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Abstract

Objective: The aim of this study is to describe the pre- and post-operative de-
velopmental and intellectual functions in a cohort of patients who underwent
surgery for drug-resistant epilepsy (DRE) before the age of 5years.

Method: We retrospectively reviewed the medical records and neurodevelop-
mental assessments of a cohort of 80 surgically treated pediatric patients with
DRE. We included patients if they had at least one pre- and one post-surgical
neuropsychological assessments; 27 met the inclusion criteria. We evaluated
Developmental Quotient (DQ) and Intelligence Quotient (IQ) before and after
surgery. We identified two groups based on psychological evaluation outcome:
Group 1, with stable or improved developmental and intellectual functions, and
Group 2, experiencing developmental and intellectual loss.

Results: The mean age at seizure onset was 1.2 + 1.0years, and the mean age at
surgery was 2.9 +1.2years. At the last follow-up (mean 4years, SD+2), 19/27
(70%) patients were seizure- and drug-free; 18/27 patients (67%) fit in Group 1,
and 9/27 (33%) fit in Group 2. The mean age at surgery was 2.6years (SD +1.1;
range 1.2-5.1) in Group 1 and 3.4years in Group 2 (SD=+1.1; range 1.6-5.0).
Group 1 had a lower pre-operative DQ/IQ total score than Group 2 (median DQ/
1Q respectively 82 vs 108, p=0.05). Between pre- and post-assessments, we found
that in Group 1, Performance scores improved (82.7 vs 102, p=0.001), while in
Group 2, the Total and Verbal scores worsened (respectively 108 vs 75, p =0.008,
and 100 vs 76, p=0.021).

Significance: Our study's results emphasize the positive impact of surgery be-
fore the age of 5years on developmental and intellectual outcomes. Despite limi-
tations such as a small sample size, lack of a control group, and diverse etiologies,
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plasticity and recovery.
KEYWORDS
1 | INTRODUCTION

Epilepsy is a multifactorial disorder, and the etiologies of
epilepsies can affect brain maturation and development.'*
Cognitive impairment is common in patients with early-
onset epilepsy, especially in those with drug-resistant
epilepsy associated with malformations of cortical devel-
opment.® Younger age at seizure onset, the duration of ep-
ilepsy, and the extent of the cortical malformation predict
worse cognitive outcome.'™

Resective epilepsy surgery for a focal epileptogenic le-
sion is an effective treatment for both seizure control and
cognitive improvement in patients with drug-resistant
epilepsy.*® Early intervention may benefit from the
brain's maximum plasticity and from maturational and
compensatory reorganization processes. It also helps pre-
serve early neurological development from the interfer-
ence of seizures and interictal epileptiform discharges.”™
It has been documented that the chances of improvement
in Developmental Quotient/Intelligence Quotient (DQ/
IQ) in pediatric patients undergoing surgery are higher
than the risk of deterioration.'” Freitag and Tuxhorn'!
reported that most pre-school patients who underwent
surgery for drug-resistant epilepsy showed stability in
cognitive development over the short-term follow-up and
a positive trend over the longer period. In this regard, pre-
vious studies documented that pre-surgical DQ/IQ is an
important predictor of post-operative developmental and
intellectual outcomes.””*° While stagnation and slowing
of post-surgical developmental and intellectual trends
may be present in some cases, the level of evidence is still
poor as most studies are characterized by small sample
sizes and short follow-ups.

The present study aims to describe the clinical features
and developmental and intellectual trajectories of a group

our findings support the crucial role of early intervention in preserving or en-
hancing developmental and intellectual functions in young patients with DRE.

Plain Language Summary: This retrospective study, conducted at the Bambino
Gesu Children Hospital in Italy, reports neuropsychological and developmental
and/or cognitive data for children undergoing early epilepsy surgery (before the
age of 5). It found that children with lower developmental or cognitive profiles
gained the highest scores on post-operative neuropsychological evaluations. This
study provides information on the potential benefits of early surgery in shorten-
ing the duration of epilepsy, preventing or arresting deterioration, and enhancing

developmental and intellectual outcomes, developmental quotient, drug-resistant epilepsy,
intelligence quotient, pediatric epilepsy surgery

Key points

« Cognitive impairment is common in patients
with early-onset epilepsy.

» Resective surgery is an effective treat-
ment for both seizure control and cognitive
improvement.

+ Most of our sample showed a cognitive im-
provement or stability after surgery.

« Performance scores improved in Group 1 and
Total and Verbal scores worsened in Group 2.

of pediatric patients who received resective surgery as a
treatment for drug-resistant epilepsy before the age of
Syears.

2 | PARTICIPANTS AND
METHODS

2.1 | Participants

We retrospectively reviewed the medical records and neu-
rodevelopmental assessments of a cohort of 80 pediatric
patients with drug-resistant epilepsy who were surgically
treated before the age of 5 at the Neurology Epilepsy Unit
at the Bambino Gesu Children's Hospital between 2009
and 2019. We included patients who (i) underwent surgery
before the age of 5years and (ii) had at least one pre- and
one post-surgery neuropsychological evaluations using
verbal and non-verbal standard scales (Griffiths Scales of
Child Development or Wechsler Preschool and Primary
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Scale of Intelligence). Patients with incomplete or missing
neuropsychological data were excluded.

Patients were assessed according to a pre-surgical neu-
ropsychological standard protocol following international
recommendations.'? Considering the retrospective nature
of the analysis, the current study did not require approval
from the local ethics committee according to current legis-
lation, but a notification was sent. Data were retrospectively
analyzed in line with personal data protection policies.

2.2 | Procedures

Developmental and/or intellectual domains ware evalu-
ated both before and after surgery. For the analysis of re-
sults, we considered the last available neuropsychological
evaluation, which was conducted after a mean period of
4.0+2.0years (range 1.1-8.4years). The neuropsychologi-
cal assessment was carried out using standardized scales,
selected based on the child's chronological age: Griffiths
Scales of Child Development (GMDS)"? in patients below
the age of 4years, Wechsler Preschool and Primary Scale
of Intelligence (WPPSI-III)!* in patients between 4 and
6years, and Wechsler Intelligence Scale for Children
(WISC-IV)" in patients from 6years old and above. If the
patient was too delayed, we repeated the Griffiths Scales.
As previously reported, we used a single psychometric
global measure (IQ/DQ) as an outcome measure.’® DQ
was converted in IQ as follows: We converted Griffiths'
scale C (Hearing and Speech) and scale F (Practical
Reasoning, for patients with mental age>24months)
into Verbal Function, and we converted scale D (Eye
and Hand Coordination) and scale E (Performance) into
Performance Function. DQ/IQ represented the average
value between the verbal function and the performance
function.'”'® Significant pre- and post-operative DQ/IQ
scores were defined as a+10 score cut-off.'**

Further clinical variables were gathered by continuous
scalp video-EEG monitoring and high-resolution mag-
netic resonance imaging (MRI).

Patients were assigned to two groups based on the post-
intervention developmental and intellectual outcomes: One
group included patients with improved or stable functions
(Group 1), and the second group included patients who lost
scores between the pre- and post-assessment (Group 2).

2.3 | Demographics and statistical
analysis

We performed a descriptive analysis for demographic fea-
tures. We computed frequency and distributions for all
the available categorical data. We described continuous

data with a normal distribution using mean and standard
deviation, whereas for data with other distributions, the
median and range (min and max) were reported.

We examined differences in clinical, developmental,
and intellectual features, and we also performed Wilcoxon
and Mann-Whitney tests to observe whether there was
a difference in clinical and surgical characteristics be-
tween pre- and post-intervention periods between the two
groups of patients. The Sankey plot was constructed using
MATLAB Software to visually represent the relationships
and transitions between developmental and/or intellec-
tual evaluation. Parameters, including node spacing, link
curvature, and color representation, were adjusted to opti-
mize the visualization for developmental and/or intellec-
tual changes over the three follow-up periods.

3 | RESULTS

3.1 | Pre-and post-surgical clinical
features

We enrolled 27 patients, of which 7 were with a mean
age at seizure onset of 1.2+ 1.0years and a mean age at
surgery of 2.9 +1.2years. Table 1 shows detailed patient's
clinical features.

At the last neuropsychological evaluation (mean 4.0
SD +1.9years; range 1.8-8.4years), 18 patients (67%) had
improved or stabilized developmental and/or intellectual
functions (Group 1), while 9 patients (33%) had develop-
mental and/or intellectual decline (Group 2).

In Group 1, mean age at surgery was 2.6 years (SD +1.1;
range 1.2-5.1). The mean age at seizure onset was 1.1years
(SD £0.9; range 0.1-4.0), while the mean duration of ep-
ilepsy was 1.5years (SD +0.8; range 0.1-3.1). The mean
duration of neuropsychological follow-up post-operatively
was 3.8years (SD+2.0; range 1.8-7.1). Eleven patients
(61%) presented focal cortical dysplasia type I (3 patients)
or II (8 patients), while 4 patients (22%) presented long-
term epilepsy-associated tumors (LEAT). Fourteen pa-
tients (78%) were seizure-free. At last follow-up, seven
patients had psychopathological comorbidity; two of them
presented attention deficit disorder, four presented emo-
tional and behavioral dysregulations, and one child pre-
sented both conditions.

In Group 2, the mean age at surgery was 3.4years
(SD+1.1; range 1.6-5.0). The mean age at seizure onset
was l.4years (SD=+1.1; range 0.2-3.0), while the mean
duration of epilepsy was 2years (SD +1.1; range 0.6-4.1).
The mean duration of neuropsychological follow-up
post-operatively was 4.5years (SD+2.0; range 2.0-8.4).
Six patients (67%) had a focal cortical dysplasia type I (1
patient) or type II (5 patients). Five patients (56%) were
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TABLE 1 Clinical and demographic features of study sample of patients.

Patient characteristics

Total (n=27)

Group 1 (n=18)

Group 2 (n=9)

Sex

Age at first seizure (in years)
Age at surgery (in years)

Duration of epilepsy (in years)

Time neuropsychological follow-up*

F:7, M:20

M (SD; range)
1.2 (0.9; 0.1-4)
2.9(1.2;1.2-5.1)
1.7(0.9;0.1-4.1)
4.05(2.0;1.1-8.4)

M (SD; range)
1.1(0.9;0.1-4)
2.6(1.1;1.2-5.1)
1.5(0.8;0.1-3.1)
3.8 (1.9;1.8-7.1)

M (SD; range)
1.4 (1.06; 0.2-3)
3.4(1.10; 1.6-5)
2(1.1;0.6-4.1)

4.5(2.02; 2-8.4)

Seizure outcome N (%) N (%) N (%)
1A 19 (70.4) 14(77.8) 5(55.5)
Other 8 (29.6) 4(22.2) 4(44.5)
Diagnosis/Etiology/Pathology

Focal cortical dysplasia 11(61.1) 6(66.7)
LEAT 4(22.2) 1(11.1)
Hypothalamic hamartoma 2(11.1) 1(11.1)
Hippocampal sclerosis 0 1(11.1)
Other 1(5.6) 0

Type of surgery

Lesionectomy 4(14.9) 3(16.7) 1(11.1)
Lesionectomy + cortectomy 17 (62.8) 11 (61.1) 6 (66.7)
Hemispherectomy 2(7.4) 2(11.1) 0
Other 4(14.9) 2(11.1) 2(22.2)
Drug resistance 15 (83.3) 6 (66.7)
Seizure outcome (Engel Scale) N N

IA 14 (77.8) 5

IC 1 2

ID 1 -

II - 1

II1 1 1

v 1 -

Abbreviation: LEAT, long-term epilepsy-associated tumors.
*Time from date of surgery to last psychological follow-up.

seizure-free after surgery. At last follow-up, three patients
had psychopathological comorbidity including attention
deficit disorder and emotional and behavioral dysregula-
tion. One child had been diagnosed with autistic spectrum
disorder.

3.2 | Developmental and intellectual
trajectories and seizure outcomes after

surgery

Developmental and intellectual outcomes are summa-
rized in Table 2.

We found that patients in Group 1 had a lower pre-
operative DQ/IQ total score than in Group 2 (median
DQ/IQ respectively 82 vs 108, p=0.05). Within Group 1,
Performance scores statistically improved between pre- and
post-assessments (82.7 vs 102, p=0.001), while in Group 2,
the Total and Verbal scores statistically worsened between
pre- and post-assessments (respectively 108 vs 75, p=0.008,
and 100 vs 76, p=0.021; Figure 1). Figure 2 represents the
trajectories of developmental and intellectual performances
before and after surgery for the entire sample of patients.

The post-surgical seizure outcome is presented in
Table 1. Of the 27 patients, 19 (70.4%) were seizure- and
drug-free (mean follow-up of 4years, SD+2), while 8
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TABLE 2

Cognitive outcome

Cognitive abilities before and after the surgical procedure.

Pre-surgery Post-surgery Raw score difference

(median) (median) (pre-post) p-Value
Group 1 (n=18)
Total score 82 93 11 0.114
Verbal score 75.5 94 18.5 0.053
Performance score 82.7 102 19.3 0.001*
Group 2 (n=9)
Total score 108 75 —33 0.008*
Verbal score 100 76 —24 0.021*
Performance score 102.5 82 —20.5 0.314

*Statistically significant value, p <0.05, CI=95%.
Bold values indicates statistically significant values (p < 0.05)

60

40 o

20

-20

[l Total score
B Verbal score
B Performance score

Group 1

FIGURE 1

Group 2

The box plot illustrates the distribution of differences in total, verbal, and performance scores evaluated before and after

surgery among patients in Group 1 and Group 2. The boxes delineate the interquartile range (IQR), with the median depicted as the central
black line. Whiskers extend to the minimum and maximum values, while individual data points beyond this range are considered outliers.
The box plot provides a visual summary of the central tendency and variability across both patient groups.

(29.6%) continued to have seizures at the last follow-up.
Among the seizure- and drug-free patients, 14 (73.6%)
showed improved or stabilized developmental and/or
intellectual functions. In contrast, among those who
continued to have seizures, 4 (50%) showed a worsened
developmental and/or intellectual trajectory.

We found no statistically significant correlation be-
tween seizure outcome and developmental and intellec-
tual functions. Among seizure-free patients, we confirmed
that performances were stable or slightly improved
(Figure 3). We did not find any statistically significant
correlation between post-surgical developmental and

intellectual outcomes and seizure outcome (p=0.573),
age at seizure onset (p =0.426), age at surgery (p=0.097),
or the duration of epilepsy (p =0.246). These descriptive
results are summarized in Table 1.

4 | DISCUSSION

Cognitive impairment is common in patients with epi-
lepsy, especially in those with early-onset, drug-resistant
seizures, and extensive malformations of cortical devel-
opment."”* Early resective surgery and shorter seizure
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FIGURE 2 Example of a Sankey flow diagram with components labeled, defined, and explained. The x-axis represents three time
points regarding follow-up evaluation. TO represents the pre-surgical evaluation, T1 represents the evaluation done 2years after surgery,

and T2 represents the evaluation done 4years after surgery. The total of the y-axis represents the full sample (100%). This Sankey diagram
depicts the flow among four different cognitive functions represented by colors. The connections between nodes are referred to as flows

and represent the proportion of the sample transitioning from one node to the next, indicating cognitive outcome during the assessment.
These flows highlight changes in cognitive outcomes over time. On the right side of the diagram, the colors of the vertical bars align with the
cognitive functions represented on the left side. This alignment allows for straightforward tracking of cognitive function changes over the
evaluated periods. Each vertical bar signifies the distribution of cognitive functions at each time point.

40
30 P A
A
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A
10 A . A
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-10 A * ~\\\ ¢ Other
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-30
4
-40
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FIGURE 3 Correlation between cognitive function (DQ/IQ) and the time of neuropsychological post-surgery follow-up for both seizure
outcome groups (IA vs. other). *IA: completely seizure-free since surgery, others: no seizure-free according to Engel Surgical Outcome
Scale. The y-axis represents the change in cognitive function scores (DQ/IQ) over the specified follow-up periods, represented by the x-axis.
Patients who worsened were all reported to have a pre-surgical higher median DQ/IQ score than patients who improved or were found
stable on cognitive trajectory. The correlation coefficients are Pearson =0.036 for the duration of follow-up and DQ-IQ outcome for the for
“IA Group”, and Pearson =0.114 for the duration of follow-up and DQ-IQ outcome for the “Others” group.
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duration before surgery may result in stable or improved
post-operative developmental and intellectual out-
comes.*® In this study, we included patients who were op-
erated before the age of 5years, and our findings show that
most of them (67%) improved or maintained stable their
developmental and intellectual trajectories after surgery.

According to the 2006 ILAE Pediatric Epilepsy Surgery
Task Force recommendations, early surgery—meaning at
the earliest stages of development—should be considered
to improve seizure frequency and to prevent the detrimen-
tal effects of severe and frequent seizures on neurodevel-
opmental progress.” Following these recommendations,
if DQ/IQ regression is observed, a surgical approach
should be considered urgent.”* Epilepsy duration is con-
sidered a predictive variable for post-operative cognitive
abilities: Children with shorter intervals between epilepsy
onset and surgery have greater gains in DQ/IQ." In fact,
pre-school patients who were operated within 6 months
of seizure onset were reported to have a better outcome
than patients whose seizures lasted longer before surgery,
although the difference was not statistically significant.*

In our study, patients with lower pre-surgical median
DQ/IQ get the better scores gain, supporting the assump-
tion that pre-surgical DQ/IQ is inversely correlated with
post-surgical DQ/IQ.*! We believe that earlier surgery may
have protected patients with lower DQ/IQ from worsen-
ing and enhanced neuroplasticity and recovery.

A recent study on neuroconnectivity showed that chil-
dren undergoing temporal lobe surgery with greater pre-
operative impairments in neurocognitive functions had
wider bilateral intrinsic connectivity networks, which
seemed to be related to a greater propensity for post-
operative improvements.”? This has been demonstrated
only in children operated for temporal lobe epilepsy, while
in children with heterogenous resections sites, improve-
ments in IQ were slighter and only observed in longer
post-surgical follow-up (average 7years after surgery).

Differently from what we found in our study, in 48 pe-
diatric patients it has previously found that patients with
higher pre-operative DQ scores after surgery gained more
scores if compared with patients with lower pre-operative
DQ scores. Authors hypothesized that patients with
higher pre-operative DQ scores may have greater reserve
capacities and superior resources.**

A meta-analysis on cognitive outcomes after pediatric
epilepsy surgery indicates that, on average, children who
undergo epilepsy surgery experience a stabilization in intel-
lectual and developmental functioning, with no further de-
cline.”® This study revealed that the greatest cognitive loss
was seen in the youngest, and authors hypothesize that this
finding may be reflect the fact that early-onset epilepsies are
typically severe and can lead to developmental and epilep-
tic encephalopathies or developmental encephalopathies.

From a neuropsychological perspective, data from
our study revealed that in the group of patients who lost
scores, the verbal domain was the most affected subdo-
main. Previous findings are controversial: In a cohort
of 20 patients,”® no changes in verbal fluency after sur-
gery were documented, while other studies have shown
a loss of scores in verbal tasks after temporal lobe resec-
tion.?*??%*" It is worth mentioning that these previous
findings are only related to temporal lobe surgery and not
to other heterogenous site resections.

We found that the group of patients who improved
or stabilized their developmental or intellectual abilities
after surgery had a statistically significant improvement
in the Performance domain of WPPSI. Performance abil-
ities—being the result of a group of functions—are more
susceptible to reorganization and therefore may have a
better compensational capacity.

None of the clinical variables taken into consideration,
such as age at seizure onset, age at surgery, epilepsy dura-
tion, and follow-up duration, were statistically correlated
with the DQ/IQ changes. However, epilepsy duration was
shorter in patients with stable or improved post-surgical
DQ/IQ, underlining the importance of early surgery.*™*”’

It is worth noting that even though most of our patients
had stable or improved global developmental and intellec-
tual functions at the last neuropsychological post-surgery fol-
low-up, not all of them achieved satisfactory developmental
profiles, and this is consistent with previous findings.>”**~*°

5 | LIMITATIONS

This study is limited by the small sample size, the open-
label design, the lack of a control group, the heterogeneity
of etiologies and histopathologic findings, and the com-
bination of developmental and cognitive scores from the
GMDS and the Wechsler scales. Specifically, the latter
may have introduced some bias in the evaluation of the re-
sults; therefore, we should consider that some of our con-
clusions should be confirmed with future studies using a
single evaluation tool. These limitations may impact our
data, so the results should be interpreted carefully.

Despite several limitations, our study's strengths lie in
selecting patients at a very sensitive developmental age
(younger than Syears), the duration of the follow-up, and
the overall good developmental and intellectual outcome
observed after surgery.

6 | CONCLUSIONS

This study showed that most patients with drug-
resistant epilepsy operated before the age of 5Syears
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had stability or improvement in developmental and
intellectual domains. Short epilepsy duration and sur-
gery at an early age—which is now indicated as good
clinical practice in the international scientific com-
munity—may positively influence developmental and
intellectual trajectory and allow for a better long-term
quality of life. We suggest that future studies with
larger and more homogenous sample sizes and more
consistent follow-up intervals should be planned using
age-specific neuropsychological tools.
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