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Objectives: The cognitive outcome of pediatric epilepsy surgery has mainly been examined on the basis of stan-
dardized tests. Here, we analyzed the outcome in six cognitive domains from the parents' view.
Methods: Included were consecutive surgical pediatric patients whose parents filled-in a comprehensive ques-
tionnaire on cognitive problems in children and adolescents (Kognitive Probleme bei Kindern und Jugendlichen
(KOPKIJ); Gleissner et al. 2006) at the preoperative baseline (T1) as well as twelve months thereafter (T2). All
children also underwent standard neuropsychological assessments at T1 and T2.
Results: Parents of 96 patients provided pre- and postoperative KOPKIJ data. Overall, 80% of the children became
seizure-free at the follow-up. Groupmeans indicated a strong positive effect of time on KOPKIJ and neuropsycho-
logical performance. We found postoperative improvements in five out of six cognitive domains (language,
memory, executive functions, attention, school; unchanged: visuospatial abilities). Individually, improvements
were twice as likely as declines. However, 33 patients (35%) experienced significant decline in at least one cog-
nitive domain. Later onset of epilepsy resulted in better performance but had no effect on change scores. Seizure-
free status, lower antiseizure drug load, and stronger drug reduction after surgery contributed to postoperative
cognitive improvements as perceived by the parents; no other effects of clinical factors were obtained
(e.g., localization/lateralization). Despite their similar outcome patterns, change scores as derived from parental
ratings and neuropsychological assessment were not correlated.
Conclusions: Parents acknowledged the overall positive neurocognitive development after pediatric epilepsy sur-
gery as previously shown by standardized tests. Seizure freedom and lower antiseizure drug load contributed to
the beneficial cognitive outcome. Even if cognitive improvements outweighed declines, a risk for cognitive de-
cline with impact on everyday functioning does exist.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Epilepsy surgery comprises a series of resective and disconnective
interventions for the treatment of severely disabling and otherwise
therapy-refractory focal seizures in children and adults [1,2]. Therapeu-
tic superiority over conservative drug treatment was shown by ran-
domized controlled trials [2–6]. Unforeseen chronic neurosurgical
complications are reportedly rare [7,8]. Consequentially, the neuropsy-
chological outcome gains in importance for surgical decision-making.
Several studies demonstrated cognitive safety of established surgical
procedures on the basis of psychometric performance tests [8–16].
However, no common standard battery of sensitive measures was
).
agreed on by experts so far, and unfortunately, the clinical and ecologi-
cal validity of several measures in use was never proven [17]. Further-
more, the setting of a standardized assessment is artificial, especially
for children, and because of the inherent time restrictions, psychometric
tests might miss cognitive or mnestic deficits that occur on a different
time scale only (e.g., delayed free recall after hours or days). Thus, one
might legitimately ask whether the overall positive findings from psy-
chometric surgical outcome research do actually mirror postoperative
real life performance.

In the present study, we wanted to assess the real world cognitive
outcome one year after surgery in one of the worldwide largest series
of surgical children with epilepsy (Bonn, Germany). Parental question-
naires represent a well-established and frequently applied method for
structured psychological screening and evaluation of children, espe-
cially their everyday behavior and performance [18–21]. Different pa-
rental surveys (and interviews) were already used for epilepsy and
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epilepsy surgery outcome research (e.g., [22–26]); a tabular litera-
ture overview is given in Supporting Table S1. Sample sizes increased
from case series in the 1990s to reasonable levels during the last de-
cade, but most studies, especially recent ones, focused on behavior.
The overall impression, especially from larger studies, is positive,
i.e., parents acknowledged cognitive safety and stability of pediatric
epilepsy surgery as obtained by psychometric tests in their children's
daily life. Even a trend towards improved cognition and behavior be-
comes apparent. Studies comparing surgical patients versus nonsur-
gical controls demonstrated better development in surgical children.
Seizure freedom and antiepileptic drug load (reduction) were posi-
tive predictors. A recent systematic review summarized studies on
the emotional and behavioral development after epilepsy surgery
in pediatric patients and confirmed the overall positive impression
[27]. Two recent studies addressed the memory domain [28,29].
One study found no impact of surgery on everyday memory [28]
while the other found decline after temporal lobe surgeries and im-
provement after frontal lobe surgeries [29].

Here, we assessed the parents' view of the 12-month postoperative
cognitive outcome in more detail by a standardized parental survey,
Kognitive Probleme bei Kindern und Jugendlichen (KOPKIJ; i.e., Cognitive
Problems in Children and Adolescents; [30]), which addresses cognitive
everyday performance differentially in six functional domains: lan-
guage, memory, attention, executive functions, visuoconstruction (in-
cluding visuospatial abilities), and school (i.e., academic achievement).
The KOPKIJ is generic in nature, and the items and scales have high
face validity as they operationalize the usual demands in the daily life
of children. Further motivation for the separate analysis of the surgical
outcome on the basis of parental evaluations was provided by a recent
cross-sectional study from our group, which obtained only low correla-
tions between psychometrically based cognitive domain rating scores
and conceptually related KOPKIJ domain ratings [31]. In the present sur-
gical outcome study, both methodological approaches, objective and
subjective, were combined allowing additional analyses of the correla-
tions between change scores from parental versus psychometric
evaluation.

2. Methods

2.1. Study design

This is a retrospective monocentric treatment outcome study in pe-
diatric patients with therapy-refractory structural epilepsies who
underwent different types of neurosurgery including standard and tai-
lored resections of epileptogenic tissues as well as hemispherotomies.
Parents were asked to rate cognitive problems in the daily life of their
children by filling-in the KOPKIJ questionnaire before (T1) as well as
twelve months after surgery (T2). All other data including neuropsy-
chological test scores from T1 and T2 were taken from the patient re-
cords and anonymized before further processing. The study was
approved by the local ethics committee of the Medical Faculty of the
University of Bonn (Germany).

2.2. Patients

The KOPKIJ norms span the ages from 6 to 16 years. We included
all surgical pediatric patients of this age (at the time of presurgical as-
sessment) whose parents provided KOPKIJ data at T1 and T2; older
age at T2 did not result in exclusion. To maximize the data basis,
surveys obtained 9 to 23 months after baseline testing, respectively,
were considered as 12-month follow-up data (T2). We recently re-
ported the clinical characteristics and the neuropsychological out-
come at the 12-month follow-up of the entire sample of surgical
pediatric patients at our unit (n = 306) from which the sample of
the present study was drawn [8,32].
2.3. Methods and measures

The KOPKIJ survey [30] was used to record parents' evaluations of
their children's cognitive performance in daily life and at school. An En-
glish translation of the survey can be found in the supporting online ma-
terial to [31]. Besides several more general questions (e.g., who filled in
the questionnaire, academic achievement of mother and father, handed-
ness of the child), the questionnaire comprises 100 items with a 4-
stepped Likert scale (from 1 = never to 4 = always or nearly always)
on the frequency of highly defined cognitive problems in six different do-
mains (“language”, “memory”, “visuospatial abilities”, “executive func-
tions”, “attention”, and “school”). Parents are instructed to refer their
answers to the past threemonths. The KOPKIJ was standardized in a nor-
mative sample of 352 healthy school children (aged 6–16 years). The
manual provides percentiles (PR) for the raw score sumsof each cognitive
domain and the authors of the survey considered PR N 85 “salient”. To fa-
cilitate statistical analyses and data description in the present study, PR
were transformed into positively scaled standard values for each domain
(i.e., higher values indicating higher performance; mean=100, standard
deviation = 10; cutoff for salient findings: standard value b90, equaling
PR N 85). For regression analysis, we also calculated a KOPKIJ total score,
which we defined by the arithmetic mean of the six domain standard
scores. The test authors also reported reliability estimates, rtt, for each do-
main on the basis of both the scales' internal consistencies as obtained in
healthy children (i.e., Cronbach'sα, range: 0.82–0.97; Table 2 in [30]) and
test–retest correlations (range: 0.71–0.85; Table 9 in [30]) in a clinical
sample of 55 children with epilepsy (median test–retest interval:
12 months). It might be of interest that the reanalysis of data from that
former patient sample obtained no significant change over time from
test to retest in any KOPKIJ domain score (data not shown). Given their
higher sensitivity for change, we decided to use the slightly higher reli-
ability estimates as obtained from the healthy controls.

In our recent evaluation of the neuropsychological surgical outcome
of the entire sample of pediatric patients at our unit [32], we used a
standardized method for summarizing (or condensing) age-normed
standardized scores from single tests into higher-order categorical neu-
ropsychological scores for eight cognitive domains that were “intelli-
gence”, “motor function” (i.e., manual coordination), “attention”,
“verbal memory”, “figural memory”, “language”, “visuoconstruction”
(including visuospatial abilities), and “behavior” (single test assign-
ments are shown in [32], Table 1); of note, the “behavior” domain refers
to the Child Behavior Checklist [33] that is a parental questionnaire as
well. Domains were evaluated on a 5-stepped Likert scale according to
the following definitions: 0 = strongly impaired (i.e., at least two of
the test scores for the respective function were smaller than mean
[M]–2 standard deviations [SD]); 1= impaired (i.e., at least two respec-
tive test scoreswere smaller thanM–1 SD); 2=borderline (i.e., one test
score smaller than M–1 SD or at least two test scores roughly equaling
M–1 SD); 3= average (i.e., a maximum of one test score roughly equals
M–1 SDwhile all other scoreswere average at least); 4=above average
(i.e., at least two test scores were larger than M + 1 SD).

2.4. Statistics

Effects of time (T1 vs. T2) on KOPKIJ scores and neuropsychological
scores were tested by multivariate repeated measures analysis of vari-
ance (ANOVA) and post hoc univariate t-tests for paired samples. The
size of the multivariate time effect was estimated by partial η2; effect
sizes were classified as follows: η2 N 0.01 small, N0.06 medium, and
N0.14 large [34]. Group mean differences (e.g., clinical factors) were
tested by t-tests for independent samples or the χ2-test, respectively.
Single sample t-tests were run to test differences between sample
mean KOPKIJ domain standard scores and the normative mean
(i.e., 100). To determine statistically significant changes of KOPKIJ scores
over time in individual patients, we calculated critical differences at the
95% confidence limit (two-sided) for each domain sum score using the



Table 1
Patient characteristics and clinical outcome.

Children, number 96
Sex, number (%)

Male 46 (48)
Female 50 (52)

Handedness, number (%)
Right 70 (73)
Left 20 (21)
Ambidextrous 6 (6)

Age at T1, mean (SD; range) years 11.1 (3.1;
4.9–17.4)

Age at seizure onset, mean (SD; range) years 5.5 (3.8; 0.0–15.0)
Duration of epilepsy at T1, mean (SD; range) years 5.6 (3.3; 0.5–14.7)
Test intelligence, mean (SD; range) 87 (20; 26–137)
Antiseizure drugs at T1, number (%)

Off-drug 0 (0)
Monotherapy 28 (30)
Polytherapy 67 (70)

KOPKIJ at T1 filled in by, number (%)
Mother 66 (70)
Father 18 (19)
Both 11 (12)

Surgery
Interval from T1 to surgery, mean (SD; range) months 1.9 (2.4; 0.0–11.1)
Side, number (%)

Left 58 (60)
Right 38 (40)

Site, number (%)
Temporal 43 (45)
Frontal 24 (25)
Other cortical 16 (17)
Hemispherotomy/multilobectomy 13 (14)

Type, number (%)
Lesionectomy/partial resection 66 (69)
Hemispherotomy/multilobectomy 13 (14)
Lobectomy 9 (9)
Selective amygdalohippocampectomy 8 (8)

Etiology, number (%)
Tumor 29 (30)
Migration/maturation disturbance 23 (24)
Hippocampal sclerosis 19 (20)
Other 25 (26)

Clinical outcome one year after surgery (T2):
Interval from surgery to T2, mean (SD; range) months 12.1 (1.9;

9.0–19.0)
Seizure-free (Engel IA), number (%) 77 (80)
Antiseizure drugs, number (%)

Off-drug 5 (6)
Monotherapy 60 (67)
Polytherapy 25 (28)

Change of number of antiseizure drugs from T1 to T2, number
(%)
Reduced 49 (51)
Unchanged 42 (44)
Increased 5 (5)

T1, baseline; T2, 12-month follow-up.

Table 2
Performance scores.

n T1 T2 ta pa

KOPKIJ scores, means (SD)
- Language 96 89.3 (21.0) 93.5 (17.2) −2.68 0.009
- Memory 96 89.6 (18.0) 94.3 (15.0) −3.55 0.001
- Visuospatial 95 93.9 (14.4) 95.1 (14.9) −1.34 0.184
- Executive functions 95 93.6 (13.5) 97.7 (12.1) −3.83 0.000
- Attention 95 83.2 (16.6) 89.2 (15.0) −4.36 0.000
- School 72 93.1 (14.0) 95.0 (14.1) −3.94 0.000

Neuropsychological rating scores, means (SD)
- Intelligence 65 2.2 (1.3) 2.2 (1.3) −0.84 0.402
- Motor function 69 2.4 (0.9) 2.8 (0.8) −3.51 0.001
- Attention 77 2.3 (1.2) 2.5 (1.2) −1.85 0.069
- Verbal memory 79 2.0 (1.3) 2.1 (1.4) −1.14 0.259
- Figural memory 75 2.4 (1.2) 2.8 (1.2) −2.90 0.005
- Language 78 1.9 (1.3) 2.3 (1.3) −3.75 0.000
- Visuospatial 75 2.5 (1.1) 2.8 (0.9) −2.70 0.009
- Behavior 93 1.4 (0.8) 1.8 (1.0) −3.48 0.001

T1, baseline; T2, 12-month follow-up. KOPKIJ standard scores are normally distributed
(mean 100, standard deviation 10). Neuropsychological rating scores: 0-strongly below
average, 1-below average, 2-borderline, 3-average, 4-above average.

a Post hoc univariate t-tests for paired samples.
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reliability estimates, rtt, from the KOPKIJ's normative sample as men-
tioned above. Critical differences were defined by CD(1−α)% = zα/2

∗ SD ∗ sqrt (2 ∗ (1 − rtt)). On the basis of CD95%, individual three-
stepped categorical change scores (declined/unchanged/improved)
were calculated for each domain. Change of neuropsychological test
performance from T1 to T2was defined by any change of the categorical
neuropsychological domain score. Correlations of performance and
change scores were tested with Pearson's product–moment correla-
tions and shown as color-coded correlation matrices; effect sizes were
classified as follows: r N 0.1 small, N0.3 medium, and N0.5 large [34].
All correlating sociodemographic and clinical factors were considered
for stepwise multiple linear regression modeling of the KOPKIJ total
score at T2 as well as two KOPKIJ change scores (namely, number of
domains declined, number of domains improved). The significance
level for all statistical tests was set to p b 0.05, two-sided. Effect sizes
were evaluated according to Cohen [34]. All statistics were performed
with the German edition of IBM SPSS Statistics 24.

3. Results

3.1. Patient characteristics

Parents from a total of 96 surgical patients provided the required
KOPKIJ data at T1 and T2. The sociodemographic and clinical character-
istics of the included patients are shown in Table 1.

At T1, the children were 11.1 years old on average (at T2, 5 patients
were already older than 16 years). Mean epilepsy duration at T1 was
5.6 years. More than two-thirds of the patients were on antiseizure
drug polytherapy before surgery. As regards the prevalence of atypical
handedness (27%), mean intelligence (IQ 87), antiseizure drug load,
sites, and types of surgery as well as etiology, the sample was represen-
tative for the entire population of surgical children at our unit [32].

3.2. Clinical outcome

On average, surgery took place 2 (range: 0–11) months after T1 and
the surgery-to-T2 interval was 12 (9–19) months. The clinical outcome
at T2was excellent (Table 1): 80% of the surgical patients were seizure-
free; the antiseizure drug loadwas reduced inmost patients (55%); and
most patients (67%) were onmonotherapy. The outcome in this sample
fully matched the clinical outcome in the entire surgical population at
our unit [32].

3.3. Cognitive outcome: group level

A total of 75 KOPKIJ surveys (78.1%) were filled-in by mothers or by
mothers and fathers together (Table 1). In 34 cases (35.4%), the parent
filling-in the KOPKIJ changed from T1 to T2. However, no systematic ef-
fect of the person who filled-in the questionnaire (mothers vs. fathers)
was obtained on any score at any time (t-tests; Supporting Table S2A).
Furthermore, the educational levels of both parents (separately and
combined) were not correlated with KOPKIJ domain scores at T1
(Supporting Table S2B).

Table 2 shows the group means of the KOPKIJ domain standard
scores at T1 and T2.

All groupmean scores at T1 and T2, except the "executive functions"
score at T2, were below the normative mean value of 100 (multiple
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single-sample t-tests, p's b 0.05; data not shown) indicating greater cog-
nitive problems in daily life in study patients than healthy controls be-
fore and after surgery. At T1, two-thirds of the patients showed
below-average scores in the “attention” domain; one-third had below-
average scores in the other five cognitive domains (i.e., about twice as
much as in the normative sample of healthy controls); and 73 (76%) pa-
tients had a below-average score in at least one domain.

At T2, the mean KOPKIJ scores had descriptively improved in all do-
mains, and the percentage of below-average scores was reduced from
two-thirds to one-half in the “attention” domain and from one-third
to one-quarter in the “visuospatial abilities” and the “executive func-
tions” domain; 61 (64%) patients had below-average scores in at least
one domain. Accordingly, multivariate repeated measures ANOVA ob-
tained a significant main effect of time (T1 versus T2; Wilk's lambda
= 0.79, F = 2.91, p = 0.014); partial η2 was 0.212 indicating a large ef-
fect [34]. Post hoc univariate analyses by t-tests for paired samples
found significant improvements in all KOPKIJ domains except of “visuo-
spatial abilities” (nonsignificant trend, p b 0.10).

Table 2 also shows the neuropsychological scores obtained from
testing at T1 and T2. On average, the patients scored at “2–borderline”;
“behavior” approached “1–below average”. Descriptively, most scores
showed improvements at T2. Multivariate repeated measures ANOVA
obtained a significant main effect of time (T1 versus T2; Wilk's lambda
= 0.61, F = 2.47, p = 0.033); partial η2 was 0.390 indicating a large ef-
fect [34]. Post hoc univariate testing by t-tests for paired samples ob-
tained significant effects of time for “motor function”, “figural
memory”, “language”, “visuoconstruction”, and “behavior” but not for
“intelligence”, “attention”, and “verbal memory”.

3.4. Cognitive outcome: individual level

Table 3 shows the number of significant declines and improvements
of KOPKIJ ratings on the individual level at the 95% confidence limit
(sorted by % declined).

A total of 33 patients (35%) experienced decline in at least one
KOPKIJ domain; thereof, 18 (19%), 6 (6%), and 9 (9%) patients experi-
enced declines in one, two, and three or more domains, respectively.
Significant improvements of domain scores occurred more than twice
as often as declines (156 vs. 62). Fifty-nine patients (62%) experienced
improvement in at least one domain; thereof, 19 (20%), 11 (12%), and
29 (30%) patients improved in one, two, and three or more KOPKIJ do-
mains, respectively. Ten patients (10%) showed declines and improve-
ments while 23 patients (24%) showed only declines (and unchanged
score) and 49 patients (51%) showed only improvements (and
Table 3
Individual postoperative performance changes (sorted by % declined).

N Declined
n (%)

Improved
n (%)

KOPKIJa

- Executive functions 96 16 (17) 43 (45)
- Language 96 15 (16) 25 (26)
- Memory 96 12 (13) 32 (33)
- School 72 7 (10) 22 (31)
- Visuospatial 96 6 (6) 9 (9)
- Attention 96 6 (6) 25 (26)

Neuropsychological rating scoresb

- Verbal memory 79 19 (24) 30 (38)
- Figural memory 75 16 (21) 33 (44)
- Attention 77 14 (19) 28 (36)
- Motor function 69 10 (15) 30 (43)
- Visuospatial abilities 75 11 (15) 29 (39)
- Intelligence 65 8 (12) 12 (18)
- Language 78 9 (12) 32 (41)
- Behavior 93 5 (5) 24 (26)

a Reliable changes at the 95% confidence limit.
b Categorical changes of neuropsychological scores.
unchanged scores); 14 patients (15%) had stable KOPKIJ scores in all
six scales. Thus, while the chance for improvement was about twice as
large as the risk of decline, the cognitive outcome as seen by the parents
was (partially) critical in about one-third of the patients.

Table 3 also shows the number of categorical declines and improve-
ments of neuropsychological scores. A total of 56 patients (58%) experi-
enced decline in at least one domain; thereof, 36 (38%), 11 (12%), and 9
(9%) patients experienced declines in one, two, and three or more do-
mains, respectively. Improvements of domain scores occurred more
than twice as often as declines (218 vs. 92). Eighty-two patients (85%)
experienced improvement in at least one domain; thereof, 20 (21%),
20 (21%), and 42 (19%) patients improved in one, two, and three or
more cognitive domains, respectively. As many as 49 (51%) patients
showed declines and improvements while 7 patients (7%) showed
only declines (and unchanged scores) and 33 patients (35%) showed
only improvements (and unchanged scores); 7 patients (7%) had stable
neuropsychological scores in all scales. Thus, while the chance for cogni-
tive improvements clearly exceeded the risk for declines, the cognitive
outcome as obtained from neuropsychological testing was (partially)
critical in more than half of the patients.

While parental evaluations suggest that “executive” and “language”
functions are at highest risk for individual decline, psychometric evalu-
ation indicated verbal and figural memory as most critical functions.

3.5. Correlation analyses

The KOPKIJ domain scores were strongly correlated to each other at
both times (e.g., at T1, range of r: 0.49–0.74, p's b 0.001). Alsomost neu-
ropsychological scores showed high correlations at both times (e.g., at
T1, range of r: 0.25–0.74, p's b 0.001); however, “behavior” was uncor-
related tomost other domains (negative correlationwith “figuralmem-
ory”). Fig. 1 shows the correlation matrix of parental rating scores and
neuropsychological scores (for sample sizes and p-values see
Supporting Table S3); correlation coefficients are color-coded. Overall,
KOPKIJ versus neuropsychological performance scores showed highly
significant correlations at T1 and T2 (p's b 0.001), partially with strong
correlational effects (i.e., r N 0.50). However, the maximum percentage
of variance explained was only about 30% and correlations were small
when regarded as validity coefficients. Furthermore, correlations were
unspecific with regard to the cognitive domains. As regards change
over time, negative baseline-change correlations were obtained be-
tween both measures indicating higher risks of decline for well versus
low performing subjects and better chances to improve for low versus
well performing patients. Almost no correlations between the change
scores for associated cognitive domains from both data sources were
obtained.

3.6. Predicting the outcome

The KOPKIJ scores at T1 were strongly correlated with KOPKIJ scores
at T2 (p's b 0.001; range of r: 0.64–0.77). Also the neuropsychological
domain scores at T1 were strongly correlated with respective scores at
T2 (p's b 0.001; range of r: 0.46–0.84). Thus, baseline scoreswere strong
predictors of the cognitive outcome for subjective and objective
measures.

Fig. 2 shows the correlation matrix between KOPKIJ scores at T2
(performance and change) and possible clinical outcome predictors
(for sample sizes and p-values see Supporting Table S4); the correlation
coefficients were color-coded. The baseline performance scores were
excluded from the following analyses.

All correlations were weaker than those with the baseline KOPKIJ
scores (see above). Higher age at seizure onsetwas positively correlated
with the outcome at T2 but did not affect KOPKIJ change scores; consis-
tently, epilepsy duration was negatively correlated with KOPKIJ perfor-
mance at T2 with no effect on change. In contrast, seizure-free status
had positive impact on KOPKIJ performance at T2 as well as change



Fig. 1. Correlation matrix of KOPKIJ and neuropsychological performance and change scores (Supporting Table S3 for details).
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from T1 to T2. Also lower number of antiseizure drugs at T2 and stron-
ger reduction of the drug load from T1 to T2 positively contributed to a
better outcome and more improvement in KOPKIJ scores. Other clinical
and sociodemographic factors (surgical side or site, chronological age,
sex, handedness) showed only marginal or no correlations with
KOPKIJ scores. As regards the neuropsychological rating scores, the
number of improved and declined functions showed positive or nega-
tive correlations with KOPKIJ change scores, respectively, but these cor-
relations did not reach statistical significance.

All correlating factors (i.e., intelligence, KOPKIJ baseline perfor-
mance, age at seizure onset, epilepsy duration, seizure freedom, antisei-
zure drug load, reduction of antiseizure drug load) were considered for
stepwise multiple linear regression modeling of the KOPKIJ total stan-
dard score at T2 as well as two KOPKIJ change scores (number of do-
mains declined and number of domains improved from T1 to T2). As
regards KOPKIJ performance at T2 (total score), only the factor “intelli-
gence” was entered into the model if it was considered (adjusted R2

= 0.24; F = 23.09; p b 0.001). However, if intelligence was excluded
from consideration, the model included KOPKIJ baseline performance
(total score), seizure-free status, and reduction of antiepileptic drugs
as positive predictors (adjusted R2 = 0.57; F = 30.82; p b 0.001). The
same predictors were obtained for the number of improved KOPKIJ do-
mains (adjusted R2=0.46; F=20.72; p b 0.001); however, KOPKIJ per-
formance at T1 was a negative predictor in this case. No significant
model was obtained for the number of declined KOPKIJ domains (irre-
spective of considering intelligence or not).

4. Discussion

In this retrospective monocentric treatment outcome study, we
evaluated the parents' view of the surgical outcome in six cognitive
domains in a large monocentric series of 96 children who underwent
epilepsy surgery. On the group level, parent reports indicated not
only cognitive safety and stability but cognitive improvements
after surgery. Also individually, more than half of the patients expe-
rienced improvements in single cognitive domains. However, as one-
third of all patients experienced decline in at least one cognitive do-
main according to parental evaluation, our findings also confirm the
neuropsychological risks of epilepsy surgery and that cognitive de-
cline may become relevant in the daily life of the patients. In the fol-
lowing, we discuss our findings on the background of the available
literature.

4.1. Parental view of cognitive surgical outcome

As mentioned in the Introduction, several working groups evalu-
ated the surgical cognitive and/or behavioral outcome in pediatric pa-
tients from the parents' perspective during the last years
(e.g., [22–26]), and our findings largely corroborate the reported out-
comes. In fact, the literature clearly converges into the consensus that
the cognitive and behavioral outcome of pediatric epilepsy surgery as
perceived by the parents is not only stable and safe but, on the group
level, rather shows a tendency towards improvement. Controlled
studies reported cognitive improvements in surgical patients in con-
trast to no or even negative developments in nonsurgical controls
[29,35,36]; only single studies reported no improvement (but stable
courses) [37–41].

Of interest, the parent-perceived surgical cognitive outcome pattern
largely mirrors the findings from neuropsychological test-based out-
come studies [8–13,32,42–44]. These indicate (i) a cumulated risk for
experiencing decline in at least one domain in about oneout of three pa-
tients; (ii) a risk for significant decline in a single domain in about one
out of six patients; and (iii) the chance for reliable improvement in a
single domain as well as the cumulated chance for improvement in at
least one domain as being twice as large as the risk for decline
[23,41,45–47]. However, in our study, parents and tests indicated
other critical functions. While the parents experienced declines most
often in executive and language functions, neuropsychological testing
obtained the most frequent negative effects on verbal and figural
memory.

In sum, studies on parental evaluations of the surgical outcome
including the present paper provided no evidence of risks for



Fig. 2. Correlation matrix of KOPKIJ scores at T2 and potential clinical predictors (Supporting Table S4 for details).
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everyday cognition that was overseen so far but largely confirmed
the overall positive findings as obtained from neuropsychological
assessments.

4.2. Predicting the cognitive outcome?

As expected scores on tests of intelligence were correlated with
KOPKIJ total performance at T1 and these two measures were both
strong predictors of KOPKIJ performance at T2; i.e., the baseline status
most likely represents the best guess of what can be expected after sur-
gery, which is perfectly consistent with the notion of “safety”. In addi-
tion, lower intelligence and lower KOPKIJ performance predicted a
higher number of improved cognitive domains. As the KOPKIJ asks for
problems only (“Cognitive Problems in Children and Adolescents”),
but not for higher degrees of performance (no above-average category
exists), this finding might have resulted from a ceiling effect in relative
high-performers. No predictors were obtained for cognitive declines. A
similar pattern of negative baseline-change correlations (i.e., high per-
formers have more to lose but less to win) was reported by many psy-
chometric surgical outcome studies [8–13,32,42–44].

Apart from the presurgical performance level, seizure freedom and
low antiseizure drug load at T2 as well as reduction of the antiseizure
drug load from T1 to T2 were the only clinical factors that showed sig-
nificant positive correlations with both postsurgical KOPKIJ perfor-
mance and pre- to postsurgical KOPKIJ changes. This implies that the
postoperative cognitive outcome as perceived by the parents could
not be predicted by clinical factors etc. As regards the role of postoper-
ative seizure freedom, findings in the literature on cognitive and behav-
ioral surgical outcomes are mixed. Conway et al. [39] recently reported
more behavioral improvement in seizure-free patients – thus
confirming previous findings from our group [48] and other researchers
[47,49] – but no changes in cognition, irrespective of the seizure
outcome. Of interest, behavioral improvements were shown to partially
mediate thewell-established relationship between seizure freedomand
improved parent-reported health-related quality of life in childrenwith
epilepsy [41]. Methodologically, seizure-free status comes close to con-
found the surgical condition as such if the seizure freedom rate ap-
proaches 80%; low variance in one factor of course yields low
covariance with other factors.

We obtained positive effects of lower antiseizure drug loads and an-
tiseizure drug reduction on the postoperative cognitive performance as
perceived by the parents. This finding is in line with results from a large
multicenter study (to which we contributed) that reported improved
intelligence after postoperative withdrawal of antiseizure drugs [50].
A recent psychometric study from our group showed that negative ef-
fects of antiseizure drugs on intelligence in children with epilepsy are
most likely mediated via their impact on executive functions [51]. The
KOPKIJ data from the present study underline that drug effects impact
everyday performance, and consistent to our previous findings, parents
most often reported improvement in “executive functions” (45%) after
drug reduction. More research on the effects of antiseizure drugs on
the neurocognitive development of children with epilepsy who need
to use these drugs is needed. Similar effects of antiseizure drug reduc-
tion on parent-perceived cognition were reported by one study [52]
but not obtained in another [53].

Like other studies, we found no effects of the lateralization or local-
ization of the surgical site on the outcome variables. Most psychometric
studies in pediatric patients also failed to establish strong correlations
between side or site of the morphological lesion (presurgical) or resec-
tion (postsurgical) and the obtained patterns of functional deficits; this
also applies to our own recent neuropsychological outcome study [32].
We presume that the lack of such structure–function correlations in
children indicates a generally lower degree of regional and hemispheric
specialization for cognitive functions in younger age [54]. In children
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with structural epilepsy, the relatively diffuse brain structure–function
relationships might also result from the complex compensatory pro-
cesses that are initiated during neurocognitive development in an at-
tempt to cope with early brain damage (e.g., intra- and
interhemispheric shift of functions). Also, the development of executive
functions, which is still ongoing during childhood and youth, may play
an important role for the low levels of lateralization and localization of
higher cognitive functions in children. In particular, we did not find
the classical pattern of memory deficits in the case of temporal lobe ep-
ilepsy and executive deficits in the case of frontal lobe epilepsy that was
reported byMartin et al. [29]. Even the parent-perceived deficits in lan-
guage functions could not be lateralized to the speech-dominant
hemisphere.

Consistentwith the notion that epilepsy starts early in the case of se-
vere prenatal brainmalformation or insults, earlier onset and longer ep-
ilepsy duration were associated with worse KOPKIJ performance at T1
and T2 (but had no effect on change). Stepwise multiple linear regres-
sion analyses indicated that these correlations were even stronger for
daily life performance asmeasured by the KOPKIJ than for psychometric
intelligence (which is usually used as a summary measure of
neurocognitive integrity). Thus, neuropsychological profiles of cognitive
performance in children with structural epilepsy rather reflect the ex-
tent and time period of the pathological impact on the neurocognitive
development than its side or site [54].

4.3. Parental ratings versus neuropsychological tests

Asmentioned above, we recently reported low correlations between
the KOPKIJ domain scores and the scores from psychometric perfor-
mance tests associated with the respective cognitive domains [31],
and in fact, such discrepancies were already noted by the KOPKIJ's test
authors [30]. Of interest, also, other groups found only low correlations
between psychometric tests scores and parental ratings [22,55–58]. Ev-
idently, both types of measures imply behavioral sampling, but they do
so in entirely different settings. Psychometric test scores are obtained in
a highly standardized and therefore artificial situation, especially for
children; they rely on an objectively defined scoring algorithm; and,
most importantly, the observed scores are referred to a well-defined
and standardized scale (namely, the distribution of normative data)
for individual diagnostic evaluation. In contrast, when asked to fill-in
surveys, parents are implicitly encouraged to apply their own individual
reference frame; thus, the obtained rating data are essentially subjec-
tive. For example,while some parents tend to compare the performance
of their challenged child with healthy siblings or peers (like standard-
ized tests do), other parents may want to account for the given chal-
lenge and compare their child with his/her classmates (e.g., in the
special-needs school). Obviously, different “normative” standards result
in different judgments of objectively similar conditions. However,
KOPKIJ change scores are controlled for different underlying subjective
standards (as T1 performance scores are subtracted from T2 perfor-
mance scores) but nevertheless showed almost no correlation with
neuropsychological change scores.

Therefore, the question is whether the evident lack of correlation
queries the clinical validity of parental ratings; or conversely, threatens
the ecological validity of established psychometric tests; or rather indi-
cates that both types of measures contribute complementary clinically
valuable diagnostic information. We favor the latter interpretation be-
cause similar performance profiles and patterns of change as well as
similar clinical predictors (i.e., seizure-free status, antiseizure drug
load) indicate that the KOPKIJ survey and the neuropsychological as-
sessment finally refer to the same latent psychological factors. Further-
more, daily life demands in a specific cognitive domain are essentially
different from respective psychometric task demands (e.g., due to dif-
ferent time frames in the case of memory) constituting an insurmount-
able gap between scientific and everyday psychological concepts.
Finally, scores from different KOPKIJ domains were highly correlated
at both times suggesting that parents rather form a “general impres-
sion” [31]. High correlation (i.e., redundancy) of subjective data that ap-
parently address specific domains was often reported, for instance, in
studies on subjective memory complaints and depressive mood [59].
In our recent publication, the KOPKIJ data could actually be reduced to
two factors, “basic cognition” and “school achievement” [31]. Parental
ratings necessarily refer to salient behavioral properties and, thus,
may not be expected to provide highly differential information. Both ap-
proaches have their own merit to provide clinically valuable informa-
tion. Mutual replacement of the one by the other seems impossible.

4.4. Limitations

The significance of our study is particularly limited by the
monocentric study design and the lack of an adequate control condition
(besides the normative sample of healthy children). As regards the
monocentric setting of our study, cohort effects concerning the distribu-
tion of etiologies and types of surgeries as well as the available pediatric
neurosurgical expertise limit the generalizability of the reported medi-
cal and cognitive outcomes. The use of the KOPKIJ by other groups and
independent replication studies would be highly appreciated. The lack
of a control condition is probably one of the most serious issues for
treatment effect studies in pediatric surgical patients and, to our opin-
ion, no simple solution exists (as randomization cannot be justified eth-
ically and medically). In the present study, the KOPKIJ standard values
aswell as the critical differences were derived from an indirect compar-
ison with the normative sample of healthy children. However, espe-
cially for reliability, it remains unclear whether the estimates derived
from this population do really apply to the clinical sample. As men-
tioned in the Methods section, the test authors also reported prelimi-
nary retest reliabilities which they obtained from a sample of
nonsurgical pediatric patients with epilepsy (follow-up about
12 months) [30]. However, upon closer examination, these patients
showed important differences in their clinical characteristics as com-
pared with the surgical sample of the present study. Most importantly,
a substantial rate of the nonsurgical patients (40%) did not suffer from
therapy-refractory epilepsy at the baseline as they were seizure-free
at the retest (unpublished data). For this reason, we changed our initial
plans, revised themanuscript and decided to not include these children
as controls. Of note, as we used the highest available reliability esti-
mates, the reported percentages for both risks and chances represent
the upper boundaries.

5. Conclusions

Our study provides further evidence for themedical success and the
cognitive safety of pediatric epilepsy surgery with regard to the
children's daily life. Even more, parents reported postoperative im-
provement on the group level. Individually, cognitive improvement
was twice as likely as decline. However, one-third of the patients expe-
rienced decline in at least one cognitive domain reminding of cognitive
risks of epilepsy surgery and their relevancy for daily life performance.
The KOPKIJ provides complementary diagnostic information for clinical
and scientific use in epilepsy and, probably, other pediatric conditions.
Our findings are suggestive for using third party evaluation surveys
also in adult therapy outcome research.
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