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ABSTRACT
Objectives To evaluate the very long-term clinical
outcome of surgery for mesial temporal lobe epilepsy
and unilateral hippocampal sclerosis (MTLE/HS) without
atypical features. The impact of surgical technique and
postoperative reduction of medication on this outcome
was investigated.
Design Prospective longitudinal cohort follow-up study
for up to18 years.
Setting Epilepsy surgery centre in a university hospital.
Patients 108 patients who underwent unilateral
MTLE/HS.
Intervention Surgery for MTLE/HS.
Main outcome measure Engel classification (I).
Clinical evaluations were based on systematic interviews
in person or by phone. Kaplan-Maier survival curves
estimated the probability of remaining seizure free. The
impact of medication management in the postoperative
outcome was analysed using Cox regression.
Results The probability of remaining completely
seizure-free at 12 and 18 years after MTLE/HS surgery
was 65% and 62%, respectively. The risk of having any
recurrence was 22% during the first 24 months and
increased 1.4% per year afterwards. Type of surgical
technique (selective amygdalohippocampectomy vs
anterior temporal lobectomy) did not impact on
outcome. Remaining on antiepileptic drugs and history
of generalised clonic seizure diminished the probability of
remaining seizure free.
Conclusions MTLE/HS surgery is able to keep patients
seizure free for almost up to two decades. Removal of
the neocortex besides the mesial portion of the temporal
lobe does not lead to better chances of seizure control.
These findings are applicable to the typical unilateral
MTLE/HS syndrome and cannot be generalised for all
types of TLE. Future longitudinal randomised controlled
studies are needed to replicate these findings.

INTRODUCTION
Patients and physicians share the hope that surgical
treatment for unilateral mesial temporal lobe epi-
lepsy associated with hippocampal sclerosis
(MTLE/HS) will lead to seizure cure.1 Although
such goal has been achieved by many,2 differences
in postoperative outcome exist3–5 and relapse may
occur after many years of being seizure free. The
very long-term outcome of such surgery—that is,
whether epileptic patients that underwent MTLE/

HS surgery remain seizure free for more than a
decade—is not well known.
Using a longitudinal design, we performed

detailed analyses in a large cohort of patients with
MTLE/HS followed for up to 18 years and
addressed two major clinical issues: (1) the timing
and probability of seizure controls/relapses at long-
term follow-up, that is, 8–18 years after surgery
and (2) whether long-term antiepileptic drug
(AED) management throughout the postoperative
period would affect probability of relapse of sei-
zures. Furthermore, we analysed the impact of
medication management in the postoperative
outcome. If resection of neocortex besides the
mesial portion of the temporal lobe were relevant
to seizure control, it could be expected from a the-
oretical point of view that patients undergoing
larger resections would do better on the very long
term.

METHODS
Patients
Longitudinal follow-up data on postoperative
seizure control were collected in 108 patients oper-
ated for medically refractory MTLE/HS at the
Porto Alegre Epilepsy Surgery Center between
January 1992 and March 2010.
Patients were followed for a minimum of 8 years

to a maximum of 18 years (mean: 11 years and
9 months). They comprise 67% of the original
sample of 161 patients followed up to 2003.6 The
remaining 53 patients could not be recontacted to
assess current status, in spite of multiple efforts.
There were no clinical or demographic differences
between the present cohort and the subcohort not
contacted at the last follow-up, except that the
latter had significantly more patients with
exclusively unilateral temporal and less often
stopped medication. Demographic and clinical
characteristics of the current study sample
(N=108) are shown in table 1.
All patients had (1) a clinical history and video con-

firmation of a semiological pattern typical for MTLE,
(2) interictal scalp-sphenoidal EEG with unilateral or
independent bilateral anterior temporal epileptic dis-
charges, (3) at least one electroclinical seizure
recorded during video-EEG monitoring and (4) uni-
lateral HS as indicated by MRI. Patients with atypical
auras, early clonic or dystonic manifestations,
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interictal discharges in the posterior temporal or extratemporal
regions and a second lesion on MRI were excluded. See refs. 6 and
7 for more details of patient selection, EEG, MRI and histopatho-
logical analyses. For the anterior temporal lobectomy (ATL), the
anterior 3–4 cm of the anterior temporal neocortex were resected.
Mesial structures were then removed, beginning with aspiration of
the amygdala, followed by en bloc resection of the anterior 2–
3 cm of the hippocampus and of the parahippocampal gyrus,
extending posteriorly to the midmesencephalic level. For the
selective amygdalohippocampectomy (SAH), mesial structures
were removed according to the technique originally described by
Niemeyer.8 Access to the ventricle was obtained through a 1.5–
2.5 cm incision in the second temporal gyrus, and excision of the
amygdala, hippocampus and parahippocampal gyrus proceeded in
the same fashion as performed for ATL. The choice of surgical
approach paralleled the advancements in the understanding of the
epileptogenic bases of MTLE/HS. At the beginning of our study,
all patients had an ATL. This was followed by a period when both
techniques were performed without any specific attempts at ran-
domisation. Specifically, the decision to perform ATL or SAH was
taken during the operation, based on the anatomic presentation of
the superficial temporal veins and the orientation of the second
temporal gyrus. Because we realised that surgical results with the
selective approach were similar to those obtained with ATL, we
always favoured the neocortex-sparing technique.

All surgeries were performed by the same neurosurgeon (EP).

Procedure
Follow-up assessments
During the first year after surgery, follow-up data were obtained
through clinical interviews in person via visits to the outpatient
clinic or by telephone interviews every 6 months. The inter-
views were repeated yearly until the fifth postoperative year and
at 1–3-year intervals thereafter. At the end of the follow-up

period (2010), seizure risk was evaluated by a neurologist (MH)
or by the neurosurgeon (EP) by means of a phone interview. At
all follow-up assessments, interviews were conducted according
to structured interview methods. In most cases the patient and
relative were interviewed.

The study was approved by the Ethics Committee of our
Institution, following the regulations of the Declaration of
Helsinki. It also complies with federal laws governing research
studies with humans in Brazil. All patients gave written
informed consent to the use of clinical data in research studies.

Treatment regimen and diagnostic classification
Patients were maintained on therapeutic dosages of their habit-
ual AEDs for at least 2 years after surgery. Afterwards, they
could (1) remain with the same medication regimen or minim-
ally reduce medication, (2) have a major reduction (switch to
monotherapy or bitherapy using less than 50% of preoperative
dosages) or (3) completely stop medication. All patients who
were seizure-free 2 years after surgery were given the option of
progressively reducing medications until discontinuation. Those
who continued taking full doses of medication or did not
reduce after a certain point, specifically chose to do so. AED
management was evaluated on case by case basis and based on
clinical judgement.

Outcome in relation to seizure control was based on Engel’s
classification.9 Briefly, class I describes patients who are free of
disabling seizures even if they have or had some auras or inter-
vening episodes strictly related to medication change. The sub-
class IA specifically describes patients who are completely
seizure free, and thus had our primary interest in this study.
Class II are those patients who have rare disabling seizures (1–3
per year) or whose seizures occur only during sleep; and classes
III and IV describe patients with less favourable outcomes.
Recurrence was defined as any seizure 1 month after surgery.

Statistical analyses
Survival analyses were conducted and Kaplan-Meier curves gen-
erated to investigate the probability of staying in Engel’s
outcome classes IA or I (A, B, C, D). Mean survival in each
outcome class and 95% CIs were calculated. Furthermore, the
statistical outcome relevance of type of surgical technique was
tested through univariate and multiple Cox regression analyses.
Significance level was set at p<0.05.

RESULTS
Survival analyses: timing and probability of relapses
The probability of remaining at class IA at 12 years and 18 years
was 65% and 62%, respectively (mean 13 years; 95% CI 11.6
to 14.3). At class I, the corresponding probabilities were 77%
and 77%, respectively (mean: 15 years; 95% CI 13.7 to 16)
(figure 1). Figure 1 shows that the probability of remaining
completely seizure free decreased sharply to 78% in the first
2 years after surgery, and then slowly during the next 16 years,
from 78% to 56%. Thus, the risk of having any recurrence,
from auras to single to multiple seizures was 22% during the
first 24 months and increased 1.4% per year afterwards.
Similarly, the probability of remaining in outcome class I
decreased to 91% in the first 9 months and then from 91% to
78% in the ensuing 17 years. Hence, the risk of having recur-
rent seizures not compatible with outcome class I was 12% per
year in the first 9 months and increased 0.7% per year
afterwards.

Sixty-six patients (61%) have always been completely seizure-
free and 42 (39%) had any type or severity of seizure

Table 1 Clinical characteristics of the study sample*

Variable Frequency (% of total sample)

Epilepsy duration (years) 24.5
Age at onset (years) 8.2
Gender
Male 57 (52.7)

Intracranial electrodes† 18 (16.6)
Surgical technique
ATL 55 (50.9)
SAH 53 (49.1)

Seizure type
CPS 97 (89.8)
GTCS 11 (10.2)

EEG
<70% unilateral 7 (6.5)
70–100% unilateral 29 (26.9)
100% unilateral 72 (66.6)

AED
Stopped 51 (47.2)
Reduced 27 (25)
Maintained 30 (27.8)

*Values represent numbers of patients, with percentages in parenthesis, unless
otherwise indicated.
†Concerns patients with bilateral spikes and unclear seizure onset on scalp EEG.
AED, antiepileptic drug; ATL, anterior temporal lobectomy; CPS, complex partial
seizure; GTCS, generalised tonic-clonic seizure; SAH, selective
amygdalohippocampectomy.
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recurrence. Nineteen (45% of those who relapsed and 17% of
all patients) had recurrence of auras or breakthrough seizures
acutely associated with reduction of AED, thus remaining in
outcome class I. The other 23 patients progressed to less favour-
able outcomes. Engel’s outcome classification at last visit in
2010 and actual timing of recurrence for each patient is given in
tables 1 and 2.

Seizure control, medication status and other clinical
variables
Throughout the follow-up period, 4 of the 85 patients (5%) in
class I decided to maintain the preoperative doses of AED,
whereas 32 (48%) reduced medication doses to a certain point,
but elected not to proceed to discontinuation. Respective figures
were 0/66 and 22 /66 (33%), respectively, for those in class IA
at the last follow-up. Patients who discontinued medication
(55%) more often had a class IA outcome throughout the entire
follow-up period than patients who maintained (24%) or
reduced (21%) their medication (p=0.03; figure 2). A compar-
able association was observed for patients who relapsed but
remained in class I, though the association was now a statistical
trend (p=0.10). The association between medication status and
seizure classification was confirmed by Cox regression analyses.

Specifically, analyses showed that the need to maintain full or
almost full doses of AEDs led to a reduced chance of remaining
in class I (Cox regression univariate, p=0.017, CI 1.26 to
10.85; multivariate, p=0.024, CI 1.00 to 9.66; table 3).

Given that the direction of effect of the analyses investigating
the association between medication status and class IA classifica-
tion were somewhat unexpected, secondary Cox regression ana-
lyses were performed to examine whether clinical characteristics
other than medication status may have accounted for some of
these findings. These analyses indicated that any degree of lat-
eralisation of interictal spikes below 100% (ie, with any degree
of bitemporality of spikes) significantly diminished the chances
of remaining in class IA (Cox regression: p=0.04 CI 0.22 to
4.02). Moreover, a history of generalised tonic-clonic seizure
(GTCS) significantly tended to reduce the chances of remaining
in class I (Cox regression: p=0.07 CI 1.33 to 9.80).
Multivariate analyses retained only a history of GTCS and AED
status as significantly reducing the probability of remaining in
outcome class I (Cox regression: p=0.003 CI 1.84 to 22.41).

Outcome in relation to surgical technique
Of the 66 patients in Class IA, 35 (53%) had a SAH and 31
(46%) an ATL, while rates of each technique for those 85
patients who were in class I were 50% and 50%. Likewise, there
were no significant differences in those with less favourable out-
comes (class II, III, IV; figure 3). Furthermore, of the 19 patients
who relapsed over the years but remained in class I, 11 (58%)
had an ATL and 8 (42%) a selective approach. Finally, of the 23
patients in outcome classes II, III and IV who relapsed early, 14
(60%) had an ATL and 9 (40%) a SAH. Overall, of 42 patients
who had any recurrence, 25 (60%) had had an ATL and 17
(40%) a SAH. This distribution was maintained irrespective of
the AED status at the time of recurrences, that is, whether
patients recurred on full doses of medication, upon acute reduc-
tion or after a latent period of significant reduction or discon-
tinuation (data not shown). Hence, overall, both surgical
techniques were equally effective in terms of seizure outcome.

DISCUSSION
Excellent short-term and medium-term results of epilepsy
surgery for TLE/HS have been reported.10–12 A number of long-
term outcome studies in TLE however have found that patients
may relapse after many years of being seizure free.11 13 14

McIntosh and colleagues showed that the probability of com-
plete seizure freedom at 2 years and 10 years after surgery was
55% and 41%, respectively, and patients with two seizure-free

Table 2 Time of first seizure recurrence and outcome class at last
contact*

Outcome class at last contact

Postoperative year IB IC ID II III IV

1 2 2 5 1 4
2 1 1 2 1
3 1 2
4 1 1
5 1 1
6 1 1 1
7 2 1
8 2 1
9 1 1
10
11 1 2
12
13 1
14 1

*Numbers are numbers of patients which recurred at each specified year.

Figure 1 Kaplan-Meier cumulative
survival curve. Note that recurrences
peak early and progress slowly over
the years. (A) Engel’s outcome class IA
(N=108). (B) Engel’s outcome class I
(N=108).
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postoperative years had a 74% probability of seizure freedom by
10 postoperative years.14 In another series, 53% of 371 patients
undergoing ATL were seizure free at 10 years15 and in a recent
study, the seizure free rate at 5 years was 55% specifically for
patients with TLE/HS.3 A very recently published study reports
the longitudinal outcome (mean: 26 years) of patients with a
variety of seizure types who underwent surgery in the 1960s,
1970s and 1980s using a broad range of epileptic surgical tech-
niques, and showed that about 48% were Engel class I.16

However, neither these nor other studies17–19 had followed a
significant number of patients with exclusive TLE/HS for more
than 10 years and studied the probability to remain completely
seizure-free (class IA). Since most patients are operated in young
adulthood, it is important to study clinical outcome beyond the
first decade, because this is pivotal to the level of social and pro-
fessional independence these patients may achieve for most of
their lives.

In the present study, patients were followed for 8–18 years
after MTLE/HS surgery. We found that 62% were completely
seizure free throughout the entire follow-up period, whereas
77% maintained a class I outcome. Our study focused on
patients undergoing MTLE/HS surgery and investigated the
probability of being completely seizure free (ie, class IA), and
showed that that MTLE/HS surgery prevents subsequent sei-
zures for up to close to two decades.

Consistent with previous studies, we found that recurrences
occur along two different temporal axes, probably mirroring
two distinct underlying ictal mechanisms.15 20 21 One axis is
more acute. Specifically, the slope of the curve is changing direc-
tion after 2 years for all types of relapses and after 9 months for
severe recurrences, in which patients do not meet the criteria
any more for outcome class I. This pattern comprises between
half and two-thirds of all relapses and is most likely related to
incomplete localisation or resection of the epileptogenic zone.
The second axis represents a much more gradual relapse curve,
associated with an annual probability of 0.6% to 1.3% for
severe or any type of recurrence, respectively. The mechanism(s)
of these late recurrences may be related to progressive plastic
changes, which in turn leads to reorganisation of vulnerable net-
works and a slow progression of epileptogenesis.

Notably, we found that patients in whom significant or com-
plete reduction of AED was achieved over the years had greater
chances of remaining seizure free. By contrast, patients who had
intervening seizures more often continue to use significant doses
of AEDs in the follow-up period. Although this finding strictly
reflects a naturalistic observation and is certainly biased by the
fact that patients who fared less well tended to continue with
AEDs, it is nonetheless consistent with our previous observa-
tions as well as from others13 22 showing that judicious AED
discontinuation may not increase the risk of seizure recurrence;

Figure 2 Kaplan-Meier cumulative
survival curve. (A) Engel’s outcome
class IA in relation to antiepileptic
drug (AED) management. (B) Engel’s
outcome class I in relation to AED
management.

Table 3 Univariate and multivariate analysis of variables associated with seizure recurrence

Out of class IA Out of class I

Univariate Multivariate Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value

Age at onset 1.010 0.96 to 1.05 0.665 1.007 0.95 to 1.06 0.819 1.029 0.97 to 1.08 0.298 1.033 0.95 to 1.08 0.357
Epilepsy duration 1.003 0.97 to 1.03 0.859 1.016 0.98 to 1.05 0.373 0.992 0.95 to 1.03 0.714 1.005 0.96 to 1.05 0.830
Surgical technique 0.967 0.48 to 1.78 0.836 0.719 0.30 to 1.69 0.449 0.862 0.36 to 2.10 0.773 0.637 0.29 to 1.08 0.406
Interictal EEG
<70% unilateral x x 0.115 x x 0.278 x x 0.205 x x 0.363
70–100% unilateral 2.016 1.02 to 3.97 0.935 0.908 0.18 to 4.42 0.905 2.125 0.89 to 5.05 0.843 1.517 0.17 to 13.2 0.706
100% unilateral 0.941 0.22 to 4.02 0.043* 1.742 0.36 to 8.35 0.488 0.814 0.10 to 6.27 0.088 2.878 0.33 to 25.1 0.339
AED
Stopped x x 0.126 x x 0.340 x x 0.057 x x 0.070
Reduced 2.190 0.94 to 5.05 0.066 1.494 0.65 to 3.93 0.416 2.526 0.77 to 8.28 0.126 1.632 0.48 to 6.20 0.458
Maintained 2.030 0.89 to 4.60 0.090 1.928 0.79 to 4.66 0.145 3.710 1.26 to 10.8 0.017* 3.759 1.00 to 9.66 0.024*
GTCS 1.705 0.69 to 4.34 0.260 2.270 0.79 to 6.47 0.125 3.613 1.33 to 9.80 0.070 6.436 1.84 to 22.41 0.003*

*p<0.05.
AED, antiepileptic drug; GTCS, generalised tonic-clonic seizure.
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instead, underlying epileptogenic features may be much more
relevant for the probability of achieving and maintaining seizure
freedom. Despite mentioning that patients with seizure recur-
rence tended to stay on antiepileptic drugs, whereas those who
were seizure free did not, we are not implying a causal relation-
ship, that is, continuing to take AEDs did not cause the seizure
recurrence and stopping AEDS did not lead to seizure freedom.
Specifically, previous studies have shown that clinical characteris-
tics, such as restricted unilateral MTLE/HS, no history of GTCS
and no atypical features, are all predictors of seizure remis-
sion.14–16 19 23 24 Indeed, our subsequent Cox regression ana-
lyses also showed that patients with intervening seizures tended
to have presurgery GTCS and bitemporal independent epilepti-
form discharges. Randomised controlled studies in large
samples are needed to further identify clinical predictors of long
term surgery efficacy in seizure control.

Notably, we showed that ATL and transcortical SAH were
equally effective in terms of long-term outcome. These findings
are of particular interest since it could be argued that, even if
ATL and transcortical SAH do not differ in degree of seizure
control for the first few years after operation,6 7 25 should the
temporal lobe tissue left behind in the selective approach have
unequivocal potential to build up epileptogenic activity, survival
curves of seizure-free outcomes of the two procedures would
diverge after 10 or more years, in favour of the more extensive
resection. This was however not the case, even after history of
GTCS, bilaterality of EEG discharges or need for intracranial
electrodes was controlled for.

The lack of difference in seizure outcome between the techni-
ques is of clinical interest, given previous findings that patients
with strictly unilateral MTLE/HS undergoing a selective
approach had better chances to improve cognitively after oper-
ation.6 Hence, the similar long-term outcome associated with
either technique suggests that selective procedures should be
preferred in these patients. Similar findings have been recently
reported in a comprehensive review,26 although most studies do
not report a direct comparison between these two specific tech-
niques, performed by the same surgeon, in a virtually sequential
fashion and in a very homogeneous syndrome in all patients.
Moreover, these findings suggest that the apparently common
association between HS and neocortical temporal microscopic
focal cortical dysplasia (FCD)27 probably adds little in terms of
epileptogenesis, raising doubts on the ethiopathology and clin-
ical relevance of this abnormality—which, in fact, form the
basis for a new classification of FCD.28 29 Dysplastic abnormal-
ities in the resected tissue not seen on MRI (ie, invisible dual
pathology), have been reported to accompany HS in a variable
number of patients in consecutive series of TLE surgery.27 30 31

If these finds are generalisable for TLE/HS, it would be

reasonable to assume that at least in some of our patients oper-
ated by the selective technique this invisible dysplastic cortex
would have been left behind. As a corollary, should these puta-
tive abnormalities be epileptogenically relevant, patients oper-
ated through the selective technique would have been unlikely
to achieve the same good results as those operated through the
more extensive temporal lobectomy technique—which would
have resected this dysplastic portion also.

Interestingly, Schijns and colleagues reported seizure outcome
following selective or non-selective surgery in patients with
MTLE/HS, with and without associated neocortical temporal
lobe MRI abnormalities suggestive of FCD—and similarly
found that seizure control did not differ with either tech-
nique.32 Future studies are needed to further systematically
investigate the link between specific clinical characteristics and
longitudinal outcome, as a function of surgical technique.

The current study has some limitations, one of them the non-
randomised design for the selected surgical technique. Another is
the fact that our findings cannot be generalised for all types of
TLE epilepsy and even MTLE/HS because we excluded patients
with less typical clinical and EEG features, such as atypical auras,
early clonic motor manifestations and extension of discharges to
posterior temporal electrodes. Admittedly, these latter patients are
increasingly seen in tertiary epilepsy centres, but a sizeable propor-
tion of MTLE/HS patients do present the typical picture included
in our analysis. Patients with unilateral HS but less typical presen-
tations often demand more extensive evaluation strategies to assess
the involvement of neocortical temporal, frontal or perisylvian
areas, and even when an anterior mesial temporal epileptogenic
zone is confirmed, a non-selective temporal resection technique is
probably indicated. Furthermore, since records from early child-
hood care of a number of patients were not available, data regard-
ing the presence of febrile seizures as initial precipitating injuries
were not reliable enough to be included in the analyses. However,
because patients were selected on the basis of the electroclinical
syndrome of MTLE/HS, it is unlikely that the proportion of
patients with febrile seizures would differ from other patient
samples.33 Another limitation is that because memory outcome is
currently being analysed, we have not included present data on
memory performance at this extended follow-up. Interesting find-
ings related to late cognitive plasticity may emerge, particularly
from comparisons with the interim results reported some years
ago in these same patients.6 Finally, although data had been col-
lected over the years at the clinic, seizure outcome at the very last
follow-up was based on a structured phone interview. However, all
interviews were done by a neurologist, in a standardised manner
and often included more than one informant.

In conclusion, notwithstanding some limitations, the present
study demonstrated that surgery for typical unilateral MTLE/HS

Figure 3 Kaplan-Meier cumulative
survival curve. (A) Engel’s outcome
class IA in relation to surgical
technique. (B) Engel’s outcome class I
in relation to surgical technique.
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can provide remarkable seizure alleviation until at least one to
two decades after surgery. Our study also showed that removal
of the neocortex besides the mesial portion of the temporal lobe
does not lead to a better long-term outcome, an observation
which is of strong clinical interest. The next major challenge in
the field of temporal lobe epilepsy surgery would be to identify
specific patient profiles with greater risk for recurrence and
adjust treatment strategies accordingly.23 34
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