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ABSTRACT

Background: Class I evidence for surgical effectiveness in refractory temporal lobe epilepsy (TLE)

in 2001 led to an American Academy of Neurology practice parameter in 2003 recommending

“referral to a surgical epilepsy center on failing appropriate trials of first-line antiepileptic drugs.”

We examined whether this led to a change in referral patterns to our epilepsy center.

Methods: We compared referral data for patients with TLE at our center for 1995 to 1998 (group

1, n � 83) and 2005 to 2008 (group 2, n � 102) to determine whether these recommendations

resulted in a change in referral patterns for surgical evaluation. Patients with brain tumors, previ-

ous epilepsy surgery evaluations, or brain surgery (including epilepsy surgery) were excluded.

Results: We did not find a difference between the groups in the duration from the diagnosis of

habitual seizures to referral (17.1 � 10.0 vs 18.6 � 12.6 years, p � 0.39) or the age at the time

of evaluation (34.1 � 10.3 vs 37.0 � 11.8 years, p � 0.08). However, there was a difference in

the distributions of age at evaluation (p � 0.03) and the duration of pharmacotherapy (p � 0.03)

between the groups, with a greater proportion of patients in group 2 with drug-resistant epilepsy

both earlier and later in their treatment course. Nonepileptic seizures were referred significantly

earlier than TLE in either group or when combined.

Conclusions: Our analysis does not identify a significantly earlier referral for epilepsy surgery

evaluation as recommended in the practice parameter, but suggests a hopeful trend in this

direction. Neurology® 2010;75:699 –704

GLOSSARY

AAN � American Academy of Neurology; AED � antiepileptic drug; ERSET � Early Randomized Surgical Epilepsy Trial; NES �

nonepileptic seizures; RCT � randomized controlled trial; TLE � temporal lobe epilepsy; VNS � vagus nerve stimulator.

An estimated 20% to 40% of patients with epilepsy have drug-resistant disease,1,2 and surgical

resection of an identified epileptogenic region best abolishes disabling seizures.3,4 This is impor-

tant because drug-resistant epilepsy accounts for 80% of the cost of epilepsy in the United

States.5 Surgical treatment for this condition has been underutilized.6 In the past, this was

thought to be mostly due to lack of Class I evidence favoring surgery6 and absence of widely

publicized guidelines by national bodies of referring neurologists.7 A randomized controlled

trial (RCT) in 2001 demonstrated a 64% chance of seizure freedom with surgery in medically

refractory temporal lobe epilepsy (TLE) compared with 8% with medical management, dem-

onstrating the superiority of surgery over continued medical therapy.3 Based on this Class I

evidence and a literature review, a practice parameter by the American Academy of Neurology

(AAN) in 2003, in association with the American Epilepsy Society and the American Associa-

tion of Neurological Surgeons, recommended that patients with TLE “who have failed appro-

priate trials of first-line antiepileptic drugs should be considered for referral to an epilepsy

surgery center.”4 We examined whether these developments were associated with a change in

the timing of referrals to our surgical epilepsy center. We compared referral patterns to our

center for epochs 10 years apart, straddling the evidence and recommendation developments.
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METHODS Data were retrospectively collected and screened in

patients admitted for video EEG monitoring to the UCLA Center

for the Health Sciences from January 1995 to September 1998 and

from January 2005 to September 2008. The data regarding dura-

tion of seizures were gathered from the records by an individual

researcher to eliminate interobserver variation. Outcome categories

based on diagnosis at discharge were divided into nonepileptic sei-

zures (NES), TLE, and other epilepsy syndromes.

Patients included were those older than 16 years admitted

for a surgical evaluation and thought to have TLE at discharge

based on ictal EEG. Patients diagnosed as TLE were excluded if

they had a prior epilepsy surgery evaluation, history of malignant

brain tumor, previous brain surgery (including epilepsy surgery),

recent onset (less than 6 months) of symptoms, or incomplete

data on duration of disease. Patients with duration of seizures

less than 6 months were usually self-referred for a second opin-

ion, and none were referred as potential surgical candidates. Pa-

tients with TLE who were referred for epilepsy surgery and were

found to have low-grade gliomas, cavernous angiomas, and cor-

tical dysplasias were not excluded.

The age at intervention was taken as the time at which the

habitual seizure leading to the surgery evaluation was deemed by

a physician as requiring treatment. For example, a patient with

staring spells since childhood and generalized seizures since age

15 years would be considered as having an age at intervention of

15 years if the staring spells were not identified as seizures until

the generalized seizures developed. In those patients who had a

single seizure followed by a prolonged seizure-free period before

the development of regular seizures, the age at onset for the re-

curring seizures was taken as the time requiring treatment. This

was done to measure consistently the time taken from definitive

diagnosis of the habitual seizures and institution of pharmaco-

therapy to the time of presurgical evaluation. This is also relevant

when thinking of health care costs as seizures not recognized as

such do not add to increased direct health care costs. The ab-

sence of clear criteria makes it difficult to identify the onset of

drug resistance retrospectively. The duration of pharmacother-

apy was the time from the age at intervention to the age at eval-

uation. Collected data were analyzed using PASW 17 (SPSS

Inc., Chicago, IL).

Standard protocol approvals. The study was approved and

the need for a written informed consent from all patients was

waived by UCLA’s Institutional Review Board.

RESULTS A total of 997 patients were screened for

the study, including 435 patients from 1995 to 1998

(group 1), and 562 patients from 2005 to 2008

(group 2). After applying the inclusion and exclusion

criteria, primary analyses were performed using 83

patients (37 males) with TLE from 1995 to 1998

and 102 patients (50 males) from 2004 to 2008 (fig-

ure 1). There was no difference in the overall age of

diagnosis, duration of pharmacotherapy, or age at

evaluation between 1995 and 1998 and 2005 to

2008 (table). There also was no difference in these

Figure 1 Flowchart detailing selection of patients with temporal lobe epilepsy from initial chart review

Table Age at onset of regular habitual seizures, years of seizure, and age at

evaluation for temporal lobe epilepsy compared between groups 1

and 2

1995–1998
(Group 1, n � 83),
mean � SD

2005–2008
(Group 2, n � 102),
mean � SD

t Test,
p Value

Levene test,
p Value

Age at therapeutic
intervention, y

17.0 � 12.2 18.4 � 11.6 0.41 0.59

Duration of
pharmacotherapy, y

17.1 � 10.0 18.6 � 12.6 0.39 0.03

Age at
evaluation, y

34.1 � 10.3 37.0 � 11.8 0.08 0.03
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measures for other seizure types or for patients with

inconclusive results.

Although there was no significant difference in

the mean duration of pharmacotherapy and age at

referral between groups 1 and 2, the distribution of

values was different (p � 0.03, Levene test for equal-

ity of variance; table). The histograms depicting the

distribution of duration of pharmacotherapy for the

2 groups (figure 2) demonstrate a greater number of

patients in the higher and lower percentiles in group

2 compared with group 1. These 2 extremes counter-

balanced each other resulting in net measures of cen-

tral tendency to appear similar in the statistical

analyses.

The duration between diagnosis and referral was

shorter in NES for both time periods compared with

TLE (t test, p � 0.0001). In group 1, the duration in

years was 6.8 � 8.5 for NES (n � 47) and 17.1 � 10

for TLE (n � 83), whereas in group 2, it was 7.2 �

7.9 for NES (n � 67) and 18.6 � 12.6 for TLE (n �

102).

DISCUSSION Drug-resistant TLE is the classic sur-

gically remediable epilepsy syndrome.8 However,

only a small percentage of potential surgical candi-

dates are being referred to surgical epilepsy centers.9

Furthermore, among patients with drug-resistant ep-

ilepsy referred to surgical centers, there is a signifi-

cant delay of 18 to 23 years between the onset of

habitual seizures and surgical referral or surgery,

which seems to be consistent over time.3,10-14 The op-

timal timing for surgery in drug-resistant TLE is un-

clear,6 but earlier surgery is potentially important to

avoid irreversible adverse consequences of epilepsy.

In the past, the underutilization of surgery for TLE

in the United States was thought to be due to lack of

Class I evidence and national recommendations.4,7,15

We compared patient groups with TLE referred

to our center before (group 1) and after (group 2)

such Class I evidence3 and national recommenda-

tions4 were published. We observed that the overall

duration of pharmacotherapy was not significantly

different between these patient groups (17.1 vs 18.6

years). Our measure of the duration of pharmaco-

therapy, as calculated from the onset of definitive

diagnosis with intervention to the initial presurgical

evaluation, is less than the duration of disease in pre-

vious surgical series of TLE, which were measured

from the time of the first seizure to the surgery and

were reported to be between 18 and 23 years.3,10-14 A

large multicenter study among patients with TLE

Figure 2 Percentage of patients (x-axis) with different durations of drug therapy (in years, y-axis) for

groups 1 and 2 during the 2 epochs (1995–1998 and 2005–2008)
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who underwent surgery reported the latency from

the time of the first seizure to the time of surgical

evaluation to be 22 years.16 Other studies have mea-

sured the latency from the first habitual seizure to the

initial visit at the epilepsy center15 or to the time of

inpatient evaluation17 to be approximately 18 years.

We measured the duration of pharmacotherapy

rather than the duration of disease because it more

directly reflects the time for the referring physicians

to consider surgery rather than further drug trials.

Given the nonuniform course of TLE, the most ap-

propriate measure for delay before surgery would be

the duration since resistance to medical treatment,18

but this could not be calculated from our retrospec-

tive data. The duration from the time of failure of the

second antiepileptic drug (AED) to surgery has pre-

viously been measured to be approximately 12 to 14

years.19

Although the overall mean age at evaluation and

the duration of pharmacotherapy was not signifi-

cantly different between the groups, their distribu-

tion was significantly different. This was due to a

larger proportion of patients in group 2 being re-

ferred earlier and later in the course of their treat-

ment compared with group 1 (figure 2). The

presence of patients with delay greater than 40 years

in group 2, but not group 1, perhaps related to a

recent tendency to operate on older patients20 or a

greater awareness among older patients of a surgical

option, likely counterbalanced the effect of some ear-

lier referrals resulting in no net difference in the over-

all results between the groups. The number of early

referrals, however, is still small, and it is worth noting

that this increase was potentially influenced by the

fact that UCLA was actively recruiting patients with

TLE who had recently developed drug resistance

for the Early Randomized Surgical Epilepsy Trial

(ERSET)21 up until June 2005. Nevertheless, this

finding gives hope that this positive change may have

resulted from an increased awareness among refer-

ring physicians or the patients themselves about the

benefits of early surgical treatment for TLE as a con-

sequence of the national recommendations. Another

study looking at the duration of TLE from the onset

of nonfebrile seizures to surgery between 1996 to

2007 also failed to detect an overall difference in du-

ration, but stratified analysis of durations between

time periods was not similarly analyzed.14

That the mean duration of pharmacotherapy is

still more than 17 years at the point of surgical refer-

ral suggests that despite the Class I evidence and the

practice parameter, there is a persistent lack of under-

standing on the part of referring physicians regarding

the safety and efficacy of epilepsy surgery and the

referral criteria for early surgery in TLE.22 Data from

the National Association of Epilepsy Centers (Robert

J. Gumnit, MD, President, written communication,

November 2, 2008) indicate the rate of referral re-

mains unchanged since the publication of the RCT3

and a practice parameter.4 In a survey published in

2008, a third of general neurologists who refer pa-

tients for epilepsy surgery evaluation believed that

there were “serious complications” from epilepsy sur-

gery22 despite publications reporting low rates of per-

manent neurologic deficits (3%) and cognitive

deficits (6%, half of which resolved in 2 months).4

These complications are well below the morbidity

associated with continued seizures.23

Early surgery helps to avoid the adverse conse-

quences of persisting seizures. Continuing seizures

are associated with increased risk of mortality,23

physical injuries,24 cognitive dysfunction,23 and

lower quality of life.25 Improved self-reported quality

of life has consistently been associated with improved

postsurgical seizure control,3,26 and vocational and

social rehabilitation is more difficult after a patient

has settled into a disabled lifestyle.27 There is also

evidence to suggest that at least some forms of TLE

are progressive and that outcome with respect to sei-

zures is better when surgical intervention is early.28

It is likely that the development and marketing of

several new AEDs, as well as the vagus nerve stimula-

tor (VNS), in recent years has engaged more atten-

tion among practicing physicians compared with

surgery, which has no comparable marketing pro-

gram, leading to more prolonged drug or device trials

before considering surgery. Our interesting finding

that the duration of pharmacotherapy at the time of

evaluation is significantly lower for NES than for

TLE suggests that primary care physicians and gen-

eral neurologists are more likely to look to tertiary

referral centers for help with diagnosis than with

treatment. The duration of pharmacotherapy before

referral in NES of 7.0 (� 8.1) years in our patients is

consistent with previous reports.29,30

A major reason for the delay in surgical referrals is

undoubtedly the ambiguity in defining drug resis-

tance in epilepsy.31 Most epileptologists currently de-

fine drug resistance as inefficacy of 2 AEDs, and this

view has been supported by a recent Commission

Report of the International League Against Epile-

psy.32 However, a majority of neurologists surveyed

in the past year defined medically refractory epilepsy

as the failure of 3 monotherapy and 2 polytherapy

AED trials.22 A significant percentage believed that

all approved AEDs should fail (19%) or VNS failure

should occur (15%) before declaring a patient medi-

cation refractory.22 To compound the ambiguity, re-

cent literature suggests that as many as 15% to 20%

of patients whose seizures do not respond to 2 AEDs
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will become seizure free with further trials,33,34 al-

though conditions commonly considered for surgery

in TLE, including hippocampal sclerosis, are less

likely to respond to further medications.34 Manage-

ment of the heterogeneous etiologies constituting

drug-resistant TLE necessitates substantial knowl-

edge of the underlying factors and familiarity with

the individual AEDs, and medication trials beyond 2

or 3 AEDs are ideally performed by an epilepsy sub-

specialist.33 Primary care physicians and general neu-

rologists should optimally refer all patients with

persistent seizures that impair school, work, or inter-

personal relationships, after appropriate trials with a

few AEDs, to an epilepsy center for additional evalu-

ation31 and therapeutic considerations including, but

not limited to, surgery.

This study should be interpreted considering the

limitation of the data being derived from a single

surgical epilepsy center with several fixed referral

sources in the community. Attempting to examine

changes within 5 years of the AAN practice parame-

ter may have precluded statistical detection of longer

term trends in evolution. A multi-center examination

with more years of data may be helpful in better de-

lineating the study findings. Such studies comparing

recent to historical data will be essentially con-

strained by the limitations of being retrospective in

nature.

Epilepsy surgery provides the best outcome in

drug-resistant TLE, and early surgery is recom-

mended to avoid irreversible disability.4 Although

our data suggest a trend toward earlier referral for

TLE surgery at our center since the publication of

the AAN practice parameter,4 an average delay of ap-

proximately 18 years from initial therapeutic inter-

vention to surgical evaluation remains unacceptably

long. Treating patients with epilepsy who continue

to have disabling seizures impacting physical, psy-

chological, or social health after adequate trials of 2

or 3 AEDs is complex and challenging. Such patients

stand to gain substantial benefit from referral to the

specialized services provided by epilepsy centers.31
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