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Abstract—Objectives/Methods: To examine evidence for effectiveness of anteromesial temporal lobe and localized neocor-
tical resections for disabling complex partial seizures by systematic review and analysis of the literature since 1990.
Results: One intention-to-treat Class I randomized, controlled trial of surgery for mesial temporal lobe epilepsy found that
58% of patients randomized to be evaluated for surgical therapy (64% of those who received surgery) were free of disabling
seizures and 10 to 15% were unimproved at the end of 1 year, compared with 8% free of disabling seizures in the group
randomized to continued medical therapy. There was a significant improvement in quantitative quality-of-life scores and a
trend toward better social function at the end of 1 year for patients in the surgical group, no surgical mortality, and
infrequent morbidity. Twenty-four Class IV series of temporal lobe resections yielded essentially identical results. There
are similar Class IV results for localized neocortical resections; no Class I or II studies are available. Conclusions: A single
Class I study and 24 Class IV studies indicate that the benefits of anteromesial temporal lobe resection for disabling
complex partial seizures is greater than continued treatment with antiepileptic drugs, and the risks are at least compara-
ble. For patients who are compromised by such seizures, referral to an epilepsy surgery center should be strongly
considered. Further studies are needed to determine if neocortical seizures benefit from surgery, and whether early
surgical intervention should be the treatment of choice for certain surgically remediable epileptic syndromes.
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Epilepsy is a chronic neurologic disorder that affects
0.5 to 1% of the world’s population.1 In the United
States and other industrialized countries, where
many antiepileptic drugs are readily available, 30 to
40% of patients continue to have seizures that are
not adequately controlled by pharmacotherapy.2 Ac-

cording to the World Health Organization, disability
due to epilepsy accounts for approximately 1% of the
global burden of disease, as measured by disability-
adjusted life years (DALYs), which ranks epilepsy
just after major affective disorders, dementias, and
alcohol dependence among primary disorders of the
nervous system, and comparable to the worldwide
burden due to breast and lung cancer.3 Most of the
health care costs of epilepsy are due to those patients
with medically intractable seizures.4 Many of those
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disabled by epilepsy may be candidates for surgical
therapy.

Surgical treatment for certain types of medically
refractory epilepsy has been an option for more than
100 years, and recent advances in diagnostic proce-
dures, particularly neuroimaging, have greatly in-
creased interest in surgical therapy in the past 2
decades. The number of surgical procedures per-
formed in the United States increased from approxi-
mately 500 in 1985 to approximately 1500 in 1990,
and perhaps has doubled again since then; however,
this is still more than an order of magnitude below
what might be required to address the current need,
with an estimated 100,000 to 200,000 potential sur-
gical candidates in this country.5 Surgical treatment
to abolish seizures has been particularly recom-
mended for certain “surgically remediable syn-
dromes,”5,6 including mesial temporal lobe epilepsy,
which may be the most common form of human epi-
lepsy and the most refractory to pharmacotherapy,7
and neocortical epilepsy caused by discrete, easily
resectable lesions. Early surgical intervention, when
successful, might also prevent or reverse disabling
psychosocial consequences of uncontrolled seizures
during critical periods of adolescence and young
adulthood.8 However, appropriate candidates for
these procedures continue to be referred to epilepsy
surgery programs late in the course of their disorder
or not at all.

Mission statement. The Quality Standards Sub-
committee of the American Academy of Neurology
(AAN) is charged with developing practice parame-
ters for neurologists for diagnostic procedures, treat-
ment modalities, and clinical disorders. The selection
of topics for which practice parameters are used is
based on prevalence, frequency of use, economic im-
pact, membership involvement, controversy, ur-
gency, external constraints, and resources required.
This article addresses published evidence on the
safety and efficacy of localized resective surgery, ei-
ther temporal or neocortical, as treatment for uncon-
trolled complex partial seizures.

Background and justification. Surgical efficacy
can be compared to historical controls using results
obtained from randomized clinical trials of antiepi-
leptic drugs. These trials are usually carried out on
patients with the same seizure types and response to
medications as those treated surgically.9 For all such
drug trials, a 50% reduction in seizure frequency
experienced by 50% of the study population is consid-
ered to be a good result; very few patients are ren-
dered seizure free. A meta-analysis by Cramer et
al.10 demonstrated similar seizure reduction in sev-
eral recent trials of new antiepileptic drugs. Drugs
evaluated included gabapentin, lamotrigine, tiagab-
ine, topiramate, and vigabatrin. Patients had three
to four complex partial seizures/month at baseline.
When the new antiepileptic drugs were added to the
patients’ regimen, the greatest efficacy achieved was

54% of patients attaining a 50% reduction in seizure
frequency (vigabatrin 6000 mg/day). Most drugs
achieved far lower seizure reduction rates. Seizure
freedom was not addressed in most studies because
it was rarely seen. A more recent study of the three
newest antiepileptic drugs, levetiracetam, oxcarbaz-
epine, and zonisamide, as well as the vagus nerve
stimulator, demonstrated similar seizure reduc-
tions.11 All of the evaluated studies were placebo con-
trolled. At best, placebo caused 50% reduction in
seizure frequency in only 18% of patients and seizure
freedom was very rare. Although these patients dif-
fered from surgical patients in that they did not nec-
essarily have focal resectable lesions and may have
had more frequent seizures, these data indicate that
neither continued pharmacotherapy nor placebo is
likely to produce even short periods of complete sei-
zure remission in medically refractory patients.

Clinical question statement. The following ques-
tions are addressed in this parameter: 1) What is the
effectiveness of anteromesial temporal lobe and lo-
calized neocortical resections as a treatment for dis-
abling complex partial seizures with respect to
seizure recurrence, quality of life, and activities of
daily living? 2) What is the risk of complications
from these surgical interventions, compared with the
efficacy and risks of continued pharmacotherapy?

Methods. Panel selection. In 1996, the American Epi-
lepsy Society, in collaboration with the Quality Standards
Subcommittee of the AAN, appointed a panel to develop
practice parameters for surgical treatment of epilepsy. The
American Association of Neurological Surgeons subse-
quently agreed to join this project. The core working group
consisted of four neurologists who were directors of epi-
lepsy centers that offered surgical treatment (J.E., R.G.,
M.S., P.W.), a neurosurgeon who was director of an epi-
lepsy surgery program (D.S.), and a neurologist with par-
ticular expertise in outcomes research (S.W.). Additional
panelists included two members of the Quality Standards
Subcommittee, one of whom was an epileptologist (J.F.)
and another who was not (C.Z.); a neurologist who was
director of an epilepsy program for a health maintenance
organization (B.E.); and a general neurologist (E.W.).

Literature review process. The initial comprehensive
literature search was performed by the University of Min-
nesota, using Medline and Current Contents to identify all
relevant papers published between January 1, 1990 and
June 1999. Two lists of search terms were used, and at
least one term from each list needed to be present for a
paper to be identified. The first list included the following
terms: seizures, epilepsy, Lennox-Gastaut, West syn-
drome, infantile spasms, Landau-Kleffner, hypothalamic
hamartoma, cortical dysplasia, hemimegencephaly, tuber-
ous sclerosis, Sturge-Weber, Rasmussen’s encephalitis,
mesial temporal sclerosis, hippocampal sclerosis, and drop
attacks. The second list included the following terms: sur-
gery, amygdalohippocampectomy, multiple subpial tran-
section, lobectomy, corticectomy, corpus callosotomy,
corpus callosum transection, amygdalotomy, hemispherec-
tomy, and resection. This search yielded 1282 citations.
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After reviewing the abstracts, 415 were considered to con-
tain potentially usable information for this study and were
reproduced in full.

Three panel meetings were held. At the first meeting in
December 1997, it became apparent that only papers that
reported series with pure anteromesial temporal lobe re-
sections, pure localized neocortical resections, or both,
were sufficiently numerous to analyze. For the purposes of
this review, no distinction was made among the various
types of anteromesial temporal resections performed,
which ranged from selective amygdalohippocampectomy to
large tailored anterior temporal lobe excisions. All patients
included in this initial review underwent surgery for what
was considered to be medically refractory complex partial
seizures with or without secondarily generalized seizures.

At the second meeting in December 1998, inclusion cri-
teria for published surgical series were further refined to
make sure results would be as generalizable as possible to
all temporal lobe and neocortical resections. For anterome-
sial temporal lobe resections, papers were excluded if the
study population was limited to only a subset of a larger
population of patients who ordinarily would be considered
for this surgical procedure. For instance, papers were ex-
cluded when they included only patients with tumors on
MRI, only patients with bilateral independent EEG spikes,
only patients who had invasive recording, or only children
or the elderly. Because exclusively pediatric studies were
not included and data were not analyzed by age, this re-
view has limited applicability to children. For localized
neocortical resections, exclusion criteria were similar, ex-
cept that series devoted entirely to frontal lobe or occipital
lobe resections were permitted.

Two specific postoperative outcome measures were cho-
sen: frequency of epileptic seizures other than auras12

(simple partial seizures without motor features) and quan-
titatively measured health-related quality of life (QOL).13

The majority of papers used a standardized seizure out-
come classification system with minor variations,12 which
identified patients who were free of disabling seizures (and
therefore permitted persistent auras), improved, and not
improved (accepting whatever standard the investigators
used to differentiate these latter two groups). The evalua-
tion periods varied and it was not possible to segregate
outcome results according to all the various periods of
follow-up reported. Data were also used from the few pa-
pers that did not use this standardized scale when it was
at least possible to segregate patients who were free of
disabling seizures from those who were not. Papers that
included other outcome measures regarding psychiatric
status, work, school, neurocognitive function, driver’s li-
censing, and mortality were also reviewed. Finally, all pa-
pers included in the study were evaluated for data that
would reveal the incidence and nature of surgical
complications.

Papers were ranked according to class of evidence (table 1).
In the initial review there were no Class I reports. One would
have met criteria for Class II14 and the remainder for Class III,
except that none had a masked outcome assessment; therefore,
all were Class IV. Papers were further evaluated according to a
rating scale (see the Appendix on the Neurology Web site; go to
www.neurology.org) designed to eliminate papers with less reli-
able data, and to permit stratification of the remainder at a
later date, if desired, according to criteria that might influence

the results of the evaluation. The content, validity, and rele-
vance of the rating scale were addressed by scoring a large
number of articles and by panel discussion. Based on this rating
scale, series were excluded if they contained less than 20 pa-
tients, if the outcome assessment was unclear, if the surgical
intervention was not adequately described, or if any patients in
the series underwent surgery before 1974, when modern neuro-
imaging was not generally available. For all outcome assess-
ments, series were excluded if follow-up for any patients was
less than 1 year. Of particular interest for later stratification
were series in which all patients underwent surgery after 1985,
when MRI was widely available, and series in which all patients
had at least 2 years of follow-up.

At the third meeting in August 1999, the rating scale
was used to select those papers that would make up the
data set from 171 papers that remained from the Univer-
sity of Minnesota search, and 2 others were added as a
result of independent searches carried out by the panelists.
In order to avoid including overlapping data reported more
than once from the same center, when two or more papers
from the same center met the inclusion criteria, only the
largest or most recent study was used for each specific
review objective. If several papers from the same center
recorded results of patient populations that were overlap-
ping, one paper might be used for one review objective,
while a different paper might be chosen for another review
objective.

A final literature search through September 2001 for
new studies meeting Class I criteria yielded one random-
ized, controlled trial of surgery for temporal lobe epilepsy
with a masked outcome assessment, published in August
2001.15 Results of this study were essentially identical to
those obtained from our earlier literature review.

Analysis of evidence. Seizure outcomes were analyzed
for anteromesial temporal lobe resections and for localized
neocortical resections separately. In addition, data were
obtained for QOL outcome, other outcomes affecting activ-

Table 1 AAN evidence classification scheme for a therapeutic
article

Class I: Prospective, randomized, controlled clinical trial with
masked outcome assessment, in a representative population.

The following are required:

a) Primary outcome(s) is/are clearly defined.

b) Exclusion/inclusion criteria are clearly defined.

c) Adequate accounting for drop-outs and crossovers with
numbers sufficiently low to have minimal potential for bias.

d) Relevant baseline characteristics are presented and
substantially equivalent among treatments groups or there
is appropriate statistical adjustment for differences.

Class II: Prospective matched group cohort study in a
representative population with masked outcome assessment
that meets a-d above OR a randomized, controlled trial in a
representative population that lacks one criteria a-d.

Class III: All other controlled trials (including well-defined
natural history controls or patients serving as own controls)
in a representative population, where outcome assessment is
independent of patient treatment.

Class IV: Evidence from uncontrolled studies, case series, case
reports, or expert opinion.
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ities of daily living, and surgical complications. Data for
seizure outcome were categorical. When possible, these
data were pooled. Because each study reported more than
one outcome, e.g., free of disabling seizures, improved, and
not improved, weighted averages were obtained by weigh-
ing each proportion by the study sample size.16 The results
of the Class I study are not included in the original data
set. They are reported separately and in detail, first, as the
primary evidence for establishing these guidelines.

Class I randomized, controlled trial. In the single
Class I randomized, controlled trial of epilepsy surgery,15

80 patients with suspected mesial temporal lobe epilepsy
were randomly assigned to surgical or medical study
groups before presurgical evaluation. Those assigned to
the surgical group received temporal lobe surgery immedi-
ately if the presurgical evaluation revealed that they were
surgical candidates. Those assigned to the medical group
were placed on the usual 1-year waiting list for surgery,
during which time they continued to receive antiepileptic
drug treatment. At the end of 1 year, 58% of patients in
the surgical group were free of disabling seizures, and 10
to 15% had little or no improvement compared to only 8%
free of disabling seizures in the medical group (p � 0.001),
as determined by an independent investigator (masked
outcome). Thirty-eight percent of patients in the surgical
group were free of all seizures, including auras, compared
with 3% in the medical group. Because this was an
intention-to-treat paradigm, 4 of the 40 patients random-
ized to surgery were not considered surgical candidates
after presurgical evaluation and continued to be treated
medically. Of the remaining 36 patients who did receive a
surgical intervention, 64% were free of disabling seizures.
Furthermore, this study demonstrated a significant im-
provement in quantitative QOL and a trend toward better
social function at the end of 1 year for patients in the
surgical group compared to the medical group. There was
no surgical mortality, but one patient on the medical arm
died. Morbidity was minimal and similar in both groups.

Initial literature review. Seizure outcome for an-
teromesial temporal lobe resections. Twenty-four papers
from an equal number of epilepsy surgery centers met the
criteria for this analysis.17-40 Three methodologic deficien-
cies were noted. First, all studies but one37 were retrospec-
tive. Second, quantitative information about preoperative
seizures was rarely provided; authors typically described
the patients as having frequent disabling complex partial
seizures with or without generalization. Third, as noted
previously, in no study was the seizure outcome assess-
ment masked. The total number of patients in this sample
was 1952 and 1285 (67%) were reported to be free of dis-
abling seizures. Of this total, 21 centers reported their
results on 1769 patients in three categories17,19-28,30,37,39:
1150 (65%) were free of disabling seizures, 372 (21%) were
improved, and 247 (14%) were not improved. Only one
center reported postoperative auras as well as disabling
seizures and found 45.9% of patients to be completely sei-
zure free.

Weighted averages are shown in table 2 for all 24
centers, for the 21 with three outcome categories, strati-
fied by geographical region (Europe,23,36,38,40 Asia,22,28,30

Australia19,26,33), by 2 to 5 years (as opposed to 1 year)
of follow-up,18,19,23,25,28,30,32,36,37 and by centers that in-
cluded no patients who underwent surgery before the

general availability of MRI for presurgical evaluation.17-

19,22,24,26 –29,31–35,37 The results demonstrate that surgical
outcome was consistent, differing little among stratifica-
tions, and on average were identical to those of the Class
I study. Approximately two-thirds of patients were free
of disabling seizures, and those who were considered to
be unimproved ranged from 11 to 15%.

Seizure outcome for localized neocortical resections.
Many papers were excluded from consideration because
the studies only evaluated patients with specific neocorti-
cal lesions. Eight papers could be included in this analy-
sis.22,36,41,46 Methodologic problems were similar to those
described above for the analysis of anteromesial temporal
lobe resections. The total number of patients in the sample
was 298. Of these, 148 (50%) were reported to be free of
disabling seizures. Six of the eight centers had data allow-
ing separation of results into three categories: 118 (49%)
were free of disabling seizures, 72 (30%) were improved,
and 49 (21%) were not improved.22,36,41,44–46

Weighted averages are shown in table 3. Despite the
small numbers, the results were consistent. About half of
the patients who had neocortical resections became free of
disabling seizures. Better results might be expected if se-
ries of lesional cases only were included,5 an issue that
needs to be examined separately. However, five of the
eight centers did note outcomes separately for patients
with and without lesions.22,42,44-46 Of 131 lesional cases, 63%
were free of disabling seizures.

Quality of life outcome. Six studies analyzing 521 pa-
tients fulfilled the eligibility criteria (see the Appendix on
the Neurology Web site) for this analysis.30,47-50 Because
studies differed widely in their conceptualization of QOL,
methods, QOL instruments, mode of reporting, and patient
population, meaningful data pooling was not possible. For
this overview, we adopted the authors’ own definition of
QOL, which encompasses constructs such as patient satis-
faction, psychosocial function, and subjectively determined
health-related QOL. Most of the data pertain to temporal
lobe epilepsy and only two studies had nonsurgical, non-
random controls.14,48 Except for the Class I study discussed
above,15 other articles did not report on preoperative QOL
measures or within-patient change over time. None of the
articles reporting significant changes in QOL explored the
clinical relevance of these changes.

Temporal lobe. Average satisfaction reported 1 year
after anteromesial temporal resection on a 7-point Likert
scale (7 � highest satisfaction) in 100 patients and 91
significant others revealed that patients who are free of
disabling seizures (Likert � 6.65) and their significant oth-
ers (Likert � 6.72) are more satisfied than patients who
are not free of disabling seizures and their significant oth-
ers (Likert � 3.89 and 4.5, respectively, p � 0.001, for
both).47 Similarly, in a study assessing psychosocial func-
tion in 79 patients using the Washington Psychosocial Sei-
zure Inventory (WPSI), improvement in overall scores was
larger in patients free of disabling seizures (7.8 vs 2.3, p �
0.01).47

In 94 surgically treated and 36 medically treated pa-
tients, after a median follow-up of 3 years postsurgery,
results of the Liverpool QOL test battery (impact of epi-
lepsy, affect, mastery, self-esteem, mood and overall QOL)
were similar for patients with �10 disabling seizures/year
and those who did not have surgery. Conversely, QOL was
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better in patients with �10 disabling seizures/year and best
in those who were free of disabling seizures (p � 0.05).48

After a median follow-up of 5 years postsurgery in 132
patients and their families, a Japanese study using a ques-
tionnaire specifically designed for the study found overall
QOL to be less than satisfactory in 14%, satisfactory in
31%, and completely satisfactory in 55%. Most of the satis-

faction was accounted for by QOL related to disabling sei-
zures and 88% of patients described their overall QOL as
improved or much improved. Conversely, 22 to 49% of pa-
tients reported either no improvement or worsening in spe-
cific areas such as leisure activities, emotional and
physical well-being, financial status, and social relations.
One-third each reported improvement, no change, or dete-

Table 2 Pooled seizure outcome following anteromesial temporal lobe resections are shown for all centers divided into two different
outcome classifications

24 centers reporting free of disabling seizures vs not free of disabling seizures

Free (95% CI) Not Free (95% CI)

1285 667

66.8% (64–68) 34.2% (32–36)

21 centers reporting free of disabling seizures, improved, not improved

Free (95% CI) Improved (95% CI) Not improved (95% CI)

1150 372 248

65% (63–67) 21% (19–23) 14% (12–16)

4 European centers reporting free of disabling seizures, improved, not improved

Free (95% CI) Improved (95% CI) Not improved (95% CI)

318 116 78

62.1% (58–66) 22.7% (19–26) 15.2% (13–18)

3 Asian centers reporting free of disabling seizures, improved, not improved

Free (95% CI) Improved (95% CI) Not improved (95% CI)

142 46 24

67% (61–73) 21.7% (17–27) 11.3% (8–15)

3 Australian centers reporting free of disabling seizures, improved, not improved

Free (95% CI) Improved (95% CI) Not improved (95% CI)

136 63 31

59.1% (53–65) 27.4% (22–33) 13.5% (9–18)

2–5 years follow-up

(9 centers)

Free (95% CI) Not free (95% CI)

532 310

63.2% (60–66) 36.8% (34–40)

(8 centers)

Free (95% CI) Improved (95% CI) Not improved (95% CI)

480 185 102

62.6% (59–66) 24.1% (21–27) 13.3% (11–16)

All patients operated after 1985

(15 centers)

Free (95% CI) Not free (95% CI)

713 333

68.2% (65–71) 31.8% (29–35)

(13 centers)

Free (95% CI) Improved (95% CI) Not improved (95% CI)

617 183 117

67.2% (64–70) 20% (17–22) 12.8% (11–15)

Separate data are also shown for European, Asian, and Australian centers for comparison with the total database, which was predomi-
nantly from North American Centers, as well as for those series that followed patients for 2 to 5 years and series where all patients
underwent surgery after 1985, when MRI became available. None of these data subsets differed significantly from the main data set.
The total numbers of patients, percent, and 95% CI are shown for each outcome category.
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rioration in QOL as it related to memory function. Using
this ad hoc QOL questionnaire, there was a weak positive
correlation between earlier surgery and better QOL scores
(p � 0.01).30,49

Temporal and extratemporal. In a retrospective study
of 202 surgically treated and 46 medically treated patients,
after a median follow up of 5.8 years there was a trend
toward better scores on generic measures of activities of
daily living and satisfaction (Katz adjustment scales), but
the improvements were small and not significant. Con-
versely, seizure-targeted health perceptions, social func-
tion, pain, and role limitations caused by physical and
emotional problems explored by the Epilepsy Surgery
Inventory-55 (ESI-55) were better (p � 0.05) in patients
who underwent surgery as opposed to patients who did not
undergo surgery.14 Similarly, in a study of 224 adults, QOL
as determined by the ESI-55 was best in patients free of
disabling seizures and worst in those with continued dis-
abling seizures (p � 0.05). Patients with auras had only
intermediate QOL scores.50 None of the articles reporting
statistically significant changes in QOL explored the clini-
cal significance of these changes.

Ancillary outcomes. Seventeen studies met criteria for
ancillary outcome analysis (see the Appendix on the Neu-
rology Web site): two for psychiatric outcome,51,52 nine for
neuropsychologic and psychosocial functions,37,47,52-58 five
for employment status,14,32,59-61 one for activities of daily
living,32 two for mortality,14,62 and one for medication.50

Psychiatric. Transient psychiatric disturbances lasting
weeks to months, particularly dysphoria, were common
after epilepsy surgery and most often occurred in the first
year after surgery. These were seen in 25 to 40% of pa-
tients.43,51 Worsening was seen both in patients with and
without preoperative psychiatric diagnoses. De novo psy-
chiatric disturbances occurred more often in those with
persistent disabling seizures after surgery than in patients
who became free of disabling seizures (p � 0.01).51

Neuropsychologic and psychosocial functioning. Psy-
chosocial status after surgery depended largely on seizure
outcome and preoperative psychosocial adjustment (p �
0.01).52 The best adjustment occurred in individuals who
were higher functioning before surgery and who became
free of disabling seizures after surgery. Patients who be-
came free of disabling seizures after anteromesial tempo-
ral lobe resection showed marked improvements in several
domains. Improvements were noted in subscales of the
Minnesota Multiphasic Personality Inventory (depression,
psychasthenia), WPSI, Beck depression inventory, and
trait anxiety scores compared with preoperative scores.37,47

Patients who continued to experience postoperative dis-

abling seizures functioned at their preoperative level in
the preceding scales.

Anteromesial temporal lobe resection had material-
specific effects on language and memory. Although test
results showed no significant change in mean scores in
large groups of patients after surgery, individuals dis-
played differences in cognitive function after surgery, im-
proving in some areas and declining in others. Verbal and
visuospatial memory function changed after temporal lobe
surgery, depending on the side of surgery and level of
preoperative cognitive functioning.37,53,56 Average or high
preoperative memory performance was associated with a
postoperative decline of 10% or more in some Wechsler
Memory Scales (WMS) after dominant temporal lobe sur-
gery.54 In contrast, patients with below-average preopera-
tive memory were likely to improve in the WMS (p � 0.05).
Verbal memory tended to improve after nondominant tem-
poral lobe surgery and declined after dominant temporal
lobe surgery (p � 0.05); visuospatial memory improved
after dominant temporal lobe surgery and declined after
nondominant temporal lobe surgery (p � 0.05). In a study
of self-rating of memory, patients and their families on
average rated memory as improved without laterality ef-
fects (p � 0.02).57

On average, naming did not change after dominant or
nondominant temporal lobe surgery, although individual
patients experienced improvement or impairment.54,56,58 In
an extensive language battery, only the Token Test (which
examines receptive comprehension) results differed be-
tween patients with dominant and nondominant temporal
lobe surgery58 (p � 0.05). Patients with dominant temporal
lobe surgery showed a greater pre- to postoperative im-
provement in this measure than patients with nondomi-
nant surgery (p � 0.001).

Employment. Unemployment and underemployment
rates are high preoperatively in patients who undergo epi-
lepsy surgery. The major factors influencing postoperative
employment were preoperative employment, seizure out-
come, ability to drive, age at surgery, obtaining additional
education after surgery, and postoperative neuropsycho-
logical functioning.32,59,60 Patients who were free of dis-
abling seizures after surgery had higher employment
levels than patients who continued to have disabling sei-
zures (p � 0.001). In one series, 29 of 35 patients (83%)
who were free of disabling seizures since surgery worked
full-time, whereas only 6 of 18 patients (33%) with persis-
tent disabling seizures in each year after surgery worked
full-time; all patients free of disabling seizures were em-
ployed after surgery, while seven of 18 patients (39%) with
persistent disabling seizures were unemployed.60 However,

Table 3 Pooled seizure outcome following localized neocortical resections divided into two outcome classifications, as in table 1

8 Centers reporting free of disabling seizures vs. not seizure free of disabling seizures

Free (95% CI) Not free (95% CI)

148 150

49.7% (44–55) 50.3% (45–56)

6 centers reporting free of disabling seizures, improved, not improved

Free (95% CI) Improved (95% CI) Not improved (95% CI)

118 72 49

49.4% (43–56) 30.1% (25–36) 20.5% (16–25)
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there were conflicting results regarding the net effect of
surgery on employment.14,32,59-61 A series in the United
States60 found that unemployment declined from 25 to 11%
and another in Germany59 found a similar decline from 34
to 16%, but not all individuals who were employed before
surgery remained employed afterwards. A series of 23 pa-
tients from Japan reported that only 2 patients were em-
ployed full-time before surgery, while 10 were employed
full-time after surgery.61 Two other series from the United
States found no net effect on employment or unemploy-
ment rates.14,32 These disparities may reflect differences in
patient selection and national economic fluctuations.

Activities of daily living and driving. After anterome-
sial temporal lobe resection, more patients operated a mo-
tor vehicle (79%) than preoperatively (20%) (p �
0.001).32 In addition, a higher proportion of patients
were independent in activities of daily living after sur-
gery (88%) than before surgery (68%) (p � 0.001).32

Mortality. Mortality was related to seizure control af-
ter epilepsy surgery. One study of mortality in 393 pa-
tients who had epilepsy surgery found that patients who
became free of disabling seizures after surgery had mortal-
ity rates indistinguishable from that of the general popula-
tion, while patients with persistent disabling seizures had
an elevated mortality rate (standardized mortality ratio of
4.69).37 In another study, 13 of 16 patients (81%) who died
during the follow-up period had experienced 2 or more
disabling seizures in the preceding year. Only 47% of pa-
tients who survived had 2 or more disabling seizures in the
latest year of follow-up.14

Medication. Patients who had epilepsy surgery of any
type reduced the number of different antiepileptic drugs
they took more than those who did not have surgery (p �
0.001).14

Surgical complications. Seven institutions reported a
total of 556 patients in whom the morbidity and mortality of
resective procedures were sufficiently addressed.24,26,28,31,35,37,40

For all of these patients, there was an explicit discussion of
whether an adverse outcome was resolved or permanent. The
operations were predominantly of the temporal lobe; how-
ever, they included all lobes and both lesional and nonle-
sional cases.

Deaths. There were 2 deaths (0.4%) that were nonop-
erative but occurred within 1 month of surgery. One was
related to trauma and the cause of the other was not dis-
cussed. Two subdural hematomas were reported but did
not lead to permanent injury.

New neurologic deficits. New neurologic deficits were
reported in 34 patients (6%). These were divided into 17
mild aphasias, 5 III or IV nerve palsies, 10 visual field
deficits greater than a quadrant (deficits less than a quad-
rant are expected from anteromesial temporal lobe resec-
tions, detectable only by formal visual field testing, and
not considered to be a complication), and 12 instances of
hemiparesis. Sixteen (3%) of these 34 patients had deficits
that were transient, resolving within 3 months, and 18
(3%) had deficits that were permanent. The majority of
language problems involved comprehension and were seen
after anteromesial temporal lobe resections. The hemipa-
reses were primarily related to lesional resections adjacent
to or within the primary motor cortex.

Postoperative infections. Twenty-six (5%) postopera-
tive infections were encountered: 9 wound, 2 meningitis,
and 1 brain abscess. The remaining 14 were not classified

and were from 1 institution. Deep vein thrombosis was
described in only one patient but it is not clear that the
other papers were including this as a complication to be
reported. Hydrocephalus was seen in three instances of
large resections.

Cognitive and behavioral changes. Only 3 papers24,26,36

accounting for 219 patients briefly but formally discussed
postoperative cognitive and behavioral changes in 12 pa-
tients (6%). These consisted of four patients with memory
problems after dominant temporal lobe surgery and eight
patients with behavioral complaints, which were primarily
depression. At least half of these resolved within 2 months.
Most of these papers did not report formal quantitative
neuropsychological or psychiatric testing pre- and
postoperatively.

Conclusions

• Approximately two-thirds of patients become free
of seizures, excepting simple partial seizures, af-
ter anterior temporal lobectomy. This outcome
was found in a large number of Class IV series,
and was confirmed in a randomized, controlled
trial of surgery vs antiepileptic drug therapy. Ten
to 15% are unimproved after surgery.

• In Class IV series, these findings change little
when data are examined with respect to geo-
graphic region, longer follow-up, and surgery
after the advent of MRI.

• Also in Class IV series, half of patients who
undergo localized neocortical resections become
free of disabling seizures and 15% are unim-
proved. Although the data set for localized neo-
cortical resections is too small to stratify in the
same manner as was done for anteromesial
temporal lobe resections, these results are con-
sistent across centers. No randomized trial has
confirmed these findings.

• Quality of life scores improve after temporal lo-
bectomy, but clinical significance of these mea-
sures was not studied. In the Class I trial,
patients in the surgical group had better QOL
scores than those in the medical group after 1
year.15 Other Class IV series demonstrated a
positive correlation between degree of seizure
improvement and QOL scores, and at least
some aspects of QOL scores were better in pa-
tients who underwent surgery than in those
who did not undergo surgery. As early as 1 year
after surgery, patients who are free of disabling
seizures have significantly better QOL scores
than those who are not seizure free.

• There is a trend toward better social function
among patients who received surgery in the
Class I trial15 and in several Class IV series.
Psychiatric outcome and neuropsychologic and
psychosocial function after surgery can improve
or worsen, with worsening related predomi-
nantly to persistence of seizures. Employment
status and activities of daily living in general
improve, mortality is decreased, and medication
regimens are reduced after surgery.
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• Surgical morbidity and mortality are small. No
surgical mortality and low morbidity were re-
ported in the Class I randomized, controlled tri-
al.15 Surgical complications were reported in
11% of 556 patients from 7 centers; 3% experi-
enced permanent neurologic deficits. Two pa-
tients (0.4%) in this group died within a month
after surgery, but deaths were unrelated to the
surgical procedure. Postoperative cognitive and
behavioral disturbances were described in 3 pa-
pers, occurred in 6% of patients, and were per-
manent in 3%.

• The greater potential for achieving freedom
from disabling seizures offered by surgical
treatment, as opposed to continuing pharmaco-
therapy, may reduce the risks of long-term mor-
tality. As compared to the surgical risks
described above, mortality in randomized clini-
cal trials of antiepileptic drugs may be as high
as 0.78% per year.62 Furthermore, other studies
have reported that successful surgical interven-
tion can reduce this risk of mortality from con-
tinuing epileptic seizures manyfold.14,63

• The results of the Class I randomized, controlled
study15 are augmented by data from the literature
review. The evidence provided by the literature
review supports the safety and effectiveness of
anteromesial temporal lobe resection as a treat-
ment for epilepsy. In appropriately selected pa-
tients,64 this procedure offers a much greater
potential to eliminate disabling seizures than con-
tinued pharmacotherapy, without adding an un-
acceptable risk compared to drug treatment.

• Although the methodologies and outcomes re-
ported in these papers on anteromesial temporal
lobectomies are similar to those concerned with
localized neocortical resections, there remains no
Class I or II evidence regarding the safety and
efficacy of the latter surgical procedures.

• This evaluation does not address the efficacy of
surgical intervention for specific types of epilepsy
or underlying pathologic substrates. Nor does it
evaluate the localizing or prognostic value of pre-
surgical diagnostic tests or strategies. There
were insufficient data in the literature to per-
mit definitive evidence-based conclusions re-
garding the safety and efficacy of a number of
other surgical interventions that are now com-
monly practiced, including multilobar resec-
tions, hemispherectomies, corpus callosotomies,
lesionectomies, and multiple subpial transec-
tions. Furthermore, the data presented here do
not permit conclusions to be made about when
surgery should be considered.

Recommendations

1. Patients with disabling complex partial seizures,
with or without secondarily generalized seizures,
who have failed appropriate trials of first-line an-
tiepileptic drugs should be considered for referral

to an epilepsy surgery center,65 although criteria
for failure of drug treatment have not been defi-
nitely established. (A) (table 4).

2. Patients referred to an epilepsy surgery center for
the reasons stated above who meet established cri-
teria for an anteromesial temporal lobe resection
and who accept the risks and benefits of this proce-
dure, as opposed to continuing pharmacotherapy,
should be offered surgical treatment.66,67 (A)

3. There is insufficient evidence at this time to make
a definitive recommendation as to whether pa-
tients with a localized neocortical epileptogenic
region will benefit or not benefit from surgical
resection. (U)

Future research. The relatively modest improve-
ments in QOL and ancillary outcomes reported here
may reflect the fact that most patients in the Class I
trial and the Class IV series were adults who had
had disabling seizures for several decades, resulting
in relatively irreversible psychosocial consequences.
Early surgical intervention might yield better out-
comes. The concept of medical intractability cannot
be taken literally, now that the number of available
antiepileptic drugs is so great that it would take a
lifetime to try each one individually, and in every
possible combination, in any given patient. If surgi-
cal intervention is to be practical, it must be offered
before pharmacoresistance is unequivocally proven
in most patients. This practice parameter provides
no evidence for guidelines on when to abandon phar-
macotherapy and consider surgical intervention.8,68,69

The literature suggests that the prognosis for com-
plete freedom from disabling seizures following fail-
ure of two antiepileptic drugs diminishes rapidly as

Table 4 AAN system for translation of evidence to
recommendations

Translation of evidence to
recommendations Rating of recommendations

Level A rating requires at
least one convincing
class I study or at least
two consistent,
convincing class II
studies

A � Established as useful/
predictive or not useful/
predictive for the given
condition in the specified
population

Level B rating requires
at least one convincing
class II study or
overwhelming class III
evidence

B � Probably useful/
predictive or not useful/
predictive for the given
condition in the specified
population

Level C rating requires
at least two convincing
class III studies

C � Possibly useful/
predictive or not useful/
predictive for the given
condition in the specified
population

U � Data inadequate or
conflicting. Given current
knowledge, test, predictor
is unproven
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more antiepileptic drugs are found to be ineffective,
that very few patients become free of disabling sei-
zures when it is considered necessary to use two
antiepileptic drugs, and that virtually none become
free of disabling seizures when three drugs are nec-
essary.2 Contrasting these data with the consistently
excellent prognosis for becoming free of disabling sei-
zures with surgical intervention and the increasing
evidence that continuation of disabling seizures over
many years, particularly through adolescence and
young adulthood, can result in irreversible psychoso-
cial consequences raises consideration of surgical in-
tervention for complex partial seizures after failure
of two or three first-line antiepileptic drugs. Multi-
center, randomized, controlled trials of early surgical
intervention for specific surgically remediable syn-
dromes, such as mesial temporal lobe epilepsy, are
needed to determine when in the course of the epi-
leptic disorder this alternative therapy should be
offered.

Because most epilepsy surgery centers perform
relatively few multilobar resections, hemispherecto-
mies, corpus callosotomies, lesionectomies, and mul-
tiple subpial transections compared to anteromesial
temporal lobe and localized neocortical resections,
and reported series usually contain fewer than 20
patients, multicenter, prospective studies should be
undertaken for independent evaluation of the safety
and efficacy of these increasingly important surgical
interventions. Sufficient data may already exist to
permit a useful retrospective analysis if enough cen-
ters were involved.

Determination of the localizing and prognostic
values of specific presurgical diagnostic tests and
presurgical evaluation strategies based on the cur-
rent published literature would be difficult to impos-
sible because of the tremendous variation from
center to center in the way these tests are performed
and the manner in which data are reported. Multi-
center, prospective studies should be undertaken for
this purpose.

There appears to be general consensus among ep-
ilepsy surgery centers regarding what are now con-
sidered to be surgically remediable syndromes5;
however, within these groups surgical prognosis may
be different, depending on the age of the patient and
the underlying pathologic substrates. Studies are
needed to determine variability of surgical outcomes
related to hippocampal sclerosis and specific discrete
focal lesions, including localized developmental ab-
normalities such as focal cortical dysplasias, particu-
larly in children.

In the current climate of limited health care re-
sources, cost-effectiveness of surgical treatment, as
opposed to pharmacotherapy, must also be consid-
ered. Although economic savings to society might
seem obvious if early surgical intervention renders
two-thirds of patients, who would otherwise remain
disabled, sufficiently free of disabling seizures to live
an independent life, clear demonstration of cost-
effectiveness of surgery for epilepsy, particularly

over the short-term, is still needed. Studies including
an economic decision-tree analysis should be per-
formed to permit more accurate comparisons be-
tween short-term costs associated with surgical
intervention and those of pharmacotherapy in an
equivalent patient population. Studies should also be
designed to find more cost-effective approaches to
surgical therapy that would not compromise efficacy
or safety in order to ensure that existing health care
resources will be readily available for this important
alternative treatment modality.

Disclaimer. This statement is provided as an edu-
cational service of the American Academy of Neurol-
ogy, the American Epilepsy Society, and the
American Association of Neurological Surgeons. It is
based on an assessment of current scientific and clin-
ical information. It is not intended to include all
possible proper methods of care for a particular neu-
rologic problem or all legitimate criteria for choosing
to use a specific procedure. Neither is intended to
exclude any reasonable alternative methodologies.
The AAN, AES, and AANS recognize that specific
patient care decisions are the prerogative of the pa-
tient and the physician caring for the patient, based
on all of the circumstances involved.
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Correction

In the article “Practice Parameter: Temporal lobe and localized neocortical resections for epilepsy: Report of the Quality Stan-
dards Subcommittee of the American Academy of Neurology, in Association with the American Epilepsy Society and the American
Association of Neurological Surgeons” (Neurology 2003;60:538–547), table 1 on p.540 was incorrect. The correct table is:

Table 1 AAN evidence classification scheme for a therapeutic article

Class I: Prospective, randomized, controlled clinical trial with masked outcome assessment, in a representative population.
The following are required:
a) Primary outcome(s) is/are clearly defined.
b) Exclusion/inclusion criteria are clearly defined.
c) Adequate accounting for drop-outs and crossovers with numbers sufficiently low to have minimal potential for bias.
d) Relevant baseline characteristics are presented and substantially equivalent among treatments groups or there is

appropriate statistical adjustment for differences.
Class II: Prospective matched group cohort study in a representative population with masked outcome assessment that meets

a–d above OR a randomized, controlled trial in a representative population that lacks one criteria a–d.
Class III: All other controlled trials (including well-defined natural history controls or patients serving as own controls) in a

representative population, where outcome assessment is independent of patient treatment.
Class IV: Evidence from uncontrolled studies, case series, case reports, or expert opinion.
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