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ABSTRACT

Objective: To investigate long-term employment outcomes after resective epilepsy surgery in a
national population-based cohort of adults.

Methods: In the Swedish National Epilepsy Surgery Register, all adults who were operated with
resective epilepsy surgery from 1995 to 2010 were identified. Two-year follow-up was available
for 473/496, 5-year follow-up for 220/240, 10-year follow-up for 240/278, and 15-year
follow-up for 85/109 patients.

Results: There were no significant changes in employment outcome over time at group level, but for
those with full-time employment at baseline, 79%, 79%, 57%, and 47% of seizure-free patients
were in full-time work at 2-, 5-, 10-, and 15-year follow-up, compared to patients with benefits at
baseline, where 16%, 27%, 31%, and 33% of seizure-free patients worked full time at these time
points (p5 0.018 at 10 years). More patients with full-timework had ability to drive, a family of their
own, and higher educational status than patients in part-time work or on benefits. Univariate pre-
dictors for employment at long term were having employment preoperatively, higher education,
favorable seizure outcome, male sex, and younger age at surgery. Multivariate predictors were
having employment preoperatively, favorable seizure outcome, and younger age.

Conclusions: The best vocational outcomes occurred in seizure-free patients who were employed or
students at baseline, which may reflect a higher general psychosocial level of function. Younger age
also predicted better employment outcomes and it therefore seems plausible that early referral for
surgery could contribute to better vocational outcomes. Neurology® 2015;85:1482–1490

GLOSSARY
AED 5 antiepileptic drug; B 5 benefits/unemployed; FW 5 full-time work; OR5 odds ratio; PW 5 part-time work; S5 full- or
part-time studies; SNESUR 5 Swedish National Epilepsy Surgery Register.

Long-term studies on employment outcomes after resective epilepsy surgery are scarce. Most are
retrospective and cross-sectional and focus on patients who have had temporal lobe resections.
Some investigators found no change in the number of employed patients after surgery,1–5 others
found a decrease in employment for patients with continuing seizures but no change for seizure-
free patients,6 while some reported increased employment.7–10 Knowledge about employment
outcomes after epilepsy surgery is of considerable importance, both from health economic
aspects and in relation to quality of life.11,12 Many patients have high expectations on epilepsy
surgery, and ability to work or work more is a common wish.13 Especially for patients who are
unemployed before surgery, it can take several years until they become employed,7 and longi-
tudinal long-term studies are needed. No previous study has compared employment levels with
those in the general population.

The Swedish National Epilepsy Surgery Register (SNESUR) provides an opportunity to study
epilepsy surgery outcomes prospectively and longitudinally at a population-based level.14–19
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The aim of this study was to explore employ-
ment outcomes at long term after resective epi-
lepsy surgery in adults, to relate these to seizure
outcome, and compare the results with
employment in the general population. A fur-
ther aim was to investigate predictors of staying
employed or gaining employment.

METHODS The SNESUR is a national collaboration among

all 6 epilepsy surgery centers in Sweden. It started in 1990 and

is completely prospective since 1995. All epilepsy surgery proce-

dures in Sweden are reported, making the register population-

based. The register is subject to regular internal and external

quality controls. Patients with suspected low-grade tumors

(World Health Organization grades I–II) are included provided

that the reason for surgery is drug-resistant epilepsy. Should

histopathology disclose higher malignancy, they are excluded

from SNESUR. Data are collected at baseline and after 2 years

and comprise information on epilepsy history, seizure frequency,

antiepileptic drugs (AEDs), psychosocial data, preoperative

investigations, surgical data, histopathology, and surgical

complications. Long-term follow-up using structured telephone

interviews was initiated in 2005, and is performed 5, 10, and 15

years postsurgery. Psychosocial data include information on

education, employment, and social security status, family and

living conditions, and driving.

For this study, all adult patients (older than 18 years) who had

resective epilepsy surgery in Sweden from 1995 to 2010 were

included. In the entire cohort, 473/496 patients (95.4%) had

2-year follow-up, while 220/240 (91.7%) operated 2000–2007

had 5-year follow-up; 240/278 (86.3%) operated 1995–2002

had 10-year follow-up and 85/109 (78.0%) operated 1995–

1997 had 15-year follow-up. See figure e-1 on the Neurology®

Web site at Neurology.org for flowchart and details on reopera-

tions, deaths, and missing patients.

Employment status is classified into the following categories:

full-time work (FW), part-time work (PW), full- or part-time

studies (S), entirely on benefits, including sick leave and unem-

ployment (B), or retired, i.e., old-age pension. Only 2 patients

were full-time homemakers and they were excluded from analysis.

Seizure outcome is described as change in seizure frequency in

relation to mean monthly seizure frequency the year before pre-

operative investigations. Outcome is categorized into seizure free-

dom, $75% reduction, 50%–74% reduction, and ,50%

reduction in seizure frequency. Seizure freedom is defined as

being seizure-free with or without aura at least the year preceding

the follow-up at each time point, i.e., 2, 5, 10, and 15 years after

surgery (International League Against Epilepsy classes 1 and 2).20

Ability to drive is defined as being seizure-free and having a

driver’s license or being in the process of obtaining one.

Data were obtained from Statistics Sweden on the work situ-

ation in the general population during 2005 to 2010 (the Labour

Force Surveys). Full-time employment is defined as working$35

hours per week and part-time employment as working,35 hours

per week. Data from the Labour Force Surveys were stratified into

4 age groups of decades between ages 25 and 64 and compared

with seizure-free patients in each age group.

To assess whether drug load influenced employment outcomes,

AED treatment (number of AEDs) was related to vocational out-

come. Since the number of AEDs can be considered a proxy for dis-

ease severity, this was analyzed only for seizure-free patients.

In the logistic regression analysis, predictors for employment

were sought, based on findings in earlier studies3,7,21–23 and our

own preliminary results from SNESUR.24 The following variables

were investigated: seizure outcome, preoperative vocational

status, preoperative level of education, age (per decade of life),

epilepsy duration in percent of life length (in order to compensate

for the effect of age), any neurologic dysfunction (including intel-

lectual disability with a Full Scale IQ ,70), sex, presence of

secondary generalized tonic-clonic seizures, and mean preopera-

tive seizure frequency of $30 seizures per month.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the Regional Board of

Medical Ethics at the University of Gothenburg. The board con-

sidered long-term follow-up after epilepsy surgery as a quality-

control measure not necessitating individual consent.

Statistical analysis. For comparison between 2 groups, Fisher

exact test was used for dichotomous variables, Mann–Whitney

U test for continuous variables, and Mantel–Haenszel x2 test for

ordered categorical variables. All tests were 2-tailed and

conducted at the 5% significance level.

Univariate binary logistic regression was performed for each var-

iable to predict being employed (full- or part-time) vs unemployed,

receiving benefits, or studying at each time point. In these analyses,

retired patients were excluded and seizure outcome was dichoto-

mized into being seizure-free or not the year preceding follow-up.

Forward stepwise multivariate logistic regression was conducted

for predictors with p , 0.10 in the univariate analysis. Statistical

analysis was performed using IBM SPSS Statistics 19 (IBM Corp.,

Armonk, NY) and SAS 9.2 (SAS Institute, Cary, NC).

RESULTS Baseline characteristics and types of sur-
gery of the patient cohorts are shown in table 1.

Employment outcomes. Employment status at baseline
and at each postoperative follow-up is shown in table
e-1A. At group level there was very little change in
employment status, but with time the numbers of
students decreased and of retired patients increased.

Employment outcomes after 2, 5, 10, and 15 years
for the 4 baseline groups FW, PW, S, and B are illus-
trated in detail in figure 1. Each group has been fur-
ther stratified into subgroups based on seizure
outcome at the same time point of follow-up.

Patients who worked full time before surgery (FW
group) had the most favorable employment outcome
and the strongest correlation to seizure outcome, but
the proportion who worked full time decreased over
time, with 79%, 79%, 57%, and 47% of seizure-free pa-
tients working full time at 2, 5, 10, and 15 years postop-
eratively. Approximately 80% of patients who became
seizure-free or had $75% seizure reduction worked at
least part time more than 10 years after surgery.

For patients in part-time work at baseline (PW
group), the results were less consistent. After 2 and
5 years, respectively, 18% and 32% of those who
were seizure-free had full-time work, but about the
same proportion were now on benefits. Ten and 15
years after surgery, 23% and 29% of seizure-free pa-
tients worked full time. Many patients with less favor-
able seizure outcome continued to work part time
long after surgery.
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Being a student preoperatively (S group) and
becoming seizure-free was associated with good
employment outcome. Two years after surgery,
31% of seizure-free patients worked full time, but
many were still studying. After 5 and 10 years, 58%
and 59% of those seizure-free had full-time work,
which was comparable to patients working full time
at baseline.

In the group of patients who were not employed
or studying preoperatively (B group), 27%, 31%,
and 33% of those seizure-free worked full time 5,
10, and 15 years after surgery, respectively. Fewer pa-
tients worked part time and most of those who did
not become seizure-free were on benefits.

Comparisons to employment status in the general

population. Data comparing full-time employment
for all patients and the general Swedish population
are shown in table e-1B. The results are shown in 4
age groups of decades up to age 64. Comparisons
between the general population and seizure-free
patients are illustrated in figure 2. In the general
population, 65% to 71% of those between 25 and
54 worked full time, decreasing to 53% for people
aged 55 to 64 years. This can be compared with the

seizure-free patients with 5- and 10-year follow-up
after surgery, where 36% to 65% worked full time
up to age 54, but thereafter only 24% to 27%.

Social factors associated with employment. Preoperative
educational level and preoperative vocational status
were associated; 66% of those with high school or
university education worked preoperatively, com-
pared to 43% of patients with only compulsory
schooling (p , 0.0001). Ten years postoperatively,
59% with university education worked full time,
42% part time, and 11% were receiving benefits.
For patients with only compulsory schooling, 14%
were in full-time work, 18% in part-time work, and
56% receiving benefits after 10 years (p 5 0.0005).

For seizure-free patients, ability to drive after 5, 10,
and 15 years was associated with favorable employ-
ment status, where 82% with full-time employment
vs 52% of those on benefits had ability to drive (p 5
0.019) at 5 years. The corresponding numbers at 10
years were 79% and 46% (p 5 0.017). At 15-year
follow-up, the differences were less pronounced
(78% and 58%) and nonsignificant (p 5 0.491).

At 10 years, 74% of those with full-time employ-
ment had a family of their own while 24% were

Table 1 Baseline characteristics and types of surgery for patient cohorts

Cohort

2-y 5-y 10-y 15-y

Total no. 473 220 240 85

Sex, M/F (% M) 224/249 (47.4) 102/118 (46.4) 112/128 (46.7) 40/45 (47.1)

Age, y 36.5 (10.9); 35.4 (18–69) 37.7 (10.9); 37.3 (19–69) 37.1 (11.2); 36.6 (18–67) 36.5 (10.7); 34.6 (19–67)

Monthly seizure frequency 34.6 (168.2); 10.0
(0.1–3300)

42.1 (233.1); 10.0
(0.1–3300)

44.0 (233.0); 10.0
(0.1–3300)

32.2 (108.9); 10.0
(0.5–960)

Minor intellectual disability,a n (%) 25 (5.3) 10 (4.5) 14 (5.8) 5 (5.9)

No. of AEDs at baseline 1.9 (0.8); 2 (0–6) 2.0 (0.8); 2 (0–5) 1.9 (0.8); 2 (0–6) 1.8 (0.7); 2 (0–3)

Epilepsy duration, y 19.7 (12.2); 17.9 (0.3–54.4) 20.2 (13.0); 17.0 (0.3–54.4) 20.4 (12.2); 18.8 (0.4–52.5) 21.4 (11.5); 19.8 (1.0–50.4)

Employment status, %

Full-time work 33.5 35.5 35.0 32.1

Part-time work 17.9 17.1 17.7 25.0

Student 11.3 11.1 11.8 6.0

Benefits/unemployed 35.3 34.1 32.5 34.5

Neurologic deficit,b n (%) 59 (12.5) 20 (9.2) 27 (11.3) 11 (12.9)

Type of surgery, n (%)

TLR 368 (77.8) 166 (75.5) 197 (82.1) 69 (81.2)

FLR 63 (13.3) 30 (13.6) 29 (12.1) 12 (14.1)

P/OLR 31 (6.6) 22 (10.0) 9 (3.8) 2 (2.4)

ML/HE 11 (2.3) 2 (0.9) 5 (2.1) 2 (2.4)

Abbreviation: AED 5 antiepileptic drug; FLR 5 frontal lobe resection; ML/HE 5 multilobar resection or hemispherectomy; P/OLR 5 parietal or occipital lobe
resection; TLR 5 temporal lobe resection.
Unless otherwise indicated, data represent mean (SD); median (minimum–maximum).
aMinor intellectual disability 5 IQ 50–69. No patient had a major intellectual disability (IQ , 50).
bMotor/cerebral palsy, dysphasia, visual, or auditory impairment. Intellectual disability and autism disorders not included.
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single. Of those working part time, 55% had a family,
38% were single, and 6% lived with their parents.
Among those with benefits, 55% had a family, 32%
were single, 7% lived with parents, and 6% lived in
care-taking homes.

The number of AEDs and employment (full
time or part time) were analyzed for seizure-free
patients (table e-2). At 5 years, 41% (33/81) of
those employed and 28% (10/36) of those not
employed had ceased AED medication (p 5

0.021). At 10 and 15 years, this difference was no
longer seen.

Predictors for employment. Logistic regression analyses
were performed for the prediction of being employed
(full or part time) vs either studying or receiving
benefits postoperatively. Statistically significant uni-
variate variables varied somewhat at different time
points, but included seizure freedom, shorter dura-
tion of epilepsy, ,30 seizures per month preopera-
tively, male sex, younger age at surgery, having
employment preoperatively, and higher education
(see figure 3). Multivariate predictors were preopera-
tive employment, seizure freedom, and younger age
(table 2).

Figure 1 Employment outcome after surgery related to baseline employment status and seizure outcome

Seizure-free 5 seizure-free the year before follow-up; sz reduction 5 reduction in seizure frequency compared with baseline.
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DISCUSSION In this longitudinal observational
study of employment outcomes after resective epi-
lepsy surgery in adults, there were no major changes
in employment outcome at group level: the percent-
age of patients in employment (full- or part-time)
at baseline, and after 2, 5, 10, and 15 years,
respectively, was 52%, 52%, 57%, 53%, and
44%. At subgroup level, patients with full-time
employment at baseline who became seizure-free
after surgery had the best chances to continue
working. However, over time, a declining proportion
of patients worked full time, indicating that seizure
freedom alone is not enough to retain full-time
working capacity. Students had similar employment
outcomes as those with preoperative full-time
employment, which has been found in earlier studies
after temporal lobe resection.3,10 Possible reasons
could be younger age and shorter duration of
epilepsy, factors that have been shown previously to
be associated with better employment outcome.7,9,10,25

Sixteen percent of seizure-free patients who were
receiving benefits at baseline worked full time at 2
years, increasing to approximately 30% after 5 and
10 years, demonstrating that these changes often take
more than 2 years to achieve. Although this is less
than for patients employed preoperatively, it is an
encouraging finding. In comparison, a prospective
multicenter US study found that full-time
employment increased modestly from 39.5%
presurgery to 42.8% 2 years postsurgery. Twenty-
five percent of those disabled or unemployed
before surgery had gained employment after 2

years and this was associated with better seizure
outcome.5

Results from longer-term vocational outcome
studies after epilepsy surgery are not consistent.
One study from Philadelphia (mean follow-up 10
years) found that full-time employment had increased
from 44% preoperatively to 52% postoperatively and
unemployment decreased from 36% to 22%.10 By
contrast, in a study from Detroit, 42% worked full
time preoperatively, but after a mean of 10.6 years,
only 23% were still in full-time employment (28% of
those with favorable seizure outcome vs 8% of those
with unfavorable outcome).26 One interpretation of
these findings is that cross-sectional studies are sensi-
tive to the current state of the labor market and that
people with health problems may have more difficul-
ties in finding or retaining work in times of recession.
Methodologic drawbacks with retrospective studies
and different selection and exclusion criteria might
also explain some of the differences obtained. The
longitudinal design of the present study and the com-
parison to the general population compensate for
some of these factors. One interesting finding in
our study was that not all patients who worked full
time at baseline and became seizure-free worked full
time postoperatively. Reasons for this could include
complications or expected adverse events after sur-
gery. Also, a proportion of seizure-free patients retired
or went from full-time to part-time work earlier than
the general population. The reasons for this need to
be further investigated. One possibility is that having
had epilepsy for half of a person’s life leads to

Figure 2 Full-time employment for seizure-free patients and in the general population

Percentage with full-time employment in the general population and in seizure-free patients in different age groups. Num-
bers above bars represent number of patients in each group. Gen pop 5 general population.
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Figure 3 Univariate analyses of predictors for employment

Forest plot of predictors for employment (full- or part-time) at 2, 5, 10, and 15 years after surgery. Retired patients were excluded from analyses. Age/10
years 5 age (per decade of life); Epi dur (per 10% of life) 5 epilepsy duration in percent of life length (increments of 10% units); neurol dysfunction 5 any
neurologic dysfunction (including intellectual disability with a Full Scale IQ ,70); OR 5 odds ratio; preop 5 preoperatively; ref 5 reference; szs 5 seizures.

Neurology 85 October 27, 2015 1487

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



impairments that may not always be measurable and
these may become more apparent with age. This
together with the fact that a proportion of patients
after surgery have some further cognitive impairment
could be factors of importance. There are studies
showing that people with supposedly stable neuro-
logic dysfunctions also have reduced long-term work-
ing capacity. In a Swedish follow-up study of young
adults with cerebral palsy or spina bifida, full-time
employment declined and the number receiving ben-
efits increased over 12 to 14 years.27 One might spec-
ulate that the aging process influences people with
disabilities earlier.

AED polytherapy has been suggested to be associ-
ated with lower employment rates.28 One of several
reasons for this could be side effects. In our study,
seizure-free employed patients had fewer AEDs than
seizure-free unemployed patients at 2 and 5 years. It is
possible that a decreased drug load is beneficial for the
ability to work.

Ability to drive has been explored in some studies
and was not associated with employment in one study,9

but associated with employment in others.3,6,29 In our
study, there was an association between full-time work
and ability to drive at 5 and 10 years. The same pattern
was found concerning family and living conditions,
whereby patients with full-time employment more
often had families of their own. All these factors indicate
that patients in full-time employment have a higher
general psychosocial functioning level, being less vul-
nerable to the impact of having epilepsy. Whether this
is of equal or even greater importance for good voca-
tional outcome after epilepsy surgery than seizure free-
dom is unclear. Other factors of probable importance
for retaining or obtaining work, such as postoperative
cognitive level and psychiatric or other comorbidities,
could not be addressed in this register study.

In our study, the multivariate predictors for long-
term employment were preoperative employment,
seizure freedom, and younger age at surgery. Employ-
ment at baseline was the strongest predictor of employ-
ment after surgery, but the odds ratio (OR) declined
over the years. One other study found that patients
who were students or had full-time employment had
an OR of 16 to be in full-time employment after a
mean of 4 years.3 In our study, seizure freedom was
an independent predictor of employment and had an
OR of 2.5–3 between 2 and 10 years for being em-
ployed. Other studies have also found an association
between seizure outcome and employment.3,25,30 In
univariate analyses, the preoperative level of education
had high ORs for being employed but lost its signifi-
cance in the multivariate logistic regression, which is
interpreted to be attributable to the fact that the level
of education is closely associated with being employed.
Younger age at surgery was an independent predictor
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of better vocational outcome, emphasizing the impor-
tance of early referral of patients with drug-resistant
epilepsy for presurgical evaluation.

The importance of rehabilitation after epilepsy
surgery was highlighted in a recent study showing
that participation in a rehabilitation program had
the same impact as seizure freedom on employment
outcome.31 Further investigations of the effects of
rehabilitation programs on vocational outcomes are
warranted.

The strengths of this study are that SNESUR pro-
vides population-based, prospective, and longitudinal
data and that employment levels in our patient cohorts
could be compared with the general Swedish popula-
tion. Our cohorts are large with few patients missing
at follow-ups. Longitudinal follow-up at regular inter-
vals makes it possible to follow changes over time and
decrease the sensitivity to variations in macroeconomic
conditions (e.g., recessions), which are likely to affect
employment outcomes. One weakness of our study
is that yearly follow-up data were not available, pre-
cluding analysis of patterns of relapse and remission
as well as individual trajectories of seizure and voca-
tional outcomes. Also, the extent of part-time work
is not reported and there is no information that can
provide occupational classification. The study also
lacks a control group of medically treated patients.

While there were no net employment gains at group
level, patients who worked preoperatively and became
seizure-free were shown to have the best vocational out-
comes. Seizure freedom alone did not imply full-time
working capacity in the long term and the prospects
of returning to work were not as good as of retaining
work. Earlier presurgical evaluation cannot be assumed
per se to lead to a better vocational outcome after suc-
cessful surgery. However, it is the single most important
factor possible to influence, and since younger age was
an independent predictor of good employment out-
come, it is not unreasonable to believe that earlier refer-
rals could improve vocational outcomes.
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