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Objectives: Previous studies have shown that younger age, higher education, and seizure freedom after
epilepsy surgery are associated with employment. However, very few studies have investigated associa-
tions with cognition and employment status in epilepsy surgery patients.
Methods: This retrospective study consists of 46 adult patients, who underwent resective epilepsy sur-
gery in the Helsinki University Hospital between 2010 and 2018 and who had been assessed by a neu-
ropsychologist prior to surgery and 6 months after surgery using a systematic test battery. In addition
to neuropsychological evaluation, neurologists assessed the patients prior to surgery and followed up
the patients up to 24 months after the surgery and evaluated work status of the patients. Logistic regres-
sion models were used to assess the effects of cognition on changes in employment status, while control-
ling for age and education.
Results: Out of the 46 patients 38 (82.6%) were seizure free and 7 (15.2%) had their seizures reduced
2 years postsurgically. From prior to surgery to 2 years postsurgery, use of antiseizure medication was
reduced in most of the patients, mean reduction of the dosage being 26.9%. Employment status improved
in 10 (21.7%) patients, remained unchanged in 27 (58.7%) and worsened in 3 (6.5%). An additional 6
patients were already not working prior to surgery. Subsequent analyses are based on the subsample
of 37 patients whose employment status improved or remained unchanged. Mistakes in executive func-
tion tasks (p = 0.048) and working memory performance (p = 0.020) differentiated between the group
whose employment status remained similar and those who were able to improve their employment sta-
tus. Epilepsy surgery outcome or changes in antiseizure medication (ASM) use were not associated with
changes in employment status.
Conclusions: In the subsample of 37 patients, errors in executive function tasks and poorer working mem-
ory differentiated patients whose employment status did not change from those patients who could
improve their employment status. Problems in executive function and working memory tasks might hin-
der performance in a complex work environment. When assessing the risks and opportunities in return-
ing to work after surgery, difficulties in working memory and executive function performance should be
taken into consideration as they may predispose the patient to challenges at work.
� 2022 The Authors. Published by Elsevier Inc. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction

Epilepsy surgery needs to be considered among patients with
drug-resistant epilepsy (DRE) in order to reduce or eliminate sei-
zures and to support adequate functioning of the patients with epi-
lepsy (PWE). Successful epilepsy surgery allows for reduced
antiseizure medication (ASM) dosage [1], and freedom from or less
frequent seizures, although some patients may show complica-
tions [2,3]. Epilepsy surgery may also alleviate some psychiatric
symptoms, although some studies report de novo psychiatric
symptoms after epilepsy surgery [4].

Being seizure free is strongly associated with better employ-
ment status. Hamiwka et al. [5] have reported improvement in
full-time employment in up to 40% of epilepsy surgery patients
and Wilson and Coleman [6] showed that a majority of studies
(75%) report improvements in employment after epilepsy surgery.
Full- or part-time preoperative employment, seizure freedom post-
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operatively and younger age at surgery predicted better employ-
ment outcome postoperatively in a 10-year follow-up study [7].

The effects of epilepsy surgery on cognitive skills are less well
studied, and may be linked with reduction or stopping of ASM
[8,9]. Based on a systematic review, more patients see gains
instead of losses of function in objective neuropsychological tests
[10] at least in some cognitive skills, such as verbal fluency. This
is dependent on locus of epilepsy and location of resection, and left
temporal lobe resection may expectedly result in poorer language
outcomes with much smaller risk in patients who undergo right-
sided temporal surgery [10]. In addition, the effects of epilepsy sur-
gery on cognition depend on whether self-reports or neuropsycho-
logical tests are used [10]. Subjectively many patients report gains
and losses in cognitive abilities, but this may not be in line with
objective measures of cognition.

The association between cognitive functioning and employment
status after epilepsy surgery has been studied rarely and with
mixed results [11]. Full scale IQ was slightly and positively associ-
ated with employment status 2 years postsurgically only in uni-
variate analyses, suggesting that the impact of IQ on employment
was mostly explained by other factors [12]. Consistent with this,
lower IQ was associated with poorer employment status, but this
is likely due to earlier epilepsy onset and epilepsy severity, which
explain both poorer IQ and employment status [13]. It is not
known which domains of cognition other than IQ influence
employment status or improvement in employment status in epi-
lepsy surgery patients.

To address what cognitive functions are associated with change
in employment status from presurgery to 2 years postsurgery, we
collected registry data from epilepsy surgery patients referred to
surgery in the Helsinki University hospital. Our primary goal was
to assess if cognitive functioning, epilepsy surgery outcome, ASM
use, or demographic factors would be associated with improve-
ments in employment status. We expected that younger age,
presurgical employment status, and higher educational attainment
would be associated with improvements in employment postsurgi-
cally. We also assessed changes in ASM use and psychiatric symp-
toms from presurgery to postsurgery and expected to see
reductions in both.
Table 1
Cognitive variables used in the study.

Reasoning WAIS similarities
WAIS block design
WAIS coding
WAIS digit span forward
WAIS digit span backward

Memory WMS-III or WMS-R Logical memory, immediate and
delayed recall
WMS-III or WMS-R Visual reproduction, immediate and
delayed recall
WMS-III, RAVLT, or MNEST-1A Word list, immediate and
delayed recall

Basic verbal
processes

Phonemic word fluency
Semantic word fluency
Boston naming test

Executive
function

Trail making A
Trail making B
Stroop word reading
Stroop color naming
2. Material and methods

2.1. Patients, study design, and setting

Helsinki University hospital (HUS) is the largest tertiary hospi-
tal in Finland, located in the Helsinki metropolitan area. It is one of
the two University hospitals in Finland providing epilepsy surgery.
The primary special catchment area of HUS comprises a population
of more than 2,000,000. Additionally, patients from other areas of
Finland (population ca. 5,500,000) are referred to HUS for presurgi-
cal evaluation and resective epilepsy surgery.

We conducted a retrospective registry study on those adult
(18 years of age or older) PWE who were operated between 2010
and 2018 (N = 106) in HUS and were assessed both presurgically
and postsurgically (6 months) with a standardized neuropsycho-
logical epilepsy surgery test battery taken into use in 2009 by
one of the authors (T.N., PhD, neuropsychologist). This yielded a
total of 46 patients.

The test battery was administered mainly in Finnish, but
patients with Swedish (n = 1) or English (n = 1) as their mother ton-
gue were also included. Patients with other native languages were
excluded (n = 13) as well as those who were assessed by a neu-
ropsychologist but not using the full standardized test battery
(n = 47).
2

The Institutional Board of Helsinki University Hospital approved
the study protocol.
2.2. Data collection and variable selection

Data were collected from patients’ medical records and neu-
ropsychological test forms. In line with the Epilepsia Helsinki
follow-up protocol, neurologists assessed the patients presurgi-
cally and followed them up for up to 24 months. The cognitive vari-
ables were collected from neuropsychological test forms from
presurgical and postsurgical assessments. Outcome variables were
collected from medical reports 24 months after the surgery by a
neurologist (L.K.).

The collected data are divided into three categories:

1. Demographic and clinical variables were sex, age at surgery
and epilepsy onset, years of education, etiology and locus of epi-
lepsy, ASM medication used and employment status at the time
of surgery and 24 months postop, and psychiatric disorders
presurgically and 24 months postsurgery.

2. Cognitive variables were collected from neuropsychological
test forms from presurgical and 6 months postsurgical assess-
ments and are summarized in Table 1. When different test ver-
sions were administered, scores were scaled to match.
Executive functionswere measured using two tests: Trail Mak-
ing A and B, Stroop word reading and color naming, but also by
summing together all the uncorrected and self-corrected errors
in executive function tests the patients did (TM-A and B, Stroop
tests, perseveration errors in word fluency subtests). Stroop
color naming was not used for postop analyses due to too many
missing values.

3. Outcome variables were change in employment status, epi-
lepsy surgery outcome, and change in ASM use.

Change in employment status was categorized into four groups:
improved status (e.g. from part-time to full-time work, from sick
leave to part-time work or studies), no significant change, wors-
ened status (e.g. change from full-time or part-time work to sick
leave, from full-time to part-time work, from studying to having
studies on hold), and not at work (e.g. retired or unable to work
both presurgically and postsurgically).

Epilepsy surgery outcome was assessed using Engel scores at 24
months postop and were grouped into three categories: seizure
free (Engel categories 1A, 1B, 1C, and 1D), seizures reduced by at
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least 50% (Engel categories 2A, 2B, 2C, 2D, 3A, and 3B), and no
change (Engel categories 4A, 4B, and 4C).

Change in ASM use was counted as a percentage of change in
the amount of ASM prescribed (in daily mg). For example, if the
patient was on levetiracetam (500 mg � 2), oxcarbazepine (1050
+ 750 mg), and zonisamide (150 + 200 mg), and zonisamide was
reduced to 100 mg � 2 postop while other medications were
unchanged, total change would be 14% (43% reduction in zon-
isamide divided by the number of medications, three). In cases
where the types of ASMs were changed from presurgery to post-
surgery (3 cases), the approximate change percentage was deter-
mined by author L.K. (MD, PhD, specialist in neurology).
2.3. Statistical analyses

All statistical analyses were conducted using IBM SPSS version
25 (IBM, Armank, New York, USA). The not at work group and
worsened employment status groups were excluded from all group
comparisons as only three patients had worsened work status
(mostly due to new or preexisting psychiatric symptoms) and
would have had large leverage on the models. Please see Supple-
mentary data for specific details on the statistical analyses.

Changes in ASM use from presurgery to 24 months postsurgery
was investigated using two-tailed t-test. Effects of ASM use on
changes in employment (no change vs improved) was studied
using one-way ANOVA.

Effects of demographic and clinical variables (operated hemi-
sphere, temporal vs extratemporal) on change in employment sta-
tus was analyzed using Chi square tests (v2). Logistic regression
models were used to assess the effects of cognitive variables
(presurgical, postop, change from presurgery to postsurgery) on
changes in employment status (no change vs improved). Only indi-
vidual variables whose regression coefficient differed from zero
with a p-value of 0.1 or less, or the odds ratio was between 0.8
and 1.2 were used. Backward elimination using likelihood ratio
(with the criterion of p = 0.1 for removal) was used to remove vari-
ables from the final model. Age and years of education were forced
to be included in the models, as they are expected to be highly cor-
related with cognitive variables. For logistic regression model
effect sizes, Nagelkerke’s R2 are reported. Akaike’s Information Cri-
teria (AIC) was used to evaluate model fit in terms of underfitting
and overfitting, which assess goodness of fit of the model but
penalizes for adding explanatory variables to the model (smaller
AIC indicates a better model). To assess the risk of underfitting ver-
sus overfitting, models with all possible combinations of cognitive
Table 2
Demographic and clinical characteristics of patients with epilepsy included in the analyses
improved or unchanged employment status) are reported separately. M = male, F = female

Variable All patients (N = 46)

N Mean

Age at surgery (years) 33.97
Sex 20 M, 26 F
Years of education 12.76
Age at epilepsy onset (years) 17.85
Etiology of epilepsy:
Cortical dysplasia 14 (30%)
Tumor 12 (26%)
Encephalocele 6 (13%)
Hippocampal sclerosis 5 (11%)
Other 9 (20%)
Locus of epilepsy:
Left 29 (63%)
Right 17 (37%)
Temporal 33 (72%)
Extratemporal 13 (28%)

3

variables were analyzed and are reported in Supplementary Mate-
rial 2.

We tested post hoc if cognitive variables differed between tem-
poral and extratemporal and left-hemispheric vs right-
hemispheric epilepsy loci using two-tailed t-tests. We also ana-
lyzed post hoc if change in ASM use or epilepsy surgery outcome
(Engel score classified into three categories) was associated with
cognitive variables using Spearman correlation. These results are
reported in Supplementary Material 1.

Results are given as number of cases and percentage or mean
and standard deviation (SD), where p values <0.05 were considered
significant.

3. Results

The demographic and clinical characteristics of the study group
are listed in Table 2.

3.1. Epilepsy surgery outcome and psychiatric symptoms

Out of all 46 patients 38 (82.6%) were seizure free and 7 (15.2%)
had their seizures markedly reduced. Regarding psychiatric symp-
toms, increase in mild symptoms was observed and two de novo
cases of psychotic symptoms were found; however, reactive symp-
toms related to epilepsy were reduced (Table 3).

3.2. Changes in ASM use

Presurgical ASM use of all 46 patients and ASM use 24 months
postsurgery are reported in Table 4. ASM dosage was statistically
significantly (t(45) = �4.016, p < 0.001) reduced from presurgery
to 24 months postsurgery. Mean reduction of the dosage was
26.91%, standard deviation 45.45%, range �100% to +150%. ASM
dosage increased in only 6 patients due to continuation of the
seizures.

3.3. Changes in employment status

Following epilepsy surgery, there was no change in employ-
ment status for 27 patients (58.7%), whereas 10 (21.7%) improved
their employment status (Table 5). Only these 37 patients are
included in further analysis.

Epilepsy surgery outcome or changes in ASM use were not asso-
ciated with change in work status (no change, improved)
(p = 0.417, p = 0.526, respectively).
. The whole sample (N = 46) and the group used in the analyses (N = 37, patients with
.

Patients with improved or unchanged employment
status (N = 37)

Range N Mean Range

21–67 33.11 21–57
15 M, 22 F

6–20 13.24 9–20
3–39 19.46 4–39

8 (22%)
11 (30%)
6 (16%)
4 (11%)
8 (21%)

26 (67%)
13 (33%)
28 (72%)
11 (28%)



Table 3
Epilepsy surgery outcome and psychiatric comorbidities (presurgery – 24 months
postsurgery).

Epilepsy surgery outcome (all patients): N = 46
seizure free (Engel categories 1A, 1B, 1C, and 1D) 38 (82.6%)
seizures reduced by at least 50% (Engel categories 2A, 2B,

2C, 2D, 3A, and 3B)
7 (15.2%)

no change (Engel categories 4A, 4B, and 4C) 1 (2.2%)

Psychiatric symptoms presurgery 24 months
postsurgery

Reactive symptoms related to epilepsy 3 (6.5%) 0 (0%)
Psychotic symptoms 1 (2.2%) 3 (6.5%)
Mild or moderate depression or other mild

symptoms
4 (8.7%) 8 (17.4%)

Severe depression, anxiety, or other
symptoms requiring psychiatric care

5 (10.9%) 5 (10.9%)

No psychiatric symptoms mentioned in
medical records

33 (71.7%) 30 (65.2%)

Table 4
ASM use of patients. The number of patients is reported (median dosage in brackets).

ASM Prescribed
presurgery

Prescribed at 24 months
postsurgery

Levetiracetam 28 (2000 mg) 23 (2000 mg)
Lacosamide 11 (400 mg) 9 (400 mg)
Valproate 11 (1500 mg) 6 (1400 mg)
Oxcarbazepine 18 (1800 mg) 17 (1500 mg)
Zonisamide 14 (275 mg) 8 (100 mg)
Pregabalin 8 (375 mg) 5 (400 mg)
Clobazam 8 (10 mg) 3 (17 mg)
Lamotrigine 11 (300 mg) 11 (350 mg)
Clonazepam 1 (2 mg) 0
Gabapentin 2 (3150 mg) 2 (3150 mg)
Phenytoin 1 (400 mg) 1 (350 mg)
Carbamazepine 9 (800 mg) 8 (800 mg)
Perampanel 1 (6 mg) 0
Eslicarbazepine 1 (1600 mg) 0
Topiramate 1 (200 mg) 1 (150 mg)

Table 5
Changes in employment status from presurgical period to 24 months postsurgery.

Change in employment status (all patients): 46 (100%)

Improved 10 (21.7%)
No change 27 (58.7%)
Worsened 3 (6.5%)
Not at work (e.g. retired prior to surgery) 6 (13%)

Table 6
Backward elimination regression models of 6 months postop cognitive variables to
improvement in employment. Statistically significant effects are marked in bold.

Model AIC Likelihood ratio

Final model: Age, Education in years, Block
design, Word list immediate recall,
Number of uncorrected executive
function mistakes

31.770 v2(5) = 23.411,
p < 0.001

Intercept only 45.181
Without Age 31.981 v2(1) = 2.210,

p = 0.137
Without Education in years 38.696 v2(1) = 8.926,

p = 0.003
Without Block design 33.122 v2(1) = 3.352,

p = 0.067
Without Word list immediate recall 42.062 v2(1) = 12.292,

p < 0.001
Without Number of uncorrected executive

function mistakes
41.999 v2(1) = 12.229,

p < 0.001

Parameter estimates

Variable B Significance Odds ratio

Age �0.084 p = 0.177 0.919
Education in years 0.916 p = 0.020 2.499
Block design �0.094 p = 0.130 0.911
Word list immediate recall 0.384 p = 0.020 1.469
Number of uncorrected executive

function mistakes
1.939 p = 0.048 6.952

Table 7
Backward elimination regression models of changes in cognitive variables to
improvement in employment. Statistically significant effects are marked in bold.

Model AIC Likelihood ratio

Final model: Age, Education in years, Block
design, Number of corrected executive
function mistakes

41.180 v2(4) = 12.001,
p = 0.017

Intercept only 45.181
Without Age 41.562 v2(1) = 2.382,

p = 0.123
Without Education in years 39.701 v2(1) = 0.521,

p = 0.471
Without Block design 44.580 v2(1) = 5.400,

p = 0.020
Without Number of corrected executive

function mistakes
45.873 v2(1) = 6.693,

p = 0.010

Parameter estimates

Variable B Significance Odds ratio

Age �0.071 0.135 0.931
Education in years 0.138 0.477 1.148
Block design �0.116 0.061 0.891
Number of corrected executive

function mistakes
0.683 0.027 1.980
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3.4. Effects of cognitive abilities on improvement in employment status

Analyses on effects of cognitive variables on improvement in
employment status were done using a subsample of 37 patients.
No presurgical cognitive variables were associated with improve-
ment in employment in our models (see Supplementary data).

Analyses on association of 6 months postop cognitive variables
with improved employment status showed that four cognitive
variables were associated with improved employment status:
block design, word list immediate recall, number of self-
corrected executive function mistakes, and number of uncorrected
executive function mistakes (see Supplementary data). The final
model included five variables: age, education in years, word list
immediate recall, the number of uncorrected executive function
mistakes, and block design. The number of corrected executive
function mistakes was removed during backward elimination.
The fit of the final model was clearly better than the model with
4

intercept only when evaluated using AIC. Variance explained was
adequate (Nagelkerke’s R2 = 0.681). See Table 6 for details of the
model.

For changes in cognitive variables, the regression model
included 6 variables: age, years of education, Block design, Phone-
mic word fluency, number of self-corrected executive function
mistakes, and number of uncorrected executive function mistakes.
Phonemic word fluency and the number of uncorrected executive
function mistakes were removed during backward elimination.
The final model fit was slightly better than that of the model with
intercept only. Variance explained was adequate (Nagelkerke’s
R2 = 0.402). See Table 7 for details of the model.
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3.5. Operated hemisphere and epileptic locus and employment status

Posthoc, we compared whether the operated hemisphere (right
vs left) or operated locus (temporal vs extratemporal) showed per-
formance differences in cognitive performance testing.

Change in work status was not significantly affected by the
operated hemisphere (p = 0.238) or whether the epilepsy was tem-
poral or extratemporal (p = 0.570). In temporal lobe resection
patients poorer surgery outcome was associated with poorer
6 months postop performance in Coding (q = �0.357, p = 0.041),
word list immediate recall (q = �0.349, p = 0.046), and word list
delayed recall (q = �0.361, p = 0.039).

Improvements in block design (t(44) = �2.074, p = 0.044) and
delayed word list recall (t(44) = �2.249, p = 0.030) performance
were significantly greater in patients operated on the right
hemisphere.

Patients operated on extratemporal locus performed better in
delayed visual reproduction (t(44) = �2.552, p = 0.015), presurgical
number of uncorrected executive function mistakes (t(44) = 2.366,
p = 0.022), and postop Boston Naming Test performance (t(44)
= �2.033, p = 0.048) than temporal lobe resection patients,
whereas, patients operated on temporal locus performed better
in phonetic word fluency (t(44) = 2.489, p = 0.017).

Changes in performance were larger in temporally than
extratemporally resected patients in phonetic word fluency (t
(44) = 2.171, p = 0.035) and in number of corrected executive func-
tion mistakes (t(44) = 2.235, p = 0.031).
4. Discussion

To our knowledge, this is the first study investigating the
detailed effects of cognitive factors on improvement of employ-
ment status after resective epilepsy surgery. Our findings indicated
that better working memory (word list immediate recall) and bet-
ter executive functions (fewer number of executive function
errors) were associated with improvement in employment status.
We show that resective epilepsy surgery is generally associated
with good outcomes regarding employment status, seizure reduc-
tion and medication reduction. For most patients, employment sta-
tus stayed the same or improved in two-year follow-up.
Employment status worsened for only three patients, two of which
were probably due to de novo psychotic symptoms postop.

4.1. Changes in employment status

Employment status improved for 26% of the patients, in line
with other studies [14]. However, we found no association
between surgery outcome and improvement in employment, even
though this association has been reported previously in several
studies [[15], see also [7]]. This may be due to the fact that most
patients in our study were either seizure free or had their seizures
effectively reduced. As the number of patients with poor surgery
outcome is small, only very large effects become statistically signif-
icant. While surgery outcome is probably the best predictor for
employment after epilepsy surgery, in studies with mostly only
good outcomes this is not necessarily seen. This can be especially
pronounced in our data, as for most of our patients (72%) the locus
of epilepsy was in the temporal lobes and epilepsy surgery may eli-
cit the best outcomes in patients with temporal epilepsy [16].

4.2. Effects of cognitive abilities on improvement in employment status

We found that both 6 months postoperative short-term mem-
ory and uncorrected mistakes in executive function tasks and
increase in the number of corrected mistakes in executive function
5

tasks from presurgery to postsurgery were associated with
improvement in employment when controlling for age and years
of education. For example, working memory allows the person to
perform various tasks more efficiently without the need to resort
to external memory aids, which is likely to make work less strain-
ing. Regarding executive functions, the ability to monitor own
tasks allows mistakes to be detected, reducing the need to check
and re-evaluate tasks after their completion, potentially reducing
work strain. While few studies have been conducted in epilepsy
surgery patients, returning to work has been studied extensively
in other patient groups, such as stroke and patients with traumatic
brain injury (TBI) [17,18]. For example, studies in groups with an
acquired brain injury have indicated that executive functions are
relevant for employment outcomes [19,20], but so is the number
of cognitive domains in which deficits are observed in [21].

Comparison between our results and earlier findings are some-
what challenging due to different outcome variables. In the current
study, most of the patients were already at work and their work
status did not change in 24 postsurgical months (n = 27). Our anal-
yses focused on factors that predicted improvement in employ-
ment status as the group whose employment status worsened
was too small. On the basis of the studies that have focused on
return to work, either to full-time or part-time employment after
a neurological event, factors such as global cognitive functioning
[18] or the number of domains in which cognitive deficits are
found [21] seem to be one of the most robust factors that are asso-
ciated with employment. Especially improving one’s work status
can be taxing, either by taking on a more challenging position or
switching from part-time to full-time employment. Especially if
executive functions are not adequate, it may be challenging or
stressful to increase work demands, regardless of whether they
are related to working time or task demand. Consistent with this,
previous studies have suggested a link between executive func-
tions and work performance [22].

Another important aspect of the current study is that executive
function is analyzed as an aggregate measure instead of utilizing
test scores from a single test only. As Baxendale [23] points out,
changes or associations in one measure only, especially when ana-
lyzed using univariate analyses, are not likely to be beneficial in a
clinical setting. However, across several tasks, cognitive difficulties
may become apparent as common features (e.g. mistakes) are
summed together. As executive function deficits may be common
in patients with epilepsy [24], executive function mistakes aver-
aged across multiple tests may be a more ecologically valid mea-
sure of the underlying executive function deficit as performance
may vary across different tests.

In addition to executive functions, working memory perfor-
mance word list task after the surgery was also associated with
improvement in employment. Performance in this task is likely
to be largely dependent on working memory performance. While
working memory is important for many tasks, which strain the
individuals’ limited processing capability, and is considered a fun-
damental cognitive process [25] and important part of executive
functioning [26], we only found this effect in the word list task,
not in digit span tasks. This could be a random effect or result from
the study population as the majority of the patients had left-
hemispheric epilepsy surgery (24 left-hemispheric, 13 right-
hemispheric) as these patients are likely to have at least small def-
icits in the language domain [27]. As a single test score, it is inter-
esting and warrants further study, but may not be clinically
relevant on its own, at least in comparison to the executive func-
tion findings.

We found no associations with cognitive functioning prior to
epilepsy surgery and improvement in employment. While those
associations have been previously reported, it is possible that pre-
operative cognitive performance may simply be a proxy for epi-
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lepsy severity as it did not emerge as a significant predictor in mul-
tivariate models used to predict postsurgical employment status
[12].

Finally, even though employment status improves in epilepsy
surgery patients, and this may partly be mediated by cognitive
functioning, long-term follow-up studies are needed. Even if epi-
lepsy surgery helps patients with DRE return to work, their careers
may become shorter than in those without epilepsy as they have
less cognitive reserve to cope with accumulating challenges that
result from aging. Indeed, epilepsy surgery patients tend to retire
and move from full-time to part-time employment sooner than
the general population [7].

4.3. Changes in ASM use

The amount of medication the patients were taking was signif-
icantly reduced as the result of surgery, as expected [9,28]. The
effect of ASM on cognition may vary depending on types of medi-
cation used [29]. As adverse effects from ASM often lead to lower
quality of life, it seems plausible that improved cognitive abilities
resulting from reduction in ASM are likely to mediate the improved
quality of life seen in epilepsy surgery patients [30]. In contrast,
incomplete seizure control was associated with poorer perfor-
mance in some cognitive tests, as expected [31]. This result sup-
ports the benefits of epilepsy surgery.

4.4. Epilepsy surgery outcome and psychiatric symptoms

Our general findings on the outcome of epilepsy surgery are
consistent with previous studies [25]. Altogether 38 (82.6%) were
seizure free and 7 (15.2%) patients had their seizures reduced
2 years after the surgery. No great decrease in psychiatric symp-
toms, such as depression, was seen over the 2-year follow-up, even
though such results have been reported previously [32]. Although
epilepsy is associated with psychiatric symptoms, such as anxiety
or depression, our results suggest that a large majority of PWE
have no severe psychiatric symptoms. However, patients without
severe psychiatric symptoms may still exhibit subclinical psychi-
atric difficulties, which required no psychiatric care and therefore
were unseen in the present sample. Thus, no possible alleviation
of subclinical psychiatric symptoms was seen in our retrospective
setting. Consistent with previous studies, we noticed some de novo
psychotic symptoms [4].

Epilepsy surgery outcome was not associated with changes in
cognitive functioning to a large degree in our study. It is likely that
effects will be evident in longer follow-up studies [9], as seizures
no longer deteriorate cognitive skills.

4.5. Study limitations

A disadvantage of the present study is that it is not conducted as
a multicenter study, resulting in a small sample size. Although this
limits the sample size, it allows for the use of a standardized neu-
ropsychological test battery and standardized follow-up protocol
used by neurologists. The use of standardized neuropsychological
test battery also results in a smaller number of missing values.

The interpretation of our results is limited by small sample size,
which increases the risk of overfitting the model to the data. While
odds ratios of most cognitive variables remained stable regardless
of the model chosen (see Supplementary data), fluctuation was
observed for the executive function mistakes at 6 months postop,
but not for changes in corrected executive function mistakes from
preop to 6 months postop. It is possible that some, but not all,
effects of executive function in improvement on employment
result from overfitting errors.
6

5. Conclusions

Our findings suggest that especially executive functions are
associated with improvement in employment in epilepsy surgery
patients. While a similar finding was observed for verbal working
memory, it may be less robust and partly due to the prevalence
of left-hemispheric surgery patients in our data. However, it is an
integral part of executive functions, and thus consistent with the
executive function findings.

From a clinical perspective, our data suggest that postoperative
neuropsychological assessments of epilepsy surgery patients
should utilize aggregate measures across several tests to reveal
subtle difficulties. For the patient with epilepsy’s wellbeing, even
small difficulties in executive function may make challenging jobs
more demanding than they are for individuals without epilepsy
and result in poorer quality of life in general. These findings could
help clinicians to better assess possible risks associated with
returning to work after epilepsy surgery, focus neuropsychological
rehabilitation optimally, and better screen patients that are less
likely to return to work after epilepsy surgery. Consistent with pre-
vious studies, we also suggest that epilepsy surgery is likely to
improve the patients’ quality of life by, for example, allowing for
reduction in ASM dosage.
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