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Abstract
Background Tuberous sclerosis complex (TSC) is a rare multisystem disorder often associated with treatment-resistant 
epilepsy. Cost-effectiveness analysis for new antiseizure medications typically requires health state utilities (HSUs) that 
reflect the burden of a given condition.
Objective This study aimed to estimate HSUs, with a focus on valuing the impact of seizure type and seizure frequency on 
health-related quality of life (HRQL) for patients with TSC and their caregivers.
Methods A targeted literature review and qualitative research with healthcare professionals and caregivers informed the 
development of health state vignettes describing the experience of living with TSC or caring for a child with TSC. Vignettes 
were evaluated in interviews with the UK general population using the time trade-off (TTO) method.
Results Sixteen vignettes were developed describing patient HRQL (n = 8) and caregiver HRQL (n = 8). Two hundred inter-
views were conducted via online video calls due to COVID-19 pandemic restrictions. Two hundred participants evaluated 
the patient (n = 100) and caregiver (n = 100) health state vignettes. Estimated utility scores varied consistently according 
to seizure type and seizure frequency. Patient TTO utility scores ranged between −0.234 (highest seizure frequency and 
multiple seizure types) and 0.725 (seizure-free state). Caregiver TTO utility scores ranged from 0.221 to 0.905.
Conclusions Findings highlight the substantial burden of living with TSC and caring for a child with TSC. Patient and car-
egiver burden was greater for generalised versus focal seizures. The burden was greatest for a combination of both seizure 
types and worsened with increasing seizure frequency.
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Key Points for Decision Makers 

Tuberous sclerosis complex is a rare disorder, often asso-
ciated with treatment-resistant epilepsy.

This study used the time trade-off (TTO) method to 
estimate health state utilities and found that increased 
seizure frequency was associated with a negative impact 
on health-related quality of life for both patients with 
tuberous sclerosis complex and their caregivers.

The TTO weights produced in this study can be used 
for cost-effectiveness modelling whilst adding to the 
literature and supporting the robustness of findings in 
reimbursement processes.

1 Introduction

Tuberous sclerosis complex (TSC) is a rare multisystem 
genetic disorder characterised by benign tumours in mul-
tiple organs [1]. Clinical manifestations of the disorder 
can vary widely between individuals with TSC and across 
an individual’s lifetime [2]. The specific organs affected 
by the condition vary, but those most affected include the 
skin, brain, kidneys, lungs, and heart [1]. The impact of the 
disorder on these organs can lead to complications such as 
hydrocephalus, cardiac arrhythmias, and renal problems, 
which are a source of patient mortality [1]. TSC is also 
associated with neurodevelopmental and neuropsychiatric 
disorders such as learning difficulties, autism, behavioural 
difficulties, anxiety, and depression [2].

Epileptic seizures are a common manifestation of TSC, 
affecting more than three-quarters of individuals with this 
disorder [2–5]. Early TSC-associated seizures, including 
focal seizures and infantile spasms, generally begin during 
the first year of life [6]. In two-thirds of patients with TSC, 
the epilepsy is considered to be treatment-resistant [7]. 
Early onset of epilepsy as well as increased severity and 
higher seizure frequency are associated with neuropsy-
chiatric disorders, such as cognitive deficits and autism 
spectrum disorder [8, 9]. Patients with TSC and epilepsy 
can experience different types of seizures, including gener-
alised seizures and focal seizures with impaired awareness 
[4]. Generalised seizures are caused by abnormal electrical 
activity spreading throughout the brain and affecting the 
whole body [10]. Focal seizures with impaired awareness 

are caused by abnormal activity in one part of the brain 
and result in impaired consciousness [10]. Focal seizures 
can also spread to become generalised seizures [10]. Gen-
eralised seizures can be particularly hazardous, as they can 
cause loss of consciousness and patients to fall if unsup-
ported [10].

The emergence of new antiseizure medications will 
require health technology assessment (HTA) or compara-
tive effectiveness studies to determine relative treatment 
benefits for different stakeholders, including patients, car-
egivers, and payers. HTA reviews typically assess the cost 
effectiveness of treatments in terms of the gain in health 
measured by length of life and quality of life. Health state 
utilities (HSUs) quantitatively measure quality of life and 
reflect how different health states are viewed by society. 
Health gains from an effective treatment can be quantified, 
and effects may extend to both patients and caregivers, 
where there is a substantial caregiver burden associated 
with a condition. In TSC and childhood epileptic encepha-
lopathies such as Lennox–Gastaut syndrome, caregivers’ 
or parents’ health-related quality of life (HRQL) has been 
shown to be significantly impacted as a result of caring for 
a child [11–13]. As one of the sources of caregiver burden 
[13], there could be potential improvements in HRQL if a 
child with refractory epilepsy receives an effective treat-
ment. The benefit for caregivers can be included in a cost-
effectiveness analysis.

Different methods exist for capturing HSUs. In prevalent 
diseases, health status is usually measured in a patient popu-
lation using EQ-5D (a self-assessed HRQL questionnaire) 
or similar standardised measures and converted to utilities 
using preferences elicited from the general population. In 
the present context, the use of standardised measures is more 
problematic. First, the EQ-5D has been criticised as a poor 
choice of outcome measure in seizure disorders [14, 15]. 
Second, TSC is a rare condition [2], which makes it practi-
cally difficult to recruit large samples of patients for HRQL 
estimation. Lastly, the classification of health states in TSC 
to evaluate antiseizure medications requires data from 
patients experiencing different seizure types at varying sei-
zure frequencies. Therefore, prospective HRQL assessment 
with EQ-5D was considered impractical. As an alternative, a 
time trade-off (TTO) vignette study was conducted, whereby 
specific TSC health states with different types of seizures at 
varying frequencies were described in bespoke vignettes.

The aim of this study was to elicit preferences of HSUs, 
or utility weights, for patient and caregiver TSC health 
states, in order to estimate the gains in health associated 
with improved seizure control. To achieve this objective, 
vignette descriptions of each patient or caregiver health state 
were first developed. The vignettes were then assessed by the 
general public in the UK using TTO interview methodology.
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2  Methods

2.1  Study Design

Health state vignettes were developed to describe and pre-
sent all important aspects of the experience of a child living 
with TSC and a caregiver caring for a child with this condi-
tion. Health state vignettes varied by number of seizures per 
day and type of seizures experienced (focal seizures with 
impaired awareness only, generalised seizures only or a com-
bination of both seizure types).

The content of the vignettes was informed by a targeted 
literature review of quality-of-life publications in TSC, and 
qualitative research with TSC caregivers and healthcare pro-
fessionals (HCPs; epilepsy specialist nurses or clinicians) 
with experience in management of patients with TSC. As 
TSC is associated with age-dependent complications [16], 
we focused on typical issues affecting a 13-year-old patient 
with TSC. The use of this patient profile ensured that the 
vignettes focused on patients of an age at which seizures are 
expected to be a significant contributing factor to the patient/
caregiver burden, based on the natural history of the condi-
tion [16]. The language in the patient vignettes was adapted 
to ensure adult participants were able to value the patient 
health states from their own perspective. For example, any 
references to school were swapped with the possibility of 
having a job at present. Caregiver vignettes described the 
experience of someone who is one of two primary caregiv-
ers/parents of a 13-year-old child with TSC, with some mini-
mal references to the corresponding patient health state to 
contextualise the caregiver burden.

2.2  Targeted Literature Review

A targeted literature review was conducted to identify pub-
lished data on the experience of individuals with TSC and 
their caregivers, with a particular focus on the impact of 
seizures on HRQL. The current review built on a previously 
published systematic review by Zöllner et al. [17] on disease 
burden in TSC. The original review [17] was updated by 
searching for publications in Medline and Embase between 
January and June 2020, and using expanded search terms to 
cover three specific areas of interest: (i) caregiver burden 
and impacts; (ii) patient burden and impacts; (iii) impact 
of seizures on patient or caregiver HRQL. Search terms are 
detailed in Table 1. The reference list of the previous system-
atic review [17] was hand searched to identify any further 
relevant papers.

Based on the findings of the literature review, an initial 
set of two draft vignettes was developed, with one vignette 
describing the TSC patient/caregiver experience without sei-
zures, and another describing a state with one generalised 
seizure and two focal seizures with impaired awareness per 
day. The initial set was used as a basis for discussion with 
caregivers and HCPs.

2.3  Caregiver and Healthcare Professional (HCP) 
Interviews

Caregivers of patients with TSC and epilepsy were 
recruited via the Tuberous Sclerosis Association (TSA) 
in the UK [18]. HCPs with known experience in clinical 
management of TSC were selected by the study sponsor. 
Qualitative semi-structured interviews lasting approxi-
mately 1 h were conducted with caregivers and HCPs via 
online video call. The interviews provided feedback on the 
draft vignettes and helped capture the HRQL impact of 

Table 1  Search strategy for 
literature review

BOI burden of illness, DALY disease-adjusted life-year, QALY quality-adjusted life-year, TSC tuberous scle-
rosis complex
a Search terms specifically related to costs in the Zöllner et al. [17] review were excluded
b Search terms added to search strategy in the Zöllner et al. [17] review

No. Search terms

1 TSC [abstract] OR “tuberous sclerosis complex” [abstract] OR tuberous sclerosis/ [abstract]
2a “burden of illness” [abstract] OR BOI [abstract] OR “health burden” [abstract] OR “health 

care use” [abstract] OR “health care utilization” [abstract] OR “resource use” [abstract] 
OR “resource utilization” [abstract] OR “disease-adjusted life years” [abstract] OR DALY 
[abstract] OR “quality-adjusted life years” [abstract] OR QALY [abstract] OR “quality of 
life” [abstract]

3b “caregiver burden” [abstract] OR “carer burden” [abstract] OR “parent burden” [abstract] 
OR “burden on caregiver” [abstract] OR “burden on carer” [abstract] OR “burden on par-
ent” [abstract] OR “patient burden” [abstract] OR “seizure type” [abstract] OR “type of 
seizure” [abstract] OR “seizure frequency” [abstract]

4 2 OR 3
5 1 AND 4



108 S. H. Lo et al.

living with TSC in relation to the described health states. 
The initial interviews with caregivers and HCPs were 
designed to validate and refine the content of the vignettes. 
The effects of increasing or decreasing the number of gen-
eralised seizures and focal seizures with impaired aware-
ness were explored within the context of the second draft 
vignettes. Findings from the interviews were used to 
inform the definition of health states included in the final 
set of vignettes, to ensure that states would be sufficiently 
differentiated in terms of seizure frequency for each sei-
zure type. Draft health states were iteratively revised based 
on notes from the caregiver and HCP interviews, ensuring 
that incremental changes made to the drafts were reviewed 
by subsequent interviewees. The final set of vignettes was 
reviewed by a clinician.

The caregiver vignettes were systematically compared 
and harmonised with the patient vignettes to ensure that 
they were mirrored where appropriate, and only differed 
in aspects where the participants’ perspective (patient vs 
caregiver) justified variations in wording and content. The 
final draft vignettes are provided in Figs 1, 2, 3, 4, and 
S1–S12 (see electronic supplementary material [ESM]).

2.4  Selection of Health States

To keep the length of TTO valuation interviews manage-
able, vignettes were developed for each seizure type: (i) 
focal seizures with impaired awareness and (ii) general-
ised seizures, at varying daily seizure frequencies; but 
only one vignette with a combination of both seizure types 

Fig. 1  Health state describing a patient with TSC in a seizure-free state. TSC tuberous sclerosis complex
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was developed (Table 2). For other possible states with 
a combination of seizure types, utility weights could be 
estimated through linear interpolation of the differences 
between TTO-valued states. An example of how values 
could be estimated using the TTO-valued states is pre-
sented in Table 3. Estimates were made assuming that 
disutility increases in a linear fashion with increasing sei-
zure frequencies. Values for states with the lowest and 
highest number of seizures (valued using the TTO vignette 

method) were used as anchoring points to allow values of 
other states with seizure frequencies falling within this 
range to be estimated.

2.5  Health State Valuation

Members of the general public in the UK were recruited by 
seven interviewers based in various regions of the UK, using 
convenience sampling, including snowballing. The aim was 

Fig. 2  Health state describing a patient with TSC experiencing 3–14 generalised seizures per day, and 5–14 focal seizures with impaired aware-
ness per day. TSC tuberous sclerosis complex
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to recruit a broadly representative sample of the UK gen-
eral public in terms of age, sex, and ethnicity. Participants 
were eligible if they were adults (aged 18 years and above). 
A total of 200 TTO interviews were conducted. Patient 
vignettes were assessed by 100 participants, and caregiver 
vignettes were assessed separately by 100 participants. The 
sample sizes are similar to many other published TTO stud-
ies [19–22]; no formal sample size calculations were per-
formed as the study did not intend to test a specific hypoth-
esis. In response to the COVID-19 pandemic, all interviews 
were conducted between August and September 2020 using 
online video calls (Zoom/Skype). Participants were provided 
with information about the study and asked to complete a 
consent form and a brief background questionnaire.

Participants were first asked to read the introductory text 
and instructions (Figs. S13–S14, see ESM), which asked 
them to imagine that they had the condition themselves or 

that they were one of two primary caregivers of a child who 
had the condition. Interviewers were instructed to check 
each participant’s understanding of the exercises by asking 
a series of comprehension questions; the interview was ter-
minated if they were sure that the participant did not under-
stand. For the valuation of caregiver vignettes, participants 
were instructed to focus on their own HRQL and not that of 
their child. Participants were asked to imagine themselves 
in the described state and questioned whether they would 
trade their own years of life. They were not asked to imagine 
trading years of a child’s life. The first exercise used a visual 
analogue scale (VAS) ranging from 0 (worst possible state) 
to 100 (full health), which measured seizure frequency/
intensity. Eight patient or caregiver vignettes and the state 
of ‘being dead’ were then presented one by one. Following 
the VAS exercise, participants completed the TTO exer-
cise. Prior to the VAS and TTO exercises with the patient/

Fig. 3  Health state describing a caregiver of a patient with TSC in a seizure-free state. TSC tuberous sclerosis complex
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caregiver vignettes, as a warm-up exercise, participants were 
asked to rank two practice vignettes, depicting simple health 
states describing key domains of HRQL similar to those 
covered in the EQ-5D.

Vignettes were either printed or presented to the partici-
pants on a screen in a quasi-random order. For those who 
viewed the vignettes on the screen, the online video inter-
view was conducted on a second screen so that the inter-
viewer and participant were always visible to one another. 
This enabled the interviewers to show the paper VAS and 

wooden TTO board alongside themselves on the screen. The 
online interview was designed to mimic a standard face-to-
face interview as closely as possible. All interviews were 
conducted by trained TTO interviewers.

The TTO interview is a standardised method for valuing 
health states and was used to generate utility weights for 
each vignette [23, 24]. During the interview, the participants 
were asked to choose their preference between the prospect 
of living for 10 years in the health state or ‘X’ years in full 
health. The time in full health was systematically altered 

Fig. 4  Health state describing a caregiver of a patient with TSC experiencing 3–14 generalised seizures per day and 5–14 focal seizures with 
impaired awareness per day. TSC tuberous sclerosis complex
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until the participant was indifferent between the choices. 
This duration of full health indicated the value or utility of 
the health state. To minimise possible bias, the ping-pong 
method was used, and the amount of time in full health 
was alternated between high and low values, decreasing by 
6-month intervals. If the participant indicated that ‘being 
dead’ was preferable to any time living in a health state, 
then this indicated that they considered the state as worse 
than ‘being dead’. At this point, the interviewer switched 
to a lead-time TTO exercise, which began with asking par-
ticipants whether they would prefer to live for 10 years in 
full health followed by 10 years in a health state, or to live 
for 10 years in full health only [25]. The time in full health 
remained constant, but the number of years in a health state 
was systematically altered until the participant was indiffer-
ent between the choices. This lead-time procedure allowed 
the participant to trade more years of life and determined 
how much worse than being dead they considered the health 
state to be.

The VAS ratings for each vignette were rescaled such that 
the value for the state of ‘being dead’ was fixed at 0, and all 
other values varied between 100 and the worse health state. 
The following formula was used to rescale the data:

where V′ is the rescaled VAS value, V is the original VAS 
value and V_Dead is the value given to the state of ‘being 
dead’. After rescaling, the VAS data were summarised 
descriptively. The TTO data were scored according to the 
point of indifference (1 = full health; 0 = dead), and were 
summarised descriptively.

3  Results

3.1  Literature Review

The database search of publications in the last year yielded 
a total of 461 hits. All records were screened, and addi-
tional studies were identified from reference lists of the pre-
viously published review [17]. Sixty-two full-text articles 
were assessed for relevance, of which 35 were included in 
the review. Data were extracted on the overall HRQL impact 
of TSC, as well as the specific impact of seizures on patients 
and their caregivers. Literature review findings that informed 
the content of the vignettes are summarised below.

3.1.1  Patient Health‑Related Quality of Life (HRQL)

Overall, HRQL is significantly impacted in patients with 
TSC [16, 26–30]. Given that many organs can be affected 
by the disease, patients with TSC experience frequent 
hospitalisations, medical visits, and prescription drug use 
[16, 31–38]. Patients with TSC have reported experienc-
ing pain and discomfort [26, 39]. Problems during sleep, 
including breathing difficulties, unusual sleeping episodes 
such as nightmares, and sleep walking and talking are 
common in TSC [13]. TSC may also be associated with 
hyperactivity, attention problems, anxiety, and depression 
[39–41]. Patients with TSC commonly face difficulty in 
socialising and forming relationships, resulting in feelings 
of loneliness, isolation, and social withdrawal [40, 42]. 
Facial disfigurement associated with facial angiofibromas 
may add to the perceived stigma of the disease [43, 44].

V
� = ((V − V_Dead)∕(100 − V_Dead)) × 100,

Table 2  Overview of health states described in TTO vignettes

HS health state, TTO time trade-off

Health state Seizure type and frequency

Generalised seizures, 
no. per day

Focal seizures with 
impaired awareness, no. 
per day

HS1 0 0
HS2 0 1–2
HS3 0 3–4
HS4 0 5–14
HS5 1 0
HS6 2 0
HS7 3–14 0
HS8 3–14 5–14

Table 3  Estimation of utility values using TTO-valued health states

Italic text indicates estimation of utility values for states not valued in the time trade-off study
Diff difference between health states, HS health state, TTO time trade-off

No. of focal seizures with impaired awareness per day

0 1–2 3–4 5–14

No. of generalised seizures per day 0 HS1 HS2 HS3 HS4
1 HS5 HS5−(Diff (HS7, HS8)/2) HS5−(Diff (HS7, HS8)
2 HS6 HS6−(Diff (HS7, HS8)/2) HS6−(Diff (HS7, HS8)
3–14 HS7 Mean (HS7, HS8) HS8
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Seizures in TSC have a significant negative impact on 
patient HRQL [26, 45]. Patients who have TSC with epi-
lepsy have been found to have a significantly lower HRQL 
than those without epilepsy [45]. Burdensome after-effects 
of seizures included disrupted learning ability, fatigue, 
hemiplegia, and inability to communicate, eat, sleep, or 
relax for up to 24 h after an episode [46]. Patients reported 
frustration with their lack of independence due to their 
risk of seizures [46]. Another study has found that adult 
patients with TSC reported a loss of work productivity 
because of their condition [47].

HRQL has additionally been shown to worsen with 
increasing seizure frequency and severity [28, 29, 48]. 
Studies exploring the effectiveness of treatments for sei-
zures in TSC have found seizure freedom and reduction in 
seizure frequency to be related to improvements in patient 
HRQL [49–54]. Recent qualitative findings also suggest 
that a reduction in seizure frequency and severity has a 
positive impact on HRQL, including improved attention, 
memory, mood, and energy [46].

3.1.2  Caregiver HRQL

Overall, caregivers of patients with TSC have a significantly 
lower HRQL and more depressive symptoms than healthy 
adult populations [13]. Caregivers have reported fearing 
their unknown future, and the disease becoming increasingly 
unsustainable over time [42, 55]. Caregivers have addition-
ally voiced their anxiety over having to navigate through 
medical emergencies, the appearance of new symptoms, 
repeated surgeries, and severe side effects of therapies [46, 
55]. Patients’ facial angiofibromas may intensify caregiv-
ers’ worries and worsen perceived stigma of the disease 
[43, 44]. The neurodevelopmental and neuropsychiatric 
manifestations of TSC can also be a major stressor for car-
egivers [41, 56]. One study found that although 65.9% of 
carers of children with TSC were employed, more than half 
perceived the disease to have impacted on their career [36]. 
Employed caregivers of patients with TSC reported missing 
work and impaired productivity due to caregiving [47]. TSC 
can greatly impact on the HRQL of the whole family, with 
caregivers reporting changes to the family’s daily routines 
to centre around the patient’s needs [55].

Seizures in TSC have a negative impact on caregiver 
burden [53, 54]. Following treatment, reduced seizure fre-
quency in children with TSC is significantly associated with 
increased parent satisfaction [54]. Another study found par-
ent-reported reduced seizure frequency to be associated with 
improved family functioning and reduced time in managing 
the epilepsy of patients with TSC [53]. When seizure fre-
quency and severity were reduced in patients with TSC, their 
parents reported more time for respite and family activities 
and less time needed to monitor the patient [46].

3.2  Health State Development Interviews

Four caregivers of patients with TSC and epilepsy, and three 
HCPs with expertise in TSC were interviewed. The four car-
egivers were parents of children with the condition aged 
between 2 and 16 years. Two HCPs were epilepsy special-
ist nurses, who reviewed the initial set of draft vignettes. 
The third HCP, who reviewed the final set of eight draft 
vignettes, was a clinician and professor of paediatric neurol-
ogy, and an expert in the treatment of epileptic syndromes.

Key revisions made to the introductory text in response to 
caregiver and HCP feedback are summarised in Table 4. The 
main changes made to the patient and caregiver vignettes 
are summarised in Tables 5 and 6. During the interviews, 
caregivers described how their time spent monitoring their 
child’s seizures, assessing their child’s risk of injury, and 
responding to the after-effects of seizures (e.g. providing 
reassurance and managing disruptive behaviour) affected 
their daily routine and ability to make plans. Caregivers 
also described how either they or their partners had to give 
up work or reduce their working hours to be able to look 
after their child. Caregivers agreed that the impact of their 
child’s condition on their daily life and emotional well-being 
(e.g. depressive or anxious thoughts) would be increased if 
their child experienced a greater number of daily seizures. 
Simultaneously, they described how their child’s seizures 
were only one of many impacts of TSC.  

Similarly, HCPs described how the child’s dependence 
on their caregiver would increase with greater daily sei-
zure frequency, due to their increased risk of injury (e.g. 
assistance with cooking to prevent a burn due to a seizure). 
Therefore, the HCPs agreed that children experiencing a 
greater number of daily seizures would feel more frustrated 
by their condition and lack of independence, and have more 
difficulties making friends and socialising. HCPs also men-
tioned that children with more seizures would have a higher 
number of hospital admissions and medical appointments. 
Finally, HCPs described the after-effects of different types 
of seizures. Focal seizures with impaired awareness were 
described as affecting the child’s behaviour and ability to 
learn and retain information; generalised seizures were 
described as resulting in extreme exhaustion, weakness of 
the body, and the need to sleep.

3.3  Health State Valuation

Demographic characteristics of the participants who took 
part in the TTO valuation interviews are presented in 
Table 7, along with data for age, sex, and ethnicity from 
the most recent UK census 2011 data [57]. The UK sample 
characteristics were broadly representative of the UK census 
data in terms of age, sex, and ethnicity.
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Table 7  Demographic 
characteristics of TTO interview 
participants and UK general 
population

SD standard deviation, TTO time trade-off
a Figures based on data from the 2011 United Kingdom national census[57]
b Median

Characteristic Participants—caregiver 
vignettes (n = 100)

Participants—patient 
vignettes (n = 100)

UK  populationa

Age, mean (SD) 43.58 (17.18) 39.49 (15.62) 39.4b

Sex, n (%)
 Male 51 (51) 46 (46) 49%
 Female 49 (49) 54 (54) 51%

Ethnicity, n (%)
 White 77 (77) 74 (74) 86%
 Asian 16 (16) 10 (10) 8%
 Black 2 (2) 9 (9) 3%
 Mixed 4 (4) 7 (7) 2%
 Other 1 (1) 0 (0) 1%

Occupation, n (%)
 Employed full-time 40 (40) 55 (55)
 Employed part-time 25 (25) 16 (16)
 Retired 19 (19) 11 (11)
 Student 5 (5) 7 (7)
 Unemployed 7 (7) 7 (7)
 Stay at home/carer 4 (4) 1 (1)
 Long-term sick leave 0 (0) 1 (1)
 Other 0 (0) 2 (2)

Table 8  VAS ratings and TTO weights for health-state vignettes

C caregiver, CI confidence interval, P patient, SD standard deviation, SE standard error, TTO time trade-off, VAS visual analogue scale

Health state No. of general-
ised seizures per 
day

No. of focal seizures with 
impaired awareness per day

VAS ratings TTO weights

Mean (SD) SE 95% CI Mean (SD) SE 95% CI

Patient health states (n = 100)
 P1 0 0 61.50 (19.65) 1.96 57.60 to 65.40 0.725 (0.253) 0.025 0.674 to 0.775
 P2 0 1–2 45.37 (19.93) 1.99 41.42 to 49.33 0.504 (0.371) 0.037 0.431 to 0.578
 P3 0 3–4 36.44 (21.53) 2.15 32.17 to 40.71 0.282 (0.535) 0.053 0.176 to 0.388
 P4 0 5–14 26.13 (20.45) 2.04 22.07 to 30.19 0.074 (0.551) 0.055 −0.036 to 0.183
 P5 1 0 32.19 (21.66) 2.17 27.89 to 36.49 0.183 (0.569) 0.057 0.070 to 0.296
 P6 2 0 26.47 (22.68) 2.27 21.97 to 30.97 0.089 (0.538) 0.054 −0.018 to 0.196
 P7 3–14 0 15.70 (23.87) 2.39 10.96 to 20.44 −0.113 (0.592) 0.059 −0.231 to 0.004
 P8 3–14 5–14 9.93 (24.22) 2.42 5.13 to 14.74 −0.234 (0.560) 0.056 −0.345 to −0.122

Caregiver health states (n = 100)
 C1 0 0 74.16 (15.00) 1.50 71.18 to 77.14 0.905 (0.083) 0.008 0.890 to 0.921
 C2 0 1–2 58.90 (17.80) 1.78 55.37 to 62.43 0.791 (0.171) 0.017 0.757 to 0.825
 C3 0 3–4 50.21 (18.44) 1.84 46.55 to 53.87 0.638 (0.365) 0.037 0.565 to 0.710
 C4 0 5–14 34.41 (19.92) 1.99 30.46 to 38.36 0.431 (0.494) 0.049 0.332 to 0.529
 C5 1 0 41.45 (19.50) 1.95 37.59 to 45.32 0.546 (0.395) 0.039 0.467 to 0.624
 C6 2 0 36.94 (19.89) 1.99 32.99 to 40.89 0.476 (0.453) 0.045 0.386 to 0.566
 C7 3–14 0 27.40 (17.76) 1.78 23.87 to 30.92 0.319 (0.481) 0.048 0.223 to 0.414

  C8 3–14 5–14 20.67 (18.77) 1.88 16.94 to 24.39 0.221 (0.530) 0.053 0.115 to 0.326
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3.3.1  TSC Patient and Caregiver Vignettes: VAS and TTO 
Ratings

TSC patient and caregiver VAS ratings and TTO utility 
scores are presented in Table 8. Distribution of the TTO 
scores is shown in Figs. S15–S16 (see ESM). The patient 
TTO utility scores ranged from −0.234 (P8, presence of a 
combination of generalised seizures and focal seizures with 
impaired awareness and the highest seizure frequency) to 
0.725 (P1, the seizure-free state). The caregiver TTO utility 
scores ranged from 0.221 (C8, presence of a combination of 
generalised seizures and focal seizures with impaired aware-
ness and the highest seizure frequency) to 0.905 (C1, the 
seizure-free state). VAS ratings were consistent with TTO 
weights: states with higher frequencies of a given seizure 
type were valued lower than states with lower frequencies 
of the same seizure type, and states with generalised sei-
zures were valued lower than states with focal seizures with 
impaired awareness.

Consistency of valuations was assessed by comparing 
utility scores between seizure-free states and states with 
seizures. Utility scores of individual participants were con-
sidered consistent if the seizure-free state was valued higher 
than all states with seizures. For the patient valuations, 94% 
of VAS and 94% of TTO valuations were consistent. For the 
caregiver valuations, 95% of VAS and 96% of TTO valua-
tions were consistent.

4  Discussion

This manuscript reports the findings of a vignette-based utility 
survey, which was designed to estimate the impact of different 
seizure types and number of seizures per day on the quality 
of life experienced by patients with TSC and their caregivers. 
The vignettes described TSC health states with focal seizures 
with impaired awareness only, generalised seizures only, or 
a combination of both seizure types. Health state vignettes 
were developed based on a targeted literature review, and 
interviews with TSC caregivers and experienced HCPs. This 
approach is in line with recent best practice guidelines for 
developing vignette studies, as published in the National Insti-
tute for Health and Care Excellence (NICE) Task and Finish 
Group report [58] and based on Decision Support Unit (DSU) 
recommendations [59]. The vignette development interviews 
aimed to ensure that the vignettes were easy to read, included 
information on all the generic dimensions of HRQL, and that 
the states were sufficiently differentiated without exaggerating 
differences. However, the vignettes were not formally tested 
in a separate pilot study among the general population prior 
to the main valuation study.

The patient vignettes included descriptions of the seizures 
experienced, other TSC-related clinical manifestations, 

comorbidities, and impacts on all major HRQL domains. 
This ensured that participants were given information about 
the typical experience of living with the condition. The car-
egiver vignettes described the caregiver’s health and the 
impact of caring for a child with TSC on their daily life, 
with minimal references to the patient where appropriate to 
contextualise the described caregiver impact.

The health state vignettes were evaluated by members of 
the general public in the UK using VAS and TTO ratings. 
The values declined in line with increasing daily seizure 
frequency for both focal seizures with impaired awareness 
and generalised seizures; values were lowest for a state 
describing the presence of both seizure types at the highest 
daily seizure frequency. This highlights the extent of the 
perceived burden of seizures for patients with TSC and their 
caregivers. Accordingly, these findings show the value of an 
effective treatment for seizures in this complex condition, 
which is often associated with treatment-resistant epilepsy.

The findings of the present study are consistent with the 
substantial impact of epileptic seizures on quality of life 
in TSC, as reported by studies using patient-reported and 
caregiver proxy-reported generic HRQL measures to derive 
utility values [45, 48]. The range of utility values for states 
with the highest seizure frequency in this study was compa-
rable to the median utility scores found by Vergeer et al. [45] 
in patients with TSC-associated epilepsy who had refractory 
epilepsy at follow-up (−0.234 to 0.074 vs −0.11). Our values 
for the seizure-free state are also comparable to the values 
of Vergeer et al. [45] for patients with no seizures at follow-
up (0.725 vs 0.71). Furthermore, our study found that gen-
eralised seizures were associated with lower utility values 
than focal seizures with impaired awareness (1 generalised 
seizure per day: 0.183 vs 1–2 focal seizures per day: 0.504), 
similar to Tritton et al. (0.194 [generalised seizures] vs 0.454 
[complex partial seizures]) [48].

While the estimated utility values from the current study 
are consistent with findings from previous studies, a degree 
of uncertainty around the values should be acknowledged. 
This is evident in the 95% confidence intervals that overlap 
across a number of severe health states, as a result of the 
relatively large variability in valuations given by partici-
pants and the study sample size. While the vignettes may 
have good content validity, it is often difficult to convey 
fully the impact on HRQL in vignette descriptions. Imagin-
ing how seizures affect HRQL may be difficult for people 
with limited or no experience of epilepsy. Severe disease 
states may be more challenging for members of the gen-
eral public to value because it is difficult to imagine such 
a state. Furthermore, there is wide variation in the clini-
cal manifestations experienced by patients with TSC, and 
these can differ across their lifespan [17]. The health state 
vignettes were therefore designed to depict a ‘typical’ expe-
rience for a patient or caregiver by focusing on the clinical 
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manifestations and impacts that have been most commonly 
found to affect patients aged around 13 years (i.e. impacts 
and comorbidities associated with tumours affecting the 
brain, eyes, and skin). Vignettes represented a simplifica-
tion of individuals’ experiences with the disorder, which 
can vary greatly across patients with TSC and their car-
egivers [46]. Findings from the study should therefore be 
interpreted in light of this limitation of the TTO vignette 
valuation method.

One should note that all TTO interviews were conducted 
via online video calls during the COVID-19 pandemic. We 
have no evidence that the switch to online interviews affected 
the data quality. To minimise the impact of this change in data 
collection methods, the online interviews preserved as many 
features of a standard face-to-face TTO interviewing experi-
ence as possible. The study results demonstrated good internal 
validity, consistent with differences in type of seizures and 
seizure frequency. Although the use of online video for TTO 
interviews has not yet been formally validated, a recent TTO 
study suggests that video interviews yield similar results to 
face-to-face interviews and might be a feasible alternative [60].

5  Conclusions

Health state vignettes were developed to describe TSC with 
varying seizure types and seizure frequency. Matched states 
were developed to describe the life of a caregiver looking 
after a patient with TSC. The quality of life of these states 
was rated by the UK general public in a TTO valuation task. 
This produced logically consistent TTO weights, which can 
be used in cost-effectiveness modelling. The study findings 
highlight the substantial burden of living with TSC and car-
ing for a child with TSC. Patient and caregiver burden were 
greater for generalised than focal seizures. The burden was 
greatest for a combination of both seizure types and wors-
ened with increasing seizure frequency. The TTO vignette 
methodology has limitations but can be useful for estimating 
utility weights in rare diseases, when observational research 
is challenging.
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