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Abstract
There is a paucity of literature regarding the optimal selection of combination an-
tiseizure medications (ASMs) for drug-resistant epilepsy (DRE). The aim of this scop-
ing review is to evaluate current evidence related to “rational polytherapy” among 
adults with DRE. Using the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses for Scoping Reviews (PRISMA-SCr) guidelines, PubMed, ProQuest, 
CINAHL, and Cochrane databases were searched using DRE- and polytherapy-related 
keywords. The exclusion criteria applied included: non-English; non-human studies; 
non-research studies; participants less than 18 years; status epilepticus; ASM mono-
therapy; and certain ASMs. In Covidence, two researchers independently reviewed 
articles for inclusion at each phase, with a third resolving conflicts. Data were ex-
tracted, with quality appraisal using the Mixed Methods Appraisal Tool (MMAT). Of 
the 6477 studies imported for screening, 33 studies were included. Clinical, human-
istic, and economic outcomes were reported by 26, 12, and one study, respectively. 
Common efficacy-related clinical outcomes included ≥50% reduction in seizure fre-
quency (n = 14), seizure freedom (n = 14), and percent reduction in seizure frequency 
(n  =  8). Common humanistic outcomes included quality of life (n  =  4), medication 
adherence (n = 2), sleep-related outcomes (n = 2), and physician and patient global 
assessments (n  =  2). The economic study reported quality-adjusted life years. The 
median MMAT score was 80 (range: 60–100). Two studies referenced the standard 
definition of DRE, whereas five studies did not specifically define DRE. Gaps in the 
literature include limited generalizability, minimal reports in pregnancy, and lack of 
optimal ASM combinations, among others. Strengths of the evidence include address-
ing a variety of outcomes. Inconsistent definitions of DRE, small sample sizes, and het-
erogeneity among studies limit the ability to draw meaningful conclusions. Optimal 
combinations of ASMs for rational polytherapy for DRE is unclear.
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1  |  INTRODUC TION

Approximately 50 million patients are diagnosed with epilepsy 
worldwide.1 Ideally, people with epilepsy (PWE) achieve seizure 
control with monotherapy; however, some patients may require 
treatment with multiple antiseizure medications (ASMs). Up to 
30% of PWE have drug-resistant epilepsy (DRE), which has se-
rious morbidity and mortality implications,2 including significant 
physical, psychological, and economic ramifications.3,4 DRE is 
defined as the failure of adequate trials of two tolerated and ap-
propriately chosen ASMs (whether as monotherapies or in com-
bination) to achieve sustained seizure freedom.2 Other terms for 
DRE include medically refractory, treatment-resistant, or phar-
macoresistant epilepsy. In 2010, the International League Against 
Epilepsy (ILAE) published a formal definition for DRE and encour-
aged standardization of terminology and definitions in research 
and practice.2

Over the years, there have been various pharmacologic treat-
ment approaches to DRE.5 Early on, PWE were treated with mul-
tiple first-generation ASMs (i.e., carbamazepine (CBZ), phenytoin 
(PTH), phenobarbital (PHB)), including agents with similar mech-
anisms of action, contributing to poor tolerability. Additionally, 
there was concern for drug interactions between ASMs and other 
medications. In the 1990s, there was a shift in practice from pri-
oritizing polytherapy to trialing single ASMs in succession, known 
as sequential monotherapy, in order to minimize these complica-
tions while optimizing efficacy. In the interim, new ASMs became 
available with different mechanisms of action, improved tolerability 
profiles, and fewer drug interactions. In the early 2000s, a universal 
definition of DRE was put forth, so clinicians recognized that mono-
therapy is insufficient for patients with DRE. As such, clinicians 
sought to take a thoughtful approach when selecting polytherapy. 
Known as “rational polytherapy,” this intentional combination of 
two or more ASMs has a “supra-additive therapeutic efficacy” with 
the goal of minimizing toxicity.5

There is a paucity of literature regarding the optimal combi-
nations of ASMs for rational polytherapy for DRE. In 2018, the 
American Academy of Neurology and the American Epilepsy 
Society published guidelines for management of treatment-
resistant epilepsy with second- and third- generation ASMs for 
both adults and children.6 Although they were able to make rec-
ommendations regarding use of newer ASMs as adjunctive ther-
apy for DRE, the guideline did not identify optimal combinations 
of ASMs. The objective of this scoping review is to summarize 
current evidence related to rational polytherapy among patients 
with DRE.

2  |  METHODS

To conduct this scoping review, the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses for Scoping Reviews 
(PRISMA-SCr) framework was followed.7

2.1  |  Research question and definitions

The research question was broken down into the PICOS (Patient-
Intervention-Comparison-Outcome-Study Design) format to ensure 
that the research question was properly framed before beginning the 
search.8 For this study, patients were defined as adults ages 18 years 
and older prescribed two or more ASMs. There was no comparator, 
but the intervention was two or more ASMs. The outcomes were: 
effectiveness and tolerability, health-related economic and human-
istic outcomes, and utilization of the appropriate definition if DRE 
is mentioned. Study designs included randomized controlled trials 
(RCTs) and non-RCTs; however, case reports and case series were 
not included. See Table 1 for additional exclusion criteria based on 
publication type.

From the PICOS, the specific review questions were developed:

1.	 What is the current state of evidence of effectiveness and 
tolerability of rational polytherapy with ASMs?

2.	 What is the current state of evidence regarding health-related 
economic and humanistic outcomes of rational polytherapy with 
ASMs?

3.	 What term and definition is used to describe DRE?
4.	 What gaps in the literature exist regarding rational polytherapy 

for DRE?

In order to ensure consistency in the scoping review process, 
the two key definitions were utilized. DRE was defined as the fail-
ure of adequate trials of two tolerated and appropriately chosen and 
used ASM schedules (whether as monotherapies or in combination) 
to achieve sustained seizure freedom.2 Synonyms for DRE included 
pharmacoresistant or medically refractory/intractable epilepsy. 
Rational polytherapy was defined as the intentional combination 
of two or more ASMs to have “supra-additive therapeutic efficacy,” 
while minimizing toxicity.5,9

2.2  |  Search strategy

The inclusion and exclusion criteria for the literature search can 
be found in Table 1. A research librarian was utilized to finalize the 
search strategy and terms. The search was conducted in PubMed, 
ProQuest, CINAHL, and Cochrane using the following search terms: 
drug-resistant epilepsy, refractory epilepsy, and/or antiepileptic 
polytherapy. Appropriate wildcards were used in all searches to ac-
count for plurals and variations in spelling. The initial year of publica-
tion was selected in order to include articles evaluating both older 
and newer generations of ASMs and various treatment approaches 
(i.e., sequential monotherapy and rational polytherapy).5 Once the 
search strategy was generated, the search was piloted before final-
ized. References of all identified articles were searched to identify 
any additional studies for inclusion and review. Articles included in 
meta-analyses were reviewed for inclusion rather than including the 
meta-analysis in the review.
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2.3  |  Screening, full-text review, data 
extraction, and quality appraisal

Once articles were identified, they were imported into Covidence 
Systematic Review Software (Veritas Health Innovation), an online 
software program that facilitates the process of reviews. Covidence 
automatically detected duplicate citations by matching titles, year of 
publication, volume, and author.10 A two-stage screening process in 
Covidence utilizing two independent reviewers was implemented. In 
stage one, titles and abstracts of publications were reviewed for in-
clusion independently by two reviewers. Any articles that met inclu-
sion criteria were moved to stage two. In stage two, two reviewers 
independently reviewed the full texts of articles for inclusion. A third 
reviewer resolved any disagreements in each stage.

For articles that met inclusion criteria after full-text review, data 
extraction was performed. The following information was extracted: 
type of article, year of publication, full journal title, location of re-
search, study details (i.e., purpose, study design, start and end date, 
total number of participants, type of outcomes, and results), and 
participants/patient population (type of epilepsy, underlying eti-
ology, gender, age range, number of ASMs, specific ASM(s), other 
comorbidities). The DRE-related term and definition also were ex-
tracted from each publication.

The quality of evidence for each included article was assessed 
using the Mixed Methods Appraisal Tool (MMAT).11 Two review-
ers rated each article and had to come to full agreement upon the 
MMAT score. If the two reviewers did not come to an agreement, 
then a third reviewer resolved disagreements. With the MMAT, 

TA B L E  1  Research question and inclusion and exclusion criteria for the scoping review

Criteria Inclusion Exclusion

Year of Publication January 1981–March 29, 2022 Prior to 1981

Type of study design Published peer-reviewed research articles •	 Systematic reviews, meta-analyses, 
commentaries, and other non–peer-
reviewed articles will be utilized only for 
secondary screening purposes

•	 Dissertations
•	 Gray literature
•	 Non-human studies

Age Adults aged 18 years or older Pediatric population (ages less than 
18 years)

Type of epilepsy For articles prior to 2017
•	 Partial seizures
•	 Generalized seizures
For articles after 2017
•	 Focal onset with or without impaired (awareness)
•	 Generalized

•	 Childhood epilepsies (e.g., Lennox–
Gastaut syndrome, early infantile 
epileptic encephalopathy, Dravet 
Syndrome)

•	 Status epilepticus

Number of ASMs ASM polytherapy (i.e., participants are taking at least two ASMs) ASM monotherapy only

ASMs Brivaracetam
Carbamazepine
Cenobamate
Clobazam
Clonazepam
Divalproex sodium
Eslicarbazepine
Felbamate
Gabapentin
Lacosamide
Lamotrigine
Levetiracetam
Oxcarbazepine
Perampanel
Phenobarbital
Phenytoin
Pregabalin
Primidone
Tiagabine
Topiramate
Valproic acid
Vigabatrin
Zonisamide

Ethosuximide
Everolimus
Fenfluramine
Rufinamide
Stiripentol
Cannabidiol
Other treatment modalities, including 

vagus nerve stimulators as an ASM

Abbreviation: ASM, antiseizure medications.
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scores can range from 0% (no criteria met) to 100% (all criteria met). 
The tool allows for quality appraisal of qualitative, quantitative, and 
mixed methods studies and is appropriate for this level of scoping 
review. If eligible studies did not provide enough information to use 
the MMAT, reviewers did not calculate a score. The MMAT score 
was not used for inclusion or exclusion purpose but rather to de-
scribe the quality of the literature.

Given the differences in study design and results, a descriptive 
approach was used to summarize answers to the research questions 
and quality scores.

3  |  RESULTS

After removal of duplicates, 6477 citations were identified. The 
PRISMA flowchart diagram can be found in Figure 1.12 After review 
of titles and abstracts, 286 citations were identified as potentially 
relevant. During full-text review, 253 citations were excluded. In 
total, 33 citations met inclusion criteria. The most common reasons 
for exclusion were wrong study design (n  =  94), pediatric popula-
tion (n = 48), and not focused on polytherapy (n = 27). Of the final 
33 articles that met inclusion criteria, 26 studies addressed clini-
cal outcomes, 12 addressed humanistic outcomes, and one study 

addressed economic outcomes. Twenty-one studies reported only 
clinical outcomes, and six studies reported only humanistic out-
comes. Additional study characteristics are found in Table 2.

The median MMAT score was 80 and ranged from 60 to 100. 
Quality scores for studies addressing clinical outcomes ranged from 
60 to 100 (n = 26), whereas scores ranged from 80 to 100 for hu-
manistic studies (n = 12). Quality score for the economic study was 
100.

The following ASMs were specifically evaluated as an inter-
vention by one study reporting clinical outcomes (see Table  3): 
CBZ,13 cenobamate,14 clobazam (CLB),15 eslicarbazepine (ESL),16 
lacosamide (LCS),17 levetiracetam (LEV),18 lamotrigine (LTG),18 per-
ampanel (PER),19 pregabalin (PGB).20 Clinical outcomes of specific 
combinations of ASMs, including CBZ/valproic acid (VPA) compared 
to CBZ monotherapy21 and VPA/LTG compared to VPA and/or LTG 
monotherapy,22 were evaluated in one study each. Brivaracetam 
(BRV),23–25 oxcarbazepine (OXC),18,26,27 and topiramate (TPM)28–30 
were evaluated in three studies each, while zonisamide (ZNS) was 
evaluated in two studies,31,32 all of which reported clinical outcomes. 
Among studies reporting humanistic outcomes, OXC was evaluated 
in one study,27 while ZNS was evaluated in two studies.31,32 In the 
study reporting economic outcomes, CLB, gabapentin (GBP), LTG, 
TPM, and vigabatrin (VGB) were compared among patients taking at 

F I G U R E  1  PRISMA flow diagram
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least one ASM at baseline.33 See Table 4 for a summary of humanis-
tic and economic outcomes.

3.1  |  Research question 1: clinical 
(effectiveness and tolerability) outcomes

Results based on clinical outcomes are summarized in Table  3. 
Common efficacy outcomes included ≥50% reduction in seizure 
frequency (n = 14),17,19–21,23–26,28,29,31,32,34–36 followed by achieving 
seizure freedom (n = 14)17,19,20,23–28,34–37 and percent reduction in sei-
zure frequency (n = 8).23–27,29,31,32 Additionally, eight studies reported 
if seizure frequency was increased or exacerbated.16,19,21,28,29,34 
Sixteen studies addressed safety outcomes ,14–17,19,20,24–29,31,36,38,39 

while seven studies reported plasma concentrations of the study 
drug13,24,26,27 and/or all ASMs taken by patients.22,28,36

Outcomes evaluating specific ASM combinations were not part 
of the primary outcomes but were generally reported with or with-
out statistical analysis. For example, patients receiving concomitant 
PER and enzyme-inducing ASMs (e.g., CBZ, PTH, phenobarbital, 
primidone) were less likely to be classified as responders or achieve 
seizure control compared to non-enzyme-inducing ASMs. In addi-
tion, another study reported the most effective combination was 
OXC and TPM where three of four patients were classified as re-
sponders.26 Finally, other studies reported that VPA and LTG were 
an effective combination.22,37

There were some unique efficacy-related outcomes, such as 
seizure interval prolongation after a brief ASM holiday among 

Clinical (n = 26) Humanistic (n = 6) Economic (n = 1)

Year of study publication (n, %)

2010 or before 12 (46) 1 (16.6) 1 (100)

After 2010 14 (54) 5 (83.3) 0 (0)

Country (n, %)

Brazil 2 (7.6) 1 (16.6)

China 1 (3.8)

Europe 1 (3.8)

Italy 2 (7.6)

Korea 1 (3.8)

Multinationala 7 (26.9)

Netherlands 1 (16.6)

Poland 1 (3.8)

Scotland 2 (7.6)

Spain 1 (3.8)

Sweden 1 (16.6)

Taiwan 1 (16.6)

Thailand 1 (3.8)

Turkey 1 (3.8)

United Kingdom 1 (3.8) 1 (100)

United States 5 (19.2) 2 (33.3)

Study design (n, %)

RCT 10 (38.4)

Non-RCT 16 (61.5) 6 (100) 1 (100)

Cohort 12 (46) 1 (16.6) 1 (100)

Case control 1 (3.8) 4 (66.6)

Case series 1 (3.8)

Prospective observational 1 (3.8)

Response-conditional 
crossover

1 (3.8)

Cross sectional 1 (16.6)

Number of participants (Median, 
range)

144 (18–768) 168 (108–3853) 125

Abbreviation: RCT, randomized controlled trial.
aMultinational defined as countries from multiple continents.

TA B L E  2  Characteristics of included 
articles by their primary outcome
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patients with previous ASM tolerance18 and initial achievement of 
seizure control with LEV with regression at 3 months.35 Additionally, 
studies that focused only on safety and tolerability also reported 
unique outcomes compared to studies that reported both safety 
and efficacy outcomes, such as time to discontinuation,30 retention 
rate,14,30 factors associated with discontinuation,30 probability of 
treatment continuation,14 and most common reasons for discontinu-
ation.14 Some studies also did not report specific percent reductions 
but rather categorized patients into various groups given their re-
sponse to treatment such as seizure frequency, adjustment to ASM 
therapy, seizure freedom, responder status, or discontinuation of 
therapy.28,34 Finally, one study reported the effect of withdrawing 
concomitant ASMs after achieving response with TPM.28

Among the six studies that mentioned worsening seizure control 
in their methods, one study did not report any results associated 
with increased seizure frequency.16 In a study involving pregnant 
women, seizure frequency increased in 51% of the population, com-
pared to remaining unchanged in 33%, decreased in 12%, and sei-
zure freedom in 4% (no statistical analysis reported).34 In the other 
three studies, reports of increased seizure frequency among pa-
tients ranged from 1.1% to 39%.19,21,29

3.2  |  Research question 2: humanistic and 
economic outcomes

Of the 12 studies reporting humanistic outcomes, six studies also 
reported clinical or economic outcomes and six reported solely 
humanistic outcomes. When clinical or economic outcomes were 
also reported, humanistic outcomes were considered secondary 
outcomes. The most common humanist outcomes across stud-
ies included quality of life (n  =  4),27,33,38,40 medication adherence 
(n = 2),34,41 sleep-related outcomes (n = 2),40,42 and physician and pa-
tient global assessments (n = 2).31,32 Some articles reported multiple 
humanistic outcomes. See Table 4 for a summary of included studies.

Among any study reporting quality of life-related outcomes, vari-
ous tools were utilized including: EuroQol-5 dimensions (EQ-5D),33,40 
Quality of Life in Epilepsy Inventory QOLIE-10,40 (QOLIE-31),27,38 
Patient Global Impression of Change (PGIC),27 and Quality of Life 
Assessment Schedule.33 Impact on quality of life was variable. One 
study showed improved QOLIE-31 scores among those success-
fully transitioned to monotherapy compared to patients remain-
ing on polytherapy.38 Another study demonstrated no difference 
in the change in QOLIE-31 or PGIC scores between placebo and 
OXC.27 Additionally, QOLIE-10 (p  =  0.006) and EQ-5D (p < 0.001) 
scores were significantly better among patients without a diagnosed 
sleep disturbance compared to those with a diagnosed sleep distur-
bance.40 Finally, patients prescribed TPM experienced improvement 
in the EQ-5D score from baseline (p < 0.05), while there was a small 
but nonsignificant increase for VGB and nonsignificant declines 
for GBP, CLB, and LTG.33 This study also collected data using the 
Quality of Life Assessment Schedule; however, the results were not 
clearly reported.33

Of the two studies describing medication adherence, one study 
reported mean medication possession ratio,41 while the other eval-
uated adherence using the Morisky Medication Adherence Scale.34 
Monotherapy was associated with better adherence compared to 
polytherapy regimens.41 Additionally, poor adherence was asso-
ciated with increased seizure frequency.34 Furthermore, the addi-
tion of an ASM was associated with increased seizure frequency, 
whereas polytherapy in general was not associated with increased 
seizure frequency. Finally, patients treated with a higher number of 
ASMs, among other factors, were associated with increased odds 
of status epilepticus (p < 0.05, statistical analysis not reported), and 
polytherapy was associated with increased odds of obstetric com-
plications (odds ratio (OR) 2.8 [95% confidence interval (CI) 1.1–7.6, 
p = 0.06]).34

Among the studies reporting sleep-related outcomes, authors 
used the Medical Outcomes Study (MOS) Sleep Scale40 or Pittsburgh 
Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS), and 
Short Form Survey (SF36) and polysomnography results.42 There 
were no differences in MOS sleep scale results among patients tak-
ing two or three ASMs; however, patients taking four or more ASMs 
reported numerically higher scores compared to three ASMs or less, 
but this was not statistically significant (p = 0.202).40 In general, the 
percentage of patients with elevated PSQI and ESS scores were not 
significantly different between patients with refractory and medi-
cally controlled epilepsy.42

Finally, the two studies that reported global assessments were 
both related to zonisamide (ZNS),31,32 where physicians and patients 
rated improvement of patient symptoms as marked, slight, none, or 
worse at the end of the study period. In both studies among patients 
with refractory epilepsy, there was a statistically significant differ-
ence in marked improvement in symptoms between adjunctive ZNS 
and placebo groups.31,32

One study was included that evaluated economic outcomes, in-
cluding health care costs, quality-adjusted life years (QALY), cost-
utility analyses, and incremental cost-effectiveness ratios.33 TPM 
and VGB were associated with increased utility scores, but the in-
cremental cost-effectiveness ratio (ICER) of TPM was £7869/QALY 
compared to VGB (see Table 4).33

3.3  |  Research question 3: terms and definitions 
for DRE

Included studies used a variety of terms and definitions for DRE 
(see Table 5). The ILAE published their definition of DRE in 2010. In 
our review, 14 studies were published through 2010, and 19 studies 
were published after 2010. The majority of studies used the term 
“refractory.” These studies also used other terms, such as adjunctive, 
uncontrolled, or intractable. Two studies solely used the term “ad-
junctive” to describe the intervention,19,27 while three studies solely 
used the term “uncontrolled” to describe epilepsy.20,23,24

Among RCTs (n = 10), “refractory” epilepsy was used in seven 
studies.13,15,21,22,25,28,35 Additionally, five studies also used the 
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TA B L E  5  Drug-resistant epilepsy terminology and definition

Author (year) Specific term(s) Definition of DRE

Azar et al. (2010)18 Refractory, “history of AED 
tolerance”

Failed at least one ASM in the past

Bardai et al. (2012)44 NA Not reported; authors differentiated between mono- and polytherapy

Bautista et al. (2012)41 Intractable epilepsy Not defined; authors differentiated between mono- and polytherapy

Biton et al. (2014)23 Uncontrolled Patients were uncontrolled on one to two concomitant ASMs at optimal 
stable dosages for ≥1 month prior to screening and throughout the 
treatment period

Borges et al. (1996)13 Refractory No significant reduction of seizure frequency despite of the adequate 
treatment with several ASMs prescribed on mono- or polytherapy

Brahmbhatt et al. (2021)15 Post-operative tumor-related 
refractory, add-on ASM

Two or more ASMs at baseline

Elger et al. (2009)16 Refractory epilepsy; adjunctive 
therapy

Inclusion criteria: receiving one or two ASMs in a stable dose regimen 
for at least 2 weeks before screening and had at least 4 POS in the 
two 4-week periods of the baseline phase with no seizure-free 
interval > 21 days

Freitas-Lima et al. (2013)43 Refractory Persistence of seizures after adequately applied treatment(s) with one 
or more appropriate ASMs at maximally tolerated doses, excluding 
treatments whereby titration to usually effective dosages was 
prevented by the onset of idiosyncratic reactions

French et al. (2014)27 Adjunctive therapy Patients had to have an average of at least three seizures monthly 
(28 days) during the 8-week screening period despite ongoing 
treatment with stable doses of one to three ASMs with/without 
adjunctive VNS

French et al. (2021)14 Treatment-resistant epilepsy; 
adjunctive treatment

Uncontrolled despite treatment with at least one ASM within the past 
2 years. Patients must be taking one to three ASM at stable doses for 
4 weeks before screening

Harden et al. (1993)21 Refractory, intractable epilepsy Refractory to treatment with multiple medications; all with unsatisfactory 
control on highest tolerated CBZ dose for at least 3 months, with 
documented toxicity

Kellet et al. (1999)30 Refractory Two or more ASMs at baseline

Klein et al. (2015)24 Uncontrolled One or two conventional ASMs at stable dosage for at least 1 month 
before visit 1 (3 months for phenobarbital, phenytoin, and primidone)

Kraiprab et al. (2005)26 Refractory, uncontrolled Inclusion criteria: Patients experienced at least four seizures during the 
8-week baseline period, taking at least one or more concomitant 
ASM at baseline. If patients were only on one concomitant ASM, 
they had failed treatment with other ASM, either as monotherapy or 
polytherapy

Kusznir Vitturi et al. (2019)34 Refractory When treatment fails to achieve seizure freedom for 12 months or more, 
for whatever reason

Lattanzi et al. (2021)19 Adjunctive Inclusion criteria: Stable treatment with one or more ASMs in the past 
90 days

Lee et al. (2013)35 Refractory, uncontrolled Inclusion criteria: One or more concomitant ASM at stable doses for 
at least 4 weeks prior to selection, if they had uncontrolled partial 
seizures with or without secondary generalization at least once a 
month during the 3-month retrospective baseline period before LEV 
commencement

Pirio Richardson et al. 
(2004)38

Medically refractory epilepsy Failed two or more first-line ASM at adequate doses as monotherapy and 
in combination

Pisani et al. (1999)22 Refractory Inclusion criteria: Occurrence of at least four complex partial seizures per 
month during the previous 3 months, despite adequate dosages of no 
more than two conventional ASM

Remak et al. (2004)33 Refractory, adjunctive treatment Starting adjunctive treatment with one of five ASMs

Ryvlin et al. (2014)25 Refractory Inclusion criteria: Previous trial of at least two ASMs

(Continues)
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term “adjunctive” or “adjunctive therapy” to describe the interven-
tion.14,16,27,29,31 Three studies also used the term “uncontrolled” or 
“not adequately controlled,” referring to seizures.23,24,26 Among 
non-RCTs (n  =  23), “refractory” epilepsy was used in 15 stud-
ies.13,15,17,18,21,22,28,30,33–35,39,40,42,43 Two studies specifically high-
lighted “medically refractory epilepsy”38 and “treatment-resistant 
epilepsy.”14 Four studies did not specifically define DRE.37,41,44,45 
Humanistic and clinical outcomes were captured by three41,44,45 
and one37 study, respectively, and compared ASM mono- and 
polytherapy.

Definitions of DRE varied between studies. Two studies spe-
cifically referenced the ILAE definition of DRE.39,42 Four studies 
highlighted if previous therapy failed to control seizures.15,21,26,38 
Two of these studies specified at least two ASMs could fail as 
either monotherapy or in combination.26,38 One study included 
patients if only one ASM failed. One study did not specify the 
number of previously failed ASMs.21 In addition, two studies de-
fined refractory epilepsy based on seizure freedom.17,34 The first 
study used the definition of inability to achieve seizure freedom 
in the past 12 months,34 and the second study used the definition 
of inability to completely control seizures after trying at least two 
ASMs.17 Furthermore, some authors sought to clarify whether pa-
tients had adequate trials of ASMs to be considered DRE. One 
study included establishing therapeutic concentrations of base-
line ASMs as part of the inclusion criteria for refractory epilepsy.32 

Eight studies specified patients had to be on stable doses of ASMs 
prior to entering the study.14,16,23,24,27,35,36,40 The time frame var-
ied by study.

Additionally, some definitions were specific to the study inclusion 
criteria and may not specifically reflect the definition of DRE, but 
this was not clarified. Ten studies mentioned a maximum number of 
ASMs patients could be on as part of their inclusion criteria. Six stud-
ies limited participants to one or two ASMs at baseline,16,22–24,31,36 
and three studies limited participants to three ASMs.14,27,29

3.4  |  Research question 4: gaps in the literature

Gaps in the literature were evident related to every research ques-
tion, especially regarding specific ASMs combinations for rational 
polytherapy. Some gaps in the literature are related to study design 
and generalizability. Included studies utilized a range of study de-
signs; however, the RCTs evaluated an adjunctive ASM compared 
to placebo, whereas retrospective, non-randomized studies typi-
cally evaluated effective combinations of ASMs. In addition, al-
though studies were conducted in a variety of countries, African 
countries were minimally represented, which may impact generaliz-
ability. Furthermore, only one article included pregnant women.34 
Outcomes could not be thoroughly evaluated among this population 
or the impact on the children themselves. Additionally, many studies 

Author (year) Specific term(s) Definition of DRE

Sackellarres et al. (2004)31 Refractory, adjunctive treatment Inclusion criteria: were refractory to current AED therapy; had a history 
of at least four complex partial seizures per month; and had no more 
than eight generalized tonic, clonic, or tonic–clonic seizures per month

Schmidt et al. (1993)32 Refractory Inclusion criteria: Average of at least four seizures per month despite 
therapeutic plasma concentrations of standard ASMs

Senadim et al. (2018)39 Refractory Polytherapy; referred to ILAE 2010 publication1

Shorvon et al. (2000)36 Refractory Inclusion criteria: All patients had seizures that had persisted for at least 
the previous 2 years despite treatment with one or two ASMs and 
were on stable dose regimens of a maximum of two ASMs for at least 
4 weeks before the selection visit, as well as throughout the study

Stephen et al. (2000)28 Refractory Inclusion criteria: Continued to have seizures for more than 2 years 
despite treatment with a range of ASMs

Stephen et al. (2011)20 Uncontrolled Unclear definition, summarized as failed at least one ASM

Sveinsson et al. (2020)45 Refractory Not defined; authors differentiated between mono- and polytherapy

Villanueva et al. (2012)17 Refractory Patients who had not achieved complete seizure control after at least two 
ASMs

Wezyk et al. (2020)37 Refractory Not defined; authors differentiated between mono- and polytherapy

Xu et al. (2006)40 Refractory Inclusion criteria: Stable polytherapy (at least 2 ASMs), on treatment for 
≥60 days, on a stable dose for ≥30 days

Yeh et al. (2021)42 Refractory Based on the ILAE definition and criteria from Taiwan Handicap 
Handbook (e.g., additionally ≥2 monthly seizure episodes over the 
past year)

Zhang et al. (2011)29 Refractory, adjunctive At least 4 seizures during an 8-week baseline period, despite treatment 
with one to three standard ASMs

Abbreviations: AED, antiepileptic drug; ASM, antiseizure medication; CBZ, carbamazepine; ILAE, International League Against Epilepsy; LEV, 
levetiracetam; NA, not applicable; POS, partial-onset seizure; VNS, vagus nerve stimulator.

TA B L E  5  (Continued)
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had small sample sizes. Finally, consistent terminology for and defi-
nition of DRE is lacking. Table 6 includes a summary of gaps in the 
literature related to clinical, humanistic, and economic outcomes and 
DRE terms and definitions.

4  |  DISCUSSION

This scoping review summarizes the evidence related to clinical, 
humanistic, and economic outcomes for treatment among adult pa-
tients with DRE and the terms and definitions used to describe DRE. 
Our research questions primarily focused on describing the current 
literature regarding rational polytherapy in DRE. We found that the 
majority of studies did not specifically identify or evaluate effective 
combinations of ASMs but rather looked at outcomes of ASM poly-
therapy generally. When compared to monotherapy, polytherapy 
regimens were typically associated with worse outcomes. Among 
studies that did report effective combinations of ASMs, sample sizes 
were small, and authors could not draw strong conclusions.

Clinical outcomes regarding specific ASM combinations were 
minimally reported, which opens the door for future exploration. 
Specifically, the combination of VPA and LTG is promising. At least 
two included studies noted VPA and LTG were effective combi-
nations,22,37 which corroborate other reports of their synergistic 
action despite the known drug interaction necessitating a slow ti-
tration of LTG.46–48 In addition, it is unclear how individual ASMs 
may result in no change or worsening of seizure control since this 
was infrequently reported as a clinical outcome (six of 26 studies) 
and this phenomenon is not well characterized and is difficult to 
ascertain.49 Even so, there are some seizure types that are exac-
erbated by certain ASMs, such as Dravet syndrome and sodium 
channel blockers or generalized epilepsies and CBZ.49,50 Clinicians 
are encouraged to ensure an accurate diagnosis in the setting of 
DRE for this very reason.2 There is still an opportunity to define 
ideal ASM combinations based on various patient- and disease-
specific characteristics.

Based on our review of humanistic outcomes, conclusions may 
not be readily drawn given the limited number of studies evaluat-
ing each outcome. First, polytherapy may be associated with no 
change or worse QOL27,33,38,40 and poor adherence,34,41 but these 
outcomes were evaluated by a limited number of studies. It is un-
clear how improvements in QOL could be optimized if patients 
with DRE were switched from poly- to monotherapy38 since this 
study was limited by its retrospective design and small sample 
size. Even so, these results align with common sense that patients 
requiring more therapy (i.e., polytherapy), would have more se-
vere disease and thus be at risk for impaired effectiveness and 
poor tolerability. Additionally, there were limited studies included 
in this review evaluating sudden unexpected death in epilepsy 
(SUDEP) among patients with DRE. The findings of the single in-
cluded article offer a new insight regarding adherence and SUDEP, 
whereas findings related to SUDEP and polytherapy may conflict 
with other reports. In the single included study evaluating SUDEP, 

poor adherence to ASMs was associated with increased odds of 
SUDEP, which the authors note has not been reported before.45 
On the other hand, no ASMs were associated with increased odds 
of SUDEP,45 and practice guidelines identify there is low-quality 
evidence regarding specific ASMs (i.e., LTG) use in patients with 
refractory epilepsy and increased risk of SUDEP.51 Surprisingly, 

TA B L E  6  Identified gaps in the literature related to drug-
resistant epilepsy

Type of 
outcome Gaps in the literature

General gaps RCTs evaluated ASM compared to placebo; did 
not evaluate specific ASM combinations

Non-RCTs evaluated ASM combinations; 
however, they were retrospective, did not 
have a control group, and/or had small 
sample sizes

Limited research conducted among African 
countries/ethnic groups and women who 
are pregnant

Inconsistent reporting of concomitant non-
pharmacologic interventions (i.e., medical 
marijuana use or ketogenic diet). It is 
unclear what is the optimal interplay of 
non-pharmacologic and pharmacologic 
treatments

Clinical 
outcomes

Evaluation of specific ASM combinations were 
not included as a primary end point for 
RCTs, or ASMs were grouped based on 
similar mechanisms

Unclear how individual and/or specific ASM 
combinations worsen seizure control since 
this was specifically reported in a few 
studies (five of 26 studies)

Humanistic 
outcomes

Limited number of studies (two or less) 
evaluating each humanistic outcome

Limited number of studies (n = 1) evaluating 
SUDEP, and results appear to be 
inconsistent with other reports

Economic 
outcomes

Limited number of studies (n = 1) reporting 
economic outcomes, including healthcare 
costs, QALY, cost-utility analyses, and ICER

Evaluation of cost may have limited 
generalizability given health care and 
payment systems vary widely between 
countries

DRE term and 
definition(s)

Inconsistent use of terms, such as refractory 
or DRE

Inconsistent use of DRE definition for inclusion 
criteria

In general, it is difficult to align inclusion criteria 
with ILAE definition of DRE to ensure 
appropriate trials of ASMs prior to inclusion

Abbreviations: ASM, antiseizure medication; DRE, drug-resistant 
epilepsy; ICER, incremental cost-effectiveness ratio; ILAE, International 
League Against Epilepsy; QALY, quality-adjusted life years; RCT, 
randomized controlled trial; SUDEP, sudden unexpected death in 
epilepsy.
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both polytherapy and three or more ASMs were statistically as-
sociated with decreased odds of SUDEP, whereas monotherapy 
and two ASMs did not decrease the odds of SUDEP.45 This is an 
interesting finding since other reports note that polytherapy is as-
sociated with increased risk of SUDEP,52 but the evidence is very 
low or conflicting.51 The current scoping review is unable to fur-
ther explore these results given the limited number of included ar-
ticles also evaluating SUDEP. Overall, the current scoping review 
cannot draw robust conclusions regarding DRE and polytherapy 
on humanistic outcomes, regarding QOL, adherence, and SUDEP.

Finally, an additional gap in the literature relates to the evaluation 
of economic outcomes among adults with DRE. There was a limited 
number of articles evaluating economic outcomes compared to those 
reporting either clinical or humanistic outcomes. The single article re-
porting economic outcomes in patients with refractory epilepsy has 
some significant limitations related to study design, sample size, and 
risk of recall bias, and also did not use the ILAE definition of DRE. 
On the other hand, economic evaluations conducted in Germany and 
Italy among patients with DRE included both children and adults4,53 
or were not focused on polytherapy.54 In one study, drug costs were 
highest among patients with DRE (defined as “patients with recurrent 
seizures who in the judgment of the caring physician would not re-
spond to additional treatment changes”), compared to patients with 
complete seizure control, occasional seizures, or active non-drug-
resistant seizures.54 ASMs accounted for the majority of direct costs 
and newer generations of ASMs contributed to this increased cost 
in the two studies from Italy, but these results are difficult to gen-
eralize to other countries given different health care and payment 
systems.53,54 Additionally, it is unclear from these studies if certain 
ASMs or ASM combinations are associated with decreased costs 
while also improving other clinical and/or humanistic outcomes.

There are opportunities for future research to explore gaps re-
lated to clinical, humanistic, and economic outcomes for patients 
with DRE. Although most studies included in this scoping review did 
not specifically evaluate ASM combinations for rational polytherapy, 
some studies utilized innovative study designs or statistical analy-
sis that could be used in the future to allow for evaluation of poly-
therapy. For example, three studies evaluating various BRV doses 
conducted a priori subgroup analyses based on current and/or prior 
exposure to LEV.23–25 Future researchers should consider a similar 
approach to a priori determinations when evaluating ASMs with sim-
ilar mechanisms of action, such as BRV and LEV. Overall, research-
ers can use similar statistical analyses to provide insight into future 
seizure control based on past exposure to ASMs in general. Another 
innovative study design is related to evaluating sequential mono-
therapy and rational polytherapy. For example, VPA and LTG have 
been shown to be effective in a single-arm prospective study, but it 
was unknown if these patients would have benefitted from mono-
therapy initially.46 Another study evaluated sequential monotherapy 
of VPA then LTG before trialing VPA and LTG polytherapy, only in 
those patients who did not experience side effects and/or lacked 
efficacy on monotherapy.22 By definition, these patients could meet 
criteria for DRE if appropriate trials of VPA and LTG monotherapy 

were completed. This also serves as an example for clinicians of op-
timizing monotherapy before classifying a patient with DRE and sub-
jecting them to unnecessary polytherapy.

Addressing gaps in these outcomes is predicated on a clear defi-
nition for DRE. Inconsistent DRE definitions prevent researchers 
from completing high-quality meta-analyses to evaluate overall im-
pact of smaller studies, such as those included in this scoping re-
view. In addition, heterogeneity and limited data ultimately makes it 
challenging for the medical team to incorporate results into clinical 
practice. There is a need to consistently translate the ILAE definition 
of DRE into the research setting to address clinical, humanistic, and 
economic gaps to ultimately impact patient care.

Strengths of our study related to using a standard process and 
asking comprehensive research questions. First, we followed a sys-
tematic approach for scoping reviews and utilized a standard pro-
cess to identify, review, and select articles for inclusion. Additionally, 
we used a validated tool for quality appraisal. Finally, clinical, human-
istic, and economic outcomes were evaluated in light of the impact 
of DRE on all aspects of health. There are many reviews regarding 
non-pharmacological management strategies for DRE, including the 
ketogenic diet and various surgeries. To our knowledge, this is the 
first scoping review of pharmacological management of DRE that 
followed a systematic approach.

There were some limitations with this review. First, we had to ex-
clude certain articles reporting humanistic and economic outcomes, 
which limited the number of studies we could review. Since only 
one study reporting economic outcomes was included, we could not 
draw additional conclusions about the economic impact of polyther-
apy for DRE. Secondly, we excluded studies involving patients under 
the age of 18 to maintain consistent inclusion criteria. Additionally, 
we did not set an upper age limit as most studies did not include one. 
Finally, we could not conduct statistical analysis given heterogene-
ity among studies and thus cannot draw definitive conclusions re-
garding specific ASM combinations in general, or for specific seizure 
types (i.e., partial vs. generalized).

Data supports that monotherapy is ideal for PWE, but poly-
therapy may be necessary. As such, researchers and clinicians can 
prioritize evaluating optimal ASM regimens for rational polyther-
apy. Studies can be strategically designed to evaluate both se-
quential monotherapy and rational polytherapy and subsequent 
de-escalation, while taking specific seizure types into consideration. 
Additionally, there is a need for well-designed studies to evaluate 
humanistic and/or economic outcomes in DRE populations. Finally, 
authors should use the term refractory appropriately, and inclusion 
criteria should reflect the ILAE definition for DRE.

5  |  CONCLUSION

Ultimately, the optimal combinations of ASMs for rational poly-
therapy for DRE is unclear given the present data. Use of the ILAE 
definition of DRE was applied inconsistently. Operationalizing the 
definition as inclusion criteria may have been challenging, which 
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creates a barrier for well-designed studies in this population but also 
limits clinicians from practicing evidence-based medicine.
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