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Objective: Epilepsy dramatically affects the quality of life (QoL) of children, and
resection surgery can improve their QoL by reducing seizures or completely
controlling them. Children who have postoperative seizures tend to show a
poorer QoL. The aim of the present study was to investigate the QoL of children
with seizures after resection surgery and its influencing factors.

Methods: In the present study, we retrospectively reviewed 151 consecutive
children who underwent resection surgery. We then divided them into two
groups, seizure and seizure-free groups, according to the seizure outcomes 1
year after surgery. Variables were categorized into a number of factor types
such as preoperative factors, surgery-related factors, postoperative factors,
and family factors. QoL and seizure outcomes more than 3 years after surgery
were assessed according to the ILAE seizure outcome classification and the
CHEQOL-25 scale.

Results: Forty-three (28.5%) of the 151 children had seizures 1 year after
surgery, and two children died during the follow-up period. The mean
CHEQOL-25 scale for children with seizures was 63.5 + 18.2, and 20
(48.8%) patients had poor Qol. Surgery-related factors, such as surgical
complications and surgical sequelae, were not statistically associated with
QolL. Preoperative language development retardation or language dysfunction
[odds ratio (OR) = 29.3, P = 0.012) and postoperative ILAE seizure outcome
classification (OR = 1.9, P = 0.045)] were significantly associated with QoL.

Significance: Children with seizures after resection surgery had a relatively
poor QoL. Surgery-related factors, such as surgical complications and surgical
sequelae, cannot predict the Qol. Preoperative language development
retardation or language dysfunction and postoperative ILAE seizure outcome
classification were independent predictors of the quality of life (Qol). For
children who could not achieve the expected freedom from seizure after
surgery, a lower ILAE grade (ILAE 1-3) is also an acceptable outcome since
it predicts a higher QoL.
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Keypoints

- Nearly half of children with epilepsy who have
postoperative seizures display a poor quality of life (QoL).

- Presurgical language development delay or language
dysfunction and the postsurgical International League
Against Epilepsy (ILAE) seizure outcome classification
can predict the QoL for children with epilepsy who have
postoperative seizures.

- Other varied factors such as the annual household income
and surgery-related factors, such as surgical complications,
surgical sequelae and surgical type, are not associated with
QoL and so do not make any significant difference in QoL
for children with postoperative seizures.

- Ifseizure freedom is difficult to achieve after surgery, then a
lower ILAE seizure outcome classification, such as ILAE 1-
3, is still an acceptable outcome, as it predicts a higher QoL.

1 Introduction

Epilepsy is a common chronic neurological disorder that
affects cognition, memory, behavior, emotion, and the quality
of life (QoL) of pediatric patients (1, 2). Due to the sudden,
recurrent and unpredictable nature of seizures, the effects
of epilepsy in children extend beyond the direct effects of
seizures themselves (3). Seizures affect QoL in a number of
ways, including 1. Physical impairments: accidental falls during
seizures, weakness postseizure, and dizziness reduce the patient’s
self-caring ability (4); 2. Cognitive impairments: seizures, anti-
epileptic drug (AED) side effects, and interictal discharges have a
negative impact on the patient’s cognitive function and memory
(5-7); 3. Psychological impairments: feelings of shame, social
impairment, and social isolation associated with seizures have
a considerable psychological and emotional impact (8, 9); and 4.
Social function impairments: most children with epilepsy have
a low educational status, while people with epilepsy also have
much higher unemployment rates than the general population
(10). These factors mainly account for the reduced QoL of
people with epilepsy. It is important to clarify that the ultimate
goal of epilepsy surgery is to improve QoL rather than just to
control seizures.

Previous studies showed that, postoperatively, the QoL of
children with epilepsy improved compared to presurgery (11,
12), and postoperative seizure outcomes, especially freedom
from seizure, are the best predictors of QoL in children.
A meta-analysis suggested that children achieving freedom
from seizure after surgery showed significant postoperative
QoL improvement, while children with residual seizures did
not improve substantially postoperatively (13). Thus, seizure
freedom was regarded as the central desirable outcome
postoperatively, as it predicts a meaningful improvement in
QoL. Nevertheless, some studies also reported an improvement
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in QoL in a proportion of patients with residual seizures after
surgery (14). Considering that nearly one-third of children with
epilepsy cannot achieve freedom from seizure after resection
surgery (15), it is meaningful to explore the long-term QoL
and its influencing factors in such a large group, which can
provide prognostic information and improve postoperative
management. Therefore, the present study aimed to investigate
the QoL of children with seizures 1 year after resection surgery
and explore independent predictors of postsurgical QoL to guide
clinicians in treatment planning.

2 Methods

Children (<18 years) with epilepsy who underwent
resection surgery at the Department of Neurosurgery, Children’s
Hospital of Chongqing Medical University between July 2015
and July 2019 were included in this retrospective study. We
measured the seizure outcomes of all children 1 year after
surgery and their family characteristics, as well as current
seizure outcomes and QoL of children with postoperative
seizures. The exclusion criteria were as follows: 1. Children
who underwent a palliative surgery (neurostimulation, corpus
callosotomy, and so on) and hemispherectomy; 2. Children who
had undergone surgery for epilepsy previously; and 3. Children
with epilepsy syndrome or epileptic encephalopathy. Because
children with epilepsy usually have the expected hemiparesis
after hemispherectomy (15). which has a significant impact on
QoL, and previous studies have proven that neurostimulation
provides positive effects on QoL and emotional and behavioral
outcomes (14), our cohort excluded patients undergoing
palliative surgery and hemispherectomy. Epilepsy syndrome
or epileptic encephalopathy is usually related to a severe
neurodevelopmental delay. The neurodevelopmental delay
caused by the above two diseases themselves has a great impact
on the QoL. Thus, our analysis cohort excluded children with
epileptic syndrome and epileptic encephalopathy. Our surgical
procedure has been described in a previous study about a
nomogram prediction model for predicting postsurgical seizure
outcomes in children with focal cortical dysplasia (FCD).
We localize the epileptic focus based on a combination of
symptoms, physical examination, magnetic resonance imaging
(MRI), and video electroencephalogram (EEG) results prior to
surgery. In cases where the epileptic focus cannot be precisely
located or is suspected to involve an eloquent area, fluorine-18-
labeled-fluorodeoxyglucose-PET (!8F-FDG-positron emission
tomography) and invasive EEG were performed to identify the
epileptic focus. After an elaborate neurological examination,
delayed language development and delayed motor development
were diagnosed based on the Gesell Developmental Scale. We
extracted hospitalization and follow-up medical records and
evaluated the seizure outcomes at 1 year postoperatively in
children who underwent resection surgery. Last, we assessed the
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current seizure outcomes and quality of life over the follow-up
period of at least 3 years in patients who still had seizures 1 year
after surgery.

Ethical approval was given by the Medical Ethics Committee
of Children’s Hospital of Chongqing Medical University, and
informed consent was obtained from the caregivers of children.

2.1 Data collection

Demographic data, seizure-related information (duration,
seizure type, and seizure frequency), the dose and regimen of
anti-epileptic drugs (AEDs), and surgery-related information
were collected in this study. The latest frequency of seizures was
classified into daily, weekly, monthly, or less, and seizure types
were classified as generalized tonic—clonic seizures (GTCS) and
others. Unanticipated adverse events related to the surgery such
as infection, intracranial hemorrhage, and hydrocephalus were
considered surgical complications, and as opposed to this, some
expected postoperative adverse events were considered part of
the common surgical outcome rather than a complication, such
as hemiplegia after hemispherectomy. New-onset, unanticipated
neurological deficits after surgery were regarded as sequelae
that were classified as long-term or short-term sequelae

10.3389/fneur.2022.1066953

according to whether they recovered within 6 months
after surgery.

The family characteristics we investigated included the
education level of the caregiver and the income of the family.
We collected information on the annual income of the family
and the caregiver’s education level with the caregiver’s consent
to model the influence of disposable medical resources and the
caregiver’s cognition of epilepsy on children’s QoL.

2.2 Outcome measures

The seizure outcomes of children with epilepsy were
evaluated by the International League Against Epilepsy (ILAE)
seizure outcome classification 1 year after surgery (16). The
QoL of children with epilepsy after surgery was assessed using
the CHEQOL-25 scale, a QoL assessment tool proposed by
Gabriel Ronen, which evaluated five aspects of epilepsy: “Present
Concerns,” “Interpersonal Emotion,” “Secrecy,” “Normality,” and
“Future Worries.” Subjects responded to five questions for
each aspect and a total percentage score for each item was
calculated, with higher scores representing a better QoL (17).
The CHEQOL-25 scale is being used in children with epilepsy
postoperatively in some developing countries in Southeast Asia

Children underwent epilepsy
surgery = 217

Underwent neurostimulation surgery =51

With epileptic encephalopathy or epilepticsyndrome = 8

Underwent Corpuscallosotomy = 5

Y

Children eligible for
analysis = 151

[
I I

Underwent hemispherectomy = 8*

Seizure free at 1year
after surgery=108

With residue seizure at
1 year after surgery = 43

2 children died
during follow-up

Children with
better QoL=21

Children with
worse QoL=20

FIGURE 1

Patient selection flowchart. *Six of the eight children who underwent hemispherectomy were diagnosed with epilepsy syndrome.
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(18). The questionnaire is designed to be filled out either by the
children or by the caregivers, but, as the children in the present
study had seizures, we elected to have the questionnaire filled
out by the caregivers. Referring to the recommendations of the
inventors of the CHEQOL-25 scale, we categorized the QoL into
two grades: average or better (total scores 60+) and poor (total
scores < 60).

2.3 Data analysis

Data were analyzed using the SPSS 27.0 software.
Continuous variables were summarized using the means
and standard deviations (SDs) and categorical variables were
expressed in numbers (%). To study the effect of disposable
medical resources on the patient’s QoL, we referred to the data
from the China Statistical Yearbook, which show an annual per
capita income of 35,000 ¥ in China. After collecting details on
the annual income of caregivers, we grouped them into two
types, caregivers with more than average income and caregivers
with less than average income, according to the annual
household incomes >70,000 and <70,000 (We considered
two household members participating in work per family).
The education level of caregivers was categorized according to
whether they had a bachelor’s degree or higher. The univariate
analyses of categorical variables were conducted via Pearson’s
chi-square test and Fisher’s exact test. The univariate analyses of
continuous variables were conducted using the non-parametric
Mann-Whitney U-tests to screen for variables that might affect
QoL. P-values were adjusted using the Benjamini and Hochberg
procedure along with variables. A P < 0.10 was included in
the multivariate logistic regression model and odds ratio (OR)
values and 95% confidence intervals (CIs) were recorded, with a
P < 0.05 considered significant.

3 Outcomes

3.1 Demographic data

A total of 217 children underwent epilepsy surgery, out of
which 51 children underwent neurostimulation surgery, eight
children had epileptic encephalopathy or epileptic syndrome,
five children underwent corpus callosotomy and eight children
underwent hemispherectomy. Out of the latter eight children,
six of them who underwent hemispherectomy were diagnosed
with epilepsy syndrome. A total of 151 children with epilepsy
who were eligible for analysis and who underwent resection
surgery at the Children’s Hospital of Chongqing Medical
University from July 2015 to July 2019 were enrolled in the
present study. They were followed for at least 3 years after
surgery and subsequently followed with a median follow-up of 5
years. The process of inclusion in the current study is presented
in the flow diagram, a patient selection flowchart, in Figure 1.
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TABLE 1 Characteristics of children with residual seizure after
epileptic resection surgery.

Characteristic Number of patients (%)/
Mean =+ SD (range)

Patients 41

Male 23 (56.1%)

Age at onset (year) 5.90 £ 3.97 (0-9.0)

Age at surgery (year) 7.41 £ 3.90 (1.0-13.0)
Duration of epilepsy (year) 1.54 & 2.46 (0-9.0)
Cause of epilepsy

Tumor 15 (36.6%)

FCD 15 (36.6%)
Vascular malformations 4(9.8%)
Other® 7 (17.1%)

Seizure frequency, 1 year after surgery

Daily 18 (43.9%)
Weekly 10 (24.4%)
Monthly or less 13 (31.7%)

Seizure frequency, latest

Daily 27 (65.9)
Weekly 7 (17.1%)
Monthly or less 7 (17.1%)

SD, standard deviation; FCD, focal cortical dysplasia.
2Other: Gray matter heterotopias: one patient; encephalomalacia: six patients.

One hundred eight children remained seizure free for 1 year
after surgery. Forty-three (28.5%) children had seizures at 1
year after surgery, two children with postoperative seizures died
during follow-up, and details of the 41 survivors were recorded
in an additional file. There were 21 children with better QoL
and 20 children with worse QoL. The proportion of males and
females was approximately equal, with 56.1% male and 43.9%
female. The median age at the onset of epilepsy was 6 years and
the median age at surgery was 8 years. Out of 41 patients with
postoperative seizures, 8 were admitted (19.5%) for pathology
type focal cortical dysplasia type II (FCDII), 7 (17.1%) for
pathology type focal cortical dysplasia type I (FCDI), 6 (14.6%)
for encephalomalacia, 15 (36.6%) for brain tumors, 4 for (9.8%)
for vascular malformations, and 1 for (2.4%) for gray matter
heterotopias (Table 1). All 41 children were born in two-parent
families, of which 63.4% (n = 26) of families had an annual
household income greater than the average annual income in
China and 26.8% (n = 11) of caregivers had obtained a bachelor’s
degree or higher.

3.2 Seizure outcomes
All 41 participants had seizures 1 year after surgery, 58.5%

(n = 24) with ILAE 3-4 and 41.5% (n = 17) with ILAE 5-6.
The seizure outcomes according to ILAE classification 1 year
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ILAE Classification (1 year)

ILAE 3 (24.39%)

ILAE 4 (34.15%)
W ILAE 5 (29.27%)
B ILAE 6 (12.2%)

ILAE Classification (latest)

ILAE 1 (31.71%)
ILAE 3 (17.07%)
ILAE 4 (21.95%)
ILAE 5 (26.83%)
ILAE 6 (2.44%)

FIGURE 2
Seizure outcomes according to ILAE classification 1 year after surgery (A) and latest (B). ILAE classification, International League Against Epilepsy
seizure outcome classification.

after surgery and latest are presented in Figure 2. After a median life (n = 20) was similar to that with better QoL (n = 21).
follow-up of 5 years, 31.7% (n = 13) with ILAE 1 achieved Figure 3 shows the QoL of patients in different age groups, and
freedom from seizure, 58.5% (n = 24) with ILAE 4-5 had better Figure 4 shows the QoL (of patients in different pathologic types.
seizure outcomes than 1 year postoperatively, 9.8% (n = 4) had Figure 5 shows the QoL of patients with different ILAE seizure
more frequent seizures than 1 year postoperatively, and 31.7% outcome classifications (latest). The proportion of children
(n = 13) with ILAE 1 had no significant change in seizures with or without preoperative language developmental delay
from 1 year after surgery, as shown in Figure 2. The absence having poor QoL after epilepsy surgery was 90 and 35.5%,
of complete resection of the epileptogenic focus (P < 0.01) was respectively, and the distributions in the two groups differed
statistically associated with seizure freedom at follow-up. 48.0% significantly (chi-squared = 6.9, good QoL: poor QoL = 1.9,
of children with complete resection achieved seizure freedom adjusted P = 0.10 two-tailed). Since the ILAE seizure outcome
at follow-up, while only 6.3% of patients with incomplete classification pertained to graded data, the Mann-Whitney U
resection achieved seizure freedom, and the distributions in test was used for analysis. The results showed that there was a
the two groups differed significantly (chi-squared = 7.9, in the significant difference in ILAE seizure outcome classification 1
complete resection group, seizure free: residual seizure = 12:13, year after surgery (Mann-Whitney U = 122.5, good QoL: poor
P = 0.005 two-tailed). QoL= 21:20, adjusted P = 0.10 two-tailed) and the latest ILAE

seizure outcome classification (Mann-Whitney U = 122.0, good

QoL: poor QoL= 21:20, adjusted P = 0.10 two-tailed) between

3.3 Quality of life at follow-up the good quality of life group and the poor quality of life group
(Table 2). These three variables were included in a multivariate

The QoL score for all ages was 63.5 £ 18.2 (range: 13.9- logistic regression model, and presurgical language development
92.2), and the number of children with a poorer quality of delay or speech dysfunction (OR = 29.3, P = 0.012) and
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QoL (CHEQOL-25 total score) group means (+standard error) of patients of different age groups. QOL, quality of life.
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QoL (CHEQOL-25 total score) group means (+standard error) of patients with different pathologic types. QOL, quality of life.
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FIGURE 5

ILAE 3-4
n=15

ILAE Classification (latest)

QoL (CHEQOL-25 total score) group means (+standard error) of patients with different ILAE seizure outcome classifications (latest). QOL,
quality of life; ILAE classification, International League Against Epilepsy seizure outcome classification.

ILAE 5-6
n=12

ILAE seizure outcome classification at follow-up (OR = 1.9
P =0.045) were independent predictors of QoL for children with
postsurgical seizures (see Table 3).

4 Discussion

Quality of life is defined as “individuals’ perception of
their position in life in the context of culture and value
systems in which they live and in relation to their goals,
expectations, standards, and concerns” (19). The assessment
of QoL focuses on the individual’s subjective perception of
wellbeing, which is more representative of the patient’s role
functioning, overall health, and satisfaction with medical care
than seizure outcomes (20). Epilepsy affects the quality of life in
emotional, physical, social, and spiritual dimensions (21). The
goals of epilepsy treatment have shifted such that the QoL in
children with epilepsy is now routinely assessed in many medical
centers (22).

The present study found that children with seizures 1 year
after surgery (ILAE grade 2-6) had a mean QoL score of 63.5
+ 18.2 (range: 13.9-92.2) after a median follow-up time of 5
years. Nearly half of the patients had poor QoL. These results
corroborate the findings of Wu et al., who reported a mean QoL
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score of 65.6 £ 14.1 in Chinese adolescents with epilepsy in a
previous study, but their study included patients with epilepsy
who received medication treatment in 2005 (23). Overall, the
QoL of children with postoperative seizures was consistent with
previous data but it seems to be still unsatisfactory.

A prospective study of children who underwent temporal
lobe epilepsy surgery showed that seizure freedom was a good
predictor of QoL, whereas preoperative factors could not predict
QoL (24). In accordance with the results, our study found
that preoperative factors, such as preoperative seizure type,
seizure frequency, and anti-epileptic drugs (AEDs), were not
statistically associated with QoL. Surgery-related factors such
as surgical complications, incomplete resection, and surgical
sequelae, as well as household income and caregiver education
level, were not statistically associated with QoL. This is a
somewhat disappointing finding which suggests that once a
child has postoperative seizures, we cannot then predict QoL
via complications, sequelae, seizure type, seizure frequency,
or other factors; thus, it is more difficult to improve the
QoL. In the present study, QoL decreased as the ILAE
seizure outcome classification increased, and the ILAE seizure
outcome classification was an independent predictor of QoL.
Increased seizures have negative effects on neurodevelopment
and cognition in children, and increased seizures also make
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TABLE 2 Variables associated with a meaningful, clinically important change of QoL in children with residual seizure after resection surgery.

Variable Better Worse Statistics P-value Adjusted
QOL QOL (Chi-square P-value

(n=21) (n=20) or z-value)

Demographics

Language development retardation 1 (10.0%) 9 (90.0%) 6.94 0.008 0.10*

Motor development retardation 3(37.5%) 5(62.5%) 0.22 0.64 0.84

Age at surgery (year) 8.0 (1.5-10.0) 8.0 (5.3-11.0) —0.84 0.40 0.67

Duration of epilepsy (year) 1.0 (0-1.5) 0.6 (0-3.0) —0.39 0.70 0.84

Epilepsy before surgery

Polypharmacy 6 (60.0%) 4 (40.0%) 0.08 0.78 0.84

Seizure frequency —0.45 0.65 0.84

Epilepsy-related injury 0(0.00%) 0(0.00) - - -

Surgery-related factors

Multilobar resections 5(31.3%) 11 (68.8%) 4.19 0.04 0.15

Surgery complication 9 (56.3%) 7 (43.8%) 0.08 0.78 0.84

Long term sequelae 2 (22.2%) 7 (77.8%) 2.54 0.11 0.28

Epilepsy after surgery

Seizure frequency, latest —1.18 0.24 0.51

Polypharmacy 11 (52.4%) 10 (47.6%) 0.08 0.88 0.88

ILAE, 1 year after surgery - —2.38 0.02 0.10*

ILAE, latest - —2.38 0.02 0.10*

Family factor

Low family income 5(33.3%) 10 (66.7%) 3.03 0.08 0.24

Caregiver with bachelor’s degree or higher 7 (63.6%) 4 (36.4%) 0.93 0.34 0.64

QolL, quality of life; ILAE classification, International League Against Epilepsy seizure outcome classification; EEG, electroencephalogram; GTCS, Generalized tonic-clonic seizures.

*Indicates significant differences.

it more difficult for children with epilepsy to participate in
social activities, to complete education in school, and to escape
epilepsy-associated stigma. Uncontrolled epilepsy is usually
accompanied by a heavier anti-epileptic drug (AED) burden and
greater cognitive impairment from anti-epileptic drugs (AEDs).
From such a perspective, a higher ILAE seizure outcome
classification contributes to a reduced QoL (7, 25-27). There is
increasing recognition of the fact that improving QoL in epilepsy
is the paramount goal for patients and healthcare providers (28).
Previous studies only focused on the entire epilepsy surgery
cohort and found a significant improvement in the QoL of
patients who achieved seizure freedom, while no improvements
were noticed in patients with postoperative seizures (13).
Previous studies proposed that seizure freedom is the most
desirable outcome for QoL improvement after surgery (13, 27).
However, this study redefined “surgical failure” because, even in
children with postoperative seizures, nearly half of them could
achieve a good quality of life. Considering that approximately
one-third of the patients had residual seizures after surgery
(15), it would be unfair to directly classify them as surgical
failures when they still have the potential to improve their

quality of life. In children with postoperative seizures, we could
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decrease the ILAE seizure outcome classification by adjusting
postoperative medication and performing neurostimulation or
secondary surgery. If seizure freedom cannot be achieved after
surgery, a lower ILAE seizure outcome classification, such as
ILAE grade 1-3, is still acceptable, as it predicts a better QoL. In
our cohort, children with ILAE seizure outcome classifications
1-3 had a mean CHEQOL-25 score of 70.9 =+ 17.1, while
patients with ILAE 4-6 had a mean CHEQOL-25 score of
56.4 £ 16.6. This finding provides a theoretical basis for
improving postoperative QoL in children with residual seizures
after surgery and completing the postoperative management
of epilepsy.

In our study, presurgical language development delay or
language dysfunction predicted a lower QoL in patients with
postsurgical seizures, while presurgical motor development
delay was not statistically associated with QoL. This may
be a feature of pediatric epilepsy, where epilepsy onset in
childhood has a large impact on intellectual development. Fifty-
three percent of children with epilepsy onset before the age
of 2 years have a combined intellectual disability of 7 years
(29). A total of 24.4% of children in our cohort had delayed
language development or language dysfunction. Furthermore,
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TABLE 3 Multivariate logistic regression models showing the variables
independently associated with the meaningful changes in QoL in
children with residual seizure after resection surgery.

Variable OR OR 95%CI P-value
Language retardation 29.3 2.10-409.06 0.012*
ILAE_lyear 1.25 0.49-3.15 0.641
ILAE_latest 1.92 1.02-3.65 0.045%

QOL, quality of life; ILAE classification, International League Against Epilepsy seizure
outcome classification.
*Indicates significant differences.

the improvement in speech development after epilepsy surgery
was not significant. Westerveld reported that only 9% of
children who underwent surgery for temporal lobe epilepsy
showed improvement in language development. Similar findings
have been reported in children who underwent surgery for
frontal lobe epilepsy (30). This may be attributable to an
abnormal neural substrate or the effects of epilepsy prior to
surgery that hinder the long-term capacity for language function
improvement (31). Although language skills were independent
of epilepsy surgery, they were associated with seizure control
(31). Considering that the children in our cohort all had residual
seizures after surgery, they were less likely to obtain an improved
language function, and a poorer language function predicted a
poorer quality of life (7).

To date, several studies reported that people with epilepsy
are at risk of a seizure-related injury when engaging in
risky activities such as ironing, cooking, cycling, and driving.
These seizure-related injuries can cause physical damage and
significantly reduce the QoL (32, 33). Unlike adults with
epilepsy, children are less likely to engage in the abovementioned
risky activities, but some studies reported the risk of seizure-
related injury in children too (34). Children have a high need
for recreation and sport, and appropriate participation in low-
risk recreational and sporting activities contributes to improving
the physical and mental health of children with epilepsy, but
safety is a concern for the caregivers. Our study investigated
the impact of physical activity on QoL. Thirty-eight (92.7%)
out of the 41 children attended school normally. Thirty-six
(87.8%) children participated in physical education classes and
were engaged in regular outdoor exercise, and no child reported
any accidental injury from physical activity at follow-up. Hence,
it could conceivably be hypothesized that the seizure-related
injury has a lesser impact on the QoL in children with epilepsy.
This also suggests that children with seizures can participate
in low-risk physical activities under the close supervision and
monitoring of caregivers.

The annual household income and caregiver’s education
level were chosen to represent the impact of household
disposable medical resources and the caregivers’ understanding
of epilepsy on the QoL of children. We found no statistically
significant difference between the QoL of children with epilepsy
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who underwent epilepsy surgery in families with lower incomes
and in those with higher incomes. However, rather than
completely denying the influence of economic factors on the
quality of life, we considered these findings to be in line with
the actual situation in China, but these findings should be
carefully generalized to other countries. Our findings could
be explained by the Chinese social insurance system and
compulsory education policies. The compensation for treatment
resources for children with epilepsy has led to a narrowing
down of the medical resource gap and education gap between
low-income and high-income populations. Low income is often
associated with dropping out of school and interruption or
stoppage of anti-epileptic drugs (AEDs), which in turn leads
to a reduced QoL for the child with epilepsy (35). It has been
reported that 50% of children with epilepsy in Uganda did not
attend school and that children with epilepsy who drop out of
school have a lower QoL than children who attend school (36).
In contrast, although our cohort all had postoperative seizures,
92.7% of children were able to attend school normally, which
brings increased opportunities for employment and higher QoL
in the long term. Another probable explanation that can be
offered is that these findings are a result of the selection bias, as
all participants in the present study underwent resection surgery,
and those who were extremely financially deprived were less
likely to undergo surgery. Our patient selection may invisibly
eliminate the impact of financial factors on QoL.

To be clear, the goal of epilepsy surgery is to improve
the patient’s QoL rather than just control seizures. Clinicians
need to strike a proper balance between maximizing seizure
control and improving the patient’s quality of life by considering
the potential for permanent neurological function deficits from
resection surgery and the potential for drug overload to affect
the child’s intellectual development. The impact of epilepsy on
QoL is closely related to seizure control, subjective feelings, and
family (37), and the treatment for epilepsy requires not only
seizure control but also the integration of clinicians, caregivers,
and social support based on the anti-epileptic drug (AED)
treatment to improve the patient’s QoL.

4.1 Limitations

Some limitations should be acknowledged regarding our
study. First, the present study is a single-center retrospective
study with a relatively small sample size, which may result
in false negative errors. Second, the cross-sectional design
of this study did not allow us to obtain the variation in
QoL with time. We chose annual household income and
caregivers’ education level as proxies for the effect of household
disposable medical resources and parents’ understanding of
epilepsy on the QoL, but this may not be suitable in the
long run. Despite its limitations, the present study is the first
to explore the influencing factors of QoL in children with
postoperative seizures and find that a lower ILAE seizure
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outcome classification is acceptable if seizure freedom is
difficult to be achieved. This study also provides valuable
ideas on how to improve the quality of life of children with
postoperative seizures.

5 Conclusion

The measurement of QoL focuses on an individual’s
subjective perception of wellbeing and reflects patients role
functioning, overall health, and satisfaction with medical care.
We found that the annual household income and surgery-related
factors, such as surgical complications, surgical sequelae, and
resection completion, made no significant difference in QoL
for children with postoperative seizures. Presurgical language
development delay or language dysfunction and the postsurgical
ILAE seizure outcome classification can predict the QoL for
children with epilepsy who have postoperative seizures. If
seizure freedom is difficult to achieve after surgery, a lower
ILAE seizure outcome classification, such as ILAE 1-3, is still an
acceptable outcome, as it predicts a higher QoL.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Committee of Children’s Hospital of Chongging
Medical University. Written informed consent to participate in
this study was provided by the participants’ legal guardian/next
of kin.

References

1. Goodwin SW, Ferro MA, Speechley KN. Measurement equivalence of the
short-form quality of life in childhood epilepsy questionnaire (QOLCE-16).
Epilepsy Behav. (2019) 90:142-7. doi: 10.1016/j.yebeh.2018.11.024

2. Fisher RS, Cross JH, D’Souza C, French JA, Haut SR, Higurashi N, et al.
Instruction manual for the ILAE 2017 operational classification of seizure types.
Epilepsia. (2017) 58:531-42. doi: 10.1111/epi.13671

3. Stevanovic D, Jancic J, Lakic A. The impact of depression and anxiety disorder
symptoms on the health-related quality of life of children and adolescents with
epilepsy. Epilepsia. (2011) 52:75-8. doi: 10.1111/j.1528-1167.2011.03133.x

4. Nishida T, Terada K, lkeda H, Inoue Y. Seizures, accidental injuries at
work, and reasons for resignation in people with epilepsy. Epilepsy Behav. (2020)
111:107237. doi: 10.1016/j.yebeh.2020.107237

5. Skirrow C, Cross JH, Cormack F, Harkness W, Vargha-Khadem F, Baldeweg
T. Long-term intellectual outcome after temporal lobe surgery in childhood.
Neurology. (2011) 76:1330-7. doi: 10.1212/WNL.0b013e31821527f0

Frontiersin Neurology

10

10.3389/fneur.2022.1066953

Author contributions

YW has made substantial contributions to the design of the
manuscript. YW and ZZ acquired, analyzed, and interpreted the
data. All authors participated in drafting the manuscript, and PL
and XZ revised it critically, read, and approved the final version
of the manuscript.

Funding

This work was supported by the National Natural Science
Foundation of China (Grant No. 81971217).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fneur.2022.1066953/full#supplementary-material

6. Romanowski EF, McNamara N. Surgery for intractable epilepsy in pediatrics,
a systematic review of outcomes other than seizure freedom. Semin Pediatr Neurol.
(2021) 39:100928. doi: 10.1016/j.spen.2021.100928

7. Boshuisen K, van Schooneveld MM]J, Uiterwaal CSPM, Cross JH, Harrison
S, Polster T, et al. Intelligence quotient improves after antiepileptic drug
withdrawal following pediatric epilepsy surgery. Ann Neurol. (2015) 78:104-14.
doi: 10.1002/ana.24427

8. Ali Arazeem A, Tahirah Adedolapo I, Joseph Alabi O. Shame, stigma, and
social exclusion: the lived experiences of epileptic patients in a health facility in
Tlorin, Nigeria. Glob Public Health. (2022). doi: 10.1080/17441692.2022.2092174.
[Epub ahead of print].

9. Puka K, Tavares TP, Speechley KN. Social outcomes for adults with
a history of childhood-onset epilepsy: a systematic review and meta-
analysis. Epilepsy Behav. (2019) 92:297-305. doi: 10.1016/j.yebeh.2019.
01.012

frontiersin.org


https://doi.org/10.3389/fneur.2022.1066953
https://www.frontiersin.org/articles/10.3389/fneur.2022.1066953/full#supplementary-material
https://doi.org/10.1016/j.yebeh.2018.11.024
https://doi.org/10.1111/epi.13671
https://doi.org/10.1111/j.1528-1167.2011.03133.x
https://doi.org/10.1016/j.yebeh.2020.107237
https://doi.org/10.1212/WNL.0b013e31821527f0
https://doi.org/10.1016/j.spen.2021.100928
https://doi.org/10.1002/ana.24427
https://doi.org/10.1080/17441692.2022.2092174
https://doi.org/10.1016/j.yebeh.2019.01.012
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wu et al.

10. Reinholdson J, Olsson I, Edelvik Tranberg A, Malmgren K. Long-term
employment outcomes after epilepsy surgery in childhood. Neurology. (2020)
94:€205-16. doi: 10.1212/WNL.0000000000008681

11. Dwivedi R, Ramanujam B, Chandra PS, Sapra S, Gulati S, Kalaivani M, et al.
Surgery for drug-resistant epilepsy in children. N Engl ] Med. (2017) 377:1639-47.
doi: 10.1056/NEJMoal615335

12. Cross JH, Reilly C, Delicado EG, Smith ML, Malmgren K. Epilepsy surgery
for children and adolescents: evidence-based but underused. Lancet Child Adolesc
Health. (2022) 6:484-94. doi: 10.1016/S2352-4642(22)00098-0

13. Maragkos GA, Geropoulos G, Kechagias K, Ziogas IA, Mylonas KS. Quality
of life after epilepsy surgery in children: a systematic review and meta-analysis.
Neurosurgery. (2019) 85:741-9. doi: 10.1093/neuros/nyy471

14. Sheikh S, Thompson N, Bingaman W, Gonzalez-Martinez J, Najm I,
Jehi L. (Re)Defining success in epilepsy surgery: the importance of relative
seizure reduction in patient-reported quality of life. Epilepsia. (2019) 60:2078-85.
doi: 10.1111/epi.16327

15. Widjaja E, Jain P, Demoe L, Guttmann A, Tomlinson G, Sander B. Seizure
outcome of pediatric epilepsy surgery: systematic review and meta-analyses.
Neurology. (2020) 94:311-21. doi: 10.1212/WNL.0000000000008966

16. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, et al.
ILAE classification of the epilepsies: position paper of the ILAE commission for
classification and terminology. Epilepsia. (2017) 58:512-21. doi: 10.1111/epi.13709

17. Ronen GM, Streiner DL, Rosenbaum P. Health-related quality of life in
children with epilepsy: development and validation of self-report and parent proxy
measures. Epilepsia. (2003) 44:598-612. doi: 10.1046/j.1528-1157.2003.46302.x

18. Wo SW, Lai PS, Ong LC, Low WY, Lim KS, Tay CG, et al. Cross-cultural
adaptation of the Malay version of the child self-report health-related quality of
life measure for children with epilepsy (CHEQOL-25) in Malaysia. Epilepsy Behav.
(2015) 51:124-6. doi: 10.1016/j.yebeh.2015.06.023

19. Saxena S, Orley J. Quality of life assessment: the world health
organization perspective. Eur Psychiatry. (1997) 12(Suppl. 3):263-6s.
doi: 10.1016/50924-9338(97)89095-5

20. Wagner AK, Vickrey BG. The routine use of health-related quality of life
measures in the care of patients with epilepsy: rationale and research agenda. Qual
Life Res. (1995) 4:169-77. doi: 10.1007/BF01833610

21. Baker GA, Gagnon D, McNulty P. The relationship between seizure
frequency, seizure type and quality of life: findings from three European countries.
Epilepsy Res. (1998) 30:231-40. doi: 10.1016/50920-1211(98)00010-2

22. Ogundare T, Adebowale TO, Okonkwo OA. Quality of life among patients
with epilepsy in Nigeria: predictors and barriers to routine clinical use of QOLIE-
31. Qual Life Res. (2021) 30:487-96. doi: 10.1007/s11136-020-02643-x

23. Wu D-y, Ding D, Wang Y, Hong Z. Quality of life and related factors
in Chinese adolescents with active epilepsy. Epilepsy Res. (2010) 90:16-20.
doi: 10.1016/j.eplepsyres.2010.03.001

Frontiersin Neurology

11

10.3389/fneur.2022.1066953

24. Benevides ML, Nunes JC, Guarnieri R, Pauli C, Wolf P, Lunardi M, et al.
Quality of life long after temporal lobe epilepsy surgery. Acta Neurol Scand. (2021)
143:629-36. doi: 10.1111/ane.13406

25. Smith ML, Elliott IM, Lach L. Cognitive, psychosocial, and family
function one year after pediatric epilepsy surgery. Epilepsia. (2004) 45:650-60.
doi: 10.1111/§.0013-9580.2004.21903.x

26. Griffiths SY, Sherman EMS, Slick DJ, Eyrl K, Connolly MB, Steinbok
P. Postsurgical health-related quality of life (HRQOL) in children following
hemispherectomy for intractable epilepsy. Epilepsia. (2007) 48:564-70.
doi: 10.1111/§.1528-1167.2006.00966.x

27. Puka K, Smith ML. Predictors of long-term quality of life after pediatric
epilepsy surgery. Epilepsia. (2015) 56:873-81. doi: 10.1111/epi.13004

28. Chiang S, Moss R, Stern JM, Hughes I, Josephson SA, Pearce JR, et al.
Development of a core outcome set for quality of life for adults with drug-
resistant epilepsy: a multi-stakeholder Delphi consensus study. Epilepsia. (2022).
doi: 10.1111/epi.17461. [Epub ahead of print].

29. Stodberg T, Tomson T, Anderlid B-M, Andersson T, Henry O, Amark P,
et al. Outcome at age 7 of epilepsy presenting in the first 2 years of life. A
population-based study. Epilepsia. (2022) 63:2096-107. doi: 10.1111/epi.17314

30. Blanchette N, Smith ML. Language after temporal or frontal lobe surgery in
children with epilepsy. Brain Cogn. (2002) 48:280-4. doi: 10.1006/brcg.2001.1362

31. Puka K, Smith ML. Predictors of language skills in the long
term after pediatric epilepsy surgery. Epilepsy Behav. (2016) 63:1-8.
doi: 10.1016/j.yebeh.2016.07.031

32. de Almeida Fischer B, Tedrus G. Seizure-related injuries in adults: a
prospective case-controlled study on risk factors, seizure severity and quality of
life. Epilepsy Behav. (2022) 134:108849. doi: 10.1016/j.yebeh.2022.108849

33. Pervin S, Jicha GA, Bensalem-Owen M, Mathias SV. Incident epilepsy in
the cognitively normal geriatric population, irrespective of seizure control, impairs
quality of life. Epilepsy Behav. (2022) 126:108457. doi: 10.1016/j.yebeh.2021.108457

34. Bajaj ], Soni P, Khandelwal N, Hedaoo K, Kumar A, Sinha M, et al.
Epilepsy-related injuries in children: an institution-based study. Neurol India.
(2022) 70:1091-4. doi: 10.4103/0028-3886.349663

35. Espinosa Jovel CA, Ramirez Salazar S, Rincon Rodriguez C, Sobrino Mejia
FE. Factors associated with quality of life in a low-income population with epilepsy.
Epilepsy Res. (2016) 127:168-74. doi: 10.1016/j.eplepsyres.2016.08.031

36. Anguzu R, Akun P, Katairo T, Abbo C, Ningwa A, Ogwang R, et al. Household
poverty, schooling, stigma and quality of life in adolescents with epilepsy in
rural Uganda. Epilepsy Behav. (2021) 114:107584. doi: 10.1016/j.yebeh.2020.
107584

37. Phillips NL, Widjaja E, Smith ML. Family resources moderate the
relationship between seizure control and health-related quality of life in children
with drug-resistant epilepsy. Epilepsia. (2020) 61:1638-48. doi: 10.1111/epi.
16602

frontiersin.org


https://doi.org/10.3389/fneur.2022.1066953
https://doi.org/10.1212/WNL.0000000000008681
https://doi.org/10.1056/NEJMoa1615335
https://doi.org/10.1016/S2352-4642(22)00098-0
https://doi.org/10.1093/neuros/nyy471
https://doi.org/10.1111/epi.16327
https://doi.org/10.1212/WNL.0000000000008966
https://doi.org/10.1111/epi.13709
https://doi.org/10.1046/j.1528-1157.2003.46302.x
https://doi.org/10.1016/j.yebeh.2015.06.023
https://doi.org/10.1016/S0924-9338(97)89095-5
https://doi.org/10.1007/BF01833610
https://doi.org/10.1016/S0920-1211(98)00010-2
https://doi.org/10.1007/s11136-020-02643-x
https://doi.org/10.1016/j.eplepsyres.2010.03.001
https://doi.org/10.1111/ane.13406
https://doi.org/10.1111/j.0013-9580.2004.21903.x
https://doi.org/10.1111/j.1528-1167.2006.00966.x
https://doi.org/10.1111/epi.13004
https://doi.org/10.1111/epi.17461
https://doi.org/10.1111/epi.17314
https://doi.org/10.1006/brcg.2001.1362
https://doi.org/10.1016/j.yebeh.2016.07.031
https://doi.org/10.1016/j.yebeh.2022.108849
https://doi.org/10.1016/j.yebeh.2021.108457
https://doi.org/10.4103/0028-3886.349663
https://doi.org/10.1016/j.eplepsyres.2016.08.031
https://doi.org/10.1016/j.yebeh.2020.107584
https://doi.org/10.1111/epi.16602
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Quality of life of children with residual seizures after epileptic resection surgery
	Keypoints
	1 Introduction
	2 Methods
	2.1 Data collection
	2.2 Outcome measures
	2.3 Data analysis

	3 Outcomes
	3.1 Demographic data
	3.2 Seizure outcomes
	3.3 Quality of life at follow-up

	4 Discussion
	4.1 Limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


