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ABSTRACT – Aims. To investigate whether theory of mind (ToM), an impor-
tant requirement for adaptive social functioning, is different between
children with pharmacologically refractory epilepsy who undergo epilepsy
surgery and healthy control children, whether ToM is affected by epilepsy
surgery in these children, and whether ToM is associated with demographic
or epilepsy variables. Methods. The “ToM storybooks”, a psychometrically
sound ToM instrument designed for children, was administered shortly
before and 0.5, one and two years after surgery as part of a neuropsycho-
logical assessment. Fifteen patients (mean age: 7.1 years) completed the
ToM storybooks before and at least twice after surgery. Two sex- and age-
matched healthy control children were included per patient. Linear mixed
models were used to analyse differences between patients and controls.
The association between ToM and demographic, epilepsy and surgical vari-
ables was explored. Results. Patients had lower ToM scores than healthy
control children, even when corrected for verbal intelligence quotient
(VIQ). Epilepsy surgery had neither a harmful nor a favourable effect on
ToM. Later epilepsy onset and temporal origin of epilepsy were associated
with higher (better) ToM scores relative to earlier epilepsy onset and extra-
temporal epilepsy (including hemispherotomy in one case). Children in
whom the amygdala was resected had worse ToM scores. Conclusion. Chil-
dren with refractory epilepsy have a ToM deficit that may not be accounted
for by lower VIQ. Epilepsy surgery does not affect ToM functioning. Younger
age at epilepsy onset is associated with poorer ToM, and temporal epilepsy
with better ToM. Finally, the amygdala is implicated in ToM deficit. Patients
and their parents should be educated about the possible consequences of
epilepsy with regards to the development of social cognition and should
be guided in order to help improve ToM.

Key words: theory of mind, social cognition, child, refractory epilepsy,
epilepsy surgery
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behavioural problems; one child belonged to an ethnic
heory of mind (ToM) is an important ability for
ocial functioning from early childhood onwards. ToM
nables one to be able to attribute “mental states” such
s feelings, intentions, beliefs, and desires to others
nd to oneself. ToM allows one to predict behaviour
f others and to adapt one’s own actions when inter-
cting with others (Frith and Frith, 2006; Wellman, 2014).
or example, when a girl is nearly three years old and
hooses a birthday gift for her father, she will proba-
ly pick a doll for him, not being able to differentiate
etween her own and her father’s desires. This latter
bility typically develops between the ages of three to
ve years (Pons et al., 2004). A famous example of a
oM task is the “Sally and Anne” test (Wimmer and
erner, 1983; Baron-Cohen et al., 1985). Sally and Anne
re in a room. Sally has a basket and Anne has a box.
ally puts a marble in her basket and leaves the room,
fter which Anne takes the marble out of Sally’s bas-
et and puts it in her own box. Then Sally returns.
he examiner asks the child where Sally will look for
he marble. If the child lets Sally search in the place
here she left the marble (rather than where it actu-

lly is, in the new location), his/her answer reflects an
wareness of the difference between factual and men-
al reality, an appreciation that Sally entertains a “false
elief”. Understanding the difference between reality
nd thinking, dreaming, and fantasizing can, simi-
arly, be conceived as a ToM ability (Blijd-Hoogewys
t al., 2008).
anguage comprehension is highly related to ToM
unctioning and can be considered an essential skill
or developing ToM (Astington and Baird, 2005; Villiers
nd Villiers, 2014).
oM deficits have often been reported in adults with
pilepsy, especially in patients with temporal lobe
pilepsy (Broicher et al., 2012; Wang et al., 2015;
teward et al., 2016). Several neuroanatomical regions
nd networks have been suggested to be involved
n ToM, including parts of the prefrontal cortex and
uperior temporal sulcus (for a review, see Carrington
nd Bailey, 2009). The amygdala, in particular, has been
escribed as crucial in the cerebral mediation of ToM

Fine et al., 2001; Shaw et al., 2004). However, surgery to
reat temporal lobe epilepsy in adults appears to nei-
her improve nor worsen ToM functioning (Giovagnoli
t al., 2016).
espite its developmental significance in every-
ay functioning, research on ToM in paediatric
pilepsy patients is scarce. ToM is vulnerable even

n children with “epilepsy only” and this can-
pileptic Disord, Vol. 21, No. 2, April 2019

ot be explained by lower intelligence (Lew
t al., 2015; Lunn et al., 2015). Furthermore, a later onset
f epilepsy is associated with better ToM function-

ng, whereas antiepileptic drug use is not related to
oM functioning (Lew et al., 2015; Lunn et al., 2015).
ffects of surgical treatment of epilepsy surgery on

m
l
i
1
p
0

Theory of mind and surgery

oM in children remain to be established. From a pre-
ious study, we learnt that epilepsy surgery causes a
ransient decrease in recognition of facially expressed
motions, one of the abilities that underlies ToM
Blijd-Hoogewys and Geert, 2017), but only in children
ounger than 13 years at the time of surgery (Braams
t al., 2015).
iven the importance of ToM in social functioning, the
uestion whether epilepsy surgery affects the devel-
pment of ToM over and beyond the deficit inflicted
y epilepsy per se is crucial for adequate pre-surgical
ounselling of parents and children. For the present
aper, we hypothesize that ToM is deficient in chil-
ren with refractory epilepsy who are candidates for
pilepsy surgery and that ToM does not change after
pilepsy surgery. Taking that ToM is a more compre-
ensive ability than recognizing facial expressions,
e expect ToM to be less prone to decline. To test
ur hypotheses, we explored differences in ToM over

ime (before surgery and 0.5, one and two years after
urgery) as well as possible associations between ToM
nd demographic (age at assessment, intelligence,
nd sex) and epilepsy and surgical variables (epilepsy
nset age, side and area of surgery, aetiology, resec-

ion of the amygdala [by amygdalohippocampectomy],
ntiepileptic drug use, and post-surgical seizure
tatus).

ethods

he controlled study with consecutive inclusion of
atients was part of a countrywide project address-

ng cognitive, affective, and psychosocial functioning
f children and adolescents after epilepsy surgery

Meekes et al., 2013, 2014; Braams et al., 2015). The Insti-
utional Review Board of the University Medical Center
f Utrecht approved the study. Parents of all children
nd all children above the age of 12 years provided
ritten informed consent.

ubjects

etween January 2008 and December 2010, 68 children
nderwent epilepsy surgery. Twenty-two of them were
etween four and 12 years of age at first assessment
nd met the age criteria for the ToM instrument. Five
f these children could not perform the ToM instru-
ent due to poor cognitive functioning and/or severe
167

inority and had insufficient command of the Dutch
anguage, and one child underwent a second surgical
ntervention before completion of the follow-up. The
5 included patients performed the ToM instrument
rior to surgery and at least twice post-surgically (at
.5, one or two years after surgery) (see table 1 for
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Table 1. Demographic and epilepsy characteristics of
patients (n=15) at assessment before epilepsy surgery

and seizure freedom thereafter.

Mean age
years (SD)

Sex (n)
Girls
Boys

10
5

7.3 (2.2)
6.9 (2.8)

Age at assessment 7.1 (2.3)
(range: 4.0-11)

Age at epilepsy onset 3.8 (2.6)

Duration of epilepsy 3.5 (1.7)

Number of AEDs (n)
0
1
2
3

1
3
5
6

6.5 (-)
8.6 (3.2)
7.9 (2.4)
5.9 (1.4)

VIQ mean (SD) 80 (19.3)

Side of surgery (n)
Left
Right

9
6

8.0 (1.8)
5.9 (2.5)

Aetiology (n)
Cerebral tumour
MCD
HS
Other

51

6
2
22

8.1 (2.6)
6.2 (1.8)
5.4 (1.8)
9.2 (1.6)

Surgical area (n)
Temporal
Frontal
Central/parietal
Hemispherotomy

6
5
3
1

7.2 (2.7)
6.7 (1.7)
7.5 (3.4)
8.1 (-)

Amygdala (n)
Unresected
Resected

10
5

6.7 (2.1)
8.0 (2.7)

Seizure freedom*
Yes
No

13
2

7.1 (2.1)
7.1 (4.5)

HS: hippocampal sclerosis; MCD: malformation of cortical
d
i
(
2

p

d
t
F
c

c
2
i
u
e
P
l
i
i

I

T
T
T
a
g
a
f
m
o
u
c
s
w
f
p
I
t
i
t
o
“
“
b
T
a
d
T
Q
(
t
t
a
l
a
t
a
i
correlate strongly with intelligence and language skills
evelopment; n: number; SD: standard deviation; VIQ: verbal
ntelligence quotient. 1Ganglioglioma (n=3), oligodendroglioma
n=1), dysembryoplastic neuro-epithelial tumour (DNET) (n=1).
Cerebral infarction (n=1); cavernoma (n=1). *Defined as com-
lete seizure freedom for two years following surgery.
68

emographic and epilepsy variables, extracted from
he medical records).
or every patient, two age- and sex-matched healthy
ontrol children were included. The 30 control

(
h
b
c
o
2

hildren (mean age at assessment: 7.1 [SD: 2.3] years;
0 girls; mean VIQ: 110 [SD=15.2]) were recruited
n a medium-sized non-university town and a large
niversity city, from regular schools with diverse socio-
conomic backgrounds.
atients were assessed shortly before surgery (base-
ine) and at 0.5, one, and two years after the
ntervention. The controls were assessed at similar
ntervals.

nstruments

heory of mind (ToM) storybooks
he ToM storybooks have been designed to assess
oM abilities in children between four and 12 years of
ge (Blijd-Hoogewys et al., 2008). This instrument tar-
ets ToM development prior to the age of four and is
pplicable beyond that age. Norm scores are available
rom the age of three up to 12 years and the instru-

ent thus allows for comparisons between children
f widely varying age, which renders the test partic-
larly appropriate for use in clinical groups. The test
onsists of various illustrated short stories with social
torylines. The drawings are colourful and animated
ith doors that open and separate response cards with

aces expressing emotions that can be selected and
laced on characters (for an example, see appendix 1).

n accordance with the instructions in the test manual,
he six books are read to the child by an examiner who
s sitting next to the child. “How is Sam feeling?” is
he first book, after which the child chooses the order
f the following four books (“Sam goes to the park”,
Sam goes swimming”, “Sam visits his grandparents”,
Sam at the farm”). The sixth and final book is “Sam’s
irthday”.
he tasks address different aspects of ToM, such
s attributing emotion, desire, and belief, and
ifferentiating between reality and fantasy or dream.
he result is expressed as an overall ToM score (ToM-
). So-called “test questions” refer to matters of fact

e.g. “Where will Sam look for his rollerblades: in the
oy trunk or in the box?”). For the “justification ques-
ions”, the child has to come up with a hypothesis
bout the character’s mental state (e.g. “Why will Sam
ook in the box?”). There are no time limitations for
nswering the questions. The results are converted
o the so-called ToM-Q, an age-normed score with

mean of 100 and SD equal to 15. Higher scores
ndicate better ToM. Scores for the ToM storybooks
Epileptic Disord, Vol. 21, No. 2, April 2019

Blijd-Hoogewys et al., 2008). The ToM storybooks
ave satisfactory validity and good test-retest relia-
ility, both for typically developing children and for
hildren with pervasive developmental disorder -not
therwise specified (PDD-NOS) (Blijd-Hoogewys et al.,
008; Bulgarelli et al., 2015).
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and 0.5, one and two years after surgery), ToM-Q and
ntelligence
ntelligence was assessed using a range of instru-

ents, selected in accordance with the mandate of
est clinical practice (e.g. Wechsler Intelligence Scale

or Children-III) (Wechsler, 2002; Kort et al., 2005). The
erbal intelligence quotient (VIQ) was used in the anal-
ses to correct for differences between patients and
ontrol children because research has shown that ToM
orrelates strongly with verbal skills (Blijd-Hoogewys
t al., 2008; Villiers and Villiers, 2014).

ata management and analyses

tatistical analyses were performed using IBM SPSS
tatistics version 20 (IBM, 2011). Differences between
atients and controls (as groups) were examined using
inear Mixed Models (LMM) using age at assessment
nd VIQ as covariates and group, time (pre-surgery
nd 0.5, one and two years after surgery), and sex
s factors. The advantage of LMM over analysis of
epeated measures of variance is their capacity to
andle small samples and unequal time intervals
etween measurements (i.e. 0.5 years between the
rst two postoperative measurements and one year
etween Assessments 3 and 4). The per-subject inter-
ept and slope were included as random effects, with
scaled identity covariance structure for the inter-

ept and an unstructured covariance structure for
he slope.

ithin the group of patients, we explored associations
etween ToM-Q and epilepsy variables, including age
t epilepsy onset, time (pre-surgery and 0.5, one and
wo years after surgery), and number of antiepilep-
ic drugs used (reported at each assessment) as
ovariates. The side of epilepsy surgery (left/right),
rea of surgery (“temporal only”/“all other” [frontal,
entral-parietal and hemispherotomy]), surgical inclu-
ion of the amygdala (by amygdalohippocampectomy;
es/no), aetiology (tumour/malformation of corti-
al development/hippocampal sclerosis/other), and
eizure freedom (no seizures during the two years of
ollow-up after surgery; yes/no) were included as fac-
ors in the LMM analysis. A further explorative LMM
nalysis focused on, besides time, variables corre-
ponding to the first epileptic seizure, i.e. onset age,
ide and area of epilepsy focus (and of surgery), aeti-
logy, and resection of the amygdala. VIQ was not
pileptic Disord, Vol. 21, No. 2, April 2019

ncluded in these analyses as it may conceal other pos-
ible associations with ToM-Q. LMM analyses with VIQ,
ather than ToM-Q, were performed in the same way in
rder to clarify the degree of VIQ and ToM-Q predic-

ion based on the same variables (see supplementary
ables 1, 2). Due to the small size of the patient sample,
nteractions were not analysed. P values <0.05 were
onsidered statistically significant.

t
n

A
I
s
o

Theory of mind and surgery

esults

omparison of patients and control
hildren with respect to ToM-Q and VIQ
ver time

igure 1 shows scores for ToM-Q and VIQ of patients
nd control children over the two-year period.
MM analysis (table 2) revealed that patients had a
ignificantly lower average ToM-Q than healthy con-
rols, when corrected for VIQ (when not corrected
or VIQ, the difference was also significant [F=32.4;
<0.001]).
IQ significantly positively correlated with ToM-Q.
he significant association between group and age at
ssessment indicates that, for control children, ToM-Q
as age-independent (which was to be expected since

oM-Q is age-normed), whereas in patients, ToM-Q
ncreased with age (figure 2). There was no significant
elation between ToM-Q and either (follow-up) time
r sex.

pilepsy variables associated with ToM

or the group of patients, exploratory LMM anal-
sis (table 3) showed that epilepsy onset age and
oM-Q were significantly related; patients who were
lder at epilepsy onset obtained higher ToM-Qs. Also,
atients with epilepsy and surgery restricted to the

emporal area had higher ToM-Qs than children who
nderwent extra-temporal surgery or hemisphero-

omy (table 3). Furthermore, differences between
he assessments before and after surgery were not
tatistically significant. The relationships between
oM-Q and the other variables (left or right side
f epilepsy/surgery, resection of amygdala, aetiol-
gy, AED number, and seizure freedom) were not
ignificant.
MM analysis was narrowed down to those variables
orresponding to the first epileptic seizure (onset age,
ide, area, aetiology, and resection of the amygdala)
nd revealed that, apart from age at onset and surgical
rea, resection of the amygdala was related to ToM-
; children whose amygdala was not included in the

esection obtained higher ToM-Qs (table 4). Again, the
elationship between ToM-Q and time (pre-surgery
169

he side of resection, and ToM-Q and aetiology were
ot significant.

dditional correlations
n order to interpret the results properly, it was neces-
ary to further study the relationships between some
ther variables. First, because age at onset was related
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igure 1. Two-year follow-up scores of ToM-Q and VIQ for patie

o ToM-Q and because age at onset and age of the child
re related, we analysed the correlation between age
t surgery and epilepsy onset which was shown to be
trong (Pearson r=0.71; p<0.001).
econdly, age at onset appeared to be related, together
ith surgical area, to ToM-Q, and VIQ was also strongly

elated to ToM-Q. Therefore, we calculated VIQ and
70

ge at onset for the surgical areas separately. The
temporal only” group had a mean VIQ of 96 (SD:
3) and a mean epilepsy onset age of 3.9 years
SD: 2.7), whereas the group of hemispherotomized
hildren and children with extra-temporal surgery had

c
d
T
c
a

able 2. LMM analysis of ToM-Q according to group, sex, t
(corrected fo

Estimate 95%CI
Lower bound
Upper bound

Intercept 35.84 13.04 58

Groupa -53.56 -74.53 -32

Sexb 3.07 -2.49 8.6

Time* 0.11 -2.97 3.2

Age at assessment 5.55 3.65 7.4

Group age at assessmentc 4.25 1.89 6.6

VIQ 0.55 0.40 0.7

I: Confidence interval. aPatients (control group is reference). bGirls (
ears post-surgery. cPatient group (control group is reference).
Controls

nd healthy peers.

mean VIQ of 69 (SD: =15) and a mean epilepsy onset
ge of 3.7 years (SD: 2.7).

iscussion
Epileptic Disord, Vol. 21, No. 2, April 2019

ould not be explained by differences in VIQ, and ToM
id not change after epilepsy surgery.
oM was better in children with later epilepsy onset, in
hildren with temporal surgery, and in children whose
mygdala was not included in the resection.

ime, and age, and correlation between group and age
r VIQ).

F df p

.63 1.307 65.64 0.257

.60 26.239 53.88 <0.001

3 1.254 36.62 0.270

0 0.005 57.12 0.942

5 30.102 41.57 <0.001

1 13.052 55.94 0.001

0 55.175 75.56 <0.001

boy group is reference). *Time: presurgical and 0.5, one and two
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Table 3. LMM analysis of ToM-Q with time, side of surgery, surgical area, status amygdala, aetiology,
AED number, seizure freedom and age at epilepsy onset.

Estimate 95% CI
Lower bound
Upper bound

F df p

Intercept 71.4 42.9 100 22.065 21.53 <0.001

Time (years)* 0.96 -8.07 9.99 .049 20.14 0.827

Side of surgerya -10.7 -27.5 6.07 2.680 5.05 0.162

Amygdala statusb 33.9 -0.98 68.7 5.369 6.73 0.055

Surgical areac -30.62 -53.8 -7.49 10.694 5.77 0.018

Aetiologyd 1.460 5.68 0.321
Cerebral tumour
MCD
HS

-32.1
-19.2
-18.0

-75.3
-56.6
-52.4

11.0
18.1
16.5

AED number -3.56 -10.5 3.33 1.083 45.31 .303

Seizure freedome 4.01 -19.5 27.5 .176 5.95 .690

Epilepsy onset age (years) 7.42 3.39 11.45 21.553 5.34 .005

CI: Confidence interval. *Time: presurgical and 0.5, one and two years post-surgery. aStatistics for right sided surgery; left is reference.
bStatistics for amygdala not resected; amygdala resected is reference. cStatistics for ‘not temporal only’ resection; temporal only is
reference. d“Other” is reference. eStatistics for “not seizure-free”; seizure-free is reference.

Table 4. LMM analysis of ToM-Q with time and illness variables: side of surgery, surgical area, status amygdala,
aetiology and epilepsy onset age.

Estimate 95% CI
Lower bound
Upper bound

F df p

Intercept 67.3 44.9 89.8 34.038 11.28 0.000

Time* 3.53 -4.04 11.09 0.994 14.38 0.335

Side of surgerya -12.1 -27.2 3.07 3.618 6.72 0.101

Amygdala statusb 34.7 1.25 68.1 5.425 9.46 0.043

Surgical areac -34.9 -54.8 -15.1 17.747 6.57 0.005

Aetiologyd 2.134 7.43 0.180
Cerebral tumour
MCD
HS

-32.1
-20.4
-20.5

-70.3
-55.2
-47.6

6.01
14.4
6.7

Epilepsy onset age (years) 7.49 3.67 11.31 20.964 7.483 0.002

CI: Confidence interval. *Time: presurgical and 0.5, one and two years post-surgery. aStatistics for right-sided surgery; left is reference.
bStatistics for amygdala not resected; amygdala resected is reference. cStatistics for “not temporal only” resection; temporal only is
reference. d“Other” is reference.
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Age (years)

Controls Patients

igure 2. Relationship between ToM-Q and age for patients and
ontrols.

hildren with refractory epilepsy have a ToM
eficit

t is not surprising that we found a ToM-Q deficit
n children with refractory epilepsy, as even children
ith “epilepsy only” (epilepsy at the benign end of

he severity spectrum) have recently been shown to
ave a ToM deficit (Lew et al., 2015; Lunn et al., 2015).
ontrolling for VIQ did not eliminate this effect.

oM-Q is an age-normed score and therefore expected
o be stable over age. Our finding of a relationship
etween age at assessment and ToM-Q pertained to
atients only and could be unravelled as an effect
f age at epilepsy onset; children with later epilepsy
nset had better ToM-Q. Patients with early-onset
pilepsy were assessed at a younger age; the corre-

ation between age at assessment and age at onset was
ignificant (Pearson correlation: 0.735; p=0.002). The
elationship between age at onset and ToM-Q was con-
rmed by the analysis in patients only, for whom ToM-

was related to several variables; as discussed below.

urgical treatment does not affect ToM-Q
72

ur primary interest concerned the effects of epilepsy
urgery on ToM. Arguably, the effect could be
avourable if cessation of seizures and discontinuation
f AEDs enable ToM to develop without further distur-
ance from epilepsy, or unfavourable if surgery poses
risk to ToM development. Using the four assess-

G
h
w
e
d
a
d

ent times as a variable, surgery per se was shown
o not have a significant effect on ToM-Q. This is in
ontrast to what we previously reported; the recog-
ition of facially expressed emotions -although

ransiently expressed- was indeed affected by surgery
n a group of younger (age <13 years) patients
Braams et al., 2015). The two tasks, recognizing facially
xpressed emotions and ToM, share the requirement
o interpret pictured emotions. An important differ-
nce, however, is that the test to recognise facially
xpressed emotions is a straightforward visual recog-
ition task, whereas in the ToM storybooks, the
erbally and pictorially presented context is pertinent
o interpreting the emotions. Also, the ToM storybooks
o beyond recognizing emotions, as they require the

nterpretation of mental states. We contend that ToM
s less vulnerable to surgery than emotion recognition,
ecause the contextual enrichment and the child’s
ctive manipulation of the stimulus materials require
ore cognitive than perceptual problem analysis and

esponse construction. Within the scope of this rea-
oning, another difference seems to be relevant. In
he task of recognizing facially expressed emotions,
ach face is shown for three seconds only, whereas

n the ToM tasks, the presentation time of the items
s not limited and, hence, speed plays no role. A more
n-depth analysis of the supposition that speed is (tran-
iently) unduly affected by epilepsy surgery requires a
hronometric approach.
hen time and all epilepsy-related variables (i.e.

pilepsy onset age, side of surgery, surgical area
i.e. area of origin of seizures and hence surgical
rea], resection of amygdala, aetiology, AED number,
nd seizure freedom) were included in the analysis,
urgical area and epilepsy onset age were signifi-
antly related to ToM-Q. Children with temporal lobe
pilepsy performed better on ToM storybooks than
hildren with frontal, centro-parietal, or hemispheric
pilepsy. This difference could not be explained by age
ifferences or by a difference in age at onset between

he groups. It may, however, be related to the level
f general cognitive functioning, because the children
ith temporal surgery had a higher mean VIQ than the
ther groups (see table 1).
arly epilepsy onset was associated with more defi-
ient ToM. Early-onset age has often been reported
o be related to impaired cognitive functioning
Vendrame et al., 2009; Berg et al., 2012) and social
ognition (Morou et al., 2018). In her targeted review,
Epileptic Disord, Vol. 21, No. 2, April 2019

iovagnoli discussed the impact that epilepsy may
ave on the underlying neural circuitry associated
ith ToM. She suggested that patients with early-onset
pilepsy are at an increased risk of either losing or not
eveloping ToM abilities (Giovagnoli, 2014). It could be
rgued that early onset implicates more or earlier brain
amage, that this affects the neural networks involved
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quences of epilepsy with regards to the development
of social cognition. Parents can be helped to provide
n ToM from the beginning, and that this has an ongo-
ng negative effect during development. There may
e an effect of the environment as well. Early onset

mplies early parental concerns for the child, early
pecial interactions with the child, and early epilepsy-
elated restrictions imposed upon the child (Carpay
t al., 1997). It seems a viable and testable assump-
ion that children with a history of refractory epilepsy
ave less opportunity to participate in social interac-

ions with peers and others, and therefore develop the
bilities to attribute emotions and mental states such
s intentions, beliefs, and desires to others and to one-
elf to a lesser degree than healthy peers (Hughes and
unn, 1998). The fact that ToM-Q did not normalise

fter surgery could mean that the follow-up time of
wo years was too short for the patients to accumulate
nough new social experiences to catch up on their
oM functioning, but could also mean that catch-up
ill not occur.

n an effort to better understand the cerebral media-
ion of ToM, in particular the much-debated role of the
mygdala, we noticed that onset age and surgical area
the two significant variables in our comprehensive
nalysis- were both treatment-independent. Exclud-
ng treatment variables (AED number and seizure
reedom) from the LMM analysis revealed the signif-
cance of resection of the amygdala. Children whose
mygdala was not included in the resection had a
etter ToM-Q than children whose amygdala was
esected (i.e. in children in whom the epileptogenic
one included the amygdala). Visual scrutiny of the
ata showed that two of the children who received
urgery in the temporal lobe not involving the amyg-
ala performed better on ToM storybooks than the

our children in whom temporal lobe intervention
ncluded the amygdala. The child who had under-
one a hemispherotomy performed worse on ToM
torybooks than the eight other children who had
ndergone extra-temporal surgery (see supplemen-

ary figures 1, 2).
esearch on the role of the amygdala in ToM has
ielded contradictory findings. Spunt et al. reported
nimpaired ToM in adult patients with bilateral amyg-
ala lesions and concluded that the amygdala is not
ecessary for the cortical mediation of ToM in adult-
ood (Spunt et al., 2015). In contrast, Stone et al., based
n a case study, argued that the amygdala continues to
lay a critical “on-line” role in ToM after the devel-
pment of this ability (Stone et al., 2003). Shaw et al.
eported that early (i.e. before the age of 16 years),
pileptic Disord, Vol. 21, No. 2, April 2019

ut not late, damage to the amygdala impairs ToM
nd postulated that the amygdala may be necessary
or low-level tasks or proto-tasks, such as recogniz-
ng facially expressed emotions, but may not be a
ore component of the neural systems supporting the
evelopment of ToM reasoning (Shaw et al., 2014).

t
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lthough based on small numbers, our study indicates
hat inclusion of the amygdala in surgical resection (i.e.
he amygdala may have been affected by the epilepsy
r underlying aetiology prior to surgery) has a negative
ffect on ToM in children.

imitations and strengths

he population of children who undergo epilepsy
urgery is heterogeneous with regards to variables
uch as age, intelligence, aetiology, and side and site
f surgery. This heterogeneity is reflected in our sam-
le. Furthermore, the sample is small, which is partly
elated to the age range for which ToM assessment
nstruments were available. However, research on ToM
efore and after epilepsy surgery in childhood has, up

ill now, not been reported. While readily admitting
hat replication of our findings in more homogeneous
nd larger cohorts, and ideally with longer follow-
p, is necessary, we consider the systematic follow-up
nd the large and well-matched control sample as
trengths of this countrywide study.
ather than opting for a control group of children with
different chronic illness and/or a different (or no)

urgical intervention, we recruited healthy children as
ontrols for two reasons. Firstly, we wanted to eval-
ate ToM in patients against a background of typical
evelopment, and secondly, a comparison with clin-

cal groups would entail unwanted influences from
ets of variables associated with a particular illness. We
onsider the use of two age- and sex-matched control
hildren per patient recruited from divergent social
trata as a methodological strength.

onclusion

oM appears to be affected by variables associated
ith the origin of epilepsy, such as the cerebral area

rather than the side) of the epileptic focus and onset
ge. The development of ToM is threatened by these
ariables, but barely influenced by treatment (whether
urgery or antiepileptic drug use) or seizure freedom.
his renders ultimate ToM functioning in children,
t least to some extent, predictable before epilepsy
urgery.
t any rate, we can try and help patients and their
arents by educating them about the possible conse-
173

heir children with the social vocabulary pertinent to
articipating in various social situations. In this way,
hildren will be stimulated to practice perceiving and
abelling their own emotions and thoughts as well as
hose of others, which may improve their ToM abilities
Hughes and Dunn, 1998). �
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Key points

• Children with refractory epilepsy have poorer
ToM than controls.
• Epilepsy surgery neither worsens nor improves
ToM functioning.
• Older age at epilepsy onset is related to better
ToM relative to younger onset age.
• Epilepsy affecting the temporal lobe is related to
better ToM compared to extra-temporal epilepsy.
• The relationship between ToM and the amygdala
requires further study.

upplementary data.
upplementary material and summary didactic slides are avai-

able on the www.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) How do ToM abilities in children with refractory epilepsy before epilepsy surgery relate to those in healthy
peers?

(2) Does epilepsy surgery affect ToM abilities in children?

(3) How do epilepsy and surgery variables relate to ToM in children who are candidates for epilepsy surgery?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.

Appendix 1

Wang WH, Shih YS, Yu HY, et al. Theory of mind and social
functioning in patients with temporal lobe epilepsy. Epilepsia
2015; 56: 1117-23.

Wechsler D. Wechsler Intelligence Scale for Children, 3rd ed..
Lisse: Harcourt Test Publishers, 2002.

Wellman HM. Making Minds: How Theory of Mind Develops.
New York: Oxford University Press, 2014.

Wimmer H, Perner J. Beliefs about beliefs: representation and
constraining function of wrong beliefs in young children’s
understanding of deception. Cognition 1983; 13: 103-28.
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It’s Sam’s birthday.
His sister may look in the b
Sam can only touch the bo
Who knows what is in the
175

ox.
x.
box?

http://www.ncbi.nlm.nih.gov/pubmed?term=Acquired theory of mind impairments in individuals with bilateral amygdala lesions
http://www.ncbi.nlm.nih.gov/pubmed?term=Longer duration of epilepsy and earlier age at epilepsy onset correlate with impaired cognitive development in infancy
http://www.ncbi.nlm.nih.gov/pubmed?term=The role of language in theory of mind development
http://www.ncbi.nlm.nih.gov/pubmed?term=Theory of mind and social functioning in patients with temporal lobe epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Beliefs about beliefs: representation and constraining function of wrong beliefs in young children{'}s understanding of deception


Journal Identification = EPD Article Identification = 1053 Date: April 19, 2019 Time: 1:38 pm

1

O
.B. Braams, et al.
76 Epileptic Disord, Vol. 21, No. 2, April 2019

Sam is at his uncle’s house who has kittens.
Sam wants to take a kitten home.
Daddy says they can’t.
What will be the expression on Sam’s face?
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