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Purpose: To investigate the very long-term (i.e., =15 years) seizure, cognitive and psycho-social outcomes in
resected patients (RP) with TLE compared to control patients not having undergone epilepsy surgery.
Methods: We applied a multiple case-study design including three non-resected patients (NRP) who were
compared to a group of six RP. The latter were matched to the NRP according to clinical-demographic data.
Outcome measures were various seizure, cognitive, and psycho-social variables.

Results: Patients were 56-72 years old. Seizure and AED outcome was more favourable among RP. RP reported
better self-perceived overall health but higher subjective memory complaints. Upon formal neuropsychological
testing, RP presented with lower verbal memory scores. Very long-term memory decline was evident in left-sided
RP with good baseline memory scores, while RP with lower baseline performance, right-sided RP and NRP
remained stable. Seizure-freedom had remarkable effects on the relationship between objective and subjective
outcome: seizure-free patients, in general, subjectively reported the best psychosocial and cognitive outcome —
irrespective of neuropsychological test results.

Conclusion: Our study suggests positive effects of TLE surgery in the very long-term course of =15 years
postoperatively. Long-term seizure-freedom appears to have the strongest impact on patients’ subjectively
perceived psycho-social and cognitive outcome and may even outweigh actual memory disturbances and/or
decline. Overall, our data do not support the assumption of a generally accelerated cognitive decline in patients
with TLE.

1. Introduction outcome at long-term intervals, i.e., > 5 years postoperatively [6]. In

spite of recent publications on the very long-term psychosocial [7] and

Epilepsy surgery is the most effective treatment option for refractory
temporal lobe epilepsy (TLE) with a “good outcome” (i.e., usually sei-
zure-free for at least one year, auras not considered) for about 65% of
patients in epilepsy surgery in general [1]. Patients’ decisions in favor
of or against surgery are based on a complex trade-off between the
chances of seizure-freedom and patients’ subjective expectations [2], on
the one hand, and the risks of postoperative cognitive decline [3,4] and
further neurological and surgical complications [5], on the other hand.
Ideally, this decision is supported by information about the long-term
postoperative prognosis of seizure, cognitive, psychiatric, and psycho-
social outcome.

So far, only a limited number of studies report seizure and cognitive

cognitive [8] outcome after epilepsy surgery, the comprehensive very
long-term (i.e., =15 years) assessment including cognitive, seizure, and
subjective (i.e., psychosocial and mood) variables after TLE surgery has
been broadly neglected in the literature so far. There are two potential
hypotheses: Ongoing seizures may trigger an accelerated cognitive de-
cline in the course of a chronic epilepsy, whereas seizure-freedom (or
longer seizure-free intervals) may protect from this [9-11]. This con-
cept is empirically supported by studies demonstrating a long-term
memory decline for unoperated patients with TLE [12,13].

The alternative (or complementary) idea is that anterior temporal
lobe resections (aTLR, but not selective amygdalohippocampectomies)
may accelerate memory loss [14] because a reduced postoperative
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cognitive performance might offer less cognitive reserve against aging-
related decline. Recent results corroborated this argument showing that
— at least in patients with tau pathology operated on at age 50 and
beyond - aTLR led to accelerated cognitive decline twelve months
postoperatively [15].

The key challenge is, however, to counsel patients who are eval-
uated for aTLR around the age of 30 years — the typical population in
adult presurgical cohorts [6]. This also holds for the aforementioned
studies [8,12,13,16] in which the patients’ average age at long-term
examination was mostly below the age of 40 years. As physiological
cognitive decline will usually not be observed before the fifth decade of
life, follow-up intervals of at least 15 years should be considered to
examine a potential accelerated cognitive decline in TLE.

The aim of the current study was to examine the course of operated
and non-operated patients with TLE who attended to our centre at least
15 years ago. We sought to compare the very long-term seizure, cog-
nitive, and psycho-social outcomes in patients after aTLR compared to
non-resected patients with TLE. Facing the fact that prospective ran-
domized trials considering very long-term outcome will presumably not
be available in the near future due to recall difficulties [8], we had the
chance to evaluate very long-term outcome in a case series of older
patients with TLE. This offered the opportunity to comprehensively
examine individual long-term outcome and trajectories.

2. Methods
2.1. Patient recruitment

Two groups who had undergone presurgical evaluation at the Bethel
epilepsy center [17,18] were included in this study: non-resected pa-
tients (NRP) with TLE and matched resected patients (RP) who had
undergone aTLR. Data were obtained from the Bethel presurgical/sur-
gical epilepsy database. This database is continuously maintained and
updated with the most recent data on presurgical, surgical, and post-
surgical data of the patients from the epilepsy surgery program by P.G.

Bethel Presurgical/Surgical Database (November
2016):
- Age at initial assessment > 18
- Etiology: MTLE-HS
- No surgery (patient’s or neurologist‘s decision)
- Year of assessment < 2002
n=44

Contacted patients
(Mail, telephone; May 2017)
n=32

Participants
n=3
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First, we identified the NRP because we expected this to be the smaller
and more difficult to recruit group (Fig. 1). We initially examined 4/32
NRP. One of these four patients was excluded post-hoc as recent MRI
showed bilateral medial temporal lobe sclerosis (MTS), which con-
firmed a presurgical suspicion about a bilateral TLE. The final number
of NRP included in our study hence was 3/32. A detailed study of the
original records for the NRP revealed the following reasons against
epilepsy surgery: ID1 opted against an offered left aTLR, probably be-
cause the seizure situation improved after presurgical assessment; ID2
was rejected by the team because of uncertainty about the left-sided
MTS (although confirmed by retrospective and recent MRI) and because
of better Wada memory performance of the epileptogenic side (“failed
the Wada” - today's view on both issues wouldn’t have excluded her
from surgery); ID3 was rejected because he “failed the Wada” (today,
the Wada wouldn’t have been performed and the patient would have
been offered surgery).

RP were matched to the NRP (Supplementary File 1). This resulted
in twelve potential patients who had undergone standard aTLR with the
histological diagnosis of a MTS. Six patients had to be excluded due to
the following reasons: patient deceased (n = 2), no current address/
telephone number/no response in spite of repeated request (n = 2), and
participation rejected by patient due to current illness other than epi-
lepsy (n = 2). The final number of participants from the resected TLE
group was n = 6.

Patients of both groups were invited to participate in a compre-
hensive assessment at the Bethel Epilepsy Center, which lasted one or
two days depending on the patient's condition. This included a medical
examination and history-taking by senior epileptologists, 3T brain MRI,
and a neuropsychological examination.

2.2. Neuropsychological testing

As a German adaptation of the Rey auditory verbal learning test, the
“Verbaler Lern- und Merkfahigkeitstest” (VLMT [19]) is a “classical”
word-list learning test consisting of five trials of memorizing 15 orally

Exclusion:
- Intellectual disability: n =
- Revised diagnosis (post-hoc):
- Deceased: n=1
- Patient from abroad: n =1

6
n=4

Exclusion:
- Deceased: n=3
- Surgery at another centre: n = 2
- Patient rejection: n =2
- No answer, no current adress: n = 21
- Bilateral HS: n =1 (excluded post-hoc)

Fig. 1. Recruitment process of the non-resected patient group. MTLE-HS, medial temporal lobe epilepsy with hippocampal sclerosis.
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presented words, freely recalling and, finally, recognizing this word list.
We considered measures of cumulative learning (i.e., sum of trial 1-5),
free delayed recall (i.e., trial 7), forgetting (i.e., trial 5 minus trial 7),
and corrected recognition (i.e., hits minus false alarms).

The subtest “Logical Memory” from the Wechsler Memory Scale —
revised [20] was taken as a measure of memory for logically connected
verbal content. Patients have to reproduce from memory the content of
two orally presented prose passages both immediately after presenta-
tion (i.e., immediate recall) and after 20-30 min (i.e., delayed recall).

The “Diagnosticum fiir Cerebralschadigung II” (DCS-II) consists of
five consecutive trials of memorizing nine abstract design patterns (i.e.,
line drawings) which have to be reproduced from memory with wooden
sticks. We used the cumulative learning score (i.e., sum of correctly
reproduced designs from trial 1 to 5) as a measure of figural learning.

The subtest “number sequencing” of the Trail-Making-Test [21] was
taken as a measure of processing and perceptual speed. The subtest
“number-letting-switching” [21], which requires the patient to connect
numbers and letters in an alternating fashion was taken as a measure of
cognitive flexibility.

The “Mehrfachwahl-Wortschatzt-Intelligenztest” (MWTB [22]) is a
German adaptation of the “National Adult Reading Test” and was ap-
plied as a measure of premorbid intelligence. The “Mini Mental State
Examination” (MMSE) was employed as a measure of general cognitive
impairment and as a screening test for dementia with a cutoff of < 26
[23].

The “Fragebogen zur geistigen Leistungsfahigkeit” (FLei [24]) is a
self-report measure of patient's perceived cognitive impairment in ev-
eryday situations. We considered the three functional subscales
“memory”, “executive functions”, “attention” and the total score of
these subscales.

2.3. Psychosocial assessment

We applied the “Quality of life in Epilepsy-31” (QOLIE-31 [25,26])
to assess self-reported quality of life (QoL) by eight subscales (overall
QoL, seizure worry, emotional well-being, energy/fatigue, cognition,
medication effects, overall health, and social function) and one total
score. Scores may range from 0-100 with higher values indicating
better QoL.

“Beck's Depression Inventory II” (BDI-II [27]) reflects the self-re-
ported degree of current depressive symptoms (scores =13 indicating
increased depressive mood). We also employed an exploratory ques-
tionnaire on psycho-social variables such as driver's license, or occu-
pational status.

2.4. Presurgical assessment

To evaluate individual patients’ cognitive long-term trajectories, we
compared preoperative with long-term verbal memory scores for the
“logical memory” (see above). In addition, long-term scores of the
VLMT were compared with presurgical scores of the California Verbal
Learning Task (CVLT [28]) as VLMT scores were not available from the
presurgical dataset. The CVLT is a word-list learning paradigm com-
parable to the VLMT. However, the word list consists of 16 instead of 15
words and words can be clustered according to four semantic cate-
gories. For reasons of comparability, we used current test norms
[20,28] for conversion of both presurgical and long-term raw scores
into age-corrected standardized scores.

2.5. Statistical analyses

Due to the small sample size, we did not perform inferential sta-
tistics for between-group comparisons but discussed results on a de-
scriptive level. Raw scores of the neuropsychological tests were trans-
formed into standardized scores according to the normative scores
given in the respective test manuals. Neuropsychological impairment
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was defined as z-scores < —1.5 (i.e., < 1.5 SD below the mean) based
on the respective normative scores.

2.6. Ethics and patient consent

The study was approved by the local ethics committee (Miinster,
Germany; 2016-048-f-S). All patients gave written informed consent for
participation and received an allowance of 100€ for participation.

3. Results and discussion

A key experience of our study was that it is extremely difficult to
recruit patients from a presurgical cohort studied approximately 20
years ago, especially if they were not operated on. Based on the de-
creasing number of patients with MTS [18,29,30], future studies will
presumably not offer large-scale prospective data of RP and NRP with
MTS focussing on an age range of approximately 60 years. This un-
derlines our study's relevance — particularly for the NRP. Our propor-
tion of included NRP (10%) is similar to that of a comparable recent
questionnaire study without need for the patients to travel to the epi-
lepsy center (21% [7]). Of note, our follow-up period was longer
(16-21 years as compared to 9-17 years [5]). This may increase the
probability that patients’ addresses could not be identified or that pa-
tients may have deceased. Of note, among the patients with available
data, 4/23 NRP and 2/10 of the RP had died which confirms previous
observations of an increased mortality among patients with epilepsy
[31,32].

3.1. Clinical-demographical variables

Clinical-demographical data are given in Table 1. All patients were
in between 56 and 73 years (median 58) and had comparable follow-up
times after initial presurgical evaluation (17 years, range 16-21). Re-
cent MRI studies confirmed the original diagnoses of MTS for the NRP
and the extent of surgery in the RP.

3.2. Seizure and AED outcome

A more favourable very long-term seizure outcome was observed
among the RP (Engel class I: RP: 5/6 vs. NRP: 1/3) with 3/6 of the RP
but none of the NRP reaching complete seizure-freedom (i.e., Engel IA).
In addition, RP clearly had longer seizure-free periods and a longer time
since the last seizure. Moreover, the number of AEDs (polytherapy/
monotherapy/off AEDs: resected, 2/2/2 and non-resected, 3/0/0) and
the AED drug load was lower for the RP (median defined daily doses:
resected: .3, non-resected: 2.3).

Seizure-freedom rates in this small cohort are comparable to the
long-term outcome rates from other larger epilepsy surgery series [33].
Our marginally higher numbers may result from the highly selective
sample with MTS and our strict exclusion criteria. Moreover, metho-
dological issues (personal interviews with experienced epileptologists
in our study vs. mailed questionnaires in earlier studies) may explain
diverging outcome rates. Notwithstanding, the high rates of seizure-
freedom clearly argue in favour of the efficacy of aTLR as a treatment
for medial TLE - even in the very long-term course.

3.3. Quality of life, subjective memory and depression

As a key finding, we observed higher rates of cognitive complaints
among the RP in both the QOLIE-32 and the FLei (Fig. 2A,B; Table 2). In
detail, the highest rates of cognitive complaints were found in RP for
the memory subscale of the FLei, while the remaining two scales (i.e.,
executive functions, attention) did not substantially differ between
groups. In addition, RP reported a better overall health in the QOLIE-
32. Besides these differences, comparable scores of the QOLIE were
found for the remaining subscales across both patient groups (Fig. 2A;
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Table 1
Clinical-demographical data of the resected and the NRP.

Non-surgcial Surgical
Patient ID 1 2 3 4 5 6 7 8 9
Age at long-term Follow-up 58.1 73.3 57.5 56.5 63.5 57.3 60.6 72.6 57.7
Md 58.1 59.1
Age at epilepsy onset 2 34 20 12 19 1 13 31 1
Md 20 12.5
Follow-Up (Years) 16.8 21.6 17.3 19.3 21.3 15.9 16.8 19.8 16.2
Md 17.3 18.0
Age at initial presurgical assessment 41.3 51.8 40.4 37.2 42.2 41.3 43.8 52.8 41.5
Md 41.3 41.8
Gender f f m m m f m f f
Handedness right right right right right right right right right
Lateralisation of epilepsy focus left left left right left left right left left
Seizure outcome (Engel class) 1IC 1A IC 1IIB IC 1B 1A 1A 1A
Time since last seizure (Months) 0 1 72 15 0 0 203 227 187
longest seizure-free period (Years) 2 .5 6 13 13 4 17 19 15.5
Current number of AEDs 3 2 2 1 2 2 1 0 0

2 1

Defined Daily Doses (AEDs) 3.1 2.3 1.7 3 3.3 1.4 .3 0 0
Md 2.3 3

Md, median; Handedness: assessed with the Modified Edinburgh Handedness Inventory (Salmaso, D. and Longoni, A.M. Problems in the assessment of hand reference.
Cortex 1985; 21: 533-549.); defined daily doses correspond to the doses defined by the World Health Organization. AED, antiepileptic drug.

Table 2). A recent study by Edelvik et al. [7] reported higher scores for
several facets of QoL in resected patients 14 years after epilepsy sur-
gery. This could not be replicated for all patients in our case-study.
Inspecting our individual patient's data revealed that in general, higher
QoL-scores for the RP as compared to the NRP were found for the
subgroup of the seizure-free patients (ID 7,8,9). In contrast, non-sei-
zure-free RP (ID 4,5,6) had comparable or even lower QoL-scores than
the NRP. Comparable moderating effects of seizure-freedom on QoL
were evident for patients’ levels of depression, which were lowest
among the seizure-free RP (Fig. 2C). Likewise, cognitive complaints in
the FLei (and the QOLIE-32) were particularly low for the seizure-free
RP (ID 7,8,9) who also demonstrated the lowest scores in almost all
remaining subscales of the QOLIE-32. Conflicting results between our
and Edelvik et al.’s study may emerge from methodological differences.
While Edelvik et al. included different epilepsy syndromes, we focussed
solely on older patients with unilateral MTS. Also, instead of using the
SF-36, we applied the QOLIE-32 and the BDI-II to assess patient's QoL
and mood. The SF-36 does not contain items on cognitive functions, is a
non-epilepsy-specific questionnaire (as compared to the QOLIE-32),
and assesses depressive symptoms in a different manner (as compared
to the BDI-II). These differences may restrict a direct comparison be-
tween both studies and might explain the seemingly diverging results.

In sum, RP in general presented with a better overall health, but
complained more frequently about cognitive-mnemonic disturbances.
Seizure-freedom had a critical moderating impact on the subjective
very long-term psychosocial outcome seeing that outcome was best
among seizure-free RP, while subjective outcome of non-seizure-free RP
was as low as — or even lower than — the NRP's.

3.4. Neuropsychological variables

According to the higher rates of memory complaints among the RP,
objective memory scores were more frequently diminished in this group
(Table 2). Particularly, measures of verbal memory consolidation (i.e.,
forgetting rate) were impaired in 3/6 of the RP, but only 1/3 of NRP
(Fig. 2D). In the remaining variables, there were no marked differences
between both groups with neither substantial median group-differences
nor - on an individual level — diverging frequencies of scores below the
clinical cut-off. RP and NRP, thus, presented with comparable levels of
objective cognitive scores in the very long-term course, except for a
difference in verbal memory (consolidation) measures. On an
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individual level, lowest verbal memory performances were observed in
RP after left-sided surgery (ID 5,6,8,9; Figs. 2D and 3 lower panel);
right-sided RP (ID 4,7), on the other hand, achieved average verbal
memory scores. From a clinical perspective, this confirms the validity of
measures of verbal memory consolidation as a measure of (left-sided)
medial temporal functioning [34]. Remarkably, the differences in
memory scores did not fully explain the subjective memory complaints
and psychosocial outcome among the RP, as 3/6 RP (ID 7,8,9) pre-
sented with memory complaints and QoL comparable to the NRP
(Fig. 2A,B) in spite of the lower “objective” memory scores (Fig. 2D).
Thoroughly inspecting patients’ individual profiles, we found that the
discordances between subjective perception and objective test scores
could be explained by moderating effects of seizure-freedom. Splitting
the RP into seizure-free and non-seizure-free patients revealed re-
markable differences. Particularly, the aforementioned RP with good
subjective outcome in spite of lowered “objective” verbal memory
scores (ID 7,8,9) were exactly those who achieved complete seizure-
freedom. In line with this explanation, all of the remaining RP (ID
4,5,6), who had the lowest subjective outcomes in memory, depression,
and most facets of QoL, in fact were not seizure-free. It may thus be
assumed that the positive effects of long-term seizure-freedom may
compensate for actual objective memory disturbances. Therefore, our
single case-based observations offer a potential explanation for the
discordance between postoperative memory scores and subjective
memory complaints which has already been reported by Baxendale
et al. [4]. Notably, in spite of diminished scores in single cognitive
functions none of the patients in our study fell under the cut-off in-
dicative of dementia in the MMSE. This is in line with the conclusion of
a current study that TLE patients are not at an elevated risk for ac-
celerated cognitive decline [8,see discussion below].

3.5. Cognitive long-term trajectories

Marked deteriorations over time on several measures of verbal
memory (i.e., learning and free recall of both word lists and prose
passages) were seen in two left-sided RP with postoperative seizure-
freedom (ID 8,9, Fig. 3). In the remaining cases, memory was relatively
stable with only slight deteriorations and some improvements without
showing a consistent pattern over patients and memory parameters. In
accordance with the intact very long-term verbal memory scores among
the two right-sided RP (ID 4,7), no marked deteriorations in verbal
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Fig. 2. Median very long-term cognitive and psycho-social outcome in resected (R, dashed lines) and non-resected patients (NR, solid lines). Circles and squares
indicate individual patient's test scores. Filled squares represent seizure-free patients, open circles represent non-seizure-free patients. Green data points represent
right sided patients; dashed horizontal lines indicate cut-offs for below average scores. In part B and C, higher scores represent higher levels of depression and higher
levels of subjective cognitive complaints, respectively; for reasons of comparability, the y-axes in these parts of the Figure have been inverted. Scores of the FLei in
part B are given as % of the maximum score of the respective scale for reasons of comparability. DDD, defined daily dose of AEDs taken at long-term follow-up; Onset,
age at seizure onset in years; QOLIE-31, quality of Life in Epilepsy (31-item version); Cogn., cognition; Seiz. Worry, seizure worry; Med. effects, medication effects;
FLei, Fragebogen zur Geistigen Leistungsfdhigkeit (Questionnaire for Complaints of Cognitive Performance); BDI-II, Becks Depression Inventory II; VLMT, Verbaler
Lern- und Merkfédhigkeitstest (German Version of the Auditory Verbal Learning Test).

memory were observed for these two patients as could be expected.
Interestingly, the two cases with the consistent memory deteriorations
(ID 8,9) did not strongly complain about cognitive disturbances, and
reported relatively high QoL and low levels of depression. Again, as
argued above, long-term seizure-freedom may have moderated the in-
dividual patient's subjective experience by “covering” an actual
memory decline up. We assume that the positive effects of long-term
seizure-freedom might have compensated for declined memory - pre-
sumably because of positive effects of postoperatively withdrawn AEDs.
In fact, both of the aforementioned RP (ID 8,9) were off AEDs and,
accordingly, reported the best scores among the RP in the Subscale
“Medication Effects” of the QOLIE-32 (Fig. 2A). This suggests that
postoperative omission of AEDs may positively affect QoL and the
perception of actual cognitive decline. In addition to these results, our
case-study design allowed to examine objective and subjective outcome

34

data separately. This observation revealed that objective testing may
not always represent patients’ subjective experience. More importantly,
patients’ subjectively perceived long-term outcome may be determined
by an interplay of several clinical factors.

Identifying potential risk factors for very long-term memory decline,
the best single factor that could explain the functional very long-term
memory loss was the baseline memory performance. In detail, both
patients showing a memory drop over time (ID 8,9) had relatively intact
preoperative memory functions, which have posed them at a higher risk
of losing cognitive functions [35]. Later age at epilepsy onset and later
age at epilepsy surgery — critical risk factors for postoperative cognitive
decline [35,36] — may also have contributed to the cognitive decline in
patient 8 who had an age at epilepsy onset at the age of 31 and epilepsy
surgery at the age of 52. However, these factors may not explain the
decline in patient 9, who in fact had a very early onset at the age of 1;
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Table 2

Neuropsychological and results of the resected and non-resected patients.
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Non-resected Resected
Patient ID 1 2 3 4 5 6 7 8 9
Seizure outcome (Engel class) IIC A IC 11B IC 1B 1A 1A 1A
VLMT learning -.52 -.52 .84 -.52 -25 -1.04 -.52 -.13 -.52
Md -.52 -.52
VLMT delayed recall -1.96 -.19 1.28 -.45 -.67 -1.96 -.67 -1.44 -93
Md -.19 -.80
VLMT forgetting -1.64 .67 .67 -.67 -1.64 -1.96 -.93 -1.96 -1.28
Md .67 -1.46
VLMT Recognition -.25 -1.44 -.52 -.52 -1.96 -1.96 -.76 -.25 -1.28
Md -.52 -1.02
DCS-Il learning -1.23 -1.28 -.61 -1.34 .25 -2.33 -1.88 -.61 -.55
Md -1.23 -.98
TMT number sequencing .33 .67 .67 .69 1.00 -1.00 .00 1.37 1
Md .69 .85
TMT number-letter switching .67 -.33 .00 .33 -1.67 -.33 .67 .00 1.33
Md 17 .00
Word fluency -.99 -.02 .58 -32 -.80 -.02 -31 1.04 .28
Md -31 -.15
Flei Md (Min-Max)
Attention 7 (3-15) 13.5 (5-29)
Memory 10 (5-13) 16.5 (11-24)
Executive Functions 6 (1-16) 10.5 (4-21)
Total score 18 (14-44) 40.5 (22-74)
MMSE 30 30 29 26 30 28 30 29 29
Md 30 29
MWTB 1.18 .30 .55 1.18 -.28 .30 1.90 .30 .50
Md .55 .40
BDI-Il total score 15 5 21 10 21 17 1 3 0
Md 18.00 6.5
QOLIE-31 Md (Min-Max)
Overall 55 (50-88) 62.5 (33-100)
Energy 65 (40-80) 52.5 (25-60)
Well-being 64 (56-88) 64 (32-80)
Cognition 86.95 (60-93) 59.17 (16-84)
Social Function 68 (55-100) 85 (25-100)
Seizure worry 96 (39-100) 90 (61-100)
Medication 88.9 (0-92) 79.17 (33-100)
Overall health 40.0 (40-85) 70 (20-100)
Total 64 90 62 59 63 29 79 81 74
Md 64.02 68.27

Md, median; VLMT, Verbaler Lern- und Merkfahigkeitstest (German Version of the Auditory Verbal Learning Test); DCS-II, Diagnosticum fiir Cerebral-
schddigung II (Figural design learning test); TMT, trail making test; FLei, Fragebogen zur Geistigen Leistungsfahigkeit (Questionnaire for Complaints of
Cognitive Performance); Min, minimum; Max, maximum; MMSE, mini mental status examination; MWTB, Mehrfachwahl-Wortschatzt-Intelligenztest
(Vocubulary Intelligence Test); BDI-II, Becks Depression Inventory II; QOLIE-31, quality of Life in epilepsy (31-item version); values printed in bold
indicate below average performance (see Section 2 for further details on test descriptions) See text version of Table 2 here.

also patient 9's age at surgery (i.e., 41 years) was comparable to that of
the remaining RP (Median: 41). Case-control matching in our study
resulted in rather homogenous scores on clinical-demographic scores
among our patients. This may have hampered identification of relevant
risk factors. However, it seems justified to conclude that a combination

of relatively high baseline memory performance and left-sided surgery
may presumably have led to the very long-term decline in these patients
[37].

Our case study is not congruent with earlier assumptions of an ac-
celerated cognitive decline in patients with TLE [9,12,38], but goes in
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Fig. 3. Verbal memory performance at baseline (T1) and very long-term follow-
up (T2) for the non-resected (upper panel) and resected patients (lower panel).
Circles indicate individual patient's test scores. Solid lines represent seizure-free
patients, dashed lines represent non-seizure-free patients. Green lines represent
right sided patients; dashed horizontal lines indicate cut-offs for below average
scores. Dashed horizontal lines indicate cut-offs for below average scores. DDD,
defined daily dose of AEDs taken at long-term follow-up; Onset, age at seizure
onset in years; Logical Mem, logical memory; verbal learning and verbal de-
layed recall refer to scores of the California Verbal Learning test at T1 and the
Auditory Verbal Learning Test at T2 (see Section 2).

line with a current long-term follow-up study [8]. As a novelty, our
study replicates these findings by specifically focussing on the very
long-term postoperative phase (follow-up of approx. 20 years) in older
patients (approx. 60 years and older). Results of this patient group,
which has so far been neglected in earlier studies, adds to earlier re-
sults, as physiologically, decline of cognitive functions can usually not
be observed before the fifth decade of life.

3.6. Social outcome

Two of three NRP possessed a driver's license and independently
drove a car during the last 12 months, while this was the case for 4/6
RP. Concerning the occupational status, among the NRP, 1/3 had a
reduction in earning capacity, 1/3 was retired on a pension, and 1/3
was fully employed; among the RP, 2/6 had a reduction in earning
capacity, 2/6 were fully employed, 1/6 was unemployed, and 1/6 was
working as a housewife.

3.7. Limitations

One of the main limitations of our study is the small sample size. We
could not identify a current address or did not receive any response in
spite of all efforts to contact the patients for about two thirds of the
patients. We tried to take the small sample size into account by ap-
plying rather strict criteria for definition of cognitive impairment (i.e.,
—1.5 SD) and reporting single patients’ data for the main results and
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results of the group comparisons on a descriptive level. Our results
should nevertheless be interpreted as preliminary findings and gen-
eralization of our findings to the population of TLE surgery cases
without further replication should be drawn with caution. Following
our experiences, we advise that very long-term studies would benefit
from regular contacts and frequent updating of contact information for
all patients having undergone presurgical assessment.

The NRP might be regarded suboptimal controls because 2/3 were
rejected by the neurologists. However, none of the NRP would have
been rejected from surgery today. Therefore, the NRP are not funda-
mentally different from RP, at least in later years. Comparison of
baseline and long-term memory scores (i.e., word-list paradigms) may
be restricted because the tests (i.e., baseline: CVLT, follow-up: VLMT)
were similar but not identical [39]. To account for this, we considered
an additional measure of verbal memory (i.e., logical memory), which
was identically used at baseline and follow-up; this revealed results
broadly comparable to those of the word-list paradigms.

In sum, our study should be understood as a first attempt to capture
the very long-term outcome on a variety of variables and their case-
specific interplay of subjective perception, neurocognitive outcome,
and clinical variables in patients with TLE. In spite of its drawbacks, it
offers valuable first insights into the very long-term postoperative
courses of older patients with TLE on an individual level. This can be
understood as an advantage over earlier studies as results of group
studies may sometimes mask individually relevant cognitive dete-
rioration [40]. Also, the close case-control-matching allowed us to
minimize the influence of demographic and disease-related variables
(e.g., age at onset, disease duration) which are known to influence
cognitive [35,41,42] and seizure outcome [43]. As a further advantage,
we applied a “quasi-prospective” study design and addressed all non-
operated patients with TLE from our centre of a given time period.
Previous studies included patients who repeatedly visited the respective
centre but were not specifically invited with the purpose of participa-
tion in a study [8]. Finally, the selection process of our study (Fig. 1)
also offers interesting epidemiological information about the long-term
course of TLE patients (e.g., the apparently high mortality).

4. Conclusion

This preliminary case study of a highly selective sample of older
patients takes the existing long-term outcome investigations in RP and
NRP with TLE even further. Our patients had been studied =15 years
after presurgical investigations and were 56-72 years old, i.e., in an age
vulnerable to cognitive, emotional, and psycho-social deficits because
of lower reserve capacities. RP still had a more favourable seizure
outcome and took fewer AEDs. Yet, RP subjectively complained more
frequently about cognitive-mnemonic deficits, had lower verbal
memory scores, but reported a better overall health. Very long-term
memory trajectories revealed relatively stable (and partly improved)
memory scores for the NRP and the right-sided RP. Very long-term
memory decline was evident in two cases with left-sided surgery and a
relatively good presurgical baseline memory performance. However,
our study also demonstrates that subjective perception of surgical
outcome may differ from objective test scores and, critically, post-
operative seizure-freedom may mediate the relationship between ob-
jective scores and subjective perception. It seems justified to conclude
that the positive effects of the more favourable seizure outcome (i.e.,
better QoL and mood) outweigh potential cognitive impairment or
decline. This calls for complete seizure-freedom and, hence, post-
operative withdrawal of AEDs, as the main aim in epilepsy surgery.
Finally, our results do not argue in favour of a general elevated risk for
accelerated cognitive decline in patients with TLE, regardless if oper-
ated on or not. Future studies with ideally larger sample sizes will be
needed to replicate our preliminary results.
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