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Abstract
The majority of people with epilepsy achieves long-term seizure-freedom and may consider withdrawal of their anti-seizure
medications (ASMs). Withdrawal of ASMs can yield substantial benefits but may be associated with potential risks. This review
critically examines the existing literature on ASM withdrawal, emphasizing evidence-based recommendations, where available.
Our focus encompasses deprescribing strategies for individuals who have attained seizure freedom through medical treatment,
those who have undergone successful epilepsy surgery, and individuals initiated on ASMs following acute symptomatic seizures.
We explore state-of-the-art prognostic models in these scenarios that could guide the decision-making process. The review
underscores the importance of a collaborative shared-decision approach between patients, caregivers, and physicians. We
describe the subjective and objective factors influencing these decisions and illustrate how trade-offs may be effectively managed
in practice.
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Introduction

Withdrawing anti-seizure medications (ASMs) represents one

of the great dilemmas of epilepsy treatment. Individuals who

have attained seizure freedom often engage in discussions with

their health care providers and caregivers regarding the appro-

priateness of discontinuing ASMs, as well as the optimal tim-

ing and strategy for initiating this process.

The withdrawal of ASMs can yield substantial benefits.

Anti-seizure medication therapy may elicit adverse effects or

interactions. Some ASMs may cause insidious effects that are

difficult to spot during a consultation, including an increased

risk of osteoporosis, dyslipidemia, cardiovascular disease, or

even mortality.1-4 Additionally, ASM treatment may carry ter-

atogenic potential, affect cognitive functioning, cause costs,

and intensify the stigma faced by individuals reliant on regular

ASM intake.

Conversely, the decision to discontinue ASMs necessitates

careful consideration of associated risks. The likelihood of
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seizure relapse following ASM withdrawal varies among

individuals, ranging from low to substantial.5 Seizures pose

risks of injury, sudden death in epilepsy,6 and may lead to

occupational or driving constraints.

The intricate process of balancing these risks and rewards,

guided by patient preference, underscores a collaborative,

shared decision-making approach involving patients, care-

givers, and physicians. This review encapsulates the current

state-of-the-art regarding ASM withdrawal in individuals

with epilepsy.

Anti-Seizure Medication Withdrawal
in Medically Treated Seizure-Free Patients

More than two-thirds of patients will reach remission with

ASMs throughout the course of their disorder.7 When

seizure-freedom is reached with ASMs, the question may arise

after a while whether drugs are still needed. Since ASMs sup-

press seizures rather than modify disease, withdrawal is

expected to merely unveil the natural history of the patient’s

epilepsy.8 There is no proof that ASM discontinuation itself

causes epilepsy or aggravates epileptogenesis. Anti-seizure

medication withdrawal may unmask the still active tendency

of the brain to generate seizures in those who relapse.

Recommendations for ASM withdrawal policies are

remarkably sparse. According to a recent American Academy

of Neurology Practice Advisory Update Summary, “the long-

term risk of seizure recurrence is possibly higher among adults

who have been seizure-free for 2 years and taper ASMs versus

those who continue. In children, there is probably no signifi-

cant difference in relapse risk between those who taper after 2

versus 4 years, and insufficient evidence of difference between

tapering after 18 or 24 months.”9 Two studies were instrumen-

tal; in the first double-blinded randomized controlled trial in

160 adults on 1 ASM who were seizure-free for at least 2 years,

withdrawal led to a 1 year seizure recurrence relative risk (RR)

of 2.46 (95% CI 0.85-7.08, P ¼ 0.095) compared to continuing

drugs.10 The second randomized trial was non-blinded and

showed in 1013 patients who were 2 or more years in remission

that ASM withdrawal was associated with a 2 years relapse RR

of 2.12 (95% CI 1.63-2.77, P < 0.001).11

A meta-analysis of 7082 medically treated patients in remis-

sion who withdrew ASMs revealed a cumulative seizure recur-

rence rate of 22% at 1, 28% at 2, and 34% at 3 or 4 years after

withdrawal.12 These group average risks, however, are of little

use when counselling individual patients. Individualized risk

assessment is key but requires knowledge of relevant predictors

of relapse. Twenty-five variables were reported as significantly

predictive in at least 1 of 27 studies reviewed. Results, how-

ever, were inconsistent and it remained unclear whether vari-

ables were independently predictive and to what extent each of

them individually and combined contributed to the observed

risk.12 Two recent individual-patient-data meta-analyses tried

to overcome this by producing online available individualized

prediction tools. One is based on data of 1769 patients who

withdrew medication,13 the other specifically addresses the risk

of withdrawal in juvenile myoclonic epilepsy (JME).14 Despite

the moderate discriminative ability of both models, these tools

may help physicians to better inform patients and balance the

pros and cons of withdrawal. See below for a detailed discus-

sion. How predicted risks compare to the chance of relapse

when continuing drugs, and to what extent prediction models

influence decision-making remains to be investigated, as dis-

cussed below. At least, these models clearly demonstrated that

there is no “magical threshold” of 2 years, an interval often

considered safe before recommending withdrawal.9,15 More

likely there is a risk continuum, with longer proof of epilepsy

control inherently predicting a lower risk of seizure recurrence

following ASM discontinuation.

Anti-Seizure Medication Withdrawal in
Surgical Treated Seizure-Free Patients

About 50% to 60% of patients who undergo resective epilepsy

surgery are seizure-free a decade or more postoperatively.16

Therefore, like the medically controlled group, the question

of ASM withdrawal often comes up in clinic but additional

considerations factor in the risk-benefit assessment. Adult

surgical patients had drug-resistant epilepsy for an average of

20 years or more before surgery, facing the long-term side

effects of ASM polytherapy and the lifestyle restrictions of

chronic epilepsy. Eliminating ASM side effects is commonly

cited as a motivation for surgery before the procedure. How-

ever, after attaining a hard-earned seizure-freedom, regaining

driving privileges, achieving a more productive lifestyle with

less side effects from reduced albeit not completely discontin-

ued ASMs, adults may worry about the disruptions of a break-

through seizure after ASM withdrawal (eg, losing driving

privileges, or a job). For children, the promise of a lifetime

free of cognitive and systemic ASM side effects may outweigh

the fear of a seizure.

These pragmatic distinctions likely explain why ASM with-

drawal after surgery remains a largely subjective and difficult

decision. Data driving this decision are limited to the below:

1. One prospective study17: Between 1997 and 2003, 60

patients were offered ASM withdrawal 1 year after sur-

gery, then stratified into 2 cohorts (34 in a withdrawal

group and 26 in a control group) to find no differences

in recurrence risk as 76.5% of those in the withdrawal

group and 61.5% in the control group were seizure-free

5 years after surgery. This study is limited by its small

sample size, selection bias (stratification was based on

patients’ decision on withdrawal rather than any con-

sistent inclusion/exclusion criteria) and limited control

for confounders. Still, it drove the most recent Amer-

ican Academy of Neurology Guideline Subcommittee’s

report,9 stating that there is insufficient evidence that

the rate of seizure recurrence with ASM withdrawal

following epilepsy surgery after 1 year of seizure free-

dom versus after 4 years is not significantly different

than maintaining patients on ASMs.
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2. One observational retrospective study18 with a control:

Longitudinal rates of recurrence were compared among

229 patients who remained on baseline ASMs, 127

patients who stopped ASMs, and 253 cases who

reduced them. Similar outcomes were seen when with-

drawal occurred 1 or 2 years after surgery. Seizures

breaking through after complete ASM discontinuation

were typically controlled with resuming ASMs (83%
seizure free at 10 years with ASMs stopped and 82%
seizure free with ASMs continued), but control was

more difficult when recurrence occurred after simply

reducing ASMs (68% seizure free at 10 years). No clear

a priori clinical characteristics enabled the identifica-

tion of those at risk.

3. One observational study focused on children19 also

found that early ASM withdrawal does not affect long-

term seizure outcome or cure, positing that it might

instead unmask incomplete surgical success sooner.

Altogether, there is no Class I evidence to support decision-

making. There may be no change in long-term outcomes with

ASM withdrawal, no added risk with early versus late with-

drawal, nor with rapid versus slow reduction. Nomograms to

individualize risk predictions (described later) may help with

informing the ASM withdrawal conversation following

pediatric20 and adult21 epilepsy surgery.

Anti-Seizure Medication Withdrawal After
Acute Symptomatic Seizures

Acute symptomatic seizures (ASyS) are defined as “events,

occurring in close temporal relationship with an acute central

nervous system insult, which may be metabolic, toxic, struc-

tural, infectious, or due to inflammation.”22 Acute sympto-

matic seizures are highly prevalent, constituting up to 55% of

all recorded seizures.23 Guidelines typically do not advocate

routine treatment for patients experiencing ASyS,24 a recom-

mendation grounded in the comparatively low overall risk of

spontaneous seizures following ASyS in comparison to a first

unprovoked seizure.25

Despite this guidance, a significant proportion (*86%,

according to one estimate)26 of ASyS cases receive treatment

in the acute setting. In instances where ASMs are initiated, a

common recommendation is to gradually taper treatment

immediately following the acute phase, that is, after 7 to

14 days. However, real-life data shows that 56% of adults

with ASyS remain on ASMs at discharge, and 49% continue

ASM use after 3 months, despite being free from unprovoked

seizures.26

The rationale behind the prolonged ASM treatment for

certain patients with ASyS lies in the variability of the risk

of unprovoked seizures based on the type of brain insult.

Individuals with nonstructural etiologies, such as metabolic

or toxic abnormalities, or seizures arising from alcohol or

benzodiazepine withdrawal, exhibit a markedly low risk of

unprovoked seizures.26,27 Similarly, patients with reversible

etiologies, like eclampsia or posterior reversible encephalo-

pathy syndrome, also demonstrate a low risk.27 Conversely,

those with structural etiologies, including cerebrovascular

disorders or infections leading to a structural brain insult, face

a risk ranging from 20% to 40% of developing unprovoked

seizures.26,28

These risks are also influenced by the type of ASyS and

individual characteristics. For instance, ASyS regardless of

etiology presenting as status epilepticus carry a 41% risk of

subsequent unprovoked seizures, with ASyS presenting as sta-

tus epilepticus after ischemic stroke yielding a >80% risk.28,29

Prognostic models, exemplified by the SeLECT score for

ischemic and the CAVE score for hemorrhagic stroke (see next

for details), aid in integrating other individualized factors such

as the location and severity of the brain insult into the risk

assessment.30,31

While the overall evidence regarding ASM withdrawal

strategies following ASyS remains limited, certain recommen-

dations can be extrapolated from existing observations:

1) Patients experiencing a singular and/or nondisabling

ASyS may not necessitate the initiation of ASM

treatment.

2) In cases where ASM treatment was commenced for

nonstructural etiologies (such as metabolic or toxic

insults) or reversible causes, rapid discontinuation of

ASM treatment is advised after the acute phase.

3) In ASyS due to structural etiologies, there is insuffi-

cient evidence to compare the guideline-endorsed stra-

tegies (withdrawal of ASMs after 7 to 14 days) and

prevalent real-world practices (withdrawal of ASMs

after 3 to 12 months). Prognostic models, such as

the SeLECT or CAVE scores estimating the risk of

unprovoked seizures after ischemic or hemorrhagic

stroke, may serve as valuable tools in guiding decision-

making processes.

4) It is essential to recognize that ASM treatment functions

solely to suppress seizures and, as per current knowledge,

is neither anti-epileptogenic nor disease-modifying.

5) Some clinicians contemplate extended ASM treatment

following ASyS presenting as status epilepticus and in

stroke survivors exhibiting a >60% risk of unprovoked

seizures as predicted by the SeLECT/CAVE scores. How-

ever, the efficacy of this strategy has not been evaluated.

6) In ASyS due to autoimmune encephalitis, persistent

brain inflammation may necessitate prolonged ASM

treatment. Determining the optimal moment to start

withdrawing ASMs following autoimmune encephalitis

may be challenging due to the difficulty in discerning

when inflammation has subsided and it is safe to

attempt discontinuation of ASMs.

Prognostic Models for ASM Withdrawal

The development of prognostic models to forecast patient

outcomes and, thus, optimize clinical decision-making has
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been an important step toward more personalized medicine. By

incorporating individual patient characteristics and historical

data, these models may help refine treatment plans tailored to

individual needs rather than relying on population averages.

The bedside use of these models is promoted by providing

practical tools such as nomograms and online calculators.

Below, we present 4 well-validated and commonly

used models for ASM withdrawal in 4 different settings:

(1) seizure-free medically treated patients,13 (2) seizure-free

patients with JME,14 (3) seizure-free surgically treated children

and adolescents,20 and (4) seizure-free surgically treated

adults.21

First, a prognostic model for seizure-free medically treated

patients was developed using meta-analysis of data from 1769

patients across 10 studies.13 The model allows the prediction of

seizure recurrence at 2 or 5 years after starting ASM with-

drawal or the chances of being seizure-free in the last year of

follow-up. The model demonstrated a discrimination, mea-

sured using an adjusted concordance (c) statistic, of 0.65

and 0.71, respectively, during in-sample cross-validation.

Subsequent independent validation largely reproduced these

findings, though demonstrating that the model slightly over-

predicted risk in independent samples.32 The model is available

online: http://epilepsypredictiontools.info/aedwithdrawal.

Second, a model specific for ASM withdrawal in medically

treated JME was developed because these patients were widely

believed to require lifelong treatment.14 The analysis focusing

on ASM withdrawal included data of 368 patients with JME.

The model predicting seizure recurrence demonstrated a c sta-

tistic of 0.70. The model is available online: http://epilepsypre

dictiontools.info/jme_one.

Third, a model for ASM withdrawal in seizure-free patients

after pediatric epilepsy surgery was developed based on data of

766 children in whom it was decided to reduce medication.20

The models allows the prediction of seizure recurrence 2 or

5 years after starting ASM withdrawal or the chance of being

seizure-free in the last year of follow-up, with c statistics of

0.68 and 0.73, respectively. The model is available online:

http://epilepsypredictiontools.info/ttswithdrawal.

Fourth, a model for ASM withdrawal in seizure-free patients

after adult epilepsy surgery was developed based on data of

731 adults who started ASM reduction from 9 cohorts.21 The

model allows the prediction of recurrent disabling seizures (not

counting auras, ie, focal nonmotor aware seizures) or recur-

rence of any seizures (including auras), with c statistics of

0.67 and 0.68, respectively. The model is available online:

https://predictepilepsy.github.io.

No well-validated models are available to predict seizure

recurrence after ASM withdrawal following ASyS. But models

predicting the occurrence of remote symptomatic seizures after

ischemic or hemorrhagic stroke may be helpful in this regard,

even if they were not developed specifically in the setting of

ASM withdrawal.

A model to predict remote symptomatic seizures after

ischemic stroke, termed SeLECT, was developed30 and later

updated28 to version 2.0 based on data from 4552 stroke

survivors from 9 centers. The model had a c statistic of 0.77

and is available online: https://predictapps.github.io/select/.

Another model has focused on hemorrhagic stroke and

was termed CAVE, with a c statistic of 0.69 in the validation

cohort.31

It should be noted that the discrimination, that is, the ability

to separate between low- and high-risk cases measured using

the c statistic, of most of the models mentioned above was

moderate. Thus, their utility to determine whether ASM with-

drawal should or should not be started in an individual is lim-

ited. But these models were well calibrated, that is, able to

provide realistic probabilities for seizure relapses. In other

words, they may be a helpful tool for counselling patients when

attempting ASM withdrawal. Future models could utilize

larger datasets, apply more precise variable selection, and inte-

grate cutting-edge tools like artificial intelligence, neuroima-

ging, and genetic profiling to significantly improve model

performance, thereby advancing the precision and accuracy

of personalized treatment regimens.33

From Preference to Evidence: Subjective Risk
Assessment Versus Prognostic Models

While most efforts to date have quantified seizure probabilities,

scarce literature informs how patients or clinicians contextua-

lize those probabilities. Examples:

Thirty-one patients who were seizure-free at least 1 year

seen at an academic center evaluated how concerning different

hypothetical seizure risks might be compared to hypothetical

ASM side effects or inconveniences.34 Inconvenience of hav-

ing to take medication, occasional laboratory monitoring

draws, and having a low to moderate copay were less concern-

ing than typical post-withdrawal seizure probabilities. A 10%
seizure chance in the next year was about equally concerning as

weight gain or sedation side effects, whereas a 25% chance of

seizure in the next year was rated as more concerning than any

studied side effect, favoring continuation in many patients par-

ticularly if tolerating their ASMs well.

Seventy-six children who were at least 3 months seizure-

free and their families provided what maximal seizure risk

might be acceptable to discontinue ASMs.35 Responses varied

markedly, from 0% to >90% (median *40%). Interestingly,

while their physicians’ median risk tolerance and physicians’

estimates of their patient’s risk tolerance were close, physician

responses were almost completely uncorrelated with patient

responses within dyads.

Finally, 287 neurologists reported their maximally tolerated

seizure risk in the next 2 years when considering withdrawal.15

Again there was wide variation ranging from near 0% to above

75%, but median responses were most conservatively 15% for

adults with convulsions, up to about 30% with nonconvulsive

seizures, with thresholds tending to be lower than typically

used for starting ASMs in the first place.

These examples only begin to illustrate how patients and

clinicians weigh the important tradeoffs and manipulate risk

information. Ideally, as has been done in other conditions,36 we
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should focus more as a field on systematically studying patient

preferences to align with physician practice for incorporation

into care guidelines.

Conclusion and Outlook

Duration of ASM treatment represents a core determination.

While much knowledge already exists, fundamental questions

remain.

1) How can we improve seizure risk calculation? Complex

machine learning models are unlikely to solve the prob-

lem, overdetecting noise without addressing data limita-

tions.33 Better data are needed to evaluate underexplored

predictors (eg, specific epilepsy syndromes, genetics,

sleep, substances [eg, illicit drugs or alcohol], and more

advanced EEG and imaging analysis). Also, additional

work should compute not only post-discontinuation risk

but also individualized seizure risk increases due to

withdrawal and evaluate the effect of withdrawal on

different seizure types and frequency beyond dichoto-

mizing as seizure-free versus not.

2) How should we optimally integrate seizure risk calcu-

lators into clinical practice and communicate that risk

to patients, and what might be their impact on clinical

care?37 Many barriers exist to using seizure risk cal-

culators such as lack of trust in its output, not being

aware of its existence, and not being accessible when

needed.15

3) Perhaps most importantly, what risk or risk difference

is sufficiently low to justify a withdrawal attempt, and

for what biopsychosocial profiles?

The 2021 American Academy of Neurology guidelines9

describe considerable uncertainty. Much remains to be learned

if we are to deliver optimally patient-centered and individua-

lized care.
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