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ABBREVIATIONS
HRQoL Healthrelated quality of life

DEE Developmental and epileptic encephalopathy

AIM To assesthe relevance and generalizability across countries of concepts of the impact

of Dravet syndrome beyond seizures, as recognized by families.

METHOD_Eareqgivers of childremwith Dravet syndrome in four countri¢édustralia[n=8];
USA, UK,"and ltaly [all n=4]) participatel in 1-hour qualitative telephoneinterviews,
identifying key Dravet syndromeonceptsInterviews were recorded, transcribadd where
necessarytranslated into Englisfor thematic analysis. Conceptual saturatiess assessed

and findings compared to the previously develdpeshchconceptuatliseasenodel.
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RESULTS The most commorseizure typesreported bycaregives were tonic—clonic,
absenceor focalimpaired awareneg$ocalized/partigl. Fever and physical activity wethe
mostcommonly reportedriggers Patientrelevantimpactsincluded impairment incognition,
motor skills, communication social skills and behavioral functioning Caregivers
consistentlyreported negativeocial, physicaland familyimpacts Concepts identified ithe
interviews showed similarity with thErenchconceptual modeMinor differencesbetween
countries ardikely to reflect variations in healtbare systems.

INTERPRETATION Findings in Italy, Australia, UK and U\ confirm that thekey
impacts ofdravet syndromen children and caregiveidentifiedin Franceare generalizable
acrosscountries Key symptom and impaatonceptselevant to children and parergsould

be targeted asritical outcomes imew therap evaluations
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What'thispaper adds

e Relevance of the impact of Dravet syndrome on children and caregivers was

confirmed across countries.

e Patient and caregiveelevant Dravet syndrome impacts contribute to poorer health

related quality of life.
e Indirect seizure impacts were reported to be as important as direct impacts.

e Countryspecific differences in concepts probably reflect differences in health care

systems.
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[Main text]

Dravetsyndrome is a rardevelopmentahndepileptic encephalopathyith onset during the
first year.0f.lie.ih previously typically developinipfants? It is primarily associated with a
denovo mutation of th&CN1A gene® Prevalence igstimated to bé in 17 000although in
the absencerafizeableepidemiological studieghis figure may be underestimateldravet
syndromels characterizedby frequent febrile seizures, followed Bfgbrile seizures, mainly
clonic and unilateral, of longluration, andwith frequent status epilepticdsAlthough
progression is variablegdditional seizuretypes emergeover time; myoclonic, focal and
atypical absence seizures commonly develop with &sszures cabe life-threatening with

a high risk ofstatus epilepticuand sudden unexpected death in epil€psy

There arenumerous other, nofatal Dravet syndromdeaturesthat carry significant
consequencedor the patient Children often have severe developmentapairments
impactingall,domains of life Issues arise with fine motor skills and gross motor function
including abnormal gaithat havean impact orphysical functiorf® Adolescents and adults
with Dravet: syndromenay struggle to integrat&vith peersdue to impaired cognition and
communication difficulties,causingsocial isolatio® Adult survivors are almost entirely
dependent.on”others for aspects of Caidl these factors contribute to pobealthrelated
quality of life (HRQoL)for individualswith Dravetsyndrome®

Current treatmentof Dravet syndromdocuseson alleviatingthe associated seizure
burden. Atiepileptic drugsare norcurativeandare oftenused incombination'® Treatment
side effectsinclude fatigue,cognitive impairmentand behavioral issues® Additionally,
complexity'oftreatment administratiocanimpacton thecaregiver’s daily life™ For patients
with Dravet syndrome, there are complex care needs that can have a detrimental impact on
caregiver quality of life meach developmental statfeConsequently, there is a claammet
needfor moreeffective Dravet syndroméreatmers thatmay not only improve theatient’s
HRQoL, butalsoithe caregiverguality of life.

Research into the impact @ravet syndromeon both patients and caregivers is
increasing”® including recentwork conducted byNabbout et at* This smallscale study
explored the wider impact of Dravet syndromen both children and their caregiversising
gualitative interviewslts aim wago create a broader picture of the conditb@yondseizures

and toidentify potential endpoints that should be considenedevisinga future composite
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endpointfor Dravet syndromelinical trials. Qualitative openendedcaregiverinterviews
were conducteavith 11 caregivers ofhildren withDravet syndromén Francethat allowed
for spontaneous reporting oéregivesrelevantconcepts’ A broadrange ofpatientrelevant
and caregiveimpacts were reportedincluding impactson daily activities, work, family
relationships, emotionalvell-being, and sleep Although this research identified vaider
potential impact oDravet syndromeashortcoming othe study was thatlata were collected
only in France Theremay becountryspecific impactassociated with caring for a child with
a chronict.conditionand as such findings of the French studymay not bewidely
generalizable Therefore in this studywe assessd the relevanceof the initial concepts
identified by=Nabbout et &f with caregivers othildren with Dravet syndromia the UK,
USA, ltaly, and AustraliaThe findings of thistudycan beused to support the relevance and
generalizability othe findingsidentifiedin the Frenctcohort™

METHOD

Study design

A qualitativesstudy was condwt with caregivers of childrenafe 2—18y) with Dravet
syndrome This-age range was selecteddiagnosisis rarely confirmed befor@ years of
age™ Ohehourlong telephonimterviewsto elicit the conceptaere conducted usirg sem
structured interview guide. The methodology of this study was developed tat rikec
French study*to allow for clear comparisons to be made betweerstindies This ensured
that any differences in findings between the French study and dhudy could be better
attributedto differencesbetween countries rather than to potential bias and measurement
error. As such, the interview guide useds the ongreviously developed for the French
study** Questionswere selectedased on key findings ithe Dravet syndroméiterature
Clinical expertsprovidedinput on the clinical relevance of topicQuestions assessing core
aspects oHRQolL wereincluded,as they were considered relevemDravet syndrome.

Sample

Participants recruited were caregivers abfildren with Dravet syndromeChildren from a
range of agegroups were selected to capture different developmental issuetheaslisease
profile and challenges associated with caring for a ohitth Dravet syndrome&hange with
age® Caregiverawvere interviewedn the USA, UK, Italy (all n=4) and Australiar=8), with a
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total targetsample of 20 participantd larger sample siz@as chosein Australiabecause of

the greater recruitment opportuagin that countryfor thisrare disease

To be included in this studyarticipantshadto becaregivers of a chilavith Dravet
syndromeaged 18yearsor older, fluent in the language of the country in which they were
interviewed.andable toparticipatein an interview lasting up to 60 minut&3aregivers were
excluded fronparticipationif they had difficulty hearing, readingadsevere neurological or
cognitive rdefieits, or an uncontrolled psychiatric condition affectthgir ability to
participate

Recruitment

Caregivergn the U\, Italy and Australiavere recruitedat clinical sites. Theywere invited
to take part.in.the studjuringa routine appointment argivena letter detailinghe aims and
purposesof_the  interview. After this, if caregivers were comfortable participgt they
provided writtensconsent by completing amformed consent érm andanotherform for
detailingbackground andemographic informatiorCaregiversn the UK were identified and
recruited through a patient advocacy greupravet Syndrome UKEligible caregivers were
invited to parti€ipate in 4-hour telephone interviewSpecificrecruitmentquotas ensutea
diverse sampleegarding age ansexof patient and caregive€aregiversvere remunerated
for participatihg.

The study was conducted in accordance with the Declaratiddetsinki. Local
ethical approval.was obtained at each clinical Sitee-specific ethical approval wasbtained
in ltaly (reference 146/2016and Australia(reference HREC/16/Austin/282 entralized
approvalwassobtained from amdependentaview board to conduct the studyta USA
clinical site (reference 31466/1As caregiversin the UK were recruited through a patient
advocacy groupmo sitespecific ethical approval was requirddowever the study protocol,
including the design and methodology applied to all countries, was approvied @yorum
Independent Review Board.

Data collection

The nethodology used for the qualitative interviews was the same as thahuked-rench
study.** During the interviews open-ended questiomsapturel spontaneousccounts of
caregiver experience. Trained researchers conducted interviewsaysi@gxistinginterview
guide! Interviewers had limited prior knowledge of Dravet syndrpimerderto maximize

spontaneous elicitation ofparticipantrelevant information and minimize potential
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interviewer bias To cover all relevanttopics participants were then asked more focused
qguestions,included in the interview guide as ‘probe&ach interview includd topics on
diagnosis, treatment, sympton'signs child and caregiver impagtsand coping/relief
strategiesinterviews were conducted in the native languafgeach countryaudiofecorded
transcribedand translated into English where necesshmgnscripts were qualitghecked by

the interviewer, ensuringpnsistety accurate transcriptiobpeforeanalysis.

Analysis

Qualitative .analysis of transcriptsasconducted usingATLAS.ti computerized software
(Scientific “Software DevelopmentGmbH, Germany Interviews wereanalysed using
thematic analysi&®*®*’ This rigorous analysis techniqués ideally suited to qualitative
research, particularly clinical outcome assessmentsluding the caregivefreported
outcomes usetiere’’ As a datadriven, theoryfree approachthis method was chosen as it
providesrich.datameeting aspecific aim®*’” All themes identified werelatadriven rather

than prepecified apriori, ensuringthe analysiswas firmly grounded in datafocusing on

topics important't@aregivers® A coding tree was developéeforeanalysis to structurthe

coding of cancepts and subconcepts. The coding tree was used consistently to guide coding of
the interviews Fig. S1, online supporting information Two experienced qualitative
researchers..coded the transcripts using a constant comparative Yhetthodnsure
consistencyAny discrepancies in coding were discussed by the research team and resolved
by the project lead.

Aftersinterview analyses, conceptual mapping was performed usingFteach
conceptualimodét and conceptemergingfrom this study The conceptual model detailey
concepts (i-e7"Symptorfssgns impact, triggerand coping strategies) and subconcepts (i.e.
specificetypes=of concepts) identifiednd hypothesized relationships between them. For
example, absence seizures (subconcea type of symptorsign (seizure) ¢oncept). This
allowed comparisons betweestudies toidentify new conceptsemergng from these

interviewsand highlightedlifferences between countries.

After, conceptual mapping, conceptual saturation was assésskxtermine sample
size adequacyConceptual saturation is defined as the point at which no newept:
spontaneouslgmerge fromadditional interviews® therefore the researatr can be confident
thatthe question has been fully answered and the sample size is sufficient. Resggesissu
conceptual saturation can be achieireglist 12 interviews™ A sampleof 20 caregivers was

This article is protected by copyright. All rights reserved



selected taomfortablyexceed theninimum sample size required for successful conceptual
saturation. Additionally, sample size was choseansure alemographially diversesample,
includingthe ageandsexof the patient and cagerer.

Conceptual saturation was assedsedhe overallsampleas follows.Caregivers were
split into threesapproximately evesized groupsbased on ordesf interview completion For
conceptual, saturation to have been achieved, concepts Hmntentioned by the end of
analysistofithessecorgtoup. If any new concepts weekcitedin the thirdgroup, thesample
size would-besdeemed insufficient filve results to have fully captured alhregiverrelevant
concepts Exploratory conceptual saturation analysesrenalso assessed for each country

separately.
RESULTS

Demogr aphies

Twenty caregivers wereterviewed across the four countr{@S8 females 7 males; mean age
43y 4mo; range34-55y; Table SlI, online supporting information Twenty children (12
females, eight malesyith Dravet syndromevere recruited in each age categ(@—4y, 5-8y,
9-11y, 12=18y)-Meanageat diagnosis was 34 monthHsowever this varied considerably by
country Time toDravet syndromeliagnosisvas consideralgllonger in the UK and US (4y

2moand5yrespectively compared to Italy and Australidy 1moand2y respectively.

Concept dicitation findings

The most frequently reported symptom was seizwekinteeredby all caregiversn=20;
Fig. 1); specifically, absencenE15) and tonic€lonic seizuresn=14) were the most common
seizuretypes across alhge groupsSeizures lasteftom a few minutesr(=5) to up to an hour
(n=6). Seizuresfrequency varied greafhpm a few timesperyear to a few evergight, with
no clear pattern. Timing of seizures varied greathpre caregivers reported their child
experiencingnightime seizuresrn=11) than in the morning or during the da§). Several
factors triggeredeizures includingtemperature caused by illness or feverls) andchanges
in external temperaturan£15). Lessfrequent triggersncluded physical activity §=9) and

waterimmersion(n=8). These were consistent across countries.

A range ofchild impacts were reported relating to cognitive functioning, motor skills,
behaviowal functioning and othersecondary impactsF{g. 2), with minimal differences
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between countriesThe most commonly reportegatientrelevant impacts were social
functioning ©=20) and gross motor functionn€19). Problems with fine motor skills,
expressive communicatiprand learning were alsdrequent (n=18 respectively).Less
commonly mentioned concepts included impacts on emotional expresss@) énd

‘treatmentiimpacts’ deitodrugside effects or resistance=10).

Variation across countriesf the impact oreating wasound For example, in Italy
subconeeptstsuch as ‘being a fussy eater’, ‘having no interest in &wotick of appetite’
were elicitedsinsevery interviewn€4). Although the subconcept ‘™felective eatingwas also
reported by most participants in the UK=8), in Australia it was only mentioned in foaf
eightinterviews. With regard to emotionalgnession, all caregivers in the B$eported this
to impacton their childnegatively(n=4), howeverit was less prevalent ithe UK (n=3) and
Australia (n=5)=No caregiver in ltaly reported this impactlthough there w&sno between
country difference in sleep impact generally, a larger proportion of caregivene UK
(n=3) reparted their child’s daytime somnolencempared to other countriefhere were

minimal differences between countries other child impad.

Caregivers describetie impact caring for ahild with Dravet syndroménas on their
personallivegFig. 3). The most significantaregiverreportedimpactswere on relationships
with partnes and other family members£18) and ‘work’ (n=18). Caregiversalso reported
impacs ‘onleisure activities r=16), finances (=16), sleep (=15), daily activities (=13),
and physical functioningnEl4). Less frequentlyreportedimpacts included ‘social life’
(n=12) and“enotional weltbeing ©=10). There were betweerountry differences for
caregiver [impast For example,in Australia the emotional sabncept ‘worry’ was
spontaneously mentioned by six caregivers, whereas only one caregiver in eacthdethe t
other countries spontaneously mentioned ‘woriyiterestimgly, ‘stress’ was reported by
caregiversiin the US (n=2) and Australiar=3) butnot by caregivers in the UK and Italj
larger propertion of caregivers in Italp{3) reported the physical impact of ‘feeling tired’
due to caring.for @hild with Dravetsyndromethan caregivers in other countries (Australia
n=2, UK n=LUSA n=1). Financial impacts wemdicited by most caregivers in the UK=3),
Australia i=7), and theUSA (n=4); however, only half of caregivers in ltaly reported this
(n=2).

Caregivers describea@dopting copingstrategies Most gained help from a child
minder or family membernE17) to look after their child and provideespitefor parents

Other approachemcluded avoidance strategiesuch asnot going outside in hot weather
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(n=17) andmakinghomeadjustmentsn=15), such as installingir-conditioning, having the
child’s bedroom on the ground flgoand seizuremonitors to alert caregiver Although
caregivers reportednumerous coping strategies, nonalescribed thar effectiveness

spontaneously.

Conceptualkmodel

Mapping 6f the “concepts to therench conceptual mod&l highlighted thatthe topline
symptomssigns trigger, impact and coping strategy concepts wesamilar. Several
subconcepts were identified aur analyss that werenot previouslycaptured(Fig. S2, online
supportinginformation). For examplefocal impairedawareness seizurgpreviously called
complex partiabeizure¥y were reported bywo caregivers irthe UK andone fromthe USA.
Two caregiveran Australiaand one in the UKreportedthat thér child (aged & and 9y

respectively) often experienced fear of having a seizure.

Conceptual saturation

Conceptual saturation was assessed for the total sgmi#2@). The conceptual saturation
figure showsthat forthe whole sample, every concept vimtially mentionedn the first two

groups ef-participants, indicating that conceptual saturation had been achieved dhd that
overall sample size waappropriate Kig. S3 online supporting informatign Exploratory
conceptualsaturation was also calculated separatéhg imdividual country samples. As the
minimum sample size required for successful conceptual saturation is 12 and thg countr
subgroups~contained four to eight caregivers, conceptual saturation per country was not
expected. However, of all concepts men&d, 9% were mentioned in the first two groups in
Australia, 82% in the USA, 68% in the UK, and 66% in lItaly.

DISCUSSION

We aimed 'to assess thelevancé' of thebroaderimpact ofDravet syndromen children and
their caregiversof the conceptual model developed in French fanifliesross multiple
countriesWhilesthere is a growing body of literature on the child and caregiver experof

Dravet Syndromg™'*22*

many reports relate to survpsed studiedWe wished to identify
subtle features that may not have been captured via that methadolagfndings deepen
understanding of this complex araadsupport thébroaderrelevance of concepiseviously

reported in one European country to other regions of the Wbrld.

This article is protected by copyright. All rights reserved



Our findings show thapatient and caregiveelevantimpactscontribute to poorer
HRQoL and that these issues are generalizable to other developed codsragicipated,
caregivers reported thateigures were the mostimportant concept. However, we also
identified the wider impact ddravet syndromeFrequencie®f spontaneous reportirapout
the child’s'social functioning and seizures wsirailar, mirroring recent researcthat shovg
that psychological and social factors accounted for mdidferencesn HRQoL than seizures

and treatment’

A keysfinding from the interviews was that most caregivers inUKe USA, and
Australia reported financial impa¢tsompared to caregivers in Italy. Although it is difficult
to draw conclusiongyiven the relatively small parountry sample, this finding may suggast
greater perceived financial burden in these cowttlean in Italy, potentially due to
differencessinthealtbare systems. This is consistent with previous research highlighting that
cost and aecess barriers to healtne, particularly in the US affect patient care anthus,
caregiver (experienc®. Perceived differences between heattare systemsare broadly
supported by the finding that agédiagnosis varied considerably per country, with children
in the UK and U8 diagnosed considerably later than children in Italy and Austraha.

mean age of diagnosis in Franceswemmparable with that in Italy and Australia (e.g. 15mo).

Caregivers perceivkindirect impacts(i.e. impacts not directly attributable to the
condition)yto"beas important ashe directimpact of seizures andthat Dravet syndrome
affectedmultiple domainsof their lives'*** These findings emphasize that a biopsychiao
approach to“treatmershould be developed for Dravet syndrométh the implementation
and evaluation.of combned pharmacological and psychosocial interverstior
biopsychosocial approadh epilepsy is not a newoncept More than50 yearsago it was
suggested that treatmestiouldmove beyond seizure control (medical modeljncorporate
the physical, mentaland social aspects of health (biopsychosocial m3ddlhis approach
has beemeiteratedrecently as a need focus ortreatingthe whole persaff Therefore, this
should now. be extended to include the caregivers of persons with epilepsy, espededly i
developmentahnd epileptic encephalopathiguch adDravet syndromeA key example of a
biopsychosecial modethat identifiesa range of aspects of health is téorld Health
Organization’sinternational Classification of Functionin®isability and HealthHowever,
although this framework is widely used to paint a comprehensive picture of disdese
developing a diseasspecifiG endpoint approach it may not always be preferable to adopt a

generalized approacflt was felt that existing, generfameworkswould not be appropriate
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to assesthe keyDravet syndromeonceptsas these would lack full coverage of the range of

concepts identified in thieesearch, including the impact on the caregiver.

This emphages the needof improvedendpoint conceptsncluding patienicentered
and cargiver-nuanced outcomesn addition tomedically relevantoutcomes.A selected
endpoint medemust paint acomprehensive picture of the conditiancorporatilg aspects
such assymptomsandthe impact on thechild andthe caregiverin the previous study by
Nabbout etratisseveralinstruments were identified to assess the key patéevant and
caregiver repried concepts relevant ravet syndromeThe findings reported here are
consistent withhe previous study and indicate that the instruments identified previously are
still relevant and should be measured in future clinical taalsDravet syndromeThese
include the Pediatric Quality of Life Inventot$the Behavior Rating Inventory of Executive
Function®'sthe=Quality of Life in Childhood Epilepsy Scafé the Karolinska Sleepiness
Scale® thesRediatric Quality of Life InventorfFamily Impact Modulg* and the EuroQoL

Five-Dimefsion Five-Level instrument®

Conceptual saturation analyses confirmed #iathe important concepts had been
identified ‘with no new concepts emerging in the third group of caregiver interviews
indicatingthatsthe sample size was sufficientaddress the research questidhe findings
can be considered broadly representative of the Dravet syndpmpelation. Despite
achieving@grougevel saturation not all concepts were fully saturated at the individual
countrylevel asexpectedgiventhe small size oéach countrg sample(n=4-8).

Patient and caregivaelevant concepts identified webeoadly generalizableacross
the countries included in this studyd highlightthe wider impacts ofDravet syndrome
These conceptsould be incorporateshto a more meaningfutomposite endpoint for use in
clinical trials. Measuring change in these concepts in a clinical trial of dreattentvould
helpto evaluate it®efficacy. Future research would be required to fully develop a composite
endpoint.Using the conceptual framework developed in this research alongside additional
rounds of'testing, an endpoistrategy and scoring metha@n be generatetthat combine
relevant.elinical measures of interestdeate an overall endpoint. Futuesearchis also
recommendedthat would use larger sample size®f caregiversin each country, to
substantiate théndingsreported hereAdditional research coulalsoinvolve a greater range
of countries in thesample including noRWestern societiesto further evaluate the
generalizaliity of findings. The countries included in this study we@mparatively similar

culturally, meaning thatrosscultural comparisonsould notbe drawn from this research.
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Finally, future work could explore the caregiver and patient experience of other
developmental and epileptic encephalopath®ng a qualitative methodologyhis research

highlights the importancef diseasespecific endpoint models.
Limitations

A key limitationef this studyis the sample size of caregivers recruited per coulimiting
the generalizability: of the findings at the courtyel, particulaly in the U\, UK, and
Italy. Although in qualitative research, a small sample size is not always a limitatithis
instanceit is considered limitationasnot every concept was saturateédhee countryievel.
The sample was homogenous in their reportimgf, the results reflect a purelWestern
societal perspectiveon the impact of Dravet syndrome Therefore, the experienceof
caregivers of children with Dravet syndronimecountries where healttare systems may be
less developedr different cultural attitudes affect impa@t.g Africa, Asia or Eastern
Europe), is unknown Additionally, it must be noted thatlifferences idetified between
countries ‘may reflect fundamental differenaegarding patient €.g Dravet syndrome
severity treatmenttype) and caregiver demographic characteristeeg.cex age given the

smaller sample size

Conclusion

It is generallyaccepted thahkeimpact ofepilepsiesand mainly developmental and epileptic
encephalopathge reaches far beyond seizures and clinfealtures’® This study evidences

the significance.of these faeaching concepts to both patients and caregiversDnaget
syndromespecific populationThe concepts identified ithe Frenchstudy regarding patient

and caregiversimpact dDravet syndromere broadlyrelevant across countriesd have
identified key conceptsthat could beimportant toincorporate into a future composite
endpoint. Futureesearch is required to develop a composite endpoint, with validated scoring

and acceptable psychometric propertieEfpreuse in a Dravet syndroneénical trial.
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SUPPORTING.INFORMATION

The following additional material may be found online:

TableSki:-Demographic characteristics
Figure'S1: Exampleof acoding tree.
Figure S2! Revised conceptual model.

Figure S3: Conceptual saturation analysis results.
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[Figure Legends

Figure 1. Seizure and trigger concepts reported by caregivers in the UK, Austrahaad®
Italy.

Figure 2: Patientrelevant impacts reported by caregivers in the UK, Australidg, #sd
Italy.

Figure 3: Caregiver reported impacts by caregivers in the UK, Australid, d8d Italy
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