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Background: Dravet syndrome (DS), Lennox-Gastaut syndrome (LGS) and CDKL5

deficiency disorder (CDD) are rare epileptic conditions, characterised by drug-resistant

seizures. Seizure management in these patients requires careful therapy selection.

This targeted literature review (TLR) aimed to collate and synthesise information from

country-specific and international treatment guidelines for DS, LGS and CDD.

Methods: A TLR was performed between 25th January and 11th March 2021. Online

rare diseases and guideline databases were manually searched in addition to websites

of national health technology assessment bodies for the following countries: Australia,

Canada, France, Germany, Israel, Italy, Japan, Spain, Switzerland, UK and US, as defined

by pre-specified eligibility criteria. Search terms, developed for each condition, were

translated into local languages where appropriate. Descriptive analyses were performed

to examine the geographical distribution of included guidelines; methodologies used to

develop guidelines; cross-referencing of treatment recommendations made within other

guidelines; patterns of treatment recommendations. An author map was created using

R version 3.5.1, to visualise the extent of collaboration between authors.

Results: Forty total guidelines were included, of which 29, 34 and 0 contained

recommendations for DS, LGS and CDD, respectively (some provided recommendations

for ≥1 condition). Most were country-specific, with guideline authors predominantly

publishing in regional groups. Five guidelines were classified as “International” and

displayed connections between author groups in the US, UK, France and Italy.

Reported guideline development processes were lacking [43% (17 guidelines) had

unclear/absent literature review methodologies] and those reported were variable,

including both systematic and targeted literature reviews. Use of expert consultation

was also variable. A high degree of heterogeneity was observed in the availability of

treatment recommendations across disorders, with 271 and 190 recommendations
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for LGS and DS, respectively, and contradictory positive and negative treatment

recommendations for several drugs in each indication [35% (11/31) and 22% (6/27) in

LGS and DS, respectively].

Conclusions: This review highlights the need for further high-quality international

consensus-based treatment guidelines for LGS, DS, and particularly for CDD (for which

no treatment guidelines were identified). Supra-national consensus guidance based on

findings from a wider geographical range may improve resource allocation and establish

an improved world-wide standard of care.

Keywords: epilepsy, treatment, literature review, rare disorders, guidelines, CDKL5 deficiency disorder, Dravet

syndrome, Lennox-Gastaut syndrome

INTRODUCTION

Dravet syndrome (DS) and Lennox-Gastaut syndrome
(LGS) are severe, treatment-resistant developmental epileptic
encephalopathies (DEEs), in which seizure activity is associated
with general cerebral dysfunction (1). CDKL5 deficiency disorder
(CDD) is a more recently-described DEE caused by mutations
in the CDKL5 gene (2–4). Despite their distinct aetiologies, these
disorders all feature the onset of seizures in early childhood, as
well as severe cognitive and behavioural impairments (1, 5, 6).
It is important to manage seizures carefully to avoid injuries,
disability, and reduce the risk of life-threatening complications,
such as sudden unexpected death in epilepsy (SUDEP) and status
epilepticus (SE) (7, 8).

Management of epileptic seizures requires careful therapy
selection to optimise seizure control and improve a patient’s
quality of life (QoL) (9), balanced against significant side effects
that are associated with many pharmacological treatments.
The three main forms of treatment available are anti-
seizure medications (ASMs), dietary modification (typically
the ketogenic diet), and surgical intervention (4, 5, 7),
with preventative ASMs remaining the mainstay of epilepsy
treatment (10).

The management of seizures in patients with DS, LGS
and CDD is particularly challenging as the seizures are
frequently treatment-resistant (requiring the use of two or more
appropriately chosen ASMs), and patients often fail to achieve
complete seizure control (4, 7, 9, 11). In addition, therapy with
specific mechanisms of action may be required for certain seizure
types, and individual responses to these drugs can be variable (5).
In some cases, ASMs may also become less effective over time
and can even worsen seizure control (5). Physicians must also
consider that seizure patterns and progression of these disorders
may change over time (9).

Due to the challenges associated with the selection of
appropriate ASMs to manage seizures in patients with DS, LGS
and CDD, the development and use of treatment guidelines
helps to optimise management of these conditions and align best
practises and care in both national and international contexts
(12). Additionally, the content of such guidelines may be used to
inform health technology assessment (HTA) recommendations
and play a decisive role in treatment licencing (13, 14). It
is therefore widely accepted that treatment guidelines should

be developed using robust methods of evidence generation,
such as systematic literature reviews (SLRs) and rigorous forms
of expert consensus (12). In addition, expert collaboration
and the co-ordinated development of guidelines prevent the
duplication of efforts and allow the generation of high-quality
recommendations, based on learnings from across the globe
(15, 16). Whilst these are the ideal considerations, they are not
always met, particularly for rare diseases.

Treatment guidelines for rare diseases are often scarce,
geography-specific, and are of varying quality largely due to a
paucity of high certainty evidence (17, 18). Physicians, support
groups and carers of people with rare diseases often need to
keep updated with developments in the field; however, clinicians
and families may not have the time to collate and analyse
available data, and therefore require guidelines to ensure patients
receive optimal care (19). In a user satisfaction survey undertaken
by the Orphanet website (an online resource which aims to
provide high-quality information on rare diseases to a variety of
stakeholders), respondents were reported as being interested in
accessing more clinical guidelines and review articles than were
already available, as well as expanding access to resources from
a wider range of countries, highlighting the continued need for
robust treatment guidelines (20).

The objective of this targeted literature review (TLR) was to
perform a descriptive analysis of available treatment guidelines
for the management of DS, LGS and CDD. More specifically, we
aimed to:

1. Determine the availability of country-specific and
international treatment guidelines for DS, LGS and CDD;

2. Describe the methodology used to develop individual
existing guidelines;

3. Assess the extent of collaboration between authors through
the identification of shared authors between the included
guidelines; and

4. Report the frequency and patterns of existing treatment
recommendations for DS, LGS and CDD.

METHODS

Search Strategy
A TLR was performed between 25th January and 11th March
2021; online information sources were manually searched in
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accordance with pre-specified search criteria, to identify relevant
treatment guidelines. The search strategies used for each
information source, and the dates of searches are summarised in
Supplementary Table 1.

The search strategy included searches of the following sources:
Google, Guideline Central, Orphanet, National Organisation
for Rare Disorders (NORD), American Academy of Neurology
(AAN), American Epilepsy Society (AES) and International
League Against Epilepsy (ILAE). Websites of national HTA
bodies for the following countries were also searched: Australia,
Canada, France, Germany, Israel, Italy, Japan, Spain, Switzerland,
United Kingdom (UK), and United States (US).

Each database was queried with search terms appropriate
for its search functionality (e.g., Boolean operators were used
where possible) and the specificity of the database (e.g., whether
it was a repository of treatment guidelines, in which case
search terms for “guidelines” were unnecessary); searches were
filtered for guidelines where possible. Search terms included
combinations of free-text and terms for each of the indications of
interest. These terms were translated into the relevant language
where applicable.

Review Process
Each record identified through the searches was screened
for eligibility according to criteria defined using a PICOS
(Population, Intervention, Comparators, Outcomes, Study
design) approach, as presented in Table 1. Briefly, eligible
publications were guidelines or guidance reporting routine
pharmacological management of seizures in patients with DS,
LGS or CDD in the countries of interest described previously.
Eligible publications were classified as “International” if they

were developed either for multiple countries or did not specify
to which countries they pertained. Guidance or guidelines
were defined as publications which were informed by rigorous
methods, such as an SLR, had multiple authors or explicitly
stated that certain treatments were “recommended”. In addition
to guidelines produced by HTA bodies, the review also captured
technology appraisal guidance following any conducted
technology assessments. Search results were screened by a
single reviewer. Where the applicability of the inclusion criteria
was unclear, the record was assessed by a second reviewer.
Where possible, reviewers who were either fluent or had a high
level of proficiency in a relevant language were responsible for
the identification, screening and extraction of any guideline
documents not published in the English language. For languages
in which reviewers were not proficient, the online translation
software, DeepL R©, was used.

Data Extraction and Analyses
Guidelines presenting relevant data were extracted into a
pre-defined extraction grid. Information extracted for each
guideline included: publication date and planned revision
date; the organisation that developed the guideline; author
names and author affiliations; the methodology used for the
development of guidelines, including use of literature reviews and
expert consultation; population(s) addressed; pharmacological
recommendations by treatment stage and seizure subtype and
references to other guidelines, HTA assessments/regulatory body
decisions and compiled literature sources (including SLRs, meta-
analyses and electronic databases).

Descriptive analyses were performed in Microsoft Excel R©

to examine: the distribution of identified guidelines across the

TABLE 1 | Eligibility criteria.

Modified PICOS domain Inclusion criteria Exclusion criteria

Population Patients with the following epileptic conditions:

• Dravet syndrome

• Lennox-Gastaut syndrome

• CDKL5 deficiency disorder

Conditions other than those listed

Intervention Any None

Outcomes The document must have discussed the management of the

conditions of interest in terms of pharmacological treatment

pathways for routine seizure control

• Documents that did not discuss the management in terms of

pharmacological treatment pathways

• Emergency medication and surgical guidelines

Publication type Guidelines or guidance documents Publications other than guidelines

Other considerations Specifically produced for use in:

• EU5 countries (UK, Germany, Spain, Italy, France)

• Japan

• Australia

• Switzerland

• Israel

• US

• Canada

Produced specifically for use in countries that were not of interest

International guidelines (i.e., guidelines produced for multiple

countries that included or potentially included the countries of

interest, or guidelines that did not specify which countries they

pertained to)

EU, European Union; PICOS, Population, Intervention, Comparators, Outcomes, Study design; UK, United Kingdom; US, United States.
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countries of interest; the methodologies used to develop the
treatment guidelines; and the cross-referencing of treatment
recommendations made within other guidelines.

The authors involved in developing each of the guidelines
identified in this study (including guidelines for both DS and
LGS) were mapped into a network, using R version 3.5.1 to
visualise whether authors were contributing to >1 guideline
and if so, to measure the extent of collaboration between these
authors, both on a national and international level.

In order to assess the patterns of positive and negative
pharmacological treatment recommendations for each
indication, further descriptive analyses were performed. A
positive recommendation was defined as an individual ASM that
was recommended for use in a specific indication, irrespective
of the line of treatment (e.g., first-line) or whether the treatment
was adjunctive; whilst a negative recommendation was defined as
an individual ASM treatment that was highlighted as a potential
option by a guideline but whose use was recommended against
(for any reason) in a specific indication, irrespective of the line of
treatment or whether the treatment was adjunctive.

RESULTS

Characteristics of Included Guidelines
A total of 40 eligible records were included in the review
(Figure 1), with publication dates ranging between November
2005 and January 2021. More detailed information regarding
each of the guidelines is presented in Supplementary Table 2.
The majority of guidelines were country-specific (with
recommendations intended for patients in a specific country);
however, five guidelines were classified as “International”
(Figure 2). The countries with the highest number of identified
guidelines were France (7; 18%), Spain (7; 18%), Japan (5; 13%)
and the UK (5; 13%). No national guidelines were identified for
use in Israel or Switzerland. Only three guidelines were identified
that developed recommendations specifically for DS or LGS (one
in LGS from Germany, one in LGS from an international author

group and one in DS from an international author group). The
remaining guidelines including recommendations for DS or
LGS were identified within broader epilepsy guidelines. Several
guidelines were specifically developed for regions within one
of the countries of interest (13% [5/40]). Out of these, two UK
guidelines were created for use in Scotland, an Italian guideline
was developed for the region of Tuscany and two of the seven
Spanish guidelines identified were created specifically for the
region of Andalusia. None of the guidelines identified were for
use in the US at the state level.

Evidence Base and Methodology for
Guideline Development
Of the 40 guidelines identified, 10 (25%) did not specify whether
literature reviews were used to inform guideline development.
An additional seven guidelines (18%) explicitly stated that a
literature review was not used as part of the development process.
The remaining guidance documents involved either systematic
[22% (9/40)] or targeted [15% (6/40)] literature searches, or
a combination of these [20% (8/40)]; (Figure 3). Details on
expert consultation were not reported by 12/40 guidelines (30%);
three guidelines (8%) explicitly did not include any form of
expert consultation. Only three guidelines (7%) involved a Delphi
panel to inform guidance, while seven guidelines (17%) were
based on formal consensus group exercises; the remaining 15
guidelines (38%) utilised other forms of expert consultation,
such as working groups or targeted expert interviews (Figure 4).
Although 20/40 (50%) of guidelines reported the use of a
combined development approach consisting of a literature review
and expert consultation, only one of the guidelines explicitly used
an SLR and Delphi panel in combination.

A review of cross-referencing between the included guidelines
and other published guidance/literature reviews revealed that
citations within the identified guidelines mainly referenced other
treatment guidelines (53/103; 51%) or other compiled literature
sources (33; 32%), with the majority of the latter consisting

FIGURE 1 | Literature review flowchart. *Online information sources included: Guideline Central, National Organization for Rare Disorders (NORD), American Academy

of Neurology (AAN), American Epilepsy Society (AES), International League Against Epilepsy (ILAE), Orphanet, Google, National Institute for Health and Care

Excellence (NICE), Pharmaceutical Benefits Scheme (PBS), Canadian Agency for Drugs and Technologies in Health (CADTH), Ministerio de Sanidad, Consumo y

Bienestar Social (MSCBS), Agenzia Italiana del Farmaco (AIFA), Haute Autorité de Santé (HAS), Gemeinsamer Bundesausschuss (G-BA), Bundesamt für Gesundheit

(BAG), State of Israel – Ministry of Health, Ministry of Health, Labour and Welfare (MHLW).
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FIGURE 2 | Geographies of identified guidelines. *No guidelines were identified for use in Israel or Switzerland. The geography of guideline use refers to the country

for which that the guidance was specifically developed.

FIGURE 3 | Types of literature review performed to inform guideline development. “None” refers to guidelines in which a literature review was explicitly not used; NR,

not reported; SLR, systematic literature review; TLR, targeted literature review.

of SLRs included in the Cochrane Database of Systematic
Reviews (20/33; Figure 5). Citations also referenced 15 (15%)
regulatory body recommendations, two of which were made
to HTA body recommendations. The three documents most
frequently referenced (ten, six and seven times, respectively)
were the UK’s National Institute for Health and Care Excellence
(NICE)’s guidance on the diagnosis and management of
epilepsies (CG137) (21), an SLR from the Cochrane Database
of Systematic Reviews on the treatment of infantile spasms (22)
and a systematic literature review from the Cochrane Database
of Systematic Reviews on the treatment of Lennox-Gastaut
syndrome (23, 24).

Extent of Author Collaboration
In the author map, which was developed to investigate the
extent of national and international levels of collaboration by
visualising a network of the authors involved in developing each
of the guidelines identified in this study (including guidelines
developed for both DS and LGS), connections were identified
between international treatment guidelines and US, UK, French
and Italian guideline author groups as well as between Canadian
and Spanish guideline author groups. Other regional guidelines
displayed only occasional connections between author groups
within the region in question (these were mostly found to be
within the Japanese region; Figure 6).
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FIGURE 4 | Types of expert consultation performed to inform guideline development. “None” refers to guidelines in which expert consultation was explicitly not used;

NR, not reported. *Other refers to working groups or targeted expert interviews.

FIGURE 5 | Guideline cross-referencing to other treatment guidelines and regulatory/HTA recommendations. Cross-referencing refers to the number of different

treatment guidelines, regulatory body recommendations, HTA body recommendations or other references that were cited within the guidelines identified in this study,

either in the body of the guideline text or in accompanying reference lists. “Other” references included a Cochrane systematic literature review, an information website,

a narrative review and a consensus conference report. HTA, health technology assessment.

Treatment Recommendations for Dravet
Syndrome
In the 29 guidelines identified for DS, a total of 190 individual
treatment recommendations were made (irrespective of the line
of treatment; Figure 7). Of these treatment recommendations,
similar proportions were positive (53%; 101/190) and negative

(47%; 89/190). Most of the recommended treatments (21/27)
received either exclusively negative or positive recommendations,
with only stiripentol, cannabidiol, phenobarbital, acetazolamide,
bromide, and lamotrigine having received both (Figure 7).
Out of the 27 treatments, 11 received exclusively positive
recommendations for use in DS, of which sodium valproate,
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FIGURE 6 | Map of collaboration between the author groups of included guidelines. Each individual circle represents one author of a guideline. Each “cluster”

represents the group of authors that developed one guideline. Each cluster is labelled with the names of its respective first author(s). Guidelines which share one or

more authors between them are connected by grey lines, with single circles between guideline clusters representing the individuals who authored both guidelines in

question. Guidelines were classified as “International” if they were developed either for multiple countries or did not specify to which countries they pertained.

Guidelines for which author names were not reported have not been included in this figure. EITF, Epilepsy Implementation Task Force; NICE, National Institute for

Health and Clinical Excellence; SIGN, Scottish Intercollegiate Guidelines Network.

FIGURE 7 | Treatment recommendations for Dravet syndrome. N = 190 (101 positive and 89 negative recommendations) from 29 guidelines. Positive

recommendation: use of an individual ASM that was recommended for use in a specific indication, irrespective of the line of treatment (e.g., first line) or whether the

treatment was adjunctive; Negative recommendation: an individual ASM treatment that was highlighted as a potential option by a guideline but whose use was

recommended against (for any reason) in a specific indication, irrespective of the line of treatment or whether the treatment was adjunctive.
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clobazam and topiramate had the highest number (≥14 each).
However, stiripentol had the highest number of positive
recommendations (21), as well as one negative recommendation.
Of these, only stiripentol and cannabidiol have been approved
by the Food and Drug Administration (FDA) and European
Medicines Agency (EMA) for the treatment of seizures in Dravet
syndrome; both drugs received a negative recommendation due
to not being licenced in the region of interest at the time of
guideline publication (25–28). A number of treatments (10/27)
received exclusively negative recommendations for use in DS, of
which carbamazepine, phenytoin, oxcarbazepine and vigabatrin
had the highest number (≥9 each).

Out of the 101 total positive treatment recommendations for
DS, 37 (37%) were recommended for a specific line of treatment
(18 for first-line, 19 for second line; see Supplementary Table 3).
Sodium valproate received the highest number of positive
first-line recommendations (ten), followed by topiramate (five)
and stiripentol (two; approved only as an add-on therapy to
sodium valproate and clobazam) (29). Clobazam received the
highest number of positive second-line recommendations (four).
There were only three seizure type-specific recommendations
for DS, two of which were positive recommendations for
the use of stiripentol in tonic-clonic seizures, and one was
a negative recommendation for the use of lamotrigine in
myoclonic seizures.

Treatment Recommendations for
Lennox-Gastaut Syndrome
In the 34 guidelines identified for LGS, a total of 271 individual
treatment recommendations were made irrespective of line of
treatment (Figure 8). Of these 271 individual recommendations,
205 (76%) were positive and 66 (24%) were negative. Nearly
two-thirds of the drugs that were recommended (65% [20/31])
received either exclusively negative or positive (1 and 19 drugs,
respectively) recommendations for LGS. However, 35% (11/31)
of drugs received both negative and positive recommendations.
Of the 19 drugs that received positive recommendations for use

in patients with LGS; lamotrigine, topiramate and rufinamide
received themost (with≥27 positive recommendations each, and
no negative recommendations; Figure 8). These three drugs have
been specifically approved for the treatment of epilepsy in LGS
(30–32) in addition to felbamate (13 positive and one negative
recommendation), clobazam (17 positive recommendations) and
cannabidiol (5 positive and one negative recommendation) (28,
33, 34). Vigabatrin was the only drug with exclusively negative
recommendations for the treatment of LGS (nine in total).
Carbamazepine and gabapentin received the highest number
of individual negative recommendations (receiving 12 and 13
negative recommendations across the guidelines, respectively).

Out of the 205 positive treatment recommendations, 63
(31%) were recommended for a specific treatment line for LGS
(Supplementary Table 4). Sodium valproate received the highest
number of positive recommendations as a first-line therapy (14),
whereas lamotrigine received the highest number of positive
recommendations as a second-line therapy (9). All negative
recommendations for a specific line of treatment (6/66 [9%])
were associated with second-line treatment recommendations
(with carbamazepine, gabapentin, oxcarbazepine, pregabalin,
tiagabine and vigabatrin receiving one each). Additionally, there
were 40 seizure type-specific recommendations for LGS (35
positive, 5 negative), which covered a wide range of seizure
types, including absence, atonic, atypical absence, crisis episode,
generalised, myoclonic, tonic, tonic-atonic and tonic-clonic
(althoughmost seizure-type specific recommendations were only
made once among the guidelines). The two most frequent seizure
type-specific recommendations (each receiving 3) were positive
recommendations for ethosuximide in atypical absence seizures
and topiramate in atonic seizures.

Treatment Recommendations for CDKL5
Deficiency Disorder
Although there are publications that describe treatment response
to specific drugs or diets in patients with CDD (35), no treatment
guidelines for the management of routine seizures in CDD
were identified.

FIGURE 8 | Treatment recommendations for Lennox-Gastaut syndrome. N = 271 (205 positive and 66 negative treatment recommendations) from 34 guidelines.

Positive recommendation: use of an individual ASM treatment that was recommended for use in a specific indication, irrespective of the line of treatment (e.g., first line)

or whether the treatment was adjunctive; negative recommendation: an individual ASM treatment that was highlighted as a potential option by a guideline but whose

use was recommended against (for any reason) in a specific indication, irrespective of the line of treatment, or whether the treatment was adjunctive.
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DISCUSSION

This review provides a comprehensive overview of available
guidelines and their treatment recommendations for DS, LGS
and CDD in 11 countries across Europe, North America
and Asia Pacific. The main findings were: whilst there were
guidelines for DS and LGS, none were identified for CDD;
there were relatively few international treatment guidelines,
and in particular, very few that specialised specifically in
DS or LGS (most recommendations for DS or LGS were
identified within broader epilepsy guidelines); a wide variety of
methodologies were used in guideline development; there was
limited collaboration between author groups outside of Europe
and North America; and a lack of homogeneous treatment
recommendations. Most guidelines were country-specific (five
guidelines were classified as “International;” two and three of
which reported recommendations for DS and LGS, respectively),
and five guidelines were specifically developed for a particular
region within a given country, whichmay be reflective of differing
drug availabilities in a given country or region.

Key links were identified between the author groups of
two international guidelines (36, 37) and guidelines from
the US (38), UK (SIGN) (39), Italy (40), and France (41).
Additionally, a separate link was observed between the author
groups of two Canadian guidelines (42, 43) and Spanish groups
(44). This suggests a reasonably well-defined network between
North America and Europe, whilst highlighting a lack of
collaboration between the author groups in North America,
Europe and Japan. Although several of the guidelines were
apparently developed in regional groups, with no connections
to other guideline author groups identified in the author map
(particularly those developed for Germany and Japan), there
were no major divergences observed in the recommendations
across the geographies. Unsurprisingly, there was a lack of
guidelines developed specifically for either LGS or DS (3), and
of these, all were developed by international author groups
(45–47). Despite the general consensus observed among the
included guidelines, bringing together national expert groups
and corresponding pooling of clinical expertise, for example
via supra-national bodies, could still be beneficial for the
development of internationally valid and relevant guidance
specifically for these conditions, and in particular, for CDD.
For rare conditions with limited high-quality clinical trial data,
international consensus recommendations from clinical experts
offer a globally accepted standard of care, to which clinicians
worldwide can refer (48). This is of particular benefit in regions
where no national guidance is available.

For example, in 2013, the International League Against
Epilepsy (ILAE) developed a report investigating the efficacy
of ASMs as monotherapies for untreated epilepsy (49). Similar
international guidance for treatment of DS, LGS and CDD could
provide much needed guidance in a global context, accepting that
implementation would depend on local infrastructure, resource
availability or the healthcare systems in place (50).

The current TLR highlighted the wide variety of
methodologies used to develop treatment guidelines. Just
over half of the guidelines specified their development process in
relation to literature reviews [58% (23/40)] and approximately

two-thirds specified some type of expert consultation [65%
(25/40)] but reporting of methodology overall was unclear
or absent in many instances, and only one guideline used a
combination of an SLR and Delphi panel, which is considered
to be the “gold standard” of guideline development. SLRs are
considered to be the most robust methodology for evidence
synthesis, and Delphi panels are recommended for use in
healthcare settings as a reliable means of determining consensus
for defined clinical problems (51–53). A lack of the combined
approach of an SLR and Delphi panel for guideline development
highlights a need for standardisation in guideline development
and reporting, for which tools to facilitate the improvement
of guideline reporting are currently available (e.g., the AGREE
checklist) (54). The frequent references that were made by both
UK and non-UK guidelines to recommendations by NICE and
Cochrane reviews (21–23) that are widely recognised as using
rigorous and high-quality development processes (23, 24), may
demonstrate the perceived value of guidelines or reviews with
robust methodologies regardless of their intended geographical
region of influence. Similarly, only one guideline made reference
to the ILAE website, which is an international resource for
current and emerging standards and best practise in epilepsy and
has collaborated with organisations such as AAN, NICE, and the
World Health Organization to outline evidence-based clinical
practise guideline development (55).

There were a large number of treatment recommendations
made for DS (190) and LGS (271), while no individual treatment
recommendations were made for CDD. We infer that these
findings reflect the lack of high level evidence for preferred
treatments, and the refractory nature of the seizures in each
of the three syndromes (4, 7, 56). Further, our results also
highlight a lack of treatment guidelines in diseases of more
recent clinical description and that have no licenced medications,
such as CDD (6). Consequently, there is an urgent need to
develop up-to-date treatment guidelines for CDD (4, 57). A
lag between completion/publication of clinical research and the
incorporation of their key findings into disease specific guidelines
is expected, and this is reflected in the absence of identified
guidelines for DS that include recommendations for the drug
fenfluramine, which is the latest treatment approved for this
indication (58, 59). However with the recent emergence of novel
treatments for DS, LGS and CDD (3, 59–61), and for other
diseases in general, it is hoped that this lag will become as short
as possible.

Interestingly, there was continued recommendation for use
of older drugs, such as sodium valproate, for treating seizures
in DS and LGS. The consistent recommendation of more
traditionally used ASMs may indicate a limited pool of available
treatment options and the corresponding need for new and
effective treatments that target the specific aetiologies of each
disorder (62). In addition, many of the treatments that were
widely recommended in the review have no licence available
for the indications of interest and are instead more generally
indicated for the management of seizures. While stiripentol and
cannabidiol have been approved by the FDA and EMA as orphan
products for the treatment of DS (25–28), other medications
that received a high number of positive recommendations for
DS are either licenced more generally for the treatment of
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epilepsy (e.g., sodium valproate) or for specific seizure types
(e.g., topiramate) (7, 25, 26, 63, 64). Similarly, whilst topiramate,
lamotrigine, felbamate, rufinamide, clobazam and cannabidiol
have been approved by the FDA for use in LGS (28, 30–
34), a number of other medications that received positive
recommendations for LGS were licenced for all forms of epilepsy
(e.g., sodium valproate), or for specific seizure types (e.g.,
zonisamide) (56, 63, 65).

Due to the targeted nature of the review, some limitations
were present; eligibility of all records in the analysis was assessed
by a single reviewer, with a second adjudicating the decision of
whether a guideline was eligible to include when the applicability
of the inclusion criteria was unclear. This approach differs
slightly from the dual review technique adopted in systematic
literature reviews (66). Additionally, this TLR searched less
standard sources than those typically seen in a systematic review
(e.g., Embase, MEDLINE/PubMed), for example through the use
of Google, as well as medical society and guideline developer
websites. Given that not all guidelines are published in traditional
medical journals, or necessarily in the English language, this
approach ensured a focus on sources that specifically orientated
towards, indexing guidelines to minimise the risk of missing
local guidelines. While less standard for a literature review, these
sources were able to return a large number of highly specific
records and provided a multinational overview of the available
guidelines and their treatment recommendations in the absence
of previously conducted analyses. Additionally, the study aimed
to provide an overview in a broad sample of countries likely to
be highly influential in the development of treatment guidelines.
As such, with the focus on Australia, Canada, France, Germany,
Israel, Italy, Japan, Spain, Switzerland, the UK and the US only,
the results may not fully represent the international landscape of
treatment guidelines for DS, LGS and CDD.

The scope of this review was also limited to treatment
guidelines for the routine management of seizures with
individual ASMs and was not designed to capture publications
including guidance on combination therapies, whether a
combination of ASMs or ASMs and/or dietary modification
and/or surgery, non-pharmacological therapies or rescue
therapies used in treating seizures in acute situations. In addition,
the review does not capture treatment guidelines published after
February 2021 or those that are currently in development. As
treatment guidelines are updated after advancements in clinical
care and drug approval have been made (67), the individual
recommendations in this review should be interpreted in the
context and date that they were made (all identified papers were
published between November 2005 and January 2021).

The results of this review suggest the need for further high-
quality international consensus-based guidance, influenced by a

more diverse range of geographical regions, for the treatment
of DS, LGS, and especially for CDD (for which no treatment
guidelines could be identified). Following recent approvals
for these indications, there is a need to reduce the delay
between completion of clinical research and the incorporation
of their key findings into disease specific guidelines. In addition,
the presence of contradictory positive and negative treatment
recommendations for many different drugs in each indication,
highlights the need for clarification and consensus on evidence-
based first- and second-line drugs to treat each disorder. Supra-
national consensus guidance would support the development of
local treatment guidance, may improve resource allocation and
establish an improved international standard of care.
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