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Purpose: To assess the incidence and the prognostic value of acute postoperative seizures (APOS) in
patients surgically treated for drug-resistant temporal lobe epilepsy due to hippocampal sclerosis
(TLE-HS).
Methods: We studied 139 consecutive patients with TLE-HS who underwent epilepsy surgery and were
followed up for at least 5 years (mean duration of follow-up 9.1 years, range 5–15). Medical charts were
reviewed to identify APOS, deﬁned as ictal events with the exception of auras occurring within the ﬁrst 7
days after surgery. Seizure outcome was determined at annual intervals. Patients who were in Engel
Class Ia at the last contact were classiﬁed as having a favorable outcome.
Results: Seizure outcome was favorable in 99 patients (71%). Six patients (4%) experienced APOS and in
all cases their clinical manifestations were similar to the habitual preoperative seizures. All patients with
APOS had unfavorable long-term outcome, as compared with 35 (26%) of 133 in whom APOS did not
occur (p < 0.001).
Conclusions: Our study suggests that APOS, despite being relatively uncommon in patients undergoing
resective surgery for TLE-HS, are associated with a worse long-term seizure outcome. Given some study
limitations, our ﬁndings should be regarded as preliminary and need conﬁrmation from future larger,
prospective, multicenter studies.
ß 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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1. Introduction
Acute postoperative seizures (APOS) are deﬁned as ictal events
occurring during the ﬁrst week after resective surgery for drugresistant focal epilepsy.1–5 These seizures usually are of serious
concern to patients and their families, as they suggest that surgery
has failed.6
The studies examining the prognostic value of APOS in patients
undergoing resective epilepsy surgery yielded inconsistent results,
both in patients with temporal lobe epilepsy (TLE) and in those
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with extra-temporal lobe epilepsy (ETLE). While some studies
reported an association between APOS and poor long-term
seizure outcome,1,2,7–10 other studies suggested that these
seizures did not preclude a favorable outcome,2,4 especially when
APOS are semiologically different from the patient’s habitual
seizures.1–3,11,12 Most of these studies had a relatively short
follow-up period2,3,7,9 and, especially those performed on patients
with TLE, were often not homogenous for age at surgery, etiology of
epilepsy and surgical approach.1–5,9,13
Aiming at further clarifying the prognostic signiﬁcance of
APOS in TLE surgery, we examined the association between
APOS and long-term seizure outcome in patients who underwent anterior temporal lobectomy (ATL) for drug-resistant TLE
due to hippocampal sclerosis (HS) and were followed up for at
least 5 years.
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2. Methods
2.1. Patient population
The study was performed at the Epilepsy Surgery Unit (ESU)
of the Neuromed-IRCCS neurological institute, Pozzilli, IS, Italy.
We retrospectively included all patients affected by drug-resistant
TLE-HS who undergone resective surgery (ATL) between 1999 and
2008, had histologically proven HS, and were followed up for at
least 5 years. Before surgery, all patients underwent a non-invasive
diagnostic work-up described in detail elsewhere.14,15 Medical
charts were systematically reviewed to identify and semiologically
characterize APOS, deﬁned as ictal events with the exception of
auras occurring within the ﬁrst 7 days after surgery.
2.2. Surgical approach and neuropathological examination
For each case, the decision for ATL was made after discussion in
a multidisciplinary case conference aimed at evaluating the
concordance between electro-clinical and anatomical data. ATL
was carried out by the same neurosurgeon in all cases. The
removed brain tissue was submitted for pathological examination;
hippocampal sclerosis was deﬁned as a loss of neuronal cells of 30%
or more in the CA1 region of hippocampal formation with or
without neuronal loss or gliosis involving other mesial temporal
structures.16
2.3. Outcome
The follow-up visits were scheduled at 2 months, 1 year, and then
annually. At the 2-month follow-up, a brain MRI scan was obtained
in all patients. In patients who experienced APOS, the following
aspects were retrospectively evaluated by visual inspection of scans:
the extent of hippocampal resection; the presence of identiﬁable
amygdala; the presence of periresection gliosis and of previously
undetected lesions, such as small tumors or a malformation of
cortical development in the neocortex or periventricular heterotopia. We chose to regard a hippocampal resection as complete if, on
visual inspection of the MRI, the resection extended to the level of
the middle of the midbrain posteriorly, at least to the level of the
posterior margin of the crus cerebri.17 Seizure outcome was
determined by patient and family reports to the neurologist during
each visit. At the last follow-up visit, the patients who were in Engel
class Ia (complete freedom from seizures and auras after surgery)18
were classiﬁed as having a favorable outcome.
2.4. Statistical analysis
First, a descriptive analysis was performed to calculate
frequencies and means, as appropriate, of all variables of interest.
Then, we calculated the sensitivity, speciﬁcity, and predictive
values for the presence of APOS with respect to outcome.
Subsequently, statistical analysis was carried out using SPSS for
Mac, version 20.0 (IBM Corporation, Armonk, NY). Fisher’s exact
test was used to test for the association between seizure outcome
and APOS. The low number of patients who experienced APOS
prevented us to perform a multivariate analysis in order to adjust
for potential confounders.
3. Results

patients. Two of these patients died for epilepsy-unrelated reasons
during the ﬁrst 5 years of follow-up, while another patient who was
lost to follow-up after the ﬁrst year. Therefore, a total of 139 patients
were included in the study. Eighty-two (59%) of them were male and
57 (41%) female. Their mean age was 36.2 years (SD = 10.4, range
18–62), and the mean duration of epilepsy was 22.6 years (SD = 11.1,
range 2–49). Seventy-two (52%) had right TLE, and 67 (48%) left TLE.
All patients attended all scheduled follow-up visits, with a mean
follow-up period of 9.1 years (SD = 3.0, range 5–15). The preoperative neurological examination was remarkable for focal signs only in
four patients (3%). Thirty-two patients (23%) had mental retardation
(IQ < 70 at the Wechsler Adult or Children Intelligence Scale), while
34 (24%) had a history of sGTCS. Preoperative seizure frequency was
monthly in 57/139, weekly in 73/139, and daily in 9/139 patients;
preoperative brain MRI studies documented mesial temporal
sclerosis in 124/139 (89%) cases.
3.2. APOS
Six patients (4%) (mean age at onset of epilepsy 14.1 years, range
4–27; mean epilepsy duration 21.6 years, range 3–39) experienced
APOS; in all cases, they were semiologically similar to the habitual
preoperative seizures. None of the patients experiencing APOS had
auras in the ﬁrst seven days after surgery. Four other patients
experienced auras in the ﬁrst postoperative week. The visual
inspection of postoperative MRI showed that all patients who
experienced APOS underwent complete resection of the hippocampus and the amygdala. No previously undetected lesion was visible,
while periresection gliosis was noted in one case. Table 1 reports the
demographic and clinical characteristics of each patient who
experienced APOS, and summarizes the demographic and clinical
characteristics of patients who did not experience APOS.
3.3. Outcome
At the last follow-up visit, 99 patients (71%) were in Engel’s
Class Ia, seven (5%) in Class Ib, nine (6%) in Class Ic, nine (6%) in
Class Id, one (1%) in Class II, two (1%) in Class IIa, four (3%) in Class
IIb, seven (5%) in Class IIIa, and one (1%) in Class 4a. Therefore, 99
patients (71%) were classiﬁed as having a favorable outcome,
whereas the remaining 40 (29%) were classiﬁed as experiencing an
unfavorable outcome.
3.4. Association between APOS and outcome
The ﬁndings were quite similar when considering the outcome
2 years after surgery, as 5 out of 6 (83%) patients who experienced
APOS had unfavorable outcome, as compared with 28 (21%) of 133
in whom APOS did not occur (p < 0.001).
We found a signiﬁcant association between APOS and
unfavorable seizure outcome after 5 years of follow-up: all the
six patients who experienced APOS had poor outcome, as
compared with 35 (26%) of 133 in whom APOS did not occur
(p < 0.001). The sensitivity was 15% (95% C.I. 6–30), speciﬁcity
100% (95% C.I. 95–100), positive predictive value 100% (95% C.I.
52–100), and negative predictive value 74% (95% C.I. 65–81).
With regard to the four patients who experienced only
postoperative auras in the ﬁrst week after surgery, two of them
obtained sustained freedom from seizures and auras, while the
remaining two continued to experience auras during the entire
follow up period.

3.1. Patient characteristics
4. Discussion
A total of 243 patients affected by drug-resistant TLE who
underwent ATL between 1999 and 2008; histopathology was
available for all patients and certiﬁed the diagnosis of HS in 142

Seizures occurring in the early postoperative period after
epilepsy surgery may be very disturbing emotionally for patients
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Table 1
Demographic and clinical characteristics of each patient with APOS and of the group of patients without APOS.
Patients
with
APOS

Age (yrs)

History
of FC

Age at
Epilepsy
duration
epilepsy
onset (yrs) (yrs)

sGCTS

Seizure
frequency

Preoperative Preoperative Side of
MRI
neurological surgery
examination

Postoperative Engel’s
neurological class 5 years
follow-up
deﬁcits

DC
AL
MC
MCM
CS
LDT

38
22
35
29
41
49

No
No
Yes
No
No
No

15
4
6
27
23
10

23
18
29
3
18
39

1
1
0
0
1
0

Weekly
Monthly
Weekly
Weekly
Weekly
Weekly

Normal
MTS
MTS
MTS
MTS
MTS

No
No
No
Yes
No
No

Patients
without
APOS
(N = 133)

(Mean, SD) Yes: 67 (50%)
36.1  10.4 No: 66 (50%)
(range)
18–62

(Mean, SD)
13.4  9.2
(range)
1–38

(Mean, SD) Yes: 31 (23%) Monthly: 56 MTS:
22.7  11.07 No: 102 (77%) Weekly: 68 119 (89%)
(range)
Daily: 9
2–49

Normal
Abnormal
Normal
Normal
Normal
Normal

Left
Left
Left
Left
Right
Left

Abnormal 3
(2%)

Right: 71 Yes: 2 (1,5%)
(53%) Left:
62 (47%)

Ib
IIIa
IIIa
IIIa
IIb
IIb
Ia 99; Ib 6;
Ic 9; Id 9;
IIa 3; IIb 2;
IIIa 4; IVa 1

APOS, acute postoperative seizures; FC, febrile convulsions; sGTCS, secondarily generalized tonic–clonic seizures; MTS, mesial temporal sclerosis.

and their families, as they raise concerns that the operation failed,
either for an incomplete removal of the seizure focus or for a
surgical complication.1–3 These feelings of fear and disappointment are most frequent in patients who underwent temporal lobe
resections, as they have greater expectations for success14,19,20 and
lower risk of postoperative neurological deﬁcits as compared
undergoing extra-temporal resection.21–23 In the literature there is
considerable disagreement as to whether APOS predict poor longterm seizure outcome, possibly because of differences between
studies in APOS deﬁnition, patients’ age range, site of resection, and
intracranial investigation methods.
Several studies examined the prognostic signiﬁcance of APOS in
patients who underwent resective epilepsy surgery, most of them
focusing speciﬁcally on TLE. On the one hand, some studies
reported that seizures occurring during the early postoperative
period are not associated with poor long-term outcome.2,11,23,25–27
It has been suggested that these seizures, often of focal motor type
or GTCS and named ‘‘neighborhood seizures’’,11,12,24–26,28 may
result from the effects of acute surgical injury. The notion that
APOS are related to surgery itself is also reﬂected in the new ILAE
outcome classiﬁcation, which excludes seizures occurring over the
entire ﬁrst month after surgery as they ‘‘do not predict long term
outcome’’.29
On the other hand, several studies found a signiﬁcant
association between APOS and TLE surgery failure,1–3,5,7–9,13
especially when they were semiologically similar to patient’s
habitual seizures.1–3,11,12 Garcia et al.1 reported that APOS, which
occurred in 27 (49%) of 55 pediatric and adult patients who
underwent temporal lobectomy, were associated with a poor
outcome only if there was more than one event and it occurred
more than 24 h after surgery. In this study, APOS semiology was
found not to be a reliable predictor of outcome. Malla et al.2 studied
160 pediatric and adult patients who underwent ATL for
intractable non-lesional TLE and were followed up for at least 1
year (mean follow-up time 3.1 years). At the last visit, 72.5% of
patients were seizure-free. APOS occurred in 32 patients (20%) who
had poorer seizure outcome at the last follow-up examination as
compared with patients without APOS (Engel’s Class I: 62.5% and
83.6%, respectively). The type of APOS was found to be of
prognostic importance; patients whose APOS were similar to their
preoperative habitual seizures had a worse outcome than those
whose APOS were auras or focal motor and/or generalized tonic–
clonic seizures (Engel’s Class I: 14.3%, 77.8%, and 75%, respectively).
Radhakrishnan et al.7 studied 175 patients who underwent ATL
(mean follow up: 3.6 years). APOS occurred in 7% of these patients
and they were associated with worse seizure outcome. Recently,
two studies on pediatric patients who underwent resective
epilepsy surgery, in most cases ATL, conﬁrmed the association
between APOS and worse outcome.5,13

As compared with previous studies on this topic, our study is
similar in terms of sample size, while it had a longer mean duration
of follow-up (9.1 years) and found a lower incidence of APOS (4%).
Differences between studies in sample composition and APOS
deﬁnition may account for the lower incidence of APOS in our
sample. In fact, most previous studies included both adults and
children1,2,5,7 or only children,13 whereas we included only adult
patients. Moreover, while our study, consistently with most
previous studies,1,5,7 considered as APOS only the seizures
occurring in the ﬁrst 7 days after surgery, Malla et al.2 included
also the auras occurring in the ﬁrst week after surgery, while
Greiner et al.13 considered all the seizures occurring in the ﬁrst
month after surgery. It should also be noted that seizure outcome
was classiﬁed in different ways in the various studies. In some
studies, patients were considered as having a favorable seizure
outcome when they were in Engel Class I,1,5,7 in another study if
they were in Engel Class I-II2, and in another study if they were in
ILAE class 1–3 (up to 3 seizure days/years).13
We observed a signiﬁcant association between APOS following
TLE resective surgery and poor long-term seizure outcome. Given
that the APOS were semiologically similar to the habitual
preoperative seizures, this association suggests that, rather than
reﬂecting transient peri-operative factors, they may represent an
immediate postoperative correlate of residual epileptogenicity
following an incomplete removal of the epileptogenic zone.30
We did not identify any preoperative or postoperative factor
associated with APOS; no patient with APOS experienced complications such as infection, fever, or intraparenchymal hematoma. A
reduction in AED plasma levels immediately after epilepsy surgery
was described31 and might be a postoperative precipitating factor
for APOS. Unfortunately, we could not test this hypothesis, as we did
not monitor AED blood levels immediately after surgery.
This study has several limitations. First, the low number of patients
who experienced APOS prevented us to perform a multivariate
analysis in order to adjust for potential confounders. Furthermore, the
retrospective nature of data collection reduced the reliability of the
assessment of APOS. In addition, people who described APOS not
always had adequate training and experience to correctly classify the
seizure type. In fact, the patients were ﬁrst placed in an intensive care
unit and then in a general neurosurgery ward; also, the initial observer
of the patient’s APOS was frequently a family member or friend.
Moreover, patients did not undergo video-EEG monitoring in the
immediate postoperative period; thus, we cannot exclude that some
patients experienced APOS that were not recognized as seizures.
However, APOS semiology was available for all cases and was judged
as typical of the habitual preoperative seizures. Also, as already
mentioned, AED blood levels in the immediate postoperative period
were not measured. Finally, all patients came from a single site and
the ﬁndings may not generalize to other epilepsy centers.
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5. Conclusions
In conclusion, our study suggests that APOS, though relatively
uncommon, are associated with poor long-term seizure outcome
in patients undergoing resective surgery for TLE-HS. Our ﬁndings
should be regarded as preliminary and need conﬁrmation from
future larger, prospective, multicentre studies with standardized
postoperative protocols including video-EEG monitoring and
determination of early postoperative AED plasma levels. If
conﬁrmed, our ﬁndings suggest that caution may be required in
the management of maintenance AED treatment for patients
experiencing APOS32 because these seizures, when their semiology
is similar to the habitual seizures, would seem to be best regarded
as an early seizure recurrence that is unlikely to beneﬁt from the
running down phenomenon.33
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