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Fifty-eight children aged 8-12 years participated: 17 children with epilepsy diagnosis in intervention group, 22
patients in waiting-list control group, and 19 healthy age equivalent controls. The intervention group received
guided visuospatial functions rehabilitation with FORAMENRehab software twice a week for a 5-week period.
Baseline assessments were carried out before and immediately after the intervention period, and as follow-up
1.31 years later. Intervention group showed positive immediate rehabilitation effect in 3 out of 4 visuospatial
components: visual organization, visual attention, and visuospatial perception. A long-term rehabilitation effect
in the study group was observed in all 4 of the trained components. Also, a positive generalized effect was con-
firmed by the parents' and children's qualitative feedback with some of the improved skills transferring to
children's everyday life. One hundred percent compliance further confirmed the children's motivation to partic-
ipate and the effectiveness of FORAMENRehab for pediatric neurorehabilitation.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction
1.1. Visuospatial functions

The ability of the visual system to process spatial relations between
objects or parts of an object is imperative in processing of visual infor-
mation [1]. Visuospatial functions are an important element of intellec-
tual ability and involve multiple processes [2,3]. Various components of
visuospatial functions have been recognized in research (see Table 1).

In the current study, the concept of visuospatial functions includes
visual recognition, visual organization, visual attention, and visuospatial
perception (see Table 4 for details of tasks).

There are various reasons why the research of visuospatial functions
in children is important. Skills as visual-motor abilities, visuospatial orga-
nization, visual discrimination, and the ability to integrate perceptual and
motor processes are required to learn to count or perform arithmetic cal-
culations [8]. Moreover, visuospatial skills have been found to predict
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achievements in mathematics [8,9]. Children have presented a strong re-
lationship between academic performance in math, reading, writing, and
visual-motor integration, visual perception, hand control, and overall
motor proficiency [10]. Visuospatial skills and visuomotor integration
were significantly correlated with number line estimation tasks, which
have a significant relationship with mathematical achievement [11]. A
longitudinal study showed that spatial skills predict achievement in all
the science, technology, engineering, and mathematics (STEM) domains
[65].

1.2. Visuospatial deficits in children with epilepsy

Deficits in visuospatial functions are often present in children with
epilepsy, which has an estimated prevalence rate of 0.5-1% in the gen-
eral population [12]. The incidence rate of childhood epilepsy in
Estonia is up to 86.3/100000 [13].

Children with focal epilepsy (FE) with left side focus had deficits in cat-
egorization, verbal long-term memory, and visuospatial analysis [14]. Chil-
dren with epilepsy, with and without migraine, have presented deficits in
visual-spatial analysis and visual attention [15]. In addition, children with
newly diagnosed FE, prior to medication, develop deficits in attention,
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Table 1
Components of visuospatial functions [3-7].

Components Abilities involved

1. Spatial perception

2. Mental rotation

3. Spatial visualization

4, Visual recognition

5. Visual organization

6. Visual attention

7. Visuospatial perception
8. Visual-motor abilities

Determine spatial relationships

Rotate two or three dimensional figures
Manipulate spatially presented information
Recognize faces/objects/categories

See object/picture as sum of parts

Process certain areas of visual field
Represent physical environment in mind
Integrate perceptual and motor processes

short-term memory, and visuoperceptual functions [16]. Also, deficits in
spatial perception and visual-constructive skills in children with Rolandic
epilepsy have been reported [17]. Other cognitive deficits in children
with epilepsy include impairments in attention [16,18-20], executive
functions (EF) [18,20], and social perception [20,21], which may remain
stable up to 6 years without evidence of progressive worsening or recovery
[19]. It is necessary to rehabilitate the deficits early on, because these in-
crease the clinical burden and impair the patients’ quality of life [22].

1.3. Visuospatial deficit rehabilitation

One of the most suitable treatment methods would be cognitive re-
habilitation (CR), which refers to systematic therapeutic approaches to
improve information processing [23]. The aims of CR are to compensate
impaired functions by incorporating individual and context-related de-
mand [22], generalization to other cognitive functions [22], and improv-
ing the everyday functioning of the patient [24].

Various studies have concluded that CR has been effective for reme-
diation of visuospatial functions, attention, memory, social skills, and EF
after different acquired brain injury (ABI) diagnosis [25-28]. As for epi-
lepsy, various studies have found positive outcome of CR in adult pa-
tients [29-33], but for now, relatively few studies have focused on CR
in children [33]. Cognitive rehabilitation for deficits in visuospatial func-
tions in adults or children with epilepsy has not been previously carried
out.

Modern computer-based CR includes many advantages over tradi-
tional paper-and-pencil approaches. These include being personalized,
and the difficulties of tasks could be set according to the patients' per-
formance [34]. Computer-based CR has been previously found to be ef-
fective in children with various diagnoses, including epilepsy [35-38].

Furthermore, a positive outcome in remediation of attention impair-
ment in children with epilepsy was revealed with our previous studies
using the Attention module of the ForamenRehab program. Children's
sustained and complex attention components showed significant
long-term improvements [35,36]. Also, technology-based trainings are
motivating for children with ABI, thus ensuring good compliance [39].

A comprehensive review of the use of computerized treatment for
attention and EF has revealed improvements following interventions
[40]. Less research could be found on the methods of computer-based
CR for visuospatial deficit. Some studies have shown positive effects of
programs in patients with stroke [41]. More often, computer-based CR
has been used to treat patients with visual neglect [25,42,43].

Many authors have expressed the need for more randomized con-
trolled studies to assess the effectiveness of pediatric CR [12,35,40,
44-48). Taken together, there is a need for modern CR techniques for
children with ABI that are individualized, computer-based, therapist-
guided, and motivating.

The main aim of the current study was to assess the effectiveness of
the Visuospatial module of the computer-based ForamenRehab pro-
gram in visuospatial deficit rehabilitation in children with epilepsy
aged 8-12 years.

The specific aims were as follows:

1. to assess the rehabilitation effect on specific visuospatial components
in 8- to 12-year-old children with epilepsy using the ForamenRehab
program;

2. to create an individual-based intervention design with optimal diffi-
culty levels and duration of rehabilitation;

3. to measure the long-term rehabilitation effect with follow-up assess-
ments; and

4. to evaluate the generalized effect and provide clinical implications
for computer-based visuospatial deficits rehabilitation in children
with epilepsy.

2. Methods
2.1. Participants

2.1.1. Study group

The study was conducted in the Department of Neurology and
Neurorehabilitation in the Children's Clinic of Tartu University Hospital.
Seventeen children aged 8-12 years (M = 9.95, standard deviation (SD)

Table 2
Study group characteristics.
Pt Age Sex AgeatFEonset Duration of FE  Specification (EEG/MRI) AED
(years) (years) (years) medication
P1 10.75 M 8.75 2.00 EEG: focal epilepsy with spike-wave activity CT sin/MRI: N LEV
P2 11.08 F 10.08 1.00 EEG: focal epilepsy with spike-wave activity T"C sin/MRI: N 0XC
P3 1033 F 8.75 1.58 EEG: focal epilepsy with spike-wave activity TC sin/MRI: N VPA
P4 9.67 M 9.50 0.17% EEG: focal epilepsy to bilateral spike-wave activity, C region/MRI: N 0XC
P5 10.50 M 6.58 3.92 EEG: focal epilepsy with spike-wave activity CT dex/MRI: N VPA
P6 1042 F 7.42 3.00 EEG: focal epilepsy with spike-wave activity in sleep T3/MRI: arachnoid cyst (5 mm) in temporal =~ CBZ
lobe dex
P7 9.33 M 6.42 291 EEG: focal epilepsy to bilateral spike-wave activity S > T/MRI: N VPA
P8 11.33 M 7.92 341 EEG: focal epilepsy with spike-wave activity CT dex/MRI: N 0XC
P9 9.75 M 6.50 3.25 EEG: focal epilepsy with spike-wave activity in T region/MRI: N VPA
P10 8.42 M 6.58 1.84 EEG: focal epilepsy with spike-wave activity CT sin/MRI: arachnoid cyst in F-P lobe dex VPA
P11 1158 F 11.50 0.08* EEG: focal epilepsy with spike-wave activity in sleep CT sin/MRI: hippocampal malrotation sin 0XC
P12 8.17 M 8.08 0.09% EEG: focal epilepsy to bilateral spike-wave activity, O region/MRI: multifocal white matter and 0XC
left mesial temporal lobe lesions
P13 11.08 M 10.92 0.16* EEG: focal epilepsy with spike-wave activity in sleep T> C/MRI: N OXC
P14 9.33 M 6.67 2.66 EEG: focal epilepsy with spike-wave activity PT > T, slow bioelectrical activity dex/MRI: N VPA
P15 1125 F 6.17 5.08 EEG: focal epilepsy with spike-wave activity sin/MRI: N CBZ, LEV
P16 8.08 M 6.33 1.75 EEG: focal epilepsy with spike-wave activity in PC sin/MRI: N VPA
P17 8.08 M 5.25 2.83 EEG: focal epilepsy with spike-wave activity in sleep FT sin/MRI: N VPA

Pt — patient, M — male, F — female, EEG — electroencephalography, MRI — magnetic resonance imaging, N — normal finding, O — occipital, T — temporal, C — central, FT — frontotemporal,
CT — centrotemporal, PT — parietotemporal, sin — left, dex — right, AED —antiepileptic drug, OXC — oxcarbazepine, VPA — valproate, LEV — levetiracetam, CBZ — carbamazepine.

2 Newly diagnosed epilepsy.



M. Saard et al. / Epilepsy & Behavior 100 (2019) 106521 3

= 1.212) with FE and previously diagnosed visuospatial deficits partic-
ipated in the intervention (see Table 2). Patients in the intervention
group received individual trainings with the Visuospatial module of
the FORAMENRehab software. The age group was chosen for the reason
that the children were required to have sufficient reading and mathe-
matical skills. Also, to keep the children's age range and developmental
level comparable.
The following inclusion criteria were used:

1) Previously diagnosed FE (ICD-10 G40.0, G40.1, G40.2), confirmed by
child neurologist;

2) Mild to moderate visuospatial impairment confirmed by a certified
clinical neuropsychologist on the basis of neuropsychological assess-
ment (included visuospatial subtests from the A Developmental
NEuroPSYchological Assessment (NEPSY) test battery);

3) Fluency in Estonian (first spoken language);

4) Age between 8 and 12 years; and

5) Parental written consent and child's verbal agreement for
participation.

Exclusion criteria included other documented diseases involving the
central nervous system (e.g., stroke, tumors, encephalitis, cerebral
palsy), psychiatric comorbidity (e.g., attention deficit hyperactivity dis-
order (ADHD), anxiety disorder, mental retardation (ICD-10 F70-F79)),
and treatment with any psychotropic medication other than antiepilep-
tic drugs during the rehabilitation period. Altogether, the characteristics
of the study group included 4 newly diagnosed patients, maximum du-
ration of epilepsy was 5.08 years, 1 patient underwent polytherapy and
16 were on monotherapy. Seizures in all patients were well controlled
by antiepileptic drugs.

The study was approved by the Research Ethics Committee of the
University of Tartu. The parental informed consent was received prior
to the intervention process.

2.1.2. Control groups
Two control groups were included in the study —— waiting-list con-
trol group and healthy children's control group.

1. The waiting-list group consisted of 22 children (M = 10.29 years, SD =
1.85) with visuospatial impairment and FE diagnosis, including 15 boys
and 7 girls (Table 3). The inclusion and exclusion criteria were the same
as for the study group. The two groups did not differ significantly re-
garding the age at epilepsy onset.

All patients attended regular schools and did not receive special ed-
ucation. Also, they were at first presented with an opportunity to partic-
ipate in the rehabilitation. Frequently, children from outside Tartu City
could not regularly attend the intervention because of difficulties with
transportation and were assigned to the waiting-list group.

2. To assess the baseline levels of visuospatial tasks and obtain the re-
sults of healthy population, the healthy children's control group
was composed of 19 healthy age equivalent children aged 8-
12 years (11 boys and 8 girls). The children were recruited from an
ordinary school in Tartu and attended 2nd to 5th grades. Children
with any known neurologic or psychiatric diagnosis were excluded.
The three groups did not differ significantly in terms of age and sex.

2.2. Rehabilitation software

The FORAMENRehab Cognitive Rehabilitation Software®
(FORAMENRehab) was used. FORAMENRehab is a tool for CR that was
developed in the year 2000 by Koskinen and Sarajuuri [24] in Finland.
It was first adapted to Estonian children in our pilot study [36]. In a pres-
ent study, the Visuospatial module was implemented. Different compo-
nents of visuospatial function were assessed and trained. The tasks were
divided into four categories or components (see Table 4). The exercises
were playful and mostly took up to 5 min to complete. The menu struc-
ture, toolbar, and icons of the software were illustrative; each task had a
clear written instruction as well as a model animation. The parameters
of each task were adjustable. The results were given both in numerical
tables and graphs. Several outcomes were recorded for every applica-
tion: solving and/or reaction time, number of correct responses and
subcategories of mistakes (omission errors, premature responses,

Table 3
Waiting-list control group characteristics.
Pt Age Sex Age at FE onset Duration of FE Specification (EEG/MRI) AED
(years) (years) (years) medication

P1 892 M 6.25 2.67 EEG: focal epilepsy with spike-wave activity C > TP sin/MRI: N Diazepam
P2 958 M 9.58 0* EEG: focal epilepsy with spike-wave activity TC sin/MRI: N LEV

P3 1299 F 8.58 4.84 EEG: focal epilepsy with spike-wave activity C sin > dex/MRI: bilateral mesial temporal sclerosis (dex >sin) CBZ

P4 1250 M 7.00 55 EEG: slow bioelectrical activity/MRI: cavernoma in frontal lobe sin CLZ

P5 1242 M 1242 0* EEG: focal epilepsy with spike-wave activity in sleep, C region/MRI: N VPA

P6 917 M 6.75 242 EEG: focal epilepsy with spike-wave activity C3/MRI: enlargement of insular cisterns 0XC

P7 1225 M 717 5.08 EEG: no interictal epileptical activity/MRI: N CBZ

P8 883 F 8.83 0? EEG: focal epilepsy with spike-wave activity TO sin/MRI: N VPA

P9 9.08 M 7.25 1.83 EEG: focal epilepsy with spike-wave activity in sleep O > T/MRI: N LEV, VPA
P10 875 F 8.75 0? EEG: focal epilepsy with spike-wave activity CT sin > dex/MRI: N VPA

P11 950 M 8.25 1.25 EEG: focal epilepsy with spike-wave activity PC > T sin, in sleep bilateral sin > dex/MRI: N VPA

P12 842 M 8.42 0* EEG: focal epilepsy with spike-wave activity CT dex/MRI: N VPA

P13 783 F 7.62 0.21* EEG: focal epilepsy to bilateral spike-wave activity T > 0/MRI: N 0XC

P14 1208 M 12.06 0.02° EEG: focal epilepsy with spike-wave activity T > P, in sleep T > P, FT/MRI: N VPA

P15 1183 M 9.97 1.86 EEG: focal epilepsy with spike-wave activity OT dex > sin/MRI: N 0XC

P16 875 F 6.39 2.36 EEG: focal epilepsy to bilateral spike-wave activity CT sin/MRI: N VPA

P17 1289 F 7.08 5.81 EEG: focal epilepsy with spike-wave activity CT bilateral dex > sin/MRI: polymicrogyria in parietal lobe dex VPA

P18 1112 M 9.51 1.61 EEG: focal epilepsy to bilateral spike-wave activity sin > dex/MRI: N VPA

P19 1200 F 11.24 0.76* EEG: focal epilepsy to bilateral spike-wave activity dex > sin/MRI: N VPA

P20 890 M 9.62 0? EEG: focal epilepsy with spike-wave activity T sin/MRI: N 0XC

P21 800 M 6.92 1.08 EEG: focal epilepsy with spike-wave activity C dex/MRI: N VPA

P22 1281 M 1.75 11.06 EEG: focal epilepsy with spike-wave activity F dex/MRI: N LEV, VPA

Pt — patient, M — male, F — female, EEG — electroencephalography, MRI — magnetic resonance imaging, N — normal finding, O — occipital, T — temporal, C — central, FT — frontotemporal,
CT — centrotemporal, PT — parietotemporal, sin — left, dex — right, AED — antiepileptic drug, OXC — oxcarbazepine, VPA — valproate, LEV — levetiracetam, CBZ — carbamazepine, CLZ —

clonazepam.
2 Newly diagnosed epilepsy.
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Table 4
Tasks in four visuospatial components and affected functions.

Task Description

Affected functions

Visual recognition
Circle Following
Line Orientation Judgment

Visual organization

Geometric Pattern Recognition

Visual attention
Spatial Attention
column the dot appeared in

Visuospatial perception

Cubes To count all cubes shown in an image, including the ones not directly visible
Construction To use small blocks of different shapes to recreate a shown pattern
Maze To move through a maze as quickly as possible and make as little navigation

errors and collisions (wrong moves) as possible

To hold the gaze and maintain the direction of movement of objects
To determine and replicate the inclination of a line inside a circle

Fragment of an object inside a window shown; patient required to recognize
and pick the object from a set of different objects

Dot appears briefly in a matrix; patient required to recognize which row and

Eye-hand coordination
Spatial awareness; executive functions

Visual attention, visual memory, visual construction

Reaction time, visual attention, visual field

Mathematical and visual construction abilities
Visual construction, attention, executive functions
Visual-spatial relations, planning skills

commission errors, and total number of errors — sum of omission and
commission errors).

2.3. Rehabilitation procedure

The rehabilitation of the patients took place over 6 weeks twice a
week. Altogether, 13 meetings were conducted: the first baseline as-
sessment, 10 active trainings, and the second assessment with base-
line tasks (primary outcome). The final follow-up assessment with
baseline tasks as the secondary outcome was carried out 1.31 years
(SD = 0.40) after the training period (see Fig. 1). Ten children from
the study group and 9 children from the waiting-list group partici-
pated in the follow-up.

Trainings occurred in an outpatient setting in the Tartu University
Hospital Children's Clinic. The duration for each individual session
was about 40 min, and all visuospatial components were covered
for each session. At the first meeting, the intervention methods and
goals were introduced to the children. Thereafter, the first perfor-
mance with the baseline tasks was conducted and the training ses-
sions started on the second meeting. The therapist introduced the
tasks, and motivated and guided the child individually, in order to
help him/her to better cope with complicated situations. Besides
training specific skills, the children also learned planning, following
a strict protocol, and applying new strategies. This generalized effect
of the training process on everyday behavior was assessed in both
patient groups with Behavior Rating Inventory of Executive Function
(BRIEF). Also, a parents' questionnaire (created for this study) was
used, which involved questions about the child's visual performance,
behavioral manifestations of concentration, general school-
performance, and the rehabilitation. As parents filled the question-
naires at different time points, the change before and after the train-
ing could be measured.

2.4. Rehabilitation design

The procedure protocol for the intervention was created. In the base-
line assessment, all four components of visuospatial function were
tested (see Table 4). For trainings, different tasks under the same com-
ponents were used, divided into three difficulty levels: easy, medium,
and difficult.

The development on difficulty levels was individual-based. If the
child made no mistakes on the task, he/she advanced to the next level.
If the child's response was incorrect, he/she had to perform the same
task level at least 80-90% correctly (depending on the task) for 3 con-
secutive sessions until advancing to the next level. Thus, the training
procedure followed a strict protocol but at the same time considered
the children's current capabilities.

2.5. Assessment of the control groups

The patients in the waiting-list control group participated in all three
assessments with baseline tasks. During the five-week period between
the first and the second assessment, the waiting-list group received no
intervention. One-time baseline assessments of the healthy control chil-
dren were performed.

2.6. Data analysis

Statistical data analysis was performed with the R version 3.1.2. For
some of the figures, the Statistical Analysis Software (SAS) data analysis
package 9.2 was used. The Kolmogorov-Smirnov test was used for the
assessment of normality. Statistical comparisons between non-
normally distributed continuous variables were performed with
Wilcoxon-Mann-Whitney test. Differences at baseline assessments be-
tween study group patients, waiting-list control patients, and healthy

Session 1 2[314]5]6]7][8]9]10[11 12 13 Follow-up
Interventional trainings —_—
Baseline Baseline | 31vrs Baseline
assessment 1 5 weeks assessment 2 =1 assessment 3
1[2]3]4]s]6]7]8]9]10

Fig. 1. Design of the intervention.
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Table 5

Comparison of results on the first baseline assessment between training group, waiting-list group and healthy controls.
First baseline assessment (B1) Training group (T) Waiting-list group (W) Healthy controls (H) TvsWvsH TvsH WvsH Tvs W
Tasks Median (lower and upper ~ Median (lower and upper ~ Median (lower and upper p p P p

quartiles)? quartiles)?® quartiles)?

Visual recognition
Circle Following (%) 30.81 (21.69...57.44) 28.89 (16.18...39.85) 71.58 (50.10...93.07) 0.1061 0.1626 0.0470 0.3958
Line Orientation Judgment (°) 5.83 (4.75..16.92) 8.92 (6.13..21.58) 2.92 (1.67..3.75) <0.0001 0.0003"*  <0.0001"*  0.2999
Visual organization
Geometric Pattern Recognition (nr)  14.35 (13.34..15.36)" 14.60 (13.63..15.57)" 14.06 (12.90...15.22)" 0.7865 0.8473 0.5050  0.6741
Geometric Pattern Recognition (%)  61.54 (53.33...71.43) 64.10 (51.67..73.61) 73.33 (71.43..81.82) 0.0140 0.0101™  0.0134™ 09029
Visual attention
Spatial Attention (%) 80.00(50.00...90.00) 70.00 (67.50...81.67) 95.00 (90.00...100.00) <0.0001 0.0003"*  <0.0001**  0.8055
Spatial Attention (s)” 8.50 (7.00..14.86) 8.82 (6.74..11.97) 6.15 (5.04..7.47) 0.0015 0.0034"  0.0010"" 0.7722
Visuospatial perception
Cubes (%) 20.00 (0.00...40.00) 20.00 (0.00...50.00) 80.00 (40.00...80.00) 0.0006 0.0007"*  0.0011"* 0.6585
Cubes (s)® 37.43 (30.04..44.81)" 38.67 (31.46..42.87) 48.15 (25.56...61.40) 0.6087 0.4694 03370  0.9393
Construction (%) 66.67 (33.33...100.00) 66.67 (33.33...100.00) 100.00 (100.00...100.00) 0.0007 0.0005™" 0.0008™  0.6382
Construction (s)? 243.17 (148.31..311.24)  221.93 (160.25..321.04)  103.16 (74.00...198.50) 0.0027 0.0030""  0.0030"* 0.9878
Maze (nr) 6.00 (4.00..9.00) 6.00 (2.50...16.50) 1.00 (1.00...3.00) 0.0002 0.0002"*  0.0008"*  0.8306
Maze (%) 32.87 (27.62..36.96) 24.62 (11.98..38.48) 8.53 (0.45..12.11) <0.0001 <0.0001"*  0.0008* 0.2171
Maze (s)° 54.83 (46.16...84.60) 63.18 (56.87..75.81) 42.46 (37.37...51.35) 0.0004 00047 0.0001"  0.4929

2 Median (lower 25%ile and upper 75%ile).
b Seconds.
* Mean (95% confidence interval (CI)).

** We controlled the FDR to be lower than 5% by using linear step-up procedure [49] for multiple t-tests.

controls were tested with Kruskal-Wallis test and pairwise comparison
with Wilcoxon-Mann-Whitney test. Repeated measures ANOVA was
conducted to assess whether longitudinal changes in groups were sig-
nificantly different. The Wilcoxon signed-rank test was used to compare
the baseline performance to primary (immediate intervention effect)
and secondary outcomes within study group and waiting-list control
group. Continuous outcome variables were log-transformed when nec-
essary to satisfy model assumptions. We controlled the false discovery
rate (FDR) to be lower than 5% by using linear step-up procedure [49]
for multiple t-tests. Only p-values that are below the adjusted FDR sig-
nificance threshold are therefore significant and marked as such (***)
in the tables.

3. Results

3.1. Baseline characteristics of visuospatial components in children with FE
and healthy controls

3.1.1. Visual recognition

Significant differences between the training group, waiting-list
group, and healthy controls existed in the Line Orientation Judgment
task (p < 0.0001). Both the training and the waiting-list group per-
formed significantly worse compared with the healthy controls (p =

Table 6
Mean difficulty levels achieved by the end of intervention and average number of com-
pleted sessions before moving from 1st to 2nd difficulty level.

Visuospatial component Nr of task Mean level Mean sessions
Mean (95% CI) Mean (95% CI)
Visual recognition 1 1.56 (1.29..1.84)" 4.69 (3.3..6.07)
2 1.81(1.33..2.3) 5.06 (3.99..6.14)
3 219 (1.74..2.63)" 2.38(1.35..3.4)
Visual organization 1 3.25(2.84..3.66) 1.62 (1.08..2.17)
2 3.12(2.55..3.7) 1.5 (1.02..1.98)
Visual attention 1 3.31(2.89..3.74) 2(1.25..2.75)
Visuospatial perception 1 1.38(0.99..1.76) 6.25 (5.35..7.15)
2 2.12(1.7..2.55)" 3(2.13..3.87)
3 3.31(2.81..3.82) 1.88 (1.26..2.49)
4 1.62 (1.3..1.95)" 3.94 (3.04..4.84)
5 1.25(1.01..1.49) 3.94 (2.98..4.9)

* Tasks with a maximum difficulty level of 3.

0.0003 and p < 0.0001, respectively) (see Table 5 and Fig. 1 in Supple-
mentary material).

3.1.2. Visual organization

No significant differences between the three groups in the number
of solved exercises in the Geometric Pattern Recognition task were re-
vealed. Still, there were significant differences between the groups in
the percentage of correct responses (p = 0.0140). Pairwise compari-
sons showed differences between healthy children and the training
group (p = 0.0101) and the waiting-list group (p = 0.0134) (Table 5
and Fig. 2 in Sup. material).

3.1.3. Visual attention

Statistically significant differences between the three groups in the
percentage of correct responses were seen (p < 0.0001). Both patient
groups performed significantly worse compared with the healthy chil-
dren (p = 0.0003 and p < 0.0001). Significant differences also existed
in reaction time (p = 0.0015) as healthy children were significantly
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Fig. 2. Each patients' individual progress trajectories for 10 training sessions (total score
achieved per visit).
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quicker compared with the training (p = 0.0034) and the waiting-list
control groups (p = 0.0010) (Table 5 and Figs. 3—-4 in Sup. material).

3.1.4. Visuospatial perception

Significant differences were seen between the three groups in the per-
centage of correct responses in the Cubes task (p = 0.0006). The healthy
controls gave significantly more correct responses compared with the
training (p = 0.0007) and the waiting-list groups (p = 0.0011). Also, in
the Construction task, the healthy controls gave significantly more correct
responses (p = 0.0005, p = 0.0008) and were significantly quicker (p =
0.0030, p = 0.0030) (Table 5 and Figs. 5-7 in Sup. material). In the Maze
task, differences between the three groups were found in the number of
wrong moves (p = 0.0002) and the percentage of navigation errors (p <
0.0001). Both patient groups performed significantly worse compared
with the healthy controls (p < 0.0001 and p = 0.0008). The healthy chil-
dren also performed better in solving time (p = 0.0047, p = 0.0001)
(Table 5 and Figs. 8-9 in Sup. material).

3.2. Patients' individual improvement during the rehabilitation

Individual improvement in the training group during the rehabil-
itation was measured by the mean difficulty levels of tasks achieved
by the end of the intervention in each visuospatial component (see
Table 6). Furthermore, the progress on reaching higher difficulty
levels was also examined by measuring the average number of ses-
sions needed to move from the first to the second difficulty level
(Table 6). The tasks had three to four difficulty levels. Slower rehabil-
itation effect occurred in two visual recognition and two visuospatial
perception tasks.

All children in the training group showed positive individual ad-
vancement. Still, all the patients had individually different progress tra-
jectories (see Fig. 2). The difference between the difficulty levels
reached at the end of the intervention was up to two times higher for
children with the quickest improvements compared with the slowest
children.

Table 7
Comparison of performances on three assessments within training group and waiting-list group.
Tasks of FORAMENREHAB Visuospatial module Training group Waiting-list group B1vs B2 B1vsB3 B2 vs B3
Mean (95% CI)° Mean (95% CI) p p p

Visual recognition

Line Orientation Judgment (degree of deviation) B1®  9.38(4.98..17.65)"" 13.26 (6.11..28.78)™" n.s. T = 0.0007""" n.s.
B2  3.83(1.67..8.80)"" 10.76 (4.90..23.61)*
B3  2.67(1.42..5.0298)"" 5.63 (3.02..10.49)"*

Visual organization

Geometric Pattern Recognition (nr of solved tasks) B1 14.23 (13.07..15.39) 13.80 (12.34...15.26) T=10.0371 n.s. n.s.
B2 15.62 (14.61...16.62) 14.00 (11.57..16.43)
B3 14.31 (12.97..15.65) 15.10 (13.58...16.62)

Geometric Pattern Recognition (% of correct answers) Bl 64.29 (56.00...73.33)" 55.83 (50.00...66.67)" T = 0.0327 T = 0.0002""" n.s.
B2  76.47 (66.67..85.57)" 60.48 (44.44..78.57)" W = 0.0020"*
B3  76.92 (66.67..81.25)" 76.79 (66.67..88.89)"

Visual attention

Spatial Attention (% of correct answers) B1 80.00 (45.00..90.00)" 70.00 (65.00...80.00)" T=0.0054"" T =0.0059"" n.s.
B2  95.00 (85.00..100.00)" 67.50 (60.00...80.00)" W = 0.0313
B3 97.50 (85.00...100.00)" 90 (65.00...100.00)"

Spatial Attention (reaction time) B1 9.38 (7.03..12.51)™" 9.76 (7.63..12.49)"" T=0.0005"" T=0.0134"" n.s.
B2  5.67(4.72..680)" 9.11 (7.15..11.60)**
B3 6.53 (5.56..7.68) ™" 7.51 (5.85..9.65)™"

Visuospatial perception

Cubes (% of correct answers) B1 24.62 (9.69...39.54) 26.00 (9.41..42.59) T = 0.0469 n.s. n.s.
B2 36.92 (17.28..56.56) 62.00 (39.18...84.82)
B3 43.08 (24.07...62.09) 48.00 (29.90...66.10)

Cubes (reaction time) B1 33.66 (24.30..39.03)" 41.27 (32.49..41.92)" n.s. n.s. n.s.
B2  26.86 (23.06..35.72)" 39.85 (30.22..46.05)"
B3 2651 (24.02.35.76)" 36.62 (29.27..47.52)"

Construction (% of correct answers) B1 50.00 (0.00...83.34)" 66.67 (66.67...100.00)" T=0.0098"" T=0.0313"" n.s.
B2  100.00 (83.34..100.00)°  83.34 (33.33..100.00)"
B3 83.34 (66.67...100.00)" 100.00 (66.67...100.00)"

Construction (reaction time) B1 243,59 (166.21...320.96) 218.95 (153.71..284.19) W = 0.0234 T = 0.0479 n.s.
B2 195.58 (126.72...264.45) 193.87 (126.38..261.37)"
B3 159.97 (110.52..209.41) 174.06 (116.32..231.79)"

Maze (nr of wrong moves) B1 7.04 (4.82..10.26)"" 7.85(2.93..21.01)™" ns. ns W = 0.0391
B2  4.15(1.54..11.20)* 8.22 (3.83..17.69)"*
B3 425 (1.63..11.07)™ 3.29 (1.87..5.79)""

Maze (% of navigation errors) B1 30.59 (25.79...36.29)"" 23.96 (15.53...36.99) " ns T=0.0105"" n.s.
B2  12.31(5.61..27.02)"" 27.99 (18.74..41.80)"*
B3 8.62 (3.58..20.80)"" 12.62 (5.67..28.07)""

Maze (solving speed) B1 61.30 (48.38..77.67)"" 72.21 (57.68..90.41)"" n.s W = 0.0371 n.s.
B2  55.92(43.77..71.45)" 74.46 (57.83..95.87)""
B3  52.60(39.69..69.71)* 52.44 (36.96..74.40) "

n. s. — not significant.

2 B1 — first baseline assessment, B2 — primary outcome assessment, B3 — secondary outcome assessment (follow-up), T — training group, W — waiting-list group.

> Mean score (95% CI for mean).
* Median (lower 25%ile and upper 75%ile).
** Geometric Mean (95%CI).

*** We controlled the FDR to be lower than 5% by using linear step-up procedure [49] for multiple t-tests.
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Fig. 3. Longitudinal changes in the percentage of correct responses in visual organization task at three assessment points (B1 — baseline, B2 — primary outcome, B3 — secondary outcome).

3.3. Comparison of performances between training group and waiting-list
group

The comparison of performances between the patient groups on the
baseline, primary outcome, and secondary outcome (long-term follow-
up) was carried out.

3.3.1. Visual recognition

In the follow-up assessment for secondary outcome, the training
group showed positive long-term rehabilitation effect (p = 0.0007) in
Line Orientation Judgment task. The degree of deviation from a given
horizontal line in the task was smaller in the secondary outcome com-
pared with the first baseline assessment (see Table 7).

3.3.2. Visual organization

There was a significant positive immediate rehabilitation effect in
the training group in the amount of solved exercises in the Geometric
Pattern Recognition task (p = 0.0371), therefore, the study group had
quicker solving time compared with the baseline assessment (see
Table 7). The training group also showed positive immediate (p =
0.0327) and long-term rehabilitation effects (p = 0.0002) in the per-
centage of correct responses. The waiting-list group had only improved
on the secondary outcome (p = 0.0020) (see Fig. 3 and Table 7).

3.3.3. Visual attention
Compared with the baseline, the training group had significantly im-
proved their performance in the percentage of correct responses in the
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Fig. 4. Longitudinal change in the percentage of correct responses in visual attention task at three assessment points (B1 — baseline, B2 — primary outcome, B3 — secondary outcome).
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Fig. 5. Longitudinal change in the reaction time of visual attention task at three assessment points (B1 — baseline, B2 — primary outcome, B3 — secondary outcome).

Spatial Attention task on the primary (p = 0.0054) and secondary out-
come assessments (p = 0.0059) (see Fig. 4 and Table 7).

There was a statistically significant longitudinal change in the reac-
tion time in the Spatial Attention task between the two groups (p =
0.0085). The training group showed positive immediate (p = 0.0005)
and long-term rehabilitation effects (p = 0.0134) (Fig. 5 and Table 7).

3.3.4. Visuospatial perception

The training group showed a positive immediate effect in the Cubes
task (p = 0.0469) by giving more correct responses (Table 7). There was
also a significant longitudinal change in the percentage of correct re-
sponses in the Construction task between the two groups (p = 0.009).
Compared with the baseline assessment, the training group gave more
correct responses in the primary (p = 0.0098) and secondary outcome
assessments (p = 0.0313) (Table 7). The training group children also
improved their reaction time in the secondary outcome (p = 0.0479)
(Table 7). Furthermore, they showed a long-term intervention effect
in decreased navigation errors in the Maze task (p = 0.0105) (Table 7).

3.4. Generalized effect

Generalized effect of the rehabilitation was measured with subjec-
tive measures before and after 1.31 years during the secondary assess-
ment. Parents' feedback showed positive behavioral change after the
training: children were less distracted, and their visual performance
had improved. Furthermore, the skills in reading, writing, mathematics,
and visuomotor functions improved. Children declared better function-
ing in school tasks and improved concentration skills. Children also re-
ported their preference from the visuospatial perception tasks: the
Maze and the Construction tasks were their favorites.

4. Discussion

The main aim of the current study was to test the effectiveness of a
computer-based rehabilitation program ForamenRehab for the treat-
ment of visuospatial deficit in children with epilepsy aged 8-12 years.

4.1. Visuospatial function profiles in children with epilepsy

In children with epilepsy, deficits in visual recognition component
with additional spatial awareness and EF were observed on baseline
level. Previously, lesions in anterior regions of the right temporal lobe
in epilepsy have also been found to impair recognition of the identities

of familiar faces, as well as the learning of new faces [50]. Deficits in EF in
children with epilepsy have also often been reported before [18-20,51].
In visual organization component, the patients gave significantly less
correct answers, although the solving time of tasks did not differ from
the healthy children. This result could in part show that the patients
rushed through the tasks with less concentration and, therefore, making
more errors. The tasks in this category also showed that the patients had
deficits in visual attention, visuospatial memory, and construction abil-
ities. Our results were in line with Danielsson & Petermann [17] who
found deficits in visual-constructive skills in children with Rolandic ep-
ilepsy and with Deonna et al. [52] who reported deficits in visuospatial
memory and visuospatial organization in children with FE. This adds an
important basis for CR as a significant positive association has been
demonstrated between visuospatial working memory and mathemati-
cal performance [53]. Previously, an alteration of functional connectivity
within visuospatial working memory-related brain network in patients
with right temporal lobe epilepsy have been found with Functional
magnetic resonance imaging (fMRI) [54]. Rehabilitation would help to
better the connectivity by training specific functions. Also, the activation
of mesiotemporal structures during visuospatial memory retrieval has
been found to be asymmetrical in patients with medial temporal lobe
epilepsy. The activation of the mesiotemporal structures is usually re-
duced ipsilateral to the epileptogenic region [55].

Our patients also showed deficits in visual attention, which have
been reported before in children with benign epilepsy with
centrotemporal spikes (BECTS) and in children with both BECTS and mi-
graine [15]. Newly diagnosed children with BECTS have displayed brain
activity alterations in the ventral and dorsal attention networks with
fMRI [56], which also impact visual attention. Furthermore, children
with epilepsy also showed deficits in the visuospatial perception com-
ponent. In epilepsy, the right lateral temporal cortex has shown a pat-
tern of inhibition of neuronal activity during short-term visuospatial
memory that contrasts with excitation during other functions, particu-
larly figure matching and perception [57].

In children, visuospatial memory predicts mathematics achievement
through early adolescence [58], and low visuospatial abilities lead to a
decrease in the mental number accuracy [59]. Therefore, visuospatial
impairments should be treated early on for these children to not fall be-
hind in school. Also, representations of own and others' body play a cru-
cial role in social interaction [60], which may also be affected in children
with visuospatial deficits.

Altogether, before the intervention, children with epilepsy showed
significant deficits in all 4 of the visuospatial components. The baseline
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assessment with the FORAMENRehab successfully distinguished pa-
tients from healthy children, which gives an opportunity to use the pro-
gram for screening visuospatial deficit in the future and distinguish the
children needing neurorehabilitation.

4.2. Immediate rehabilitation effect

After the intervention, the training group showed a positive rehabil-
itation effect in 3 out of the 4 visuospatial components: visual organiza-
tion, visual attention, and visuospatial perception. The effect was seen in
all parameters of visual organization and visual attention. In visuospa-
tial perception, the number of correct responses increased, but no sig-
nificant improvements in reaction time were observed. This could
indicate that the rehabilitation helped the children find better strategies
to solve tasks, without quickening in reactions. The results suggest that
visual recognition component needs longer rehabilitation. The waiting-
list control group improved their performance only on one parameter
(reaction time) of one visuospatial perception task.

4.3. Individual improvements during rehabilitation

The slowest advancements were seen in visual recognition and vi-
suospatial perception tasks. This suggests that these components re-
quire longer training on easier levels. In contrast, higher difficulty
levels were achieved in all visual organization and visual attention
tasks. Furthermore, both components also demonstrated a significant
improvement in outcome assessments. Results from the individual im-
provement trajectories point out the need for individualized approach
of rehabilitation, which takes each child's progress into consideration.

4.4. Long-term rehabilitation effect

The long-term rehabilitation effect was examined 1.31 years after
the intervention. In visual recognition, a positive long-term effect was
observed, even though no immediate rehabilitation effect was found.
This may suggest that the positive effects were observable not immedi-
ately, but more than a year later, since the waiting-list group did not
show any improvements. In visual organization, the percentage of cor-
rect responses improved also in the secondary outcome. The strategies
learned during active training were maintained, but regular training is
required to keep up the solving speed. In visual attention and visuospa-
tial perception, the positive effects in most of the parameters had
preserved.

To sum up, the training group showed a positive long-term rehabil-
itation effect in all 4 visuospatial components. In contrast, the waiting-
list control group had only improved in few parameters under two com-
ponents. The normal developmental processes do not explain the im-
mediate and long-term positive rehabilitation effects in the training
group, since there was a noticeable difference in performances between
the two patient groups.

4.5. Effectiveness of the computer-based intervention

Altogether, we found that the FORAMENRehab computer-based re-
habilitation program was suitable for children with epilepsy aged 8-
12 years. Children were very motivated, which was evident by the
100% compliance and positive feedback from both the children and
their parents, who reported improved functions in everyday life: better
outcome in school tasks and positive behavioral change. Amonn and
colleagues [61] have stated that cognitive training-programs should
focus more strongly on specific neuropsychological deficits. This study
confirmed that for an effective rehabilitation, it is important to focus
on specific deficits in different visuospatial components. Still, the aim
of CR is to improve the everyday functioning of the patient's life [24].
Neurorehabilitation is effective in remediating cognitive deficits,

which in turn also leads to improvements in activities of daily living
and community integration [62].

4.6. Clinical implications

The children require active guidance from the therapist to more ef-
fectively learn the new strategies. Combining metacognition/strategy
use and drill-based training has been most promising, as it can lead to
improvements in both cognitive and psychosocial functioning [63].
Therefore, the therapist's role is to help the children link the trained
skills with everyday life activities. The intervention setting and duration
also play a role. Often, the children needed continuous motivation to
finish the tasks that required longer sustained attention. Providing fre-
quent and immediate feedback and reinforcement to the child is crucial
in computer-based trainings [61]. Furthermore, we found that the
children's motivation was also influenced by the parents' motivation,
which is why it is necessary to educate the parents about the impor-
tance of the rehabilitation. Involving the parents in the process gives
them a better comprehension of the used strategies and outcome [64].
Slomine & Locascio [46] have pointed out that educating the parents
in CR helps to alleviate the cognitive and behavioral problems of the
children. In the current study, personalized feedback for the parents
was provided after the baseline assessment to educate them about the
child's specific visuospatial deficits. Feedback was also provided after
outcome assessments to inform them about the child's progress and
give future guidelines.

With this study, a strict rehabilitation protocol and specific
baselevels for the rehabilitation of visuospatial functions were created,
which could be used in the future for hospitals, outpatient clinics, or re-
habilitation centers. Furthermore, the program could be adapted to be
used in children with different ABI diagnosis, such as traumatic brain in-
jury (TBI) or stroke.

4.7. Limitations

The patients were not randomized to the intervention. The study
group only involved children who lived in or near Tartu City, because
of the transportation difficulties from other cities. Children from bigger
cities, such as Tartu, may be used to different learning environments and
conditions compared with children from smaller cities or villages,
which could affect the generalization of the results for the whole popu-
lation. It would be advised to include children from all over Estonia in
the future.

As the rehabilitation process and different assessments are very
time-consuming, the other neuropsychological assessment measures
were not repeated after the training. This was also due to the fact that
our main aims were to discover the children in need of the training at
the baseline and to measure the rehabilitation effect with the current
program after the intervention, not validating the baseline tasks for sep-
arate assessment of visuospatial skills.

5. Conclusions

Visuospatial deficit in children has been under-researched and
underdiagnosed, especially in children with epilepsy.
Neurorehabilitation with the Visuospatial module of the computer-
based FORAMENRehab software was effective for children with FE. Be-
fore the intervention, the patients showed cognitive deficits in all four
visuospatial components. However, the training group showed positive
immediate rehabilitation effect after the intervention in 3 out of 4 visuo-
spatial components: visual organization, visual attention, and visuospa-
tial perception. Furthermore, a positive long-term effect was observed
in all 4 visuospatial components. At least 10 intervention sessions
were needed to notice significant improvements in visuospatial func-
tion. Visual recognition and visuospatial perception components need
longer active training periods or retrainings.
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In addition, a positive generalized effect of the intervention was
confirmed by the parent's and children's feedback by questionnaires
with some of the learned skills transferring to everyday life. The
100% compliance and positive objective and subjective results
showed that modern neurocognitive rehabilitation is an efficient
way to guide children towards their full potential. The individual im-
provement trajectories point out the need for individualized ap-
proach for CR.
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