ORIGINAL CONTRIBUTION

Early Surgical Therapy for Drug-Resistant
Temporal Lobe Epilepsy
A Randomized Trial
Jerome Engel Jr, MD, PhD
Michael P. McDermott, PhD
Samuel Wiebe, MD
John T. Langfitt, PhD
John M. Stern, MD
Sandra Dewar, RN
Michael R. Sperling, MD
Irenita Gardiner, RN
Giuseppe Erba, MD
Itzhak Fried, MD, PhD
Margaret Jacobs, BA
Harry V. Vinters, MD
Scott Mintzer, MD
Karl Kieburtz, MD, MPH
for the Early Randomized Surgical
Epilepsy Trial (ERSET) Study Group

E

PILEPSY IS A WORLDWIDE SERIous health concern, accounting for 1% of the global burden
of disease, equivalent to lung
cancer in men and breast cancer in
women.1 The 20% to 40% of patients
who have medically intractable2 epilepsy account for 80% of the cost of epilepsy.3 Temporal lobe epilepsy (TLE)
is the most common cause of drugresistant seizures,4-7 but it can be treated
surgically.8-10 The American Academy
of Neurology practice parameter recommends surgery as the treatment of
choice for medically intractable TLE,9
based in part on a single-center Canadian randomized controlled trial (RCT)
that demonstrated the efficacy of surgical treatment in patients with longstanding TLE.10
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Context Despite reported success, surgery for pharmacoresistant seizures is often
seen as a last resort. Patients are typically referred for surgery after 20 years of seizures, often too late to avoid significant disability and premature death.
Objective We sought to determine whether surgery soon after failure of 2 antiepileptic drug (AED) trials is superior to continued medical management in controlling
seizures and improving quality of life (QOL).
Design, Setting, and Participants The Early Randomized Surgical Epilepsy Trial (ERSET)
is a multicenter, controlled, parallel-group clinical trial performed at 16 US epilepsy surgery centers. The 38 participants (18 men and 20 women; aged ⱖ12 years) had mesial
temporal lobe epilepsy (MTLE) and disabling seizues for no more than 2 consecutive years
following adequate trials of 2 brand-name AEDs. Eligibility for anteromesial temporal resection (AMTR) was based on a standardized presurgical evaluation protocol. Participants
were randomized to continued AED treatment or AMTR 2003-2007, and observed for 2
years. Planned enrollment was 200, but the trial was halted prematurely due to slow accrual.
Intervention Receipt of continued AED treatment (n=23) or a standardized AMTR
plus AED treatment (n=15). In the medical group, 7 participants underwent AMTR prior
to the end of follow-up and 1 participant in the surgical group never received surgery.
Main Outcome Measures The primary outcome variable was freedom from disabling seizures during year 2 of follow-up. Secondary outcome variables were healthrelated QOL (measured primarily by the 2-year change in the Quality of Life in Epilepsy 89 [QOLIE-89] overall T-score), cognitive function, and social adaptation.
Results Zero of 23 participants in the medical group and 11 of 15 in the surgical group
were seizure free during year 2 of follow-up (odds ratio=⬁; 95% CI, 11.8 to ⬁; P⬍.001).
In an intention-to-treat analysis, the mean improvement in QOLIE-89 overall T-score was
higher in the surgical group than in the medical group but this difference was not statistically significant (12.6 vs 4.0 points; treatment effect=8.5; 95% CI, −1.0 to 18.1; P=.08).
When data obtained after surgery from participants in the medical group were excluded,
the effect of surgery on QOL was significant (12.8 vs 2.8 points; treatment effect=9.9;
95% CI, 2.2 to 17.7; P=.01). Memory decline (assessed using the Rey Auditory Verbal
Learning Test) occurred in 4 participants (36%) after surgery, consistent with rates seen
in the literature; but the sample was too small to permit definitive conclusions about treatment group differences in cognitive outcomes. Adverse events included a transient neurologic deficit attributed to a magnetic resonance imaging–identified postoperative stroke
in a participant who had surgery and 3 cases of status epilepticus in the medical group.
Conclusions Among patients with newly intractable disabling MTLE, resective surgery plus AED treatment resulted in a lower probability of seizures during year 2 of
follow-up than continued AED treatment alone. Given the premature termination of
the trial, the results should be interpreted with appropriate caution.
Trial Registration clinicaltrials.gov Identifier: NCT 00040326
www.jama.com
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Nevertheless, surgical treatment for
epilepsy is delayed and underutilized.8 Patients who are referred for sur-
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gery have had epilepsy for an average
of 22 years, more than 10 years after failure of 2 antiepileptic drugs (AEDs),11
the international definition of medical
intractability.12 Since the publication of
the Canadian RCT (2001) and practice parameter (2003), the time to surgical referral has not decreased.13 Because earlier surgery could prevent
significant morbidity1 and premature
death, the practice parameter recommended an RCT to evaluate the efficacy of early surgical intervention in
newly intractable patients with TLE.9
The primary purpose of the National Institute of Neurological Disorders and
Stroke (NINDS)–funded Early Randomized Surgical Epilepsy Trial
(ERSET) 14,15 was to compare outcomes of surgery with those of continued pharmacotherapy at a time when
adverse psychological and social consequences of disabling seizures might
be minimal and seizures might conceivably still respond to further trials
of AEDs.
METHODS

All sites utilized the same anteromesial temporal resection, which consisted of en bloc resection of the anterior 3.5 to 4 cm (in the dominant and
nondominant hemispheres, respectively) of the lateral temporal lobe, sparing the superior temporal gyrus, followed by removal of the mesial
structures including en bloc resection
of the hippocampus and resection of
parahippocampal gyrus and part of the
amygdala.18
The objectives of pharmacotherapy
were to achieve and maintain a seizurefree state and minimize adverse effects. The same protocol was used for
both treatment groups and reflected
current practice used in most US epilepsy centers. It consisted of 4 stages:
(1) monotherapy; (2) ditherapy; (3) optional treatment with rarely used AEDs;
and (4) treatment with multiple AEDs.
Generic drugs were not permitted.
Pharmacotherapy for seizures for both
study groups was monitored by an independent panel of AED clinical pharmacology experts who were blinded to
treatment assignment.

Study Design

A detailed description of the multicenter, controlled, parallel-group RCT
design has been published elsewhere.15
Participants were randomized to receive continued pharmacotherapy or
surgery plus pharmacotherapy and observed for 24 months. Participants were
males and females aged 12 years or
older with mesial TLE (MTLE)16,17 and
disabling seizures that had persisted
for no more than 2 consecutive years
following adequate trials of 2 brandname AEDs. Participants had to be
considered candidates for anteromesial temporal resection based on a
standardized presurgical evaluation
protocol.15
The study was approved by the institutional review board at each site. All participants provided written informed consent to participate. Details concerning the
informed consent process, eligibility criteria, and randomization procedure
are given in the supplementary online
material (eAppendix, available at
http://www.jama.com).

Follow-up Evaluations

Participants were seen at the study site
every 3 months for 2 years. Adverse
events were recorded and seizure logs
were collected at every visit. All other
outcome variables were collected at
baseline and at either 6- or 12-month
intervals. Race and ethnicity information, with categories defined using National Institutes of Health guidelines,
was obtained from the participant by
the investigator during the screening
process.
Primary Outcome Variable

The primary outcome variable was freedom from disabling seizures during the
second follow-up year. A blinded central seizure adjudication committee reviewed all seizure types recorded in participant diaries (eAppendix), determined
whether the seizures should be considered epileptic, and if so, classified them.
Disabling seizures were defined as simple
partial seizures with impairment (clear
consciousness but noticeable by an ob-
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server or interfering with function), complex partial seizures, or secondarily generalized seizures. Simple partial seizures
without impairment (auras) were not
considered disabling. Participants free of
disabling seizures were considered to be
seizure free.
Secondary Outcome Variables

Seizures. Data from seizure diaries were
summarized as seizure frequencies by
seizure type and overall.
Quality of Life. This was assessed at
baseline and at months 6, 12, 18, and 24
using the self-administered Quality of
Life in Epilepsy 89 (QOLIE-89)19 for
adults (aged ⱖ17 years) and Quality of
Life in Epilepsy 48 (QOLIE AD-48)20 for
adolescents (aged 12-16 years).
Cognitive Function. This was assessed
at baseline and at months 12 and 24 using
clinical neuropsychological measures of
visualandauditoryattention,motorspeed/
dexterity,verbalandvisuospatialmemory,
and word finding.15
Ancillary Outcome. Employment or
educational status, number of hours per
week worked, number of sick days in
the past 3 months, driving status, number of hospitalizations in the past 3
months, and number of days per month
spent socializing with family or friends
were assessed at baseline and at months
12 and 24.
Statistical Analysis

A sample size of 200 participants was
originally planned for ERSET; a justification of this sample size is given in the
eAppendix. Due to the difficulties encountered in recruiting study participants, the data and safety monitoring
board (DSMB) appointed by the NINDS
recommended termination of the study
after only 38 participants had been randomized. At the time of this decision, the
DSMB had access to the results by treatment group for the primary outcome
variable for participants who had thus
far completed follow-up, but not for any
other efficacy outcomes. The DSMB
stated that its recommendation to halt
the trial was based solely on feasibility
of recruitment and not at all on efficacy
data. If the DSMB had considered these
JAMA, March 7, 2012—Vol 307, No. 9 923
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RESULTS

Figure 1. Participant Flow

Patients
76 Patients screened for
eligibility

38 Ineligible based on presurgical evaluation
13 Imaging results were normal
8 Discordant electroencephalogram (EEG)
and imaging data
7 Nonlocalizing ictal EEG onsets
3 Patients withdrew from study
3 Incomplete data
2 Bilateral, independent ictal EEG onsets
2 Extratemporal ictal EEG onsets

38 Randomized

23 Randomized to medical
group
16 Received treatment
as randomized
7 Received surgery

15 Randomized to surgical
group
14 Received surgery
as randomized
1 Did not receive surgery
(withdrew consent)

5 Withdrew prematurely
3 Lost to follow-up
2 Requested surgery

1 Withdrew prematurely
(withdrew consent)

23 Included in analysis

15 Included in analysis

data in their decision making, some degree of inflation of type I error and bias
would have been possible. Given the
large magnitude of the treatment effect
on the primary outcome variable that
was observed, however, the effect of this
on the trial results would have been
minimal.
The primary statistical analyses were
performed in accordance with the intention-to-treat principle and included all available data from all randomized participants. Fisher exact test
was used to compare the treatment
groups with respect to the primary outcome variable. For the primary analysis, participants who did not have complete follow-up during year 2 were
considered to not be seizure free; the
analyses were repeated after omitting
participants who did not have complete follow-up during year 2 unless
they had reported disabling seizures in
year 2. An additional sensitivity analysis of the primary outcome variable was
performed using multiple imputation
for the 6 participants with missing data
for the primary outcome variable; details concerning the imputation model
924
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and other aspects of this analysis are
provided in the eAppendix. For continuous outcome variables (QOLIE-89 scores), repeated measures
analysis of covariance models were used
to estimate treatment effects (surgical
vs medical) at each time point with effects at month 24 being of primary interest. All available data from all adult
participants (aged ⱖ17 years) were included in the analyses.
Secondary analyses were performed
that omitted data obtained after the time
of surgery for participants in the medical group who had surgery prior to the
month-24 visit.
The primary analyses of the data on
cognitive function compared the 2 treatment groups with respect to memory and
nonmemory measures using the O’Brien
nonparametric global multivariate test.21
Further details concerning the primary
and secondary analyses of the cognitive
function data and other secondary outcome variables can be found in the eAppendix. A significance level of 5% (2tailed) was used for hypothesis testing.
All analyses were performed using SAS
statistical software version 9.2.

Seventy-six patients at 18 centers
provided informed consent over a
2-year period. Only 38 of these
patients (from 16 centers) were
deemed surgical candidates following
presurgical evaluation. Reasons for
failure of the presurgical evaluation
are noted in FIGURE 1. Twenty-three
participants were randomized to the
medical group and 15 to the surgical group. Baseline characteristics
(TABLE 1) were comparable between
the 2 treatment groups except for sex
and age. Magnetic resonance imaging
(MRI) and positron-emission tomography (PET) were both diagnostic in
all participants. The only 2 adolescents enrolled were in the medical
group.
Reasons for participant withdrawal are
provided in Figure 1. Fourteen of 15 participants randomized to the surgical
group received surgery according to protocol. One surgical participant withdrew consent and never received surgery. Another surgical participant was
observed for 2 years after randomization but did not have surgery until 5
months after randomization, and thus
had incomplete follow-up (only 19
months) after surgery. All other participants had surgery 13 to 43 days after
randomization.
Five of 23 participants in the medical
group withdrew from the trial prior to
the 2-year visit, 3 of these at or before the
1-year visit. Seven participants in the
medical group received surgery prior to
the 2-year visit, 2 prior to the 2-year visit.
Five of these participants continued to
be observed for 2 years.
The mean (SD) number of AEDs
used was comparable in the 2 groups
at baseline (1.9 [0.9] in the medical
group and 1.6 [0.7] in the surgical
group; Table 1) and remained stable
in both groups at the final visit (1.8
[1.0] in the medical group and 1.5
[0.7] in the surgical group). The specific AEDs that were used by participants at the baseline and final visits
are summarized by treatment group
in TABLE 2.

©2012 American Medical Association. All rights reserved.
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Seizures

Seizure Freedom in the Second Year
of Follow-up. In the medical group, 19
participants provided seizure logs and
all had seizures recorded during year 2.
Four participants who withdrew provided no seizure logs for year 2. One
participant in the medical group (who
did not have surgery) was seizure free
for the last 50 weeks of follow-up. In
the surgical group, 14 participants provided seizure logs and 2 participants had
seizures during year 2. In the primary
analysis, which considered participants who did not have complete follow-up during year 2 as not seizure free,
0 of 23 in the medical group and 11 of
15 in the surgical group (73%) were seizure free (odds ratio [OR]=⬁; 95% CI,
11.8 to ⬁; P⬍.001). Analysis of only
those participants who provided complete data in year 2 (or reported seizures in year 2) showed that 0 of 19 in
the medical group (0%) vs 11 of 13 in
the surgical group (85%) were seizure
free (OR=⬁; 95% CI, 14.8 to ⬁;
P⬍.001). The sensitivity analysis using
multiple imputation yielded an estimated OR of 12.4 (95% CI, 2.6-59.2;
P=.002).
Seizure Frequency. Seizure frequency over the 24 months of follow-up is shown in TABLE 3. Nine of the
11 participants in the surgical group who
became free of disabling seizures never
experienced a seizure after surgery; the
other 2 participants last reported seizures 4 and 21 days after surgery. Seizurefree participants were also free of auras.
One participant in the surgical group last
reported a seizure 10 months after surgery but was only observed for 7 months
in the second postoperative year. The 2
participants in the surgical group who
continued to have seizures in year 2 experienced substantial improvement in
seizure frequency (Table 3).
Quality of Life. QOLIE-89 data were
available for 36 participants who were
at least 17 years old. Adjusted mean overall T-scores at each follow-up visit are
shown by treatment group in FIGURE 2.
In the intention-to-treat analyses, participants in the surgical group had significantly higher increases in health-

related QOL than those in the medical
group at months 6, 12, and 18 (P⬍.009;
Figure 2), but not at month 24 (P=.08;
TABLE 4). When excluding data obtained after surgery from participants
in the medical group (n=6), the effect
of surgery on overall QOL was statistically significant at month 24 (P=.01).

The effect of surgery on overall QOL
was reflected in the Mental Health, Epilepsy-Targeted, and Cognitive subscales of the QOLIE-89, but not the
Physical Health subscale. In exploratory analyses that further adjusted for
age (continuous) and sex, the results
were almost identical.

Table 1. Baseline Characteristics by Treatment Group
Medical
(n = 23)
30.9 (10.1)
2 (8.7)

Age, mean (SD), y
Age ⬍17 y, No. (%)
Male Sex, No. (%)
Race, No. (%)
White a
Black
Other
Duration of epilepsy, median (IQR), y
Left side of ictal onset, No. (%)
Focal onset, No. (%)
Antiepileptic drugs used, mean (SD)
Employment status, No. (%)
Full-time employed
Part-time employed
Full-time student
Other
Driving, No. (%)
Estimated IQ, mean (SD)
No. of seizures/mo, median (IQR)
Simple partial
Complex partial
Secondary generalized
Total
QOLIE-89 raw scores, mean (SD) b
Overall
Mental health factor
Epilepsy-targeted factor
Cognitive factor
Physical health factor

Surgical
(n = 15)
37.5 (11.1)
0

14 (60.9)

4 (26.7)

18 (78.3)
3 (13.0)
2 (8.7)
5.3 (2.8-13.4)
14 (60.9)
19 (82.6)
1.9 (0.9)

11 (73.3)
3 (20.0)
1 (6.7)
5.2 (3.2-15.8)
9 (60.0)
14 (93.3)
1.6 (0.7)

10 (43.5)
3 (13.0)
4 (17.4)
6 (26.1)
7 (30.4)
96.5 (11.3)

6 (40.0)
1 (6.7)
1 (6.7)
7 (46.7)
1 (6.7)
98.5 (13.9)

0.0 (0.0-1.0)
3.0 (1.0-7.0)
0.0 (0.0-0.0)
3.0 (2.0-7.0)

QOLIE-89 T-scores, mean (SD) b
Overall
Mental health factor
Epilepsy-targeted factor
Cognitive factor
Physical health factor
SF-36, mean (SD) b
Physical component summary
Mental component summary
Brief Symptom Inventory Global Severity Index, mean (SD)

0.0 (0.0-0.0)
2.0 (1.0-3.0)
0.0 (0.0-0.3)
2.0 (1.0-3.3)

61.0 (15.4)
−0.20 (0.91)
−0.66 (0.78)
−0.15 (0.89)
−0.31 (0.93)

53.7 (19.4)
−0.72 (1.08)
−0.81 (1.00)
−0.47 (1.07)
−0.70 (1.05)

45.7 (10.0)
47.8 (9.7)
42.6 (8.7)

41.3 (12.2)
42.3 (11.5)
41.0 (11.2)

48.4 (9.7)
46.4 (10.7)

44.9 (11.7)
41.9 (12.0)

46.4 (7.6)
43.9 (10.6)
56.5 (11.3)

43.7 (11.6)
38.9 (13.8)
59.3 (8.5)

Abbreviations: IQR, interquartile range; QOLIE-89, Quality of Life in Epilepsy 89; SF-36, Short Form 36.
a Hispanic ethnicity was reported as the ethnic background for 1 patient in the medical group and 1 patient in the surgical group, both of whom were also racially indentified as white.
b The ranges of possible scores for QOLIE-89 overall raw score, 0 to 100; QOLIE-89 raw factor scores, −3.8 to 2.0
(mental health), −3.2 to 1.9 (epilepsy targeted), −3.6 to 1.8 (cognitive), and −4.5 to 2.3 (physical health); QOLIE-89
T-scores, 6 to71; SF-36 summary scores, 0 to 100; and Brief Symptom Inventory, 20 to 80. Data on QOLIE-89 and
SF-36 scores include only adult participants (n=36); the 2 children who were excluded were both assigned to the
medical group.
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Table 2. Antiepileptic Medication Use at the Baseline and Final Visits by Treatment Group
No. (%)
Baseline
Medication
Carbamazepine

Medical
7 (30)

Final Visit
Surgical
7 (50)

Medical
1 (5)

Clonazepam
Diazepam
Divalproex sodium

0
0
0

0
0
0

Gabapentin
Lamotrigine
Levetiracetam

2 (9)
5 (22)
9 (39)

0
5 (36)
3 (21)

0
11 (50)
8 (36)

0
4 (29)
4 (29)

Lorazepam
Oxcarbazepine

2 (9)
7 (30)

0
2 (14)

0
8 (36)

0
1 (7)

Phenobarbital
Phenytoin
Pregabalin
Topiramate

1 (4)
2 (9)
0
6 (26)

0
1 (7)
0
4 (29)

2 (9)
1 (5)
0
3 (14)

0
1 (7)
1 (7)
4 (29)

Zonisamide

2 (9)

0

1 (5)

0

Cognitive Function. There were no
significant treatment group differences with respect to the primary
memory and nonmemory measures
(eTable 1), although participants in the
medical group tended to perform better on memory measures, particularly
at month 24 (P=.08) (eTable 2). When
individual tests were examined, the surgical group had lower performance than
the medical group on the WMS-R22
Logical Memory Immediate (P = .01)
and Delayed Recall (P = .02) tests at
month 24. No significant treatment
group differences were observed on the
nonmemory measures. A higher percentage of participants in the surgical
group than in the medical group had
statistically reliable declines at month
12 in delayed verbal recall (RAVLT Delayed Recall23; 36% vs 0%; P = .03) and
naming (Boston Naming Test24; 55% vs
7%; P=.02). Detailed neuropsychological test results are presented in the
eTables 1-4
Ancillary Outcomes. At baseline, 7
of 23 participants in the medical group
(30%) and 1 of 15 participants in the
surgical group (7%) were driving by
self-report, presumably against medical advice. Despite this imbalance, 5 of
23 participants in the medical group
(22%) compared with 12 of 15 participants in the surgical group (80%) were
926

JAMA, March 7, 2012—Vol 307, No. 9
Corrected on March 13, 2012

Downloaded From: http://jamanetwork.com/ on 10/28/2016

1 (5)
1 (5)
2 (9)

Surgical
6 (43)
0
0
0

driving at month 24 (OR, 14.4; 95% CI,
2.37-102.9; P⬍.001, Fisher exact test).
For the 29 participants who contributed data at both baseline and month
24, participants in the surgical group
reported a significant increase in the
number of days per month socializing
with friends (median increase of 6.5
days; interquartile range, 1-20 days)
relative to the medical group (median
decrease of 1.0 day; interquartile range,
−6 to 2 days); the estimated treatment
effect was 10 days (95% CI, 4-20 days;
P = .002, Wilcoxon rank sum test). No
treatment group differences were apparent with respect to employment status, hours per week worked, sick days
reported, or socialization with family.
Adverse Events. A total of 13 serious adverse events (SAEs) (7 in the
medical group and 6 in the surgical
group) occurred in 9 participants (4 in
the medical group 5 in the surgical
group) during the study. Of the 7 SAEs
in the medical group, 2 were considered unrelated to the study or to seizures (tonsillectomy and dehydration
related to gastritis). Seizures were the
underlying cause for the 5 remaining
medical group SAEs (3 participants), including 3 cases of status epilepticus (2
participants). All of the medical group
SAEs resolved without enduring
sequelae.

Of the 6 SAEs that occurred in the
surgical group, 3 were findings on postoperative MRI suggestive of ischemic
changes, but only 1 was a cerebral infarction with clinical manifestations
(mild impairment in naming and receptive language that fully resolved during the follow-up period). Although the
other 2 MRI changes were distant from
the surgical site, relation to the surgical procedures cannot be ruled out. One
of these participants had medical risk
factors for cerebral ischemia with multifocal subcortical infarctions on the preoperative MRI. Two other SAEs were
postoperative complications (postoperative vomiting due to worsening of
a preexisting esophageal dysmotility
that required a gastrostomy and a communicating hydrocephalus attributed to
resection-related bleeding into the subarachnoid space that resulted in placement of a ventriculoperitoneal shunt).
One SAE was a shoulder dislocation and
fracture due to a seizure during videoEEG monitoring.
COMMENT
Surgery was superior to pharmacotherapy for MTLE with respect to seizure outcome, and the data strongly
suggested that surgery also improved
QOL and ability and access to driving
and socialization, despite the small
number of participants. These results
agree with the findings of the only other
RCT of epilepsy surgery10 in which participants were more heterogeneous, had
longstanding epilepsy, and underwent randomization prior to presurgical evaluation. We found that the benefit of surgery in newly intractable
epilepsy is very large (allowing it to be
demonstrated in a small randomized
trial) and that patients who continue
pharmacotherapy at this early stage of
intractability have a very low likelihood of being seizure free during the
second year, potentially increasing their
risk for adverse psychological and social consequences and death. Seizure
outcome was better than in the previous RCT10 and the meta-analysis contained in the American Academy of
Neurology practice parameter,9 per-
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haps because our participants were a
relatively homogeneous sample identified as surgical candidates prior to randomization. Our results, therefore, are
not necessarily generalizable to patients with TLE who do not meet the
strict inclusion criteria of this trial or

who do not have surgery at level 4 epilepsy centers.25 Because only 2 participants in this study were younger than
17 years, and none were in the surgical group, it is unknown whether
these results apply to adolescents with
MTLE.

Early surgical treatment for pharmacoresistant epileptic seizures has been
recommended to reduce the deleterious effects associated with these disabling events,26-31 including the risk of
premature death. 32,33 Although the
mean age at enrollment for this study

Table 3. Seizure Frequency During the 2-Year Study Period and Participant Disposition
No. of Seizures by 3-mo Interval a
Participants
Medical group (n = 23)
101
109
113
145
157
173
185

Baseline

1-3

4-6

7-9

10-12

9
3
15
21
3
3
4

10
7
12
0
5
90
15

21
1
16
0
4
31
16

10
0
10
4
2
9
10

9
2
13
6
2

2
1
7
9

15

14

8

0

0

189
191
205
207
209
221
237
253
257
273
285
321
338
350
352
381
Surgical group (n = 15)
110
114
190
206
225 b

6
21
9
9
6
15
63
21
36
12
30
4
15
9

4
1
2
2
33
58
18
11
20
12
10
25
13
1

0
0
8
0
46
121
14
22
40
4
24
8
13
29

0
1
6
0
65
136
4
22
24
1
24
0
3
2

2
0
1
0
52
153
9
17
26
0
10
1
4
2

0
5
2
2
40
214
12
11
18
1

8
3
0
1
104
179
4
6
21
0

4
0
0
3
137
1
12
0
16
0

1
0
0
1
97
20
7
0
13
2

1
13
1

0
13
2

2
7
3

5
9
0

9

0

2

0

0

0

1

0

2

6
6
32
3
9

1
0

1
0

1
0

1
0

0
0

4
0

3
0

1
0

0
0

0
1

0
4

0
2

0
0

0
0

0
0

0

279
6
3
5
3
6
10
84
9
3

4
0
0
0
0
0
0
0
0
2

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
1
0
0
0
0
0
0
0
0

0
2
0
0
0
0
0
0
0
0

0
3
0
0
0
0
0
0
0
0

258
259
269
317
333
337
349
351
382
417

13-15

Event, mo
16-18

19-21

22-24

0
0
19
5

2
0
8
14

0
0
18
5

Withdrawal

Surgery

15

17
12

12
18
22

17
16

10
22

5

3

2
5c

a Values are counts of disabling seizures over each 3-month period, with the time origin being randomization for the medical group and surgery for the surgical group. Unshaded

table cells showing a value of zero indicate no seizures; cells shaded in gray indicate 1 to 4 seizures per month; cells shaded in blue indicate more than 4 seizures per month; and
empty cells indicate no data collected on the seizure log.

b Participant 225 had surgery delayed until month 5 and consequently was not observed for 2 full years after surgery.
c Indicates a late surgery.
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lation of MTLE surgical referrals only
by their older age at the time of intractability, which likely reflects difficulties in recruitment of younger patients for surgical RCTs.15 The mean
duration of epilepsy of 10.9 years in the
current study fits well with prior data
indicating that it takes an average of 9
years for 2 trials of AEDs to fail in patients,11 and that participants were enrolled within 2 years after failure of 2
AED trials.
There is concern that surgery early
in the course of MTLE could produce
cognitive deficits in otherwise cognitively intact patients. Conversely, continued epileptic seizures have a negative effect on cognitive function28-30 so
deficits may develop later without surgery in any event, but this has not
been adequately established. Given the
important role of the hippocampus in
memory, verbal memory deficits are to
be expected following resection of the
language-dominant mesial temporal
lobe of participants with normal presurgical memory.35 There was no statistically significant treatment effect in
the primary analysis of the memory
outcomes, but the sample size was too
small to permit a definitive conclusion
that early surgery does not present a
greater risk for cognitive disturbances
than continued pharmacotherapy.

(34.3 years) was only slightly lower
than in the Canadian RCT (35.0 years)10
and the Multicenter Study of Epilepsy
Surgery (37.8 years, the largest and
most representative sample of epilepsy surgery patients in the United
States,34 the majority of whom had temporal lobe resections11), the mean duration of epilepsy in the current study
(10.9 years) is considerably shorter than
in those studies (19.7 and 22 years, respectively10,11). Thus, our cohort would
appear to differ from the general popuFigure 2. Adjusted Mean QOLIE-89 Overall
T-Score Over Time by Treatment Group

Treatment group
Surgical
Medical

QOLIE-89 Overall T-Score,
Adjusted Mean

70.0

60.0

50.0

40.0
0

6

12

18

24

Time of Assessment, mo

Bars indicate 95% CIs for the adjusted means. The
adjusted means were obtained from a repeatedmeasures analysis of covariance model that
included side of ictal onset and baseline Quality of
Life in Epilepsy 89 (QOLIE-89) overall T-score as
covariates.

Table 4. Treatment Effects on Quality of Life Outcomes at Month 24 a
Mean Change
from Baseline
Variable
QOLIE-89 b
Overall
Mental health
Epilepsy targeted
Cognitive
Physical health
QOLIE-89 c
Overall
Mental health
Epilepsy targeted
Cognitive
Physical health

Medical

Surgical

Treatment Effect
(95% CI)

P Value

4.0
1.9
5.8
0.4
4.7

12.6
11.1
15.1
7.8
8.4

8.5 (−1.0 to 18.1)
9.2 (0.6 to 17.9)
9.3 (0.2 to 18.3)
7.4 (−1.0 to 15.9)
3.7 (−3.6 to 11.0)

.08
.04
.04
.08
.31

2.8
1.7
5.1

12.8
11.4
15.5

0.1
4.1

7.8
8.5

9.9 (2.2 to 17.7)
9.8 (2.7 to 16.9)
10.4 (1.9 to 18.9)
7.8 (0.9 to 14.7)
4.4 (−1.9 to 10.7)

.01
.009
.02
.03
.16

Abbreviations: QOLIE-89, Quality of Life in Epilepsy 89.
a Values are mean changes from baseline adjusted for side of ictal onset and the baseline value of the outcome variable
using a repeated-measures analysis of covariance model; see “Statistical Analysis.” Treatment effect refers to the
difference in adjusted mean change between the surgical and medical groups.
b All available data included, intention-to-treat analysis.
c Data obtained after surgery excluded for medical group participants.
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Indeed, observed percentages of participants in the surgical group exhibiting reliable decline in verbal recall
(36%) and naming (55%) were greater
than those observed in participants in
the medical group and were generally
consistent with postsurgical rates
reported in a recent meta-analysis.36
In keeping with other prospective
studies, health-related QOL (HRQOL)
improved early after surgery (month
6) and the improvement appeared to
endure throughout the 2-year evaluation period,10,37 although the difference in HRQOL outcomes at month
24 was only significant when postsurgical data from participants in the
medical group were excluded. The
effect of surgery on HRQOL was
mainly in the cognitive and psychosocial domains rather than physical
function, ie, the domains most effected by epilepsy.
The treatment group differences in
ancillary outcomes bode well for longterm psychosocial outcome in surgically treated patients. Lack of reliance
on others for transport is a significant
benefit for many patients.19 Having a
driver’s license has been associated with
improved employment outcomes after surgery.38 The lack of group differences in employment status and other
outcomes could reflect the relatively
short postoperative observational period, the early timing in the course of
illness, the small sample size, or the absence of a true effect.
Patients are rarely referred to epilepsy centers soon after failure of 2 AED
trials.4,33 Obtaining referrals from the
community for this study was difficult, and half of those referred were excluded after the screening evaluation,
which led to premature termination of
the trial. Thirteen were excluded because of normal MRI and PET results.
Because MTLE appears to be a progressive disorder,39 many patients with
newly intractable limbic seizures, who
might otherwise be considered surgical candidates, could have underlying
lesions that cannot yet be identified on
routine neuroimaging. Under standard protocols for presurgical evalua-
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tion, most of the patients who were excluded after screening in this study
would undergo invasive monitoring
with intracranial electrodes40; however, it was considered unethical to subject patients to an invasive investigation and then randomize them to the
medical group for 2 additional years. Patients who present with findings consistent with a diagnosis of MTLE, have
normal neuroimaging, and undergo invasive monitoring are likely to demonstrate a localized epileptogenic region, benefit from surgical resection,
and have structural abnormalities in the
resected tissue.40-42
The adverse events of surgery reported here were greater in number
than has been reported in the literature,9 as would be expected in a prospective study. However, the small
number of participants makes it difficult to assess the importance of this observation. Most of these were not associated with neurologic deficits and
perhaps were only detected because the
follow-up in this study was more detailed than might be the standard of
practice. Of the 2 small infarctions seen
on postoperative MRIs that were distant from the site of surgery, one occurred in the context of known cerebrovascular disease. The intracarotid
amobarbital procedure also presents a
risk of cerebral infarction. These SAEs
underscore the need to continue to improve surgical technique, to more carefully consider the need for intracarotid amobarbital procedure, and to
identify patients preoperatively who are
at higher risk for stroke.
A limitation of this trial is that the
outcomes of principal interest, seizures and QOL, were reported by the
participants who could not be blinded
to the intervention that they had received. We attempted to minimize bias
by including a seizure adjudication
committee (to assess whether or not
events should be classified as epileptic) and a pharmacotherapy committee (to monitor the appropriateness of
pharmacotherapy for each participant) that were both blinded to treatment assignment.

Only a small percentage of patients
with medically intractable epilepsy are
ever referred to an epilepsy center
that offers surgery, and they are often
referred too late for successful surgery
to prevent serious disability. 2,9,26-31
The reasons for this remain obscure.2,33,43 The data presented here
reinforce the view that surgery soon
after failure of 2 AED trials offers the
best chance of preventing a lifetime of
disability. 9,26,27 The results of this
study support the conclusions of the
American Academy of Neurology
practice parameter,9 namely that all
patients with epilepsy should be
referred to an epilepsy center as soon
as trials of 2 AEDs fail, and surgery
should be performed if patients meet
criteria for an AMTR.
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