of the visual field)?

Tingling or numbness in fingers, hand, leg, face (lips) and tongue?
Changes in colors? Did colors get brighter or paler?

Difficulties in recognizing faces, unrelated to the disturbance of vision?
Difficulties in recalling names?

Difficulties in recalling events from the past?

Difficulties in remembering events during aura?

The feeling that you have already seen events (déja vu phenomenon)?
Difficulties in speaking even when you knew what you wanted to say?
Did someone tell you that you speak gibberish?

It takes more time to find the appropriate words when you try to speak?
Difficulties in understanding speech or recognizing sounds from the environment?
Difficulties in understanding writing, unrelated to visual disorders?
Difficulties in writing that were not caused by the disturbance of vision?
Difficulties in calculating and/or memorizing numbers?

Difficulties in recognizing objects by touch?

Difficulties in performing normal movements with your hands?
Difficulties in orientation in space (in terms of left and right)?

Unawareness of one part of your body?

frequence with ACE-R score and subscores. The sig-
nificance level for the analysis was set beforehand at
5% (p < 0.05).

Results

The study included 23 females and 21 males, aged
16.09 &+ 2.05 (range 13-19) years, who all experienced
migraine with Average aura duration was
28.75 £ 16.25 min (range 5-75). Aura frequencies per
year were highly diverse with average value of
6.68 £ 6.05 (2-27 migraine with aura attack). HCD
symptoms during an aura were reported by 23 migraineurs.
We also included 44 healthy controls, matched with
migraineurs in terms of gender and age. ACE-R scores of
migraine patients were significantly lower than in healthy
controls (93.68 £ 3.64 vs 9691 4+ 2.49; = 4.852,
p <0.001). Also, subscores of attention/orientation
(17.2 £ 1.2vs 179 £ 0.3; t = 3.889, p < 0.001), memory
(24.8 £ 2.07 vs 25.59 £ 1.17; t = 2.216, p = 0.030) and
verbal fluency (10.52 £ 1.55 vs 11.93 &+ 1.63; t = 4.153,
p < 0.001) were significantly higher in the control popu-
lation. Subscores of language (25.5 £ 0.8 vs 25.6 £ 0.7,
t=0.585, p=0.560) and visuospatial abilities
(157 £ 0.8 vs 159 £ 0.5; t = 1.557, p = 0.124) did not
significantly differ between those groups. There was

aura.

neither correlation of patients’ age, HCD occurrence, aura
duration and aura frequency with ACE-R score, nor with
subscores of attention/orientation, memory, verbal fluency
and language (Table 2). Also, there was no correlation of
patients’ age, HCD occurrence and aura frequency with
subscore of visuospatial abilities, but we found positive
correlation of aura duration and subscore of visuospatial
abilities,

Patients who reported HCD symptoms (labeled as HCD
subgroup) did not differ significantly from migraineurs
without the reported HCD symptoms (labeled as Non-HCD
subgroup), although Non-HCD subgroup did achieve better
score  (93.13 £391 vs 9429 £+ 3.30; = 1.053,
p = 0.298). Subscores of attention/orientation, memory,
verbal fluency, language and visuospatial abilities did not
differ significantly between HCD and Non-HCD subgroups
(Table 3).

Discussion

The present study was conducted among adolescent
migraineurs with aura, who were treated at a dedicated
neurology clinic for children and youth of a tertiary med-
ical center. The interictal performance of migraineurs with
aura on the cognitive test was studied. The findings showed
that migraineurs got lower scores on ACE-R test.
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Table 2 Correlation between demographic/aura characteristics and test scores/subscores

Visuospatial abilities

Language subscore
subscore

Verbal fluency subscore

Memory subscore

Attention/orientation

subscore

ACE-R score

Migraineurs
(n=44)

p value

Correlation

p value

Correlation

p value

p value Correlation p value Correlation

Correlation

p value

Correlation

coefficient coefficient coefficient coefficient coefficient

coefficient

0.110
0.730

0.244

0.782

0.043

0.116

0.241

0.499

—0.105
—0.170
-0.077
0.113

0.775

—0.044
0.014

0.517

0.100

Age of patients

—0.053
0.471

0.177
0.161

—0.207
0.215

0.981

—0.004
—0.149

—0.011

0.270
0.621

0.929

-0.119 0.442

0.042

HCD occurrence

0.001

0.334

0.552

0.092

0.785

Aura duration

0.527

—0.098

0.251

-0.177

0.465 0.944

0.834

—0.033

0.675

0.065

Aura frequency

Table 3 Comparison of HCD and Non-HCD subgroups subscores on
the ACE-R test

HCD Non-HCD Statistics
subgroup subgroup
Attention/ 17.30 £ 093 17.05 + 1.46 p = 0487
orientation
Memory 2430 £250 2533 +1.28 p = 0.094
Verbal fluency 10.52 £ 1.50 10.52 + 1.63 p = 0.997
Language 2535 £ 0.88 25.67 £ 0.66 p = 0.186
Visuospatial 15.57 £ 099 15.76 £ 0.54 p = 0425
abilities

Moreover, with more complex aura there was a tendency
toward a worse outcome on ACE-R test, but due to
heterogeneity of aura characteristics it was difficult to
establish a solid interpretation.

Despite continuous endeavoring for understanding the
pathophysiological features of migraine and migraine
aura, the knowledge of migraine aura effects on daily life
are still not entirely understood, particularly with regard
to the developmental age. In an Italian cross-sectional
study, Parisi et al. suggested that the verbal skills of
school-aged children with headache were supposed to be
less developed compared to those having no headache [9].
Also, a longitudinal study conducted on migraineurs,
aged from 3 to 26 years, has reported impaired verbal
skills in migraineurs, in comparison with the control
healthy group [11]. This subtle verbal deficits exhibited
by migraineurs have a tendency to affect both high school
grades and examination scores in the future [11], but not
having any significant influence on general intellectual
functioning [8]. It is also shown that during a headache-
free period migraineurs with aura were slower than con-
trols in performing tasks requiring selective attention
[20]. Contrary to these findings, some study results
[8, 11, 21-23] imply no statistically significant impact of
headache on patients’ school work or working memory.
In the present study, we did not have access to school
activities, although it was shown that patients with
migraine with aura got lower results on the cognitive test.
Our finding is in line with the results reported by Dzoljic
et al. who surveyed 245 migraineurs among 1943 female
university-aged (18-28 years) individuals making a con-
clusion that having a migraine makes an adolescent more
susceptible to worse outcome on cognitive test [24].
However, this study is not directly comparable to ours
because of the differences in the characteristics of the
population: older age, less severe migraine and exclu-
sivity of a female gender.

Past studies showed inconsistent test results of imme-
diate and delayed memory at baseline in migraineurs
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[14, 16, 25]. Our results show significantly lower ACE-R
scores of migraineur patients compared to healthy controls,
with the accent on impaired memory, attention and verbal
fluency capabilities. The fact that there was no correlation
between ACE-R score, on the one side, and patients’ age,
HCD occurrence, aura duration and aura frequence, on the
other side, could be explained by heterogeneity of migraine
features, requiring further investigations for better
understanding.

Our data also show that non-visual neurological symp-
toms, including HCD, during the aura in adolescent’s
migraine, seem to be notable. Moreover, we previously
clearly demonstrated the variability and complexity of aura
symptoms [12]. Although the results do suggest certain sort
of weak connection between complexity of the aura and
interictal cognitive performance in migraineurs, further
investigations are needed for comprehension of this
relationship.

Cognitive performance decreases during migraine
attacks, particularly the reading and processing speed,
verbal memory and learning [26]. It is important to note
that we only tested migraineurs who did not have migraine
attack 1 week before or after testing. Therefore, our data
cannot be inferred to episodic pain, although there is some
evidence for interictal brain changes in migraineurs [27].

The main limitation of this study is that ACE-R test is
not previously validated in adolescent population, but we
find no reason that this fact should compromise the
research, especially because ACE-R test, as a high-quality
cognitive screening tool, fits our demands and is easily
administered to the teenage population. For that reason,
further similar studies are needed to corroborate our find-
ings. The scarce sample size and the use of tertiary clinic
patients could be possible limitations of this study.

Addenbrooke’s cognitive examination showed that
migraineurs with aura got lower scores; moreover, patients
with more complex aura showed a tendency toward worse
outcome on ACE-R test. This study showed potential
importance (role) of ACE-R test in brief clinical assess-
ment of adolescents with migraine with aura in detecting
mild interictal subclinical cognitive impairment. Also,
ACE-R test could be beneficial for selecting the
migraineurs with aura, who need a more thorough testing
using batteries for assessing multiple neuropsychological
functions. Future perspectives could be further evaluation
of ACE-R test in larger sample size and the impact of
migraine with aura on cognitive function in adolescents.
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