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Abstract

Cognition in absence epilepsy (AE) is generally considered undisturbed. However, reports on cognitive deficits in AE in recent
years have suggested otherwise. This review systematically assesses current literature on cognitive performance in children with
AE. A systematic literature search was performed in Pubmed, Embase, Cochrane and Web of Science. All studies reporting on
cognitive performance in children with AE were considered. In total 33 studies were eligible for inclusion. Neuropsychological
tests were classified into the following domains: intelligence; executive function; attention; language; motor & sensory-
perceptual examinations; visuoperceptual/visuospatial/visuoconstructional function; memory and learning; achievement.
Random-effect meta-analyses were conducted by estimating the pooled mean and/or pooling the mean difference in case-
control studies. Full-scale IQ in children with AE was estimated at 96.78 (95%CI1:94.46-99.10) across all available studies
and in case-control studies 1Q was on average 8.03 (95%CI:-10.45- -5.61) lower. Verbal 1Q was estimated at 97.98
(95%CI:95.80-100.16) for all studies and 9.01 (95%CI:12.11- -5.90) points lower in case-control studies. Performance 1Q
was estimated at 97.23 (93.24-101.22) for all available studies and 5.32 (95%CI:-8.27-2.36) points lower in case-control studies.
Lower performance was most often reported in executive function (cognitive flexibility, planning, and verbal fluency) and
attention (sustained, selective and divided attention). Reports on school difficulties, neurodevelopmental problems, and atten-
tional problems were high. In conclusion, in contrast to common beliefs, lower than average neurocognitive performance was
noted in multiple cognitive domains, which may influence academic and psychosocial development.
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Introduction

Typical absence seizures as occurring in childhood absence
epilepsy (CAE) and juvenile absence epilepsy (JAE) are char-
acterized by demarcated brief episodes of unconsciousness
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with generalized ~3-Hz spike-and-wave complexes, visible
on an electroencephalogram (EEG), in otherwise healthy chil-
dren (Guerrini, 2006; Myers & Fecske, 2016;
Panayiotopoulos, 2001; Tenney & Glauser, 2013). A clear
delineation of the clinical spectrum between CAE and JAE
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is challenging (Hughes, 2009; Tenney & Glauser, 2013;
Trinka et al., 2004). CAE occurs mostly between 4 and
10 years of age whereas JAE occurs between 10 and 17 years
of age. Furthermore, JAE is characterized by less frequent
absence seizures, a higher incidence of tonic-clonic seizures
and a higher drug dependency during adulthood.

Despite absence epilepsy (AE) being defined a “benign”
disorder, a high rate of initial treatment failure, associated
therapeutic side effects, development of generalized tonic-
clonic seizures and psychosocial co-morbidities in more re-
cent reports emphasize its real burden (Bouma, Westendorp,
van Dijk, Peters, & Brouwer, 1996; Caplan et al., 2008; Cnaan
et al., 2017; Glauser et al., 2010; IJff et al., 2016; Loughman,
Bendrups, & D'Souza, 2016; Masur et al., 2013).

Starting from early descriptions, cognitive performance in
AE has been considered to be normal (Adie, 1924; Currier,
Kooi, & Saidman, 1963). However, in a large randomized
clinical trial intelligence was lower than normal values, but
still within normal range (Masur et al., 2013). Nevertheless,
36% of drug-naive patients presented with attentional deficits.
Moreover, subsequent allocation to monotherapy with
Valproate was associated with more attentional dysfunction,
than allocation to monotherapy with either Ethosuximide or
Lamotrigine (Cnaan et al., 2017; Glauser et al., 2013; Glauser
et al., 2010). Nevertheless, attentional deficits persisted inde-
pendent of the allocated anti-epileptic drug treatment or sei-
zure control after 1-year of follow-up (Cnaan et al., 2017,
Glauser et al., 2013; Masur et al., 2013). These are intriguing
findings, as apart from therapeutic side effects and (inter)ictal
activity other underlying mechanisms may also affect cogni-
tion in AE (Aldenkamp & Arends, 2004; Jafarian et al., 2015;
Lenck-Santini & Scott, 2015; Nicolai et al., 2012).

The number of studies reporting on cognitive performance
in AE has been growing steadily and warrants a formal review
(Berg, Caplan, & Hesdorffer, 2011; Berg, Levy, Testa, &
Blumenfeld, 2014; Caplan et al., 2008; Cerminara et al.,
2013; Cheng et al., 2017; Conant, Wilfong, Inglese, &
Schwarte, 2010; Conde-Guzon & Cancho-Candela, 2012;
Covanis, Skiadas, Loli, Lada, & Theodorou, 1992; D’Agati,
Cerminara, Casarelli, Pitzianti, & Curatolo, 2012; Fastenau
et al., 2009; Franzoni et al., 2015; Gencpinar et al., 2016;
Guerrini et al., 2015; Henkin et al., 2003; Henkin et al.,
2005; Kernan et al., 2012; Levav et al., 2002; Lopes,
Monteiro, Fonseca, Robalo, & Simoes, 2014; Lopes et al.,
2013; Masur et al., 2013; Mostafa, Talaat, Shalaby, El-
Fayoumy, & Labib, 2014; Nolan et al., 2004; Oostrom et al.,
2003; Pavone et al., 2001; Schraegle, Nussbaum, &
Stefanatos, 2016; Shinnar et al., 2017; Sinclair & Unwala,
2007; Siren et al., 2007; Talero-Gutierrez, Sanchez-Torres,
& Velez-van-Meerbeke, 2015; Urena-Hornos et al., 2004;
Vanasse, Beland, Carmant, & Lassonde, 2005; Vega et al.,
2010; Verrotti et al., 2011; Wirrell, Camfield, Camfield,
Gordon, & Dooley, 1996). A previous meta-analysis in
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idiopathic generalized epilepsy found significant impairments
in general cognitive ability and across a wide variety of other
cognitive domains (Loughman, Bowden, & D'Souza, 2014).
Sub-analyses were available for CAE, however, only four
studies were included. Therefore, our review is aimed specif-
ically to address all studies on cognitive performance in AE.
Although, the different syndromes in idiopathic generalized
epilepsy may constitute a biological continuum, and therefore
resemble in their neuropsychological profile, specific cogni-
tive deficits may still exist. Knowledge on cognitive deficits in
AE may help clinician’s establish better neuropsychological
batteries and direct precautionary measures, as cognitive def-
icits may go unnoticed by their surroundings (Masur et al.,
2013). Therefore, this review systematically assesses current
literature on cognitive performance in children with AE.

Methods

This review adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-analysis guidelines
(PRISMA) (Moher, Liberati, Tetzlaff, & Altman, 2009). The
methods and procedures for this review are available in the
paper with additional information provided in the supplemen-
tal materials. The review was not registered prior to
conducting this review.

Selection Eligibility

Selection criteria were defined according to PICOS:
Participants = Children with AE, either defined as 3—4 Hz
spike-wave complexes or a syndromic classification of CAE
and/or JAE; Intervention/diagnostic = neuropsychological
tests (batteries) or reports on school performance;
Comparison = normative values (for example reports using
standardized scores as these represents scores relative to the
normative sample of the test) or a control group; Outcome =
neuropsychological function based reported as a median/
average score or prevalence of impairment based on cut-off
values or a direct comparison of test scores with a control
group; Design = Observational studies (cohort studies/case-
control studies) or clinical trials (depending of the design of
the clinical trial these data are also regarded as observational
data, for example baseline neuropsychological results).

Systematic Literature Search

The search strategy consisted of indexed terms and free text
words on absence epilepsy in combination with terms on ob-
servational research and clinical trials (the search in Pubmed is
provided as a Supplemental file). The following electronic
databases were searched: Pubmed (until 29-09-2017),
EMBASE (until 23-03-2017), Cochrane (until 05-04-2017)
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and Web of Science (all databases) (until 06-04-2017).
Furthermore, references of included articles were hand
searched to find additional relevant articles. In case multiple
publications were available on the same study sample or if
reports reported overlapping results, only the most recent data
were used. Only studies written in English, Dutch or Spanish
were considered. Firstly, titles and/or abstracts identified by
the search were first screened by EFW to remove any unrelat-
ed hits. Secondly, the remaining abstracts were screened by
EFW and another author (GSD or SK or MD or JH) based on
the predefined selection criteria. The second researcher was
blinded for journal, authors, title, date of publication and pub-
lication language. Any discrepancies were resolved by con-
sensus or by screening the full-text subsequently. Eligibility
assessment of full-text articles was performed by EFW and
one of the neurologists (MD or SK). Any discrepancies were
resolved by consensus or by consulting a third author.

Data Extraction

The following data were extracted: year of publication, coun-
try, study design, inclusion/exclusion criteria, number of in-
cluded patients, number of patients per cognitive assessment,
age at onset, age at the time of the study, anti-epileptic drug
use and neuropsychological tests results.

Neuropsychological test results were classified to cognitive
domains according to Baron and secondly according to the
authors of the study or consensus within our team (Baron,
2004). We distinguished the following cognitive domains: in-
telligence; executive function; attention, language; motor and
sensory-perceptual examinations; visuoperceptual/visuospa-
tial/visuoconstructional function; learning and memory.
Additionally, we included results on: achievement tests,
parent/teacher (by proxy) reports on attention or attentional
deficiency disorders; reported prevalence’s of school difficul-
ties; neuropsychological and/or neurodevelopmental
problems.

Risk of Bias in Individual Studies

Risk of bias was evaluated using a modified version of the
Newcastle Ottawa Scale made suitable for this review (avail-
able in the Supplementary Materials). Two authors (EFW &
SK) independently rated each study, and any disagreement
was resolved by consensus. For the interpretation of the total
scores we used the following cut-off values as used previously
in a systematic review (Marengoni et al., 2018). Scores >7
were considered a low risk of bias; 5 to 7, a moderate risk;
and < 5, a high risk. For the meta-analysis sensitivity analyses
were carried out by excluding studies with a score lower than
seven.

Meta-Analyses

Statistical analyses were conducted in R using the “meta”
package (version 4.8-2) and “metaphor” package (version
1.9-9) (Schwarzer, 2007; Viechtbauer, 2010). Single-arm me-
ta-analyses (a weighted pooling of the reported means includ-
ing studies without a control group) were performed by esti-
mating the weighted mean using a random effect model. For
this, we used the reported mean and calculated the standard
error (SE) for each study. In case a z-score with a 95% confi-
dence interval was reported we calculated the standard score
and its standard deviation. The estimated mean was consid-
ered significantly different from normal if the 95% confidence
interval did not include the normative mean of the neuropsy-
chological test.

In addition, a random-effects meta-analysis on the mean
difference between cases and controls was performed.
Studies that did not report usable data for pooling of results
were discarded for the meta-analyses but were included in this
systematic review. Pooling of results was conducted per neu-
ropsychological test if methodology and reporting of the re-
sults allowed a direct comparison between studies. P values of
<0.05 were considered to infer statistical significance.

The presence of small study effect and/or publication bias
was assessed by visually inspecting funnel plots for asymme-
try. In case of potential outliers, a sensitivity analysis was
performed by recalculating the effect size after removal of
these studies. Tau-squared (7°) was used to estimate the true
variance of the true effect sizes (Borenstein, Higgins, Hedges,
& Rothstein, 2017). In addition, I is reported for descriptive
purposes. Due to the limited amount of studies in the meta-
analyses we were not able to perform subsequent meta-
regressions to examine the impact of moderator variables
(Shuster, 2011; Thompson & Higgins, 2002).

Results
Selection of Studies

The study selection process is depicted in Fig. 1. A total of
3833 individual articles across all electronic databases were
screened. Additionally, nine references from selected articles
were screened for eligibility. A total of 506 abstracts were
selected for further reading, after which 351 were selected
for full-text screening. In the end, 33 articles were included
in this systematic review.

Study Characteristics
Study characteristics of the 33 included articles are listed in

Table 1. Eight articles reported on overlapping cohorts, but
were included as each article provided complementary data
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Records excluded
(n = 155)

Full-text articles excluded: (n = 281)
- No report on cognition in AE:(n = 220)
- Other language: (n = 50)

- Unavailable full-text: (n = 6)
- Other publication type: (n =5)

Full-text articles excluded: (n = 37)
- Insufficient reporting on cognitive

- Heterogenous population: (n = 22)

- Other study type: (n = 4)
- More recent report available: (n =5)

Fig. 1 Flowchart (adapted from Moher et al. (2009))

in that cohort (Berg et al., 2011; Berg et al., 2014; Henkin
et al., 2003; Henkin et al., 2005; Lopes et al., 2014; Lopes
etal., 2013; Masur et al., 2013; Shinnar et al., 2017). In total,
data were available for 29 samples. In total, 17 cohorts report-
ed only on CAE (Berg et al., 2011; Berg et al., 2014; Caplan
etal., 2008; Cerminara et al., 2013; Cheng et al., 2017; Conant
et al.,, 2010; D’Agati et al., 2012; Gencpinar et al., 2016;
Guerrini et al., 2015; Kernan et al., 2012; Levav et al., 2002;
Lopes et al., 2014; Lopes et al., 2013; Masur et al., 2013;
Mostafa et al., 2014; Nolan et al., 2004; Oostrom et al.,
2003; Schraegle et al., 2016; Shinnar et al., 2017; Siren
et al., 2007; Talero-Gutierrez et al., 2015; Vega et al., 2010;
Wirrell etal., 1996) and in 12 cohorts reports were available in
children with AE or a combination of CAE with JAE (Conde-
Guzon & Cancho-Candela, 2012; Covanis et al., 1992;
Fastenau et al., 2009; Franzoni et al., 2015; Henkin et al.,
2003; Henkin et al., 2005; Oostrom et al., 2003; Pavone
et al., 2001; Sinclair & Unwala, 2007; Siren et al., 2007;
Talero-Gutierrez et al., 2015; Urena-Hornos et al., 2004;
Vanasse et al., 2005; Verrotti et al., 2011). No studies were
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available reporting on JAE exclusively. Study sample sizes
varied from 10 to 446, with a mean of 54 participants. The
time of cognitive assessment differed from early assessment
close to the time of diagnosis to years after diagnosis. Overall
Valproic Acid (VPA) seems the most used anti-epileptic drug
in the studies. However, some studies only reported the
amount of anti-epileptic drug (AED) use (monotherapy,
polytherapy) without stating the number of patients on partic-
ular AEDs.

Based on our assessment for the risk of bias eighteen stud-
ies had a low risk of bias and eleven studies had a moderate
risk of bias. No studies were classified to have a high risk of
bias. The highest risk of bias was due to inadequate selection
and/or description of the non-exposed cohort and a small sam-
ple size.

Intelligence

Table 2 displays the neuropsychological results of the includ-
ed study per cognitive domain. Wechsler Intelligence Test for



425

Neuropsychol Rev (2019) 29:421-449

3JeIopOIA § AderoAod g Aderoyouoy (69D €1°01 OTo LTS 01 4V [01U0d-0se)  GOOT ‘e 10 ISSEUBA
dn morjoy 00T
9JBIPOIN 19,8/ VdA Aderoyjouojy  s1eak ¢1-sAep (] 6L 6% v oAndadsonoy “Te 30 SOUIOH-BUAIN
Mo I IWSH+VdA ‘S WS ¥ VdA SYI-$S T8 811-0°€ 0l T1dVf‘6dVD  [0nuod-ase) LO0T “Te 1 uanig
L00T
Q1eIOPOIN VN @9 6€l LostL 08 dV  2Anoodsonay ‘B[eMU() % JIE[oUlS
MO %L 9t AderdaA[od ‘991 Adersyiouopy (S6D 111 (68D €8y o€ HVD [eUONOdS-SSOI) 91T “[€ 10 9[SorIYdS
MO € VAA+INSE ‘11 VdA ‘T INSE ©c6 €S 91 gV [onuod-ose) 100T “Te 10 duoAeq
3JeIopOIN pay12ads 10U IV %001 6'DT6 VN 0l  AvIIogyDd  oeandadsord  ¢00T “Te 10 wonsoQ
Q1eIOPOIA %79 AderoyiAod ‘98t Aderoyiouo (€056 00 s €1 qvD  eAnoadsorg $00T “T& 10 UejoN
MO %07 DIT ‘%08 VAA (Iv) €1 (CRIR 01 HVD [BUONI3S-SSOID Y10T I8 10 BJRISON
(@av wers 1oye orr=u
Yoom | "xewi=) a3k JoO SIBAA 9>
sIsA[eue 9ge=u L10T “[e 19 Teuurys
Mo %TE VAA “%HEE LT ‘%SE INSH :UONBZILIOPURT Y Y juounean-o1y - 98e Jo s1ak 9<  9pp qv0 104 “€10T “[e 19 InseN
10T
MO %¢1 Aderoqion ‘o€ Aderoylouoy ‘%€l gV ON S0 €66 (teD €89  0¢ gV [01uod-ase) ‘€10T e 10 sedo]
M0 ¢ AderoyA[od ‘/ Aderoypouoly ‘81 AV ON (SoD oyl 91-09°¢ 8¢ dVD  [onuoo-ase) T00T “Te 10 ABAS]
MO %9¢ AderoyAlod ‘%89 Ade1oylouolN ‘%9 IV ON @6 @9 3 HVD  [01u0d-ose) T10T I8 10 ueway]
S00C
9JeIopOIA %001 VAA (€8'D ¥yl TL 4 4V [0Du0d-se)  ‘¢00T “[e 19 UDjUSH
MO VN 8L L6 (7879 8 AVD  [onuoD-ase)  GIOT “[e 10 IuLIonn
S=u
9)EIOPOIA %¢°97 Aderoerduy, ‘9, ¢ 9z Aderoypon( ‘9 ¢/ Aderoypouoiy Oy TTel [ pI=ui9—¢ 69 dvD  [onuod-ase) 910 “[e 10 reurdouen
oum dn-mof[oy JUB)SISAI-FNIp
MO BES S.AAV < %Ly S.AAVES ‘%001 Aderoykjog [ewrrurur K¢ €S 6 qV  eApoodsomdy  STOT “Te 10 IUozZueL]
MO VN VN ¥1-9 8¢ gV 2Apoadsord  600T “Te 19 neudjse,]
91BIOPOIN %001 VdA (€T I'11 LD 88 Sl dVD  [0Du0d-3se) T10T “1e 0 nedy.q
9JeIoPOIN i VN SEI-¢T  ¥el gV eAnoedsonay 7661 “[eI0 SiueAo)
T10e
‘e[opue)-oyoue)
M0 VdA %001 0T LS @nrs e HV  [01u0o-ase) 29 U0ZND-0PUO)
MO 1 INSH + VdA ‘01 VdA ‘9 ddV ON €Dosg 8-C¥ 91 dVD  [onuoo-ase) 010 “Te 19 Jueuo)
M0 9% 1¢ Aderoqpon( ‘9, Aderoglouoi ‘%, AV ON (9D S6 6TS<HI=u:c> (37 dVD  [onuoo-ase) LT0T “Te 10 Suay)
Q1RIOPOIN [ DIT+VdA ‘1 DIT Y AT ‘81 VdA VN VN T dVD  [0nuoo-ase) €10 [e 19 BIRUILId)
%€ Aderoyikjod ‘%11 PO
MO ‘%SE INSH ‘B1S VAA <-%9L Ade1oouoiN ‘%71 AV ON 6D ¥9°6 (TS S19 69 dVD  [onuoo-ase) 800¢ “Te 10 uejde)
8D +'9 VdA
M0 %1€ VAA ‘%69 INSH VN (8D 6SINST 651 qv0  eanoadsord 10T ‘T10T “[e 10 S1og
serq s18OA U1 s1eak w1 (S)
Jo ysry asnav (As) Apms ur o3y Jasuo Je 93y N uonendog  uSisop Apmg Q0URIJOY
SOIPNS PApN[OUl JO SONSLIvIORIRYD AprS | d|qe]

pringer

Qs



426

Neuropsychol Rev (2019) 29:421-449

Risk of
Bias

Age in study (SD) AED use

in years

Age at onset
(SD) in years

Z
=]
.2
s
E
=]
(=¥
o
(=9
[=]
&n
7
Q
o
z
=]
wn

-

=

Q

=

g

Q

Q

EA
Q

- B

D

=l

@ Springer

Low

No AED 13.2%, Monotherapy 63.2%,

10.5 (2.3)

6.9 (2.8)

AE 38

C

Case-control

Vega et al., 2010

Duotherapy 21.1%Polytherapy 2.6%
No AED 2, VPA 26, LTG 1, LEV 1, ESM 3, VPA->CLB 1, VPA->ESM 2,

Low

8.19

40 22(0.59)

AE before age

Retrospective

Verrotti et al., 2011

of 3

CAE

VPA->LEV 1, VPA->LTG 1, VPA->ESM 1, VPA->CLB 1
No AED 47, VPA 9, VPA + LTG 1, LTG 1 VPA+ESM 1, ESM + LTM + CBM 1 Moderate

20.4 (4.2)

572.8)

60

Retrospective

Wirrell et al., 1996

a May contain overlapping patients, however reports on neuropsychological test results did not overlap I Refer to original paper

AE, Absence Epilepsy; AED, Anti-Epileptic Drug; CAE, Childhood Absence Epilepsy; CBM, Carbamazepine; CLB, Clobazam; ESM, Ethosuximide; JAE, Juvenile Absence Epilepsy; LEV,

Levetiracetam; LTG, Lamotrigine; N, number of patients; NA, Not available; RCT, Randomized Clinical Trial; SD, Standard Deviation; VPA, Valproic Acid

Children (WISC-III) was the psychological test most often
used to assess general intelligence. Of 11 studies reporting
on full-scale 1Q, nine studies were suitable for pooling of
results (Caplan et al., 2008; Conde-Guzon & Cancho-
Candela, 2012; D’Agati et al., 2012; Gencpinar et al., 2016;
Kernan et al., 2012; Lopes et al., 2013; Masur et al., 2013;
Nolan et al., 2004; Pavone et al., 2001). The estimated mean
full-scale IQ from the single-arm random-effects meta-
analysis was 96.78 (95% CI: 94.46-99.10; 7° =7.57:F =
64.2%) for absence patients, which is significantly different
from the normative mean of 100 (Fig. 2). The mean full-scale
IQ based on a sensitivity analysis excluding studies with a
moderate risk of bias was 97.43 (95% CI: 94.43; 100.43;
7°=10.84; P = 75.9%). The estimated mean difference in
IQ points compared to a control group in seven available
case-control studies was —8.03 (95% CI: —10.45- -5.61;
T’ = 0; F= 0%). The mean difference in IQ points in a sensi-
tivity analysis excluding studies with a moderate risk of bias
was —8.52 (95% CL-11.31 - -5.73; T° = 0; I = 0%). The esti-
mated mean full-scale 1Q of the control group was 105.09
(95% CI: 101.63-108.56; T° = 17.40; I’ = 82%), which is sig-
nificantly higher than the normative mean of 100.

Out of seven studies reporting on verbal 1Q, four could be
included in the meta-analysis with an estimated mean of 97.98
(95% CI: 95.80-100.16; 7% = 0.28; I> =5.5%) and an estimat-
ed mean difference of —9.01 (95% CI: —12.11- -5.90; 7’ =
1.31; > = 12.85%) compared to controls (Fig. 2).

Out of seven studies reporting on performance 1Q, four
were suitable for meta-analytic comparison with an estimated
mean of 97.23 (95% CI: 93.24-101.22; T°=15.86; I’ =
78.7%) and an estimated mean difference of —5.32 (95% CI:
-8.27-2.36; T* = 0; I> = 0%) compared to controls (Fig. 2).

The estimated mean for the Verbal Comprehension Index
was 94.43 (95% CI: 91.11-97.75; T2 =7.39; P = 70.2%), the
estimated mean for the Processing Speed Index was 96.30
(95% C1: 93.74-98.86; T° =2.77; I = 41.9%) and the estimat-
ed mean for the Perceptual Organization Index was 97.09
(95% CI: 95.50-98.69; T>=0; I*=0%). One study, which
used the WISC-1V, reported a mean Working Memory Index
of 94.8 (SD 14.2). Sensitivity analyses by excluding outliers
based on the funnel plots did not yield different conclusions.
Results on the subtests of the Wechsler Intelligence tests are
available in Table S1. Non-verbal intelligence tests were used
in three studies. In the study with by far the largest sample of
Masur et al. (n=316) non-verbal intelligence assessed with
the TONI-3 test was significantly higher compared to the nor-
mative mean (Masur et al., 2013). Raven’s Progressive
Matrices was used by Oostrom et al. which reported no sig-
nificant difference from normative values in a small sample
(n=10) of children with either CAE or JAE (2003). A sim-
plified version of the Raven’s Progressive Matrices was used
by Cheng et al. in children with CAE (n=43) which per-
formed significantly worse compared to controls (2017).
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Executive Function

A total of eight studies assessed executive function (Cheng
et al., 2017; Conant et al., 2010; D’Agati et al., 2012;
Gencpinar et al., 2016; Henkin et al., 2005; Kernan et al.,
2012; Levav et al., 2002; Masur et al., 2013) using different
instruments. The performance of children with AE on the
STROOP test did not significantly differ from controls
(Gencpinar et al., 2016; Kernan et al., 2012; Levav et al.,
2002). Significant worse performance was noted in multiple
studies using the Wisconsin Card Sorting Test (Cheng et al.,
2017; Conant et al., 2010; Gencpinar et al., 2016; Kernan
et al., 2012; Levav et al., 2002; Masur et al., 2013), the
Category Fluency Test (Conant et al., 2010; D’Agati et al.,
2012; Henkin et al., 2005) and the Tower of London Test
(Conant et al., 2010; D’Agati et al., 2012). In two out of three
studies lower function was noted on verbal fluency with the
Controlled Oral Word Association Test (Conant et al., 2010;
D’Agati etal., 2012; Henkin et al., 2005). The control group in
the study of Conant et al. scored higher than the normative
mean; while the children with AE scored approximately aver-
age. Pooling of results was not possible for these tests due to
differences in administration of the neuropsychological test
and/or outcome reporting.

Attention

A total of eight studies assessed attention (Cerminara et al.,
2013; Cheng et al., 2017; D’Agati et al., 2012; Gencpinar
et al., 2016; Levav et al., 2002; Masur et al., 2013; Mostafa
et al., 2014; Siren et al., 2007). A large randomized clinical
trial in CAE showed impairments in attention in up to 1/3 of
patients with the Conner’s Kiddie Continuous Performance
Test in patients just started with anti-epileptic drug monother-
apy (<1 week) or before starting treatment (Masur et al.,
2013). Errors of omission (missing relevant targets) were
more common than errors of commission (responding to
non-targets). During follow-up, attentional deficits persisted
independent of anti-epileptic drug treatment or seizure control.
The study of Levav et al. used the Rosvold Continuous
Performance test and also reported diminished scores in visual
sustained attention (2002). However, in this study, the mean
age of the control group used was 12 years older than the
group with AE.

On the Trail Making Test A, the pooled estimated mean
difference compared to controls was 12.37 s (95% CI: 7.02—
17.73; *=0; P = 0%) longer for children with AE and on the
Trail Making Test B an estimated mean difference was found
of 51.48 s (95% CI: 12.49-90.46; T > =1061.59; I* = 89.9%)
(Fig. 2) (Conant etal., 2010; D’ Agati et al., 2012; Levav et al.,
2002; Mostafa et al., 2014).

Furthermore, Cerminara et al. found significantly lower
scores in some measures of alertness, divided attention,

@ Springer

impulsivity, and selective attention in CAE compared to con-
trols (2013). The divided and selective attention tasks were
characterized by more errors of omission, whereas the
impulsivity task was characterized by more commission
errors. Reaction times had significantly more variability
during the tonic arousal, phasic arousal and impulsivity task,
but not in the divided or selective attention task. Focused
attention did not differ from controls; however, Cheng et al.
(2017) did find a significantly longer choice reaction time,
which is similar to the focused attention task in the study
performed by Cerminara et al. (2013).

Mostafa et al. reported significantly lower mean scores
compared to controls in an expressive attention and receptive
attention task; however, it was not clear whether this was still
statistically significant when corrected for the 6 years age
difference with controls (2014). Siren et al. used FEPSY
auditory/visual reaction times and STIM tasks to assess atten-
tion and did not find a significant difference in this small
sample (n =10) (2007).

Language

A total of six studies assessed language (Caplan et al., 2008;
Cheng et al., 2017; Conde-Guzon & Cancho-Candela, 2012;
Henkin et al., 2003; Masur et al., 2013; Vanasse et al., 2005).
Caplan et al. reported significantly lower scores on the Spoken
Language Quotiént (SLQ) using the Test of Language
Development (TOLD) compared to a control group (2008).
Vanasse et al. used a metaphonological awareness task and
reported significant worse phonemic segmentation compared
to controls (2005). None of the other variables in this test
differed from controls.

Masur et al. and Vanasse et al. did not find a significant
difference in receptive vocabulary using the Peabody Picture
Vocabulary Test (PPVT) compared to normative values
(Masur et al., 2013; Vanasse et al., 2005). Vanasse et al. addi-
tionally used a denomination test to assess expressive lan-
guage in a small sample of 10 subjects, but this did not yield
a significant difference (2005).

The study of Conde-Guzon and Cancho-Candela in
typical AE patients reported significantly lower perfor-
mance in phonemic hearing, articulation/repetition,
denominating/narration and phonetic analysis (2012).
Comprehension and understanding of simple grammar
did not differ significantly.

In a recent study by Cheng et al. semantic comprehension
and word rhyming was not significantly worse compared to
controls (2017). Furthermore, Henkin et al. reported on audi-
tory event-related potentials and found significant increased
N2 amplitudes for phonetic and semantic processing, as well
as, a significantly increased latency for semantic stimuli for P3
compared to controls (2003).
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Fig. 2 Forest plots of the single-arm meta-analyses (weighted average)
and meta-analyses of the mean difference (difference in performance in
case-control studies). For each study the mean is represented by a square

Motor and Sensory-Perceptual Examinations

Five studies have investigated motor function (Conant et al.,
2010; Conde-Guzon & Cancho-Candela, 2012; Guerrini et al.,
2015; Henkin et al., 2005; Siren et al., 2007). Siren et al.
performed a finger-tapping test in the dominant and non-
dominant hand but did not find significant differences com-
pared to controls (2007). Conant et al. also reported normal
fine motor speed using a finger tapping test in the dominant

Heterogeneity: /2 = 0%, 2 = 0, p = 0.60
80 920 100 110 120
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Study TE seTE Mean 95%-Cl Weight
Masur et al., 2013 98.40 1.6026 98.40 [95.26; 101.54] 49.9%
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(size is proportional to the study’s weight) and the 95% confidence inter-
val (CI) is represented by a horizontal line. The overall weighted mean is
represented by a diamond shape

and non-dominant hand (2010). The control group in the study
of Conant et al. scored higher than the normative mean; while
children with AE scored approximately average. Conant et al.
also assessed complex motor control and reported worse per-
formance in AE compared to controls. Pooling of results with
the finger tapping test was not possible due to differences in
test protocols and reporting of results. Contrarily, Henkin et al.
did find a significantly lower amount of taps per trial with
finger-tapping in the right hand but not in the left-hand (2005).
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Furthermore, Guerrini et al. reported a higher prevalence of
dysgraphia in AE (21% vs. 8% for controls) and reported
diminished overall performance in a handwriting fluency test
compared to controls (2015). Conde-Guzon and Cancho-
Candela used the LURIA-battery to assess motor and sensory
functions compared to control subjects (2012). They reported
significantly lower performance in the manual subtest, but
verbal regulation did not differ from normative values.
Sensory functions such as rhythmic hearing and tactile sub-
tests were significantly worse compared to controls, while
kinesthesia and stereognosis did not differ from normative
values.

Visuoperceptual, Visuospatial,
and Visuoconstructional Function

Two studies assessed visuomotor planning and integration. Of
the studies using the Beery-VM]I, the largest study from Masur
et al. (n=106) reported a mean of 98.4 (SD 16.5), which is
well within normal limits in children with CAE younger than
6 years of age (2013). Conant et al. included a smaller subset
of patients (n = 16) and reported a significantly lower score of
89.3 (SD 6.3) compared to controls (2010). The single-arm
random effect meta-analyses for the Beery-VMI was estimat-
ed at a mean of 93.85 (95% CI: 84.93-102.76; 12:38.88;
P =93.9%), which is not significantly different from a norma-
tive mean of 100 (Fig. 2).

On the contrary, Conant et al. found significant lower per-
formance using the KABC-HM (imitation of hand move-
ments) a test for visuomotor planning and integration
(Conant et al., 2010).

Five studies have investigated visuospatial skills. In total
three studies used the Rey-Complex Test (RCFT). Nolan et al.
found significant worse performance in the RCFT compared
to normative data but did not include the average scores
(2004). Pavone et al. found lower performance in the RCFT
compared to the control group, although still within normal
clinical range (2001). Henkin, et al. did not find a significant
difference in the RCFT with the control group (2005). Cheng
et al. (2017) reported that children with CAE did not perform
worse in a 3D mental rotation test, however, Conde-Guzon
and Cancho-Candela did find significant worse performance
in the visuospatial subtest of the LURIA-DNI neuropsycho-
logical battery (2012).

Two studies assessed visual search ability. Levav et al. used
a Letter Cancellation test and reported a large difference in
completing the test compared to controls, however, the age
difference between patients with CAE and controls was
~12 years (2002). In a study by Mostafa et al. total duration
of a Visual Search Test was significantly worse compared to
controls, however, controls were 6 years older on average
(2014).
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Learning and Memory

Fourteen studies assessed memory function (Conant et al.,
2010; Conde-Guzon & Cancho-Candela, 2012; D’Agati
et al., 2012; Gencpinar et al., 2016; Henkin et al., 2005;
Kernan et al., 2012; Levav et al., 2002; Lopes et al., 2014;
Masur et al., 2013; Mostafa et al., 2014; Nolan et al., 2004;
Pavone et al., 2001; Schraegle et al., 2016; Siren et al., 2007).
Pavone et al. used the Test Of Memory And Learning
(TOMAL) and found significant impairments in the
Nonverbal Memory Index Score, Delayed Recall Index and
Kernan et al. found significant differences in the Memory for
Stories Subtest Scores compared to control subjects (Kernan
et al., 2012; Pavone et al., 2001).

Schraegle et al. reported intact verbal memory and list
learning compared to normative data using the California
Verbal Learning Test (auditory memory) (2016). However,
Kernan et al. (2012) and Henkin et al. (2005) did find signif-
icant memory impairment using this test compared to control
subjects. Kernan et al. reported a significant difference in the
total mean score, whereas Henkin et al. reported significant
differences in immediate recall, delayed recall, and retrieval.

Findings on the recall of the Rey-Osterrieth Complex
Figure Test (visual memory) did not differ compared to con-
trols, although Nolan et al. reported significant worse perfor-
mance compared to normative data (Henkin et al., 2005;
Lopes et al., 2014; Nolan et al., 2004).

In the Randomized Clinical Trial of Masur et al. the Wide
Range Assessment of Memory and Learning (WRAML) test
showed a normal Verbal Memory Index, whereas the Visual
Memory Index was abnormal (2013). In addition, Conant
et al. observed the largest differences between children with
AE and controls in picture memory and story memory subtests
of the WRAML test (2010). Nolan et al. reported normal
scores compared to normative data for all subtest of the
WRAML test in a small study (n=13) (2004).The Serial
Digit Learning Test used by Gencpinar et al. revealed a sig-
nificant difference compared to controls (Gencpinar et al.,
2016). Number recall also seems diminished in the study of
Mostafa et al., however controls were on average 6 years older
(Mostafa et al., 2014).

Lopes et al. reported normal performance on LIST learning
for words (2014). Masur et al. reported a Sentence Repetition
mean standard score of 9.2 which is significantly lower com-
pared to a normative mean of 10 in children with CAE youn-
ger than 6 years of age (2013). Conde-Guzon and Cancho-
Candela reported impairments in immediate (short-term)
memory and logical memory in typical absence epilepsy com-
pared to controls (2012). The performance on several other
memory tests (Corsi Block Tapping Test (D’Agati etal., 2012;
Lopes et al., 2014), Visual Aural Digit Span Test (Gencpinar
etal., 2016), Rey Auditory Verbal Learning Test (Levav et al.,
2002), Spatial Memory Test (Mostafa et al., 2014), Incidental
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Verbal Memory Test (Mostafa et al., 2014), STIM-tasks (Siren
et al., 2007) and Doors and People (Kernan et al., 2012) did
not differ in performance from control subjects.

Achievement

Five studies used an achievement test (Cheng et al., 2017;
Conant et al., 2010; Conde-Guzon & Cancho-Candela,
2012; Masur et al., 2013; Vanasse et al., 2005). Masur et al.
(2013) and Conant et al. (2010) reported on arithmetic, read-
ing and spelling ability using the Wide Range Achievement
Test-3. On arithmetic, the estimated mean was 96.92 (95% CI.:
95.26-98.57; T* =0; > =0%) (Fig. 2). On spelling, the esti-
mated mean did not differ from normative data 100.79 (95%
CL: 99.23-102.35; T°=0; > =0%). However, the estimated
mean on reading was 101.91 (95% CI: 100.34-103.48; =
0; > =0%). Vanasse et al. investigated reading ability in a
small group (n = 10) and found lower scores across a regular,
irregular and non-word reading task, albeit only the regular
word reading task was significantly different from the control
group (2005). The post-hoc administered Alouette reading
task showed a mean reading deficit of 25.7 months (SD
14.28) in children with CAE.

In children with CAE, 40-50% had more than 1-year delay
in school grade levels compared to 10% of the control group.
Conde-Guzon and Cancho-Candela found significant worse
performance in writing, reading, numerical structure and ar-
ithmetic abilities compared to controls using the LURIA-DNI
battery (2012).

Reports on Attention or Attentional Deficiencies (by
Proxy)

Vega et al. reported attentional problems, especially forgetful-
ness and distractibility to be more prevalent in children with
CAE compared to controls using the Behavior Assessment
System for Children (2010).

The prevalence of attentional problems in 38% of chil-
dren with AE differed significantly compared to 16% in
control subjects assessed with the Child Behavior
Checklist (CBCL) in the study by Caplan et al. (2008).
However, Shinnar et al. (2017) reported a lower percent-
age of 15% clinically significant attentional problems in
CAE compared to the study of Caplan et al. (2008) but
used a higher cut-off value. Conant et al. (2010) and
Shinnar et al. reported similar mean scores on attention,
which in the study of Conant et al. was significantly
higher than controls. Caplan et al. also reported a higher
prevalence of 37% with a diagnosis of attentional deficit
hyperactivity disorder (ADHD) versus 6% in control sub-
jects in their population (2008). Shinnar et al. estimated a
26% prevalence of ADHD in drug-naive children with
CAE (2017).

Prevalence of School Difficulties

Four studies reported on school performance (Berg et al.,
2014; Covanis et al., 1992; Oostrom et al., 2003; Urena-
Hornos et al., 2004). Urena-Hornos et al. reported school
problems in 12 out of 49 (24%) children with AE using a
telephonic follow-up assessment (2004). Covanis et al.
reported a low average school achievement in 65 out of
124 (52%) children with CAE (1992). Berg et al. reported
that 13 out of 57 (23%) CAE patients had already re-
ceived special education prior to diagnosis of epilepsy
(2014). Oostrom et al. reported special educational assis-
tance in 7 out of 10 children with either CAE or JAE
(2003).

Miscellaneous Data on Neurodevelopmental
Problems

Four studies assessed the prevalence of neuropsychological
and/or neurodevelopmental problems (Berg et al., 2011,
Fastenau et al., 2009; Sinclair & Unwala, 2007; Wirrell
et al., 1996). In the study of Berg et al., neurodevelopmental
disorders (Table 2) were present in 13 out of 51 (26%) patients
(2014). Fastenau et al. reported that 32% of 38 patients had at
least one neuropsychological deficit in at least one domain
(see Table 2) (2009). Sinclair & Unwala reported intellectual
disability in 22% out of 119 children with CAE. Subgroup
analysis showed intellectual disability in 16% of children with
typical absences and 33% of children with AE and additional
atypical features (2007). Wirrell et al. reported cognitive dif-
ficulties at presentation in 24% out of 58 children with AE
(1996).

Discussion

The aim of this review was to systematically assess the
literature on cognitive performance in AE. Children with
AE are regarded to have cognitive functioning within nor-
mal range (Adie, 1924; Currier et al., 1963). Nevertheless,
we found multiple studies reporting lower cognitive per-
formance across a wide spread of cognitive domains.
However, the exact degree of impaired cognitive function-
ing is difficult to estimate as the methodologies across
studies vary and multiple neuropsychological tests have
been used, which hampers comparisons between studies.
Moreover, it is currently difficult to distinguish momen-
tary effects on cognitive performance during the active
stage of AE from long-lasting effects on cognitive func-
tioning, as most studies reported on cognitive perfor-
mance at different time-points after seizure onset. Some
studies tested prior to introduction of anti-epileptic drug
treatment, while others reported on a mixed population of
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children on or off anti-epileptic drug treatment and with
or without ongoing seizures.

Intelligence

Full-scale 1Q was estimated to be approximately three points
lower on average compared to normative values. It is impor-
tant to note that, although average performance in intelligence
measures are statistically lower, the pooled averages still fall
well within normal values. However, in case-control studies,
the mean difference is larger with a difference of ~8 points in
full-scale 1Q, ~9 points in verbal 1Q and ~5 points in perfor-
mance IQ. There may be several explanations for these results.
The mean 1Q of the control subjects was significantly higher
than normative values, which may simply resemble a higher
average 1Q in the studied population or geographical area.
However, it may be due to exclusion of patients with a low
IQ in several case-control studies (Caplan et al., 2008;
D’Agati et al., 2012; Gencpinar et al., 2016; Henkin et al.,
2005; Kernan et al., 2012; Lopes et al., 2013). Another expla-
nation for a higher IQ in controls may be bias due to conve-
nience sampling (e.g. children from academics), although this
was not evident based on the methods used for the recruitment
of control subjects in these studies. However, the estimated
mean IQ in the single-arm meta-analysis in patients with AE is
less subject to bias due to sampling error as a far larger pro-
portion of the total population is being tested. Moreover, the
estimated true variance (7°) for the single-arm meta-analyses
was totally dependent on the three studies (Caplan et al., 2008;
Conde-Guzon & Cancho-Candela, 2012; Kernan et al., 2012)
with the highest mean 1Q scores in AE and controls. The
estimated true variance (7°) was small for the pooled differ-
ence in case-control studies.

Executive Function

Lower than average performance in executive functioning was
noted in cognitive flexibility, planning and verbal fluency
(Cheng et al., 2017; Conant et al., 2010; D’Agati et al.,
2012; Gencpinar et al., 2016; Henkin et al., 2005; Kernan
et al., 2012; Levav et al., 2002; Masur et al., 2013).
Howeyver, not all tests were indicative of lower executive func-
tioning as results on the STROOP test did not differ.

Attention

There are clear indications for a lower performance in attention,
such as sustained attention, selective attention and divided at-
tention. From our meta-analysis, we can conclude that trail mak-
ing A and B scores take significantly more time to perform by
children with AE compared to controls, especially when atten-
tional shifts (divided attention) are necessary. The estimated true
variance (77) for the trail making test B was high, however, this
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may be explained by differences in study design, as the study by
Levav et al. reported in children >13 years of age, which would
probably require less seconds to finish the test than younger
counterparts in the other two studies. Furthermore, in the study
by Masur et al. sustained attention was mostly affected due to
attentional lapses (errors of omission) rather than reflecting dis-
inhibition (errors of commission) (2013).

Language

Results on specific language tests are of particular interest, as
verbal IQ was estimated to be lower in case-control studies,
and a relatively low mean verbal comprehension index (in
children >6 years of age) was reported in the study by
Masur et al. (2013). However, receptive vocabulary was not
affected with the Peabody Picture Vocabulary Test in the study
by Masur et al. (Masur et al., 2013). Two studies with a decent
sample size raise concerns regarding expressive language as
found by Caplan et al. (although average functioning is still
within normal clinical range) and Conde-Guzon & Cancho-
Candela (Caplan et al., 2008; Conde-Guzon & Cancho-
Candela, 2012). However, these two studies were character-
ized by relatively high verbal IQ’s in controls. Therefore, data
on language tests in AE remains inconclusive, but warrants
further research.

Motor Function

Studies on simple motor tasks were inconclusive (Conant
et al., 2010; Henkin et al., 2005; Siren et al., 2007).
Complex motor tasks may be impaired but were only assessed
in one study (Conant et al., 2010) and the control group was
characterized by higher scores than the normative mean.
Furthermore, one study found a higher prevalence of
dysgraphia and diminished performance in handwriting fluen-
cy. These findings were associated with abnormal neurophys-
iological findings, which led the authors to conclude that these
patients had a form of dystonic dysgraphia. Interestingly, 12
out of 17 patients with initial dysgraphia were re-tested 5-years
later and showed resolution of dysgraphia and improved hand-
writing skills. In addition, Conde-Guzon and Cancho-Candela
also reported worse performance in a writing test (2012).

Visuoperceptual, Visuospatial,
and Visuoconstructional Function

Visual-motor integration from the Beery-VMI test did not
differ from the normative mean in our meta-analysis, although
only two studies were available. The lower mean score in the
Beery-VMI in the study by Conant et al. may be due to a small
study effect. Studies on visual search tests and visuospatial
skills remain inconclusive (Cheng et al., 2017; Conde-
Guzon & Cancho-Candela, 2012; Henkin et al., 2005; Levav
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et al., 2002; Mostafa et al., 2014; Nolan et al., 2004; Pavone
et al., 2001). Indeed, visual-spatial thinking ability in the
meta-analysis of Loughman et al. in idiopathic generalized
epilepsies did also not differ significantly in case-control stud-
ies (2014).

Learning and Memory

Results on memory have yielded inconclusive results. The
largest study on memory by Masur et al. suggests lower visual
memory function, although still within normal clinical range
(2013). However, other studies on non-verbal memory tests
have overall found average performance (Conant et al., 2010;
D’Agati et al., 2012; Gencpinar et al., 2016; Henkin et al.,
2005; Kernan et al., 2012; Lopes et al., 2014; Nolan et al.,
2004; Pavone et al., 2001; Siren et al., 2007). Furthermore,
studies on verbal memory mostly showed normal perfor-
mance (Levav et al., 2002; Lopes et al., 2014; Schraegle
et al., 2016). Nevertheless, some studies using subtests for
memory for stories and with the California Verbal Learning
Test did find lower performance compared to controls (Conant
et al., 2010; Henkin et al., 2005; Kernan et al., 2012).
Howeyver, the observed differences with controls in these stud-
ies might suggest a sample bias related to a higher functional
level of the controls. Only, one study found an overall lower
than average performance in memory functioning, especially
in short-term auditory, visual memory and logical memory,
although this study was also potentially characterized by a
better than average control group as reflected by the perfor-
mance of the control group on the WISC-R (Conde-Guzon &
Cancho-Candela, 2012). Sentence repetition was lower com-
pared to the normative mean in the study by Masur et al.
(2013), although scores still fall within normal clinical range
and may be related to attentional deficits.

Achievement

Arithmetic ability may be vulnerable based on our meta-
analysis of the WRAT-3 test, although test scores fall within
the normal clinical range. Nevertheless, arithmetic ability was
also worse compared to controls in children with AE in the
study by Conde-Guzon and Cancho-Candela (2012).
Evidence regarding reading ability, is contradictory, as the
meta-analysis on the WRAT-3 test was not significantly lower,
but other reading tests by Vanasse et al. (2005) and Conde-
Guzon & Cancho-Candela (2012) did report worse perfor-
mance compared to controls.

By Proxy (Parent-Reported Functioning)
Studies using parental questionnaires also point towards atten-

tional problems and a higher prevalence of attentional deficit
hyperactivity disorder.

Prevalence of School Difficulties

School difficulties seem more prevalent in patients with AE
than in the normal population, as the three largest studies
reported school difficulties in 23% to 52% (Berg et al.,
2014; Covanis et al., 1992; Urena-Hornos et al., 2004).

Prevalence of Neuropsychological and/or
Neurodevelopmental Problems

A prevalence of neuropsychological and/or
neurodevelopmental problems were found in approximately
22% to 32% of the patients with CAE (Berg et al., 2014;
Fastenau et al., 2009; Sinclair & Unwala, 2007; Wirrell
et al., 1996).

General Discussion

Cognitive deficits in one area may be related to the perfor-
mance in another cognitive domain. Masur et al. reported a
direct sequential effect among attention, memory, executive
function, and academic achievement (2013). Therefore, the
emergent pattern of clear attentional deficits in a proportion
of children with absence epilepsy may influence performance
in other cognitive domains. Nevertheless, the overall pattern
suggests vulnerabilities in intelligence, attention and execu-
tive function. Less conclusive results were found for
(expressive) language, motor function, visuo-perceptual func-
tioning and learning & memory. Ultimately, vulnerabilities in
cognitive domains may impact neurocognitive development
and lead to more academic difficulties.

How children with AE mature into adulthood is far less
researched. The few studies that have investigated cognitive
function during adulthood in patients with AE suggest that
lower performance on neuropsychological tests may persist,
but current studies are small in sample size. A study in (n = 10)
adults with CAE in remission reported a full-scale IQ of 92
(69-99), a performance 1Q of 85 (66—117), with particularly
low scores in the picture arrangement, block design and object
assembly subtests of the WAIS-R (Hommet et al., 2001).
Language and executive function were also tested using spe-
cific tests, but did not differ with a control group. Recently
Loughman et al. reported on cognitive function using the
Woodcock-Johnson-III test of cognitive abilities in an adult
population of genetic generalized epilepsy syndromes, includ-
ing CAE (n=10) and JAE (n =21) patients (2017). This study
reported lower scores on brief intellectual ability, crystallized
intelligence, new learning/memory and speed of processing
(Loughman, Bowden, & D'Souza, 2017). In conclusion,
neurodevelopment may ultimately differ in AE, as a study also
found abnormal cortical thickness connectivity in various re-
gions after in young adults with a history of CAE (Curwood
etal., 2015).
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What the impact may be on their working careers and psy-
chosocial well-being is another important question. In a tele-
phone follow-up study, 25% of 52 retrospectively identified
patients of 11 to 36 years old with CAE had a history of
psycho-pedagogical help (Martinez-Ferrandez et al., 2017).
Another study in patients focusing on long-term psychosocial
outcome in juvenile myoclonic epilepsy (JME) with a mean age
over 60 years used AE patients as an epilepsy matched-control
group (Holtkamp, Senf, Kirschbaum, & Janz, 2014). To the
surprise of the authors, a significantly lower amount of patients
with a history of AE accomplished a university degree com-
pared to controls. Nevertheless, the overall psychosocial out-
come of this study was favorable. However, another study com-
pared a group of patients with theumatoid arthritis to patients
with CAE and similar impact of “chronic disease” (Camfield &
Camfield, 2007). Young adults with a history of CAE were
more prone to working in jobs requiring minimum education,
having more behavioral problems and psychiatric consultations.
Therefore, the potential impact later on in life cannot be
underestimated and deserves further scientific attention.

Cognitive findings may also be related to (inter)ictal
activity, pharmacological effects or another underlying
(genetic) vulnerability, but disentangling all factors may
not be feasible. The use of valproate was associated with
attentional dysfunction in the study by Masur et al.
(Cnaan et al., 2017; Dlugos et al., 2013; Glauser et al.,
2010; Masur et al., 2013). In addition, seizure duration of
more than 20 s correlated well with attentional dysfunc-
tion and errors of omission (Dlugos et al., 2013). In the
prospective cohort study of Caplan et al. verbal IQ was
associated with duration of illness and AED treatment.
Moreover, ADHD was associated with the duration of
illness and seizure frequency (2008). However, these as-
sociations have not been consistent across the literature.

Insights into possible underlying mechanisms are starting to
be unraveled in recent years. Multiple studies using advanced
magnetic resonance imaging (MRI) techniques in AE have for
example found differences in brain regions or networks which
are associated with executive function (Bai et al., 2011;
Berman et al., 2010; Caplan et al., 2009; Carney, Masterton,
Flanagan, Berkovic, & Jackson, 2012; Curwood et al., 2015;
Li et al., 2015; Luo et al., 2014; Tosun, Siddarth, Toga,
Hermann, & Caplan, 2011; Zhang et al., 2014), attention
(Berman et al., 2010; Killory et al., 2011; Li et al., 2015; Luo
et al., 2011; Luo et al., 2014; Zhang et al., 2014) and expres-
sive language (Bai et al., 2011; Caplan et al., 2009; Curwood
etal., 2015; Holmes, Brown, & Tucker, 2004; Luo et al., 2011;
Tosun et al., 2011; Tucker, Brown, Luu, & Holmes, 2007).

Limitations

We opted to use single-arm meta-analyses and/or a meta-
analysis of the difference between cases and controls.
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This was chosen as sampling error may be of greater
influence in a relatively small sample of the normal pop-
ulation, than it would be to estimate the true mean in AE,
as a larger proportion of the group is likely to be included
in a given geographical area. In addition, some studies did
not match a control group specifically to children with AE
as other types of epilepsy were also included. Therefore,
residual confounding may still be present in those studies
where there is a large age difference between patients with
AE and controls. Some studies may have included pa-
tients with AE, which may have concomitant features,
such as myoclonic jerks or atypical features. Also, some
of the included studies focused on multiple epilepsy
groups and therefore the findings of sub-analyses in pa-
tients with AE were often underpowered. Furthermore,
some studies were relatively small in sample size and
may be subject to a small-study effect. Importantly, mul-
tiple comparisons may have yielded false-positive find-
ings (type 1 errors) in the included studies. Furthermore,
the Flynn effect, which is a tendency of 1Q to rise by ~3
points per decade on average, may have a small but sig-
nificant bearing on our results (Trahan, Stuebing, Fletcher,
& Hiscock, 2014). Unfortunately, inconsistent reporting
of neuropsychological test results across studies hindered
comparison between studies and pooling of results.
Granting that cognitive domains may overlap, assigning
neuropsychological tests to a specific cognitive domain
may lead to an oversimplified view.

Future Work

Future work should focus on large (multi-center) long-term
observational studies to assess cognitive development and to
identify children with AE most at risk for neuropsychological
co-morbidity. Importantly, this may clarify whether repeated
neuropsychological tests could be helpful and how cognitive
development differs from healthy peers. Emphasis should be
made to characterize children with AE according to semiolo-
gy, EEG characteristics, and epilepsy syndrome. Especially
separate reporting in JAE is lacking. Early identification of
children with concomitant cognitive dysfunctions may help
health care workers to initiate additional supportive programs,
as well as communicate vulnerabilities and discuss teaching
strategies with their school. A broad neuropsychological test
battery, focusing on executive functioning, attention and ver-
bal abilities should be used. Ideally, this should ideally be
done before the start of anti-epileptic drugs and repeated at
least once to track cognitive development. Given that cogni-
tive dysfunctions may be case-specific, personalized support-
ive programs may be most useful, which may be discussed in
a multidisciplinary team, consisting of at least a neurologist,
neuropsychologists and a school expert.
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