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Abstract
Objective: Anterior temporal lobectomy (ATL) for medication- resistant localized 
epilepsy results in ablation or reduction of seizures for most patients. However, 
some individuals who attain an initial extended period of postsurgical seizure 
freedom will experience a later seizure recurrence. In this study, we examined 
the prevalence and some risk factors for late recurrence in an ATL cohort with 
extensive regular follow- up.
Methods: Included were 449 patients who underwent ATL at Austin Health, 
Australia, from 1978 to 2008. Postsurgical follow- up was undertaken 2– 3 yearly. 
Seizure recurrence was tested using Kaplan– Meier analysis, log- rank test, and 
Cox regression. Late recurrence was qualified as a first disabling seizure >2 years 
postsurgery. We examined risks within the ATL cohort according to broad pa-
thology groups and tested whether late recurrence differed for the ATL cohort 
compared to patients who had resections outside the temporal lobe (n = 98).
Results: Median post- ATL follow- up was 22 years (range = .1– 38.6), 6% were lost 
to follow- up, and 12% had died. Probabilities for remaining completely seizure- 
free after surgery were 51% (95% confidence interval [CI] = 53– 63) at 2 postopera-
tive years, 36% (95% CI = 32– 41) at 10 years, 32% (95% CI = 27– 36) at 20 years, 
and 30% (95% CI = 25– 34) at 25 years. Recurrences were reported up to 23 years 
postoperatively. Late seizures occurred in all major ATL pathology groups, with 
increased risk in the "normal" and "distant lesion" groups (p ≤ .03). Comparison 
between the ATL cohort and patients who underwent extratemporal resection 
demonstrated similar patterns of late recurrence (p = .74).
Significance: Some first recurrences were very late, reported decades after ATL. 
Late recurrences were not unique to any broad ATL pathology group and did 
not differ according to whether resections were ATL or extratemporal. Reports of 
these events by patients with residual pathology suggest that potentially epilep-
togenic abnormalities outside the area of resection may be implicated as one of 
several possible underlying mechanisms.
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1  |  INTRODUCTION

Temporal lobe resection is an effective treatment for well- 
localized focal epilepsy that has not responded to antisei-
zure medication (ASM). Studies have demonstrated that 
most individuals who undergo resection of their seizure 
focus attain seizure freedom or significant reduction in sei-
zures after surgery.1 Unfortunately, for some individuals, 
the seizure freedom experienced in the first few years after 
surgery may not be maintained, with late seizure recurrence 
reported in a number of studies.2– 6 This outcome is poten-
tially devasting, as many individuals have made a new life7 
and may believe surgery has cured their epilepsy. Although 
individuals live with the outcomes of surgery for the rest of 
their lives, little is understood about late recurrence due to 
the paucity of large cohorts with extended follow- up time.

We have previously described long- term seizure out-
comes for the postsurgical anterior temporal lobectomy 
(ATL) cohorts in the Austin Health Comprehensive Epilepsy 
Program (CEP), Melbourne, Australia.3,8,9 Since that time, 
more than a decade of additional follow- up has been under-
taken and more than half of these patients are now at least 
20 years postoperative. Here, we utilize these additional data 
from this large cohort with regular follow- up to examine the 
characteristics of late postoperative seizure recurrence.

We asked:

1. What is the frequency of late seizure recurrence after 
ATL in patients with extensive postsurgical follow- up?

2. How late in the postoperative follow- up do first recur-
rences present?

3. Within the ATL cohort, does the risk of late recurrence 
differ across major preoperative pathology groups?

4. Do ATLs undertaken in the early years of the cohort 
(i.e., before advanced imaging) have higher risk of late 
recurrence?

5. Does the frequency of late recurrence after ATL differ 
compared to resective surgery undertaken outside the 
temporal lobe (i.e., extratemporal surgery)?

These data will offer insights into very long- term out-
comes, contribute to knowledge of risk factors for late sei-
zure recurrence, and facilitate ongoing management and 
counseling of pre-  and postsurgical patients.

2  |  MATERIALS AND METHODS

Included in this study were patients who underwent 
standard ATLs at the Austin Health CEP from 1978 to 
2008. The 2008 cutoff point means long- term postopera-
tive follow- up was available. Three hundred twenty- five 
patients who had ATL in the years 1978– 1998 had been 
the subject of previous studies,3,10 and we added an ad-
ditional 124 individuals who had surgery after 1998. All 
ATLs in this time frame were included apart from patients 
who had their first seizure surgery at another hospital and 
27 ATL cases operated before 1987 with insufficient infor-
mation to establish preoperative pathology.3

A total of 449 predominantly adult ATL patients met the 
criteria for this study. Preoperative evaluation and surgical 
procedures have been described previously,3,11 and surgical 
details are also included in the supplementary information. 
Patients typically remain on ASM for a minimum of 2 years 
postsurgery, and any taper/discontinuation after that time 
is tailored to the individual. Patients are discharged to their 
usual neurological care after 2 postoperative years with the 
CEP long- term follow- up program in place.

Postsurgical follow- up is systematic and ongoing.3 
Trained CEP staff routinely seek follow- up information at 
least every 2– 3 years. This may take the form of correspon-
dence from the treating doctor, but commonly involves tele-
phone contact with the patient or their family. In the latter 
cases, a brief and informal semistructured telephone inter-
view is conducted covering the period since the patient was 
last contacted. This is expanded according to the reported 
circumstances and requirements (i.e., if the patient has 
queries, their seizure condition has changed, or a potential 
seizure recurrence is reported), and occasionally witness 

Key Points
• We examined late recurrence in an ATL cohort with extensive regular post-

surgical follow- up.
• Postoperatively, 51% of patients were seizure- free at 2 postoperative years 

and 30% were seizure- free by 25 years.
• First seizure recurrences were reported up to 23 years after surgery.
• Late seizures were reported in all broad ATL pathology groups.
• The "normal" and "distant lesion" pathologies demonstrated increased risk, 

implicating residual abnormality as a cause of late recurrence.
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reports or information from treating doctors or hospitals 
may be requested. In some cases, reattendance at the CEP 
or follow- up with their treating doctor is recommended.

Rigorous and repeated efforts are made to locate in-
dividuals who are lost to follow- up, including the use of 
public- record electoral rolls. Commonly, if a patient dies, 
this is reported to the program by family or care providers. 
However, if an individual has been lost for some time, we 
utilize public resources such as death notices to identify 
those who are deceased.

2.1 | Postoperative seizure outcome and 
late recurrence

All patients were coded as being seizure- free or not 
seizure- free from the time of surgery. All disabling sei-
zures (e.g., focal unaware [previously coded as complex 
partial] ± convulsive seizures) were counted. Individuals 
who experienced events with no impairment (auras/focal 
aware/nondisabling simple partial seizures) were coded 
as seizure- free.3 Those who were deceased or lost to fol-
low- up contributed data up to their last follow- up date. 
Patients who had a further surgical procedure contributed 
data up to the date of their second surgery.

Late seizure recurrence was defined as a first postoper-
ative seizure >2 years after surgery.3,11

The frequency and timing of late seizures were inves-
tigated using Kaplan– Meier survival curves to plot recur-
rence from the time of surgery over the extent of follow- up.

We also undertook three comparisons of late 
recurrence:

 (i) According to major ATL preoperative pathology 
groups

To assess risk of late recurrence within the ATL co-
hort according to preoperative pathology, the patients 
were sorted into five "best evidence pathology" groups. 
This process was undertaken for most patients previously 
in McIntosh et al., and is detailed in that study.3 Briefly, 
review of the most recent histopathology and magnetic 
resonance imaging (MRI) information available was un-
dertaken and a decision was made as to the "best evidence" 
preoperative pathology. For this current study, any addi-
tional information after that review was incorporated.

"Best evidence pathology" groups3 comprised: (1) for-
eign tissue lesions (FTLs; n = 56; vascular malformations 
[VMs], tumors, dysembryoplastic neuroepithelial tumors 
[DNETs], nonneoplastic cystic lesions); (2) hippocampal 
sclerosis (HS; n = 273); (3) "other" focal temporal lobe le-
sions (dysplasia and other lesions large enough to be seen 

macroscopically such as posttraumatic gliosis; n  =  29); 
(4) "normal" temporal lobe (a general term that includes 
histological abnormalities that were mild and generally 
diffuse or minor global atrophy on MRI; n = 54); and (5) 
distant- lesion cases (n = 37), so called due to the presence 
of potentially epileptogenic lesion(s) outside the area of 
ATL resection and not targeted for surgery (heterotopia, 
tumors, obvious dysplastic lesions, contralateral HS in 
cases with bilateral HS preoperatively). Some distant le-
sions were known prior to surgery and others were iden-
tified with later review and improved MRI.3 Lesions/
abnormalities with coexistent HS were coded into the per-
tinent lesion/abnormality group (e.g., FTLs with HS was 
coded in the FTL group).3

(ii) According to year of ATL surgery

To assess whether ATLs performed in the early years 
of the cohort had a higher frequency of late recurrence, 
patients were grouped into four groups according to year 
of surgery. These were designed to reflect the availability 
of preoperative imaging investigations at Austin Health. 
Groups were: 1978– 1986 (no MRI), 1987– 1992 (early MRI), 
and 1993– 2000 and 2001– 2008 (MRI, single photon emis-
sion computed tomography, and positron emission tomog-
raphy in the latter two groups).3

(iii) ATL versus extratemporal resection

To test whether individuals who underwent ATL had 
an increased risk of late recurrence compared to those 
who had resections outside the temporal lobe, ATL out-
come was compared to the outcome after extratemporal 
(ET) resection at Austin Health. Ninety- eight patients 
who underwent ET surgery between 1991 and 2008 met 
the inclusion criteria for this study and were included. 
Eighty- one of these (1991– 2004) were described in a previ-
ous publication,10 and their resection and pathology infor-
mation is detailed in that paper. The follow- up procedure 
was the same for both cohorts. For a direct comparison be-
tween the two cohorts, only ATL patients who had surgery 
in the same time frame as the ET cohort were included in 
this analysis.

In addition to the analyses above, we described the 
characteristics of late seizure recurrence among the ATL 
cohort, including medication status at the time of recur-
rence. Seizures were designated ASM withdrawal seizures 
when they occurred within 7 days of having stopped ASM, 
a missed dose, or in association with a severe gastrointes-
tinal upset.3 We also described the first late postoperative 
seizure type (convulsive/nonconvulsive), and whether the 
first recurrence was typical or not typical of the presurgery 
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seizures. Seizure status after recurrence will be examined 
in detail in a future paper and is not included here.

2.2 | Data retrieval

Clinical information including follow- up data were pro-
spectively recorded in CEP and hospital records as part 
of routine care. Data for this retrospective study were col-
lected via audit of these records. Variables were collected 
and coded blinded to outcome.

2.3 | Statistical analyses

Statistical testing comprised Kaplan– Meier survival anal-
ysis examining the association of late seizure recurrence 
with pathology, era of surgery, and surgery type. Statistical 
significance was tested using the log- rank test. For com-
parison of preoperative pathology groups, univariate Cox 
regression also enabled calculation of the hazard ratio for 
each pathology subgroup. Results were statistically signif-
icant at the 5% level (two- sided).

In some cases, the specific dates for seizure recurrence 
were unknown. In these cases, we estimated dates using 
the midpoint between two known dates.3

This study was approved by the Austin Health Human 
Research Ethics Committee.

3  |  RESULTS

Of the 449 individuals who underwent ATL, 210 (47%) 
were male. Median age at surgery for ATL was 31 years 
(interquartile range [IQR]  = 22– 40, range  =  6– 66 years). 
Fifty- eight (13%) were <18 years of age at surgery. Median 
age at last follow- up was 49.2 years (95% confidence inter-
val [CI] = 41.6– 58.2 years, range = 21.1– 74.1 years).

Median postsurgical follow- up was 22 years 
(IQR  =  14– 27, range  =  .1– 38.6 years). Ninety- eight 
percent of patients had >2 years of follow- up, 88% had 
>10 years, and 57% had >20 years of postoperative fol-
low- up. All of the eight patients with <2 years of postop-
erative follow- up had died before the 2- year anniversary. 
Over the total period of follow- up, 55 individuals died 
(12%); cause of death was possible/probable sudden un-
expected death in epilepsy (SUDEP), n  =  18; suicide, 
n = 9; seizure- related accident, n = 1; brain tumor (new 
or residual), n = 2; other, n = 19; and unknown, n = 6. 
Forty- three (78%) of those deceased had experienced 
seizure recurrence before death. During follow- up, 
three patients had refused further contact and 27 (6%) 
were lost. Median follow- up before contact ceased was 

11.5 years for deceased patients and 15 years for lost pa-
tients. All three individuals who refused further contact 
had >5 years postsurgical follow- up.

Twenty- eight patients had repeat resection of the epi-
leptogenic region. All but one patient had experienced dis-
abling seizures postsurgery. The exception was a patient 
who had increasing auras and a second operation due to 
recurrence of their tumor. Two additional individuals with 
recurrent seizures underwent other surgical procedures 
(one hemispherectomy, one implantation for deep brain 
stimulation), and one patient had resection of a tumor un-
related to the original surgery.

Twenty- six percent (n  =  117) of patients had ceased 
ASM by last follow- up.

3.1 | ATL cohort and late 
seizure recurrence

Of the total 449 ATL patients, 306 (68%) experienced sei-
zure recurrence over the follow- up time. At 2 postopera-
tive years, 226 patients (51%) were seizure- free from the 
date of surgery. This does not include two seizure- free in-
dividuals who died of causes other than epilepsy before 
the 2- year anniversary. Of the 226 who were seizure- free 
at 2 years, 85 had subsequent late recurrence.

Figure 1 illustrates the Kaplan– Meier probabilities of 
seizure freedom after ATL. The vertical line at the 2- year 
mark delineates earlier seizure recurrence from our defi-
nition of late recurrence. Detailed data are presented in 
Table 1. Most postoperative seizures occurred within the 
first 12 months postoperatively. Late recurrences were at 

F I G U R E  1  Seizure- free probabilities after anterior temporal 
lobectomy. Vertical dotted line indicates 2 postoperative years. 
Number at risk: numbers without parentheses represent 
number of patients remaining in analysis at 0, 10, 20, 30, and 40 
postoperative years; numbers in parentheses represent number of 
seizure recurrences during each 10- year time period.
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a comparatively slower pace, mostly within the 2– 10- year 
period. Very late recurrences after 10 postoperative years 
were also evident, with seizure- free probability dropping 
by a few percent over each 5- year period persisting to just 
after 20 postoperative years. The latest recurrence was 
in the 23rd postsurgical year. The numbers of patients 
remaining in the analysis (i.e., seizure- free and with fol-
low- up) beyond this time were small, with 46 patients at 
25 postoperative years, 11 at 30 years, and two at 35 years.

3.2 | Comparison of late recurrence in 
major ATL preoperative pathology groups

Figure 2 demonstrates Kaplan– Meier estimates for each of 
the ATL pathology groups, with additional data in supple-
mentary Table S1. Seizure- free probabilities are highest for 
the FTL group. Compared to those with FTLs, seizure- free 

probabilities for patients with HS were lower (p =  .005). 
The "normal," "other," and distant- lesion groups were 
roughly clustered, with significantly lower seizure freedom 
than either the FTL or HS groups for all comparisons (all 
p < .001) except HS versus the "other" group (p = .1).

All pathology groups demonstrated episodes of late 
seizure recurrence, as evident in Figure 2. Supplementary 
data Figure S1 illustrates the same outcome data but ex-
clusively for patients who were completely seizure- free for 
the first 2 years postsurgery.

Univariate Cox regression results comprising only 
those patients who were seizure- free at 2 postoperative 
years (n = 226) indicate that when compared to the FTL 
group (n = 40), the "normal" (n = 14) and distant- lesion 
(n  =  11) groups had higher late recurrence (compared 
to FTL: "normal" hazard ratio [HR] = 2.8, 95% CI = 1.1– 
7.5, p = .03 and distant- lesion HR = 8.4, 95% CI = 3.4– 21, 
p <  .001). When compared to the FTL group, those with 
HS (n = 151) and "other" pathology (n = 10) were not sig-
nificantly different (HS HR = 1.7, 95% CI = .9– 3.5, p = .1 
and "other" HR = 1.1, 95% CI = .2– 5.1, p = .9).

3.3 | Comparison of late recurrence by 
year of ATL

Late seizure recurrences occurred in all four groups de-
noting year of surgery, spanning 1978– 1986 (Group 1) to 
2001– 2008 (Group 4). The earliest group (1978– 1986) was 
not associated with increased risk (log- rank test p =  .9). 
Supplementary Figure S2 illustrates very similar survival 
curves for the four groups.

3.4 | Comparison of ATL versus 
ET resection

For direct comparison between the ATL and ET cohort, 
we included only ATL patients who underwent surgery 

T A B L E  1  Postsurgery seizure- free probabilitiesa for all anterior temporal lobectomy cohort (N = 449) and patients seizure- free for 
2 years (n = 226)

Postsurgery years

0 1 year 2 years 10 years 15 years 20 years 25 years

All anterior temporal lobectomy cohort

Number at riskb 449 (188) 260 (33) 226 (64) 145 (10) 113 (6) 88 (5) 46

Seizure- free, % (95% CI) 58 (53– 63) 51 (46– 55) 36 (32– 41) 33 (29– 38) 32 (27– 36) 30 (25– 34)

Seizure- free for 2 years after surgery

Seizure- free % (95%CI) 100 100 71 (65– 77) 66 (59– 72) 62 (55– 68) 58 (51– 65)

Abbreviation: CI, confidence interval.
aKaplan– Meier survival analysis.bNo parentheses = number of patients remaining in analysis at each time point. Parentheses = number of seizure recurrences 
during each time period (e.g., 64 recurrences from 2 to 10 years).

F I G U R E  2  Seizure- free probabilities by anterior temporal 
lobectomy "best evidence" pathology group. Vertical dotted line 
indicates 2 postoperative years. See Supplementary Data Table S1 
for details.
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over the same time as the ET cohort (1991– 2008), com-
prising 301 ATL patients. Median follow- ups for the ET 
cohort (17.2 years, IQR = 12– 21, range = .02– 27) and the 
ATL subset (18 years, IQR = 12– 23, range = .01– 27) were 
very similar.

In the ET cohort, there were 98 individuals with a me-
dian age at surgery of 28 years (IQR = 21– 38, range = 4– 
61). Nineteen (19%) were <18 years of age at surgery. ET 
pathology comprised lesions (tumor, DNET, VM, nonneo-
plastic cystic lesion), n = 19; acquired insult, n = 17; focal 
cortical dysplasia, n = 53; inflammation, n = 1; nonspecific 
findings, n = 8. Forty- five percent of ET surgery patients 
(n = 44) were male. Twelve were deceased (12%) (possi-
ble/probable SUDEP, n = 4; suicide, n = 2; brain tumor, 
n = 2; postoperative, n = 1; other, n = 3). One patient had 
refused further contact, and one was lost to follow- up. Ten 
(10%) patients had ceased ASM at last follow- up. Nineteen 
underwent a repeat resection.

Figure 3 illustrates probabilities of seizure freedom for 
the ATL subset and ET group. Both demonstrate initial 
rapid recurrence, with an early drop substantially more 
marked in the ET group (log- rank test p < .001). There is 
a slow, steady attrition in seizure- free probabilities after 
this; late recurrence occurred in 55 of 160 ATL and eight 
of 22 ET subjects who were seizure- free for 2 postopera-
tive years. Late survival curves are virtually parallel; the 
risk of late recurrence did not differ between the two co-
horts (log- rank p = .74).

3.5 | Late seizure recurrence 
characteristics in ATL patients

The characteristics of the first postsurgical seizure are 
detailed in supplementary information Table  S2 accord-
ing to the timing of recurrence. Convulsive seizures were 
most common overall. The proportion with nonconvul-
sive seizure recurrence increased slightly over the years, 
although numbers are small at extended time periods.

In most cases, it was difficult to clarify whether seizures 
were typical of the preoperative condition. Convulsive 
seizures were frequently only recorded as convulsive or 
tonic– clonic, and any earlier phase of the seizure was ei-
ther missed or not reported. It was also often difficult to 
determine whether nonconvulsive seizures were similar 
to preoperative events, as this aspect was not always spe-
cifically noted.

3.6 | ASM status at the time of 
late recurrence

ASM status at the time of first postsurgical seizure 
(Table 2) shows most of the 85 patients who experienced 
late recurrence had already ceased ASM (31%) or ASM 
was stable (32%). Only 5% of recurrences were reported 
as associated with taper or decreased dose, and 8% were 
reported with acute drug withdrawal. Acute ASM with-
drawal seizures were only reported in the first 2– 10 years 
postsurgery, and recurrences associated with ASM taper 
were not reported after 10 postoperative years.

3.7 | Other potential seizure precipitants

One ATL patient had late recurrence at 18 years postsur-
gery and was diagnosed 4 months later with a contralat-
eral frontoparietal tumor.

Other circumstances that were reported by patients and 
mentioned in the medical notes as possibly associated with 
late seizure recurrence were health- related (e.g., acute 
illness, cancer diagnosis and treatment, onset of depres-
sion, commencement of medication, childbirth), lifestyle- 
related (e.g., sleep deprivation, stress, alcohol), or general 
physical issues (overexertion, low- grade "unwell," activity 
in hot weather). We did not conduct formal analyses using 
these data, as they were not systematically collected.

4  |  DISCUSSION

In our cohorts, the great majority of seizures recur in the 
first postoperative year, a pattern also described in other 

F I G U R E  3  Seizure- free probabilities for anterior temporal 
lobectomy (ATL) versus extratemporal resection (ET) surgery. 
Vertical dotted line indicates 2 postoperative years. Number at 
risk: numbers without parentheses represent number of patients 
remaining in analysis at 0, 10, 20, and 30 postoperative years; 
numbers in parentheses represent number of seizure recurrences 
during each 10- year time period.
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studies.1,3,6,10,12– 17 By 2 postoperative years, the probability 
of seizure freedom in our ATL cohort was 51% (Figure 1), 
with the early rapid drop in seizure freedom most obvi-
ous for the "normal" and "other" temporal groups, and the 
distant- lesion group (Figure 2).

Early studies by Rasmussen18 described long- term 
surgical outcome, noting 13% of "nontumoral" (median 
follow- up = 12 years) and 6% of "tumoral" cases (median 
follow- up = 8 years) experienced occasional seizures after 
at least 3 years free of seizures postsurgery. Late recur-
rences between 5 and 10 years postsurgery have been de-
scribed in more recent cohorts.2,5,6,14,17,19,20 There are few 
detailed data available relevant to the period after 10 post-
operative years, although first recurrences after this time 
have been noted.2,14,21,22 In our study, the data demonstrate 
seizure recurrence over several decades of follow- up. The 
pattern of attrition slows over time, with probabilities for 
the ATL cohort as a whole dropping to 36% at 10 years, 
33% seizure- free at 15 years, and 32% at 20 postoperative 
years. The last seizure recurrence was in the 23rd postop-
erative year. Although there were no recurrences beyond 
this time point, this may be a function of smaller numbers 
at the extreme end of our follow- up.3 However, it is also 
possible that the risk of late recurrence decreases further 
as time goes on; the question is whether it ever becomes 
equivalent to the population incident risk.

Late recurrence occurred in all ATL pathology sub-
groups, indicating this phenomenon was not unique 
to one group. Neither was it unique to the ATL cohort. 
Figure 3 illustrates a very similar pattern of late recurrence 
for those who had ATL compared to the ET cohort, with 
the difference in risk between these two groups (higher 
for ET cohort) restricted to the early postsurgical period. 
Other studies have also reported late seizures in cohorts 
with a mixture of pathologies and/or surgeries2,14,17,19,23; 
abnormal and/or normal pathology15; lesional and/or 
nonlesional cases24– 29; focal cortical dysplasia30; temporal 

lobe and "temporal plus" epilepsy20,31; and ATL, ET, and 
amygdalohippocampectomy surgeries.5,6,12,22,32,33 These 
findings favor hypotheses relating to causes of late seizure 
recurrence that apply broadly across these groups.

We found the ATL distant- lesion and "normal" sub-
groups were more likely to experience late recurrence, 
with the earlier drop in seizure freedom continuing into 
our nominated late recurrence period of >2 postoperative 
years (Figure 2). In our study, ATL distant- lesion cases are 
defined by the presence of pathology outside the tempo-
ral lobe that was not targeted for resection. Although this 
group is at high risk of early seizure recurrence, that late 
recurrence is also a feature implicates preexisting/resid-
ual epileptogenic structural abnormality as a cause of late 
seizures. Our findings are concordant with a recent study 
that compared patients with a variety of pathologies and 
late recurrence to patients without recurrence, finding 
that incomplete resection of the abnormality or bilateral 
lesions were risk factors for late recurrence.2 Although we 
had previously reviewed and updated pathology classifi-
cation in our cohort where possible,3 the similarity of sei-
zure recurrence patterns between our distant lesion and 
"normal" groups seen in Figure  2 raises the question of 
whether some patients with presumed normal imaging 
actually have an unidentified abnormality outside the 
area of resection.3,11 Advances in imaging may identify 
pathology in historical and recent cohorts that was not ob-
vious at the original investigation.

Recurrences may also relate to the activity of a re-
sidual seizure focus other than a structural abnormal-
ity. Hypotheses include aberrant activity in distributed 
brain networks involving but not restricted to the region 
of the resected tissue,20,34– 37 or the effects of genetic vari-
ants present throughout the brain.38,39 "Temporal- lobe 
plus" epilepsy (TPE), with an epileptogenic zone ex-
tending beyond the temporal lobe identified by stereo- 
electroencephalography, has been associated with 

T A B L E  2  ASM status at first postoperative seizure in patients with late recurrence, n = 85

Years postsurgery at recurrence, n (%)

2– 4.9 5– 9.9 10– 14.9 15– 19.9 20+

ASM withdrawal seizurea 5 (12) 2 (10) 0 0 0

Seizure during planned ASM taper 3 (7) 1 (5) 0 0 0

On ASM, no ASM decrease recorded 12 (28) 10 (48) 2 (20) 1 (1) 2 (40)

ASM ceased <1 year before recurrence 9 (21) 0 1 (10) 0 1 (20)

ASM ceased >1 year before recurrence 4 (9) 1 (5) 3 (30) 5 (83) 2 (40)

ASM ceased/tapered, relationship with seizure unknown 2 (5) 3 (14) 2 (20) 0 0

ASM status unknown 7 (19) 4 (19) 2 (2) 0 0

Total p 43 21 10 6 5

Abbreviation: ASM, antiseizure medication.
aWithin 7 days of ceasing ASM (missed a dose or stopped with/without taper) or a severe gastrointestinal upset.
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recurrence in HS and nonlesional cases.20,31 It is also pos-
sible that new seizure mechanisms evolve over time. In 
particular, age- related seizure conditions may present as 
postsurgical follow- up extends into decades and patients 
grow older.40 Another hypothesis proposes that the post-
resection gliosis evolves as a site of epileptogenesis: “rip-
ening of the scar” as initially conceptualized by Penfield 
and Jasper.41

Also important is the corresponding question of why 
some patients who are at high risk of postoperative sei-
zures (i.e., with residual pathology or extensive epilep-
togenic zone) can experience years of seizure freedom 
before recurrence. Surgery may initially disrupt preexist-
ing seizure networks,42 but seizure activity could become 
reestablished over time. Of interest, data from one study 
of patients with an extensive epileptogenic zone (i.e., TPE) 
suggest that larger resections incorporating areas of sei-
zure onset outside the temporal lobe may be associated 
with a longer delay to seizure recurrence.20

All hypotheses discussed above relate to mechanisms 
of seizure generation. Another possible cause of delayed 
recurrence in some high- risk individuals is disruption of 
ASM control. Resective surgery may modify drug- resistant 
epilepsy to the extent that the condition becomes drug- 
responsive.43– 45 Seizures in these patients may be well con-
trolled until a decrease or withdrawal of ASM,44 although 
most patients in our cohort were either established on 
medications or had ceased them at the time of recurrence. 
Another possibility is that medication requirements in-
crease or change in circumstances of illness or other life 
events that exert major physiological and/or metabolic 
stress. This is pertinent to patients controlled on ASM, as 
well as those who have ceased medication but still require 
ASM to manage their seizure condition over challenging 
periods. Of relevance, Coleman et al.7 previously studied a 
subgroup of our ATL cohort, reporting potentially stress-
ful events that spanned the approximately 20 of follow- up. 
These included pregnancy and childbirth, changes to em-
ployment and education, and relationship conflict. Major 
health conditions may develop over extended follow- up, 
as evident in our cohort, where individuals reported new 
diagnoses of cancer or depression with associated procon-
vulsant medication.

Some mechanisms postulated above may be time- 
dependent. This is represented schematically in Figure 4. 
Within a postsurgical cohort, the contribution of resid-
ual pathology or epileptogenesis and ASM withdrawal 
to seizure recurrence may feature heavily in the first few 
postoperative years and then drop off, whereas other 
mechanisms take longer to manifest. Research into po-
tential time- dependent causes of recurrence becomes 
possible as follow- up data accumulate in surgical cohorts. 

Although the use of a single postoperative time to define 
late seizure recurrence (i.e., 1 or 2 postoperative years) is 
relatively common, the research limitations of this ap-
proach are highlighted by the recurrences seen in our 
data (Figure 1) that occur years beyond our study defini-
tion of "late seizures" (as marked in Figure 1 with a line 
at 2 years). Future researchers may be able to utilize long 
follow- up to identify and define several periods of differ-
ing postoperative risk.

Our ATL data span many years, including the preimag-
ing era, but we found no difference for risk of recurrence in 
any of the four groups denoting year of surgery. This sug-
gests the impact of technological changes on localization of 
seizure focus and/or developments in surgical procedures 
over time may not be a major contributor to seizure free-
dom at any period during the scope of our study. Others 
have also noted little difference between earlier and later 

F I G U R E  4  Hypothesized mechanisms of seizure recurrence 
after epilepsy surgery × postoperative time. Each line reflects 
a possible mechanism of seizure recurrence after surgery. The 
position of each line reflects hypothesized postoperative timing 
of onset, and line height reflects the degree of potential impact. A 
variety of mechanisms may be responsible for seizure recurrence 
within a surgical cohort. 1Recurrence due to seizure generation. A 
seizure focus/network (i.e., due to residual pathology or extensive 
epileptogenesis) that is incompletely interrupted by surgery is 
probably associated with a high risk of seizure recurrence in 
the initial postoperative period but is less likely to be a cause 
of recurrence in later years. Interruption of the seizure focus/
network by surgery may render patients seizure- free initially, 
but seizure activity may be reestablished after some years. New 
seizure mechanisms such as age- related brain disorders may 
take time to evolve. 2Recurrence due to disruption of control in 
antiseizure medication (ASM)- responsive epilepsy. Attempts at 
ASM withdrawal or taper usually start after the initial postsurgical 
period, and our data suggest seizures associated with this factor 
become less common over time. ASM requirements may change 
due to stressful social or health events, an issue that is relevant to 
patients on medications as well as those who previously ceased 
ASM but require ASM for seizure control during challenging 
periods.
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surgical cases,5,14 although a meta- analysis found earlier 
surgery was associated with lower reported seizure free-
dom.1 However, an important variable that has not been 
included in any analyses is the extent of difficulty expe-
rienced during preoperative seizure localization. Surgical 
cases have become more complex as the increasing sophis-
tication of technology and preoperative investigations has 
facilitated surgery for individuals where localization is not 
straightforward. This characteristic may have confounded 
comparisons of outcome over time.

It is possible that some events classified as late seizures 
were nonepileptic events.46 This is particularly relevant at 
extended postoperative periods, when follow- up is con-
ducted with patients who may not be receiving regular 
face- to- face medical consultations. An additional consid-
eration in this study is that seizure recurrence has been 
defined as a single disabling seizure. The recurrence of 
any disabling seizure activity is important in terms of the 
impact on lifestyle and activities as well as understanding 
biological seizure mechanisms. However, late recurrences 
frequently respond to an adjustment of ASM, with few or 
no subsequent seizures.2,44,47

As follow- up begins to produce data relevant to decades 
of postoperative outcomes, the implications of this much 
wider timescale can be considered in future research. 
This requires considerable resources but has the capacity 
to offer possible insights into patient outcomes, epilepsy 
mechanisms, and seizure recurrence. Causes of late re-
currence, and the reasons why high- risk patients remain 
seizure- free for extended periods, are two distinct research 
questions that it may be possible to address in more detail 
as follow- up extends to lengthy time periods.
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