Identifying and mitigating Sudden Unexpected Death in Epilepsy
(SUDEP) risk factors

Abstract

Introduction

Sudden Unexpected Death in Epilepsy (SUDEP) is a significant cause of death for people with chronic
epilepsy. Good practice guidance in the UK and the USA expect SUDEP to be discussed with the
individual. The event rarity, methodological variance and lack of robust research into the
pathological mechanisms, associated risk factors, and management strategies have created a
challenge on how and what to discuss. There are some significant associations which allows for risk
assessment and mitigation.

Areas covered

We review the current understanding of static and modifiable risk factors for SUDEP and how to
manage these more effectively. Longitudinal risk may be assessed using standardised risk
assessment tools which help in communicating risk. Technological advancement allows
measurement of physiological parameters associated with seizures and risk of SUDEP using small
wearable devices. Further evidence is needed to demonstrate such technologies are efficacious and
safe.

Expert commentary

Risk reduction should be an important part of epilepsy management and we suggest a Gold Standard
of Care which healthcare professionals and services should aim for when approaching SUDEP risk
management. A Minimum Standard of Care is also proposed that is practical to implement, that all
people with epilepsy should expect to receive.
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1. Introduction

The prevalence of active epilepsy ranges between 0.6 and 1% [1]. A diagnosis of epilepsy comes
with increased rates of co-morbidity and mortality from all causes [2]. In a UK epilepsy population
only 52% were seizure free and this has a direct relationship with risk [3]. For people with
symptomatic epilepsy life expectancy may be up to 10 years lower than the general population [4].
This increased mortality is related to the underlying cause of epilepsy, and seizures themselves
including status epilepticus [5]. It is widely regarded that the most common cause of death in the
population with chronic epilepsy is sudden unexpected death in epilepsy (SUDEP) [6].

2.Incidence

The reported incidence rates of SUDEP range widely from 0.09 to 9.3 per 1000 person-years [7]. The
identification of SUDEP cases in community samples and epilepsy cohorts has largely been
retrospective in nature, involving review of data from hospital and autopsy records. A large
population based study of people with epilepsy in the USA reported an estimated incidence of 0.35
cases per 1,000 person years. This gives a Standardized Mortality ratio of nearly 24 times that of the
general population [8]. Similar results have been replicated in a nationwide Danish population study
[9]. Other studies have reported significantly higher rates of SUDEP in the epilepsy population. The
reason for such variance in incidence rates is likely related to case selection and methodological
differences in study design. A more recent systematic review of the literature estimates a crude
annual incidence rate of 1.16 (0.95-1.36) per 1000 person years [10].

In pooled data it can be seen that the incidence of SUDEP is higher in cohorts of people with
treatment resistant epilepsy, uncontrolled convulsions, those treated at specialist epilepsy centres,
the epilepsy surgery population [11] and those with nocturnal seizures [12]. A nationwide
population-based cohort study in Sweden of nearly 60,000 people with epilepsy identified 99 deaths
meeting SUDEP criteria [13]. It accounted for about 5 % of deaths but this was increased to 36% in
the population 15 years or below. This is in contrast to previous suggestions that SUDEP risk may be
lower in children [14, 15, and 16]. This study highlights the difficulty in case ascertainment as only
around two-thirds of SUDEP cases had epilepsy recorded on the death certificate, suggesting that
current incidence may be underestimated [13].

3. Definition

SUDEP has been defined as “the sudden, unexpected, witnessed or unwitnessed, non-traumatic, and
non-drowning death of people with epilepsy with or without the evidence of a seizure, excluding
status epilepticus, and in which post-mortem examination does not reveal a structural or
toxicological cause of death” [17, 18]. Making a diagnosis of SUDEP is not straight forward. To date
there are no diagnostic tests available and even after post-mortem examination SUDEP is largely a
diagnosis of exclusion. As a result establishing caseness can be challenging. In 2012 a unified SUDEP
definition with seven classifications was proposed to facilitate case definition in clinical and research



work [19] (Appendix 1) in view of the variability in access to routine post-mortem examinations and
lack of standardised recording of findings.

4. Pathophysiology

To manage SUDEP risk effectively it is important to understand the pathophysiology involved. There
has long been debate over whether the primary mechanism in SUDEP is derived from cardiac or
respiratory dysfunction. It is established that seizures can effect cardiac functioning, leading to
arrhythmias and abnormalities in blood pressure [20]. Post-ictal cardiac arrhythmias have been
found to occur most commonly following convulsions and are associated with near SUDEP cases
[21]. It is also known that respiratory depression and apnoea can occur in the peri-ictal and post-ictal
period [22, 23]. A recent review suggests that SUDEP cases are often characterized by post-ictal
apnoea and bradycardia which progresses to asystole. The identification of post-ictal generalised
EEG suppression may potentially offer a biomarker for brainstem dysfunction which is thought to
form part of the pathway to SUDEP [24]. The current informed view is that SUDEP is a culmination
of a multifactorial mechanism involving numerous systems causing a perfect physiological storm
(appendix 2). Cardiac arrhythmia, respiratory dysfunction, dysregulation of systemic or cerebral
circulation & seizure-induced hormonal and metabolic changes are suggested as potential
pathological mechanisms most probably triggered by the peri-ictal concurrence of a number of
predisposing and precipitating factors [25]. Similarities can be drawn to Sudden Cardiac Death where
structural cardiac abnormality and genetic variation can predispose to sudden death.

The MORTEMUS study [26] confirmed some important characteristics of SUDEP in 16 cases of
definite/probable SUDEP, and 9 cases of near-SUDEP in monitored individuals (Appendix 3). Results
indicate that there is likely to be a centrally mediated compromise in cardiac and respiratory
function following a convulsion. Terminal apnoea occurred prior to asystole in all cases [26]. Most
SUDEP cases are unwitnessed and supervision itself may act as a protective factor 27, 28]. Where
SUDEP has been witnessed it is usually preceded by seizure activity [29].

Postictal generalized electroencephalographic suppression (PGES) which is commonly associated
with generalised seizures in adults is strongly associated with severe hypoxemia. There is recognition
of primary pulmonary problems rather than hypoventilation influencing respiratory depression in
seizures and being linked to the duration of the seizures [30] and correlating to contralateral
hemisphere spread. Studies have shown central apnoea in three fifth of people with seizures and
two fifth of all seizures in addition to oxygen desaturation levels fall below 85% in one fifth of all
seizures [31]. Moreover, oxygen desaturations below 85% were associated with the rise in the end-
tidal CO; that in some patients persisted despite an increase in respiratory rate [20], thus indicating
a primary pulmonary dysfunction rather than hypoventilation.

In up to two fifth of people with refractory epilepsy cardio autonomic concerns have been noticed
[32]. Impairments in vagal driven activity of Heart rate variability were consistently observed in
people with epilepsy with an association of more profound changes with refractory epilepsy [33].

Further the genetic mechanisms underlying cardiac and pulmonary factors have been explored.
Altered expression of serotonin linked genes which have a role in seizures, respiration and arousal
have been of interest in animal models but the findings have not yet been successfully replicated to



humans [34]. Similar animal model studies on some novel candidate genes particularly those
influencing ion channels are implicated in developing cardiac arrhythmias exacerbations in seizures
due to vagal hyper excitability.

A polymorphic model which involves multiple potential pathways with various entry points for a
terminal event has been postulated as leading to the final lethal pathway of SUDEP [32].

5. SUDEP Risk Factors

Investigations into the risk factors for SUDEP are heterogeneous in terms of population and
methodology so it can be difficult to interpret the relevance of findings in individual studies, and
there are often contradictions. Attempting to identify ‘certain’ risk factors in such a complex
multifactorial condition may depend upon constructing robust prospective investigations. This is not
straight forward when we do not fully understand the pathological mechanisms involved and when
events are so rare. The risk factors identified within individual studies should form part of our ever
growing knowledge of how to identify and manage risk in the epilepsy population. Pooling the
information available can reduce any conflict and help interpretation to produce a broad base of
potential risk factors to consider when communicating with individuals (Table 1).

5.1 Static risk factors

There are a number of demographic factors that are linked to an increased risk of SUDEP. Male
gender and early onset of seizures (<16 years at onset) confer statistically significant risk. The
duration of epilepsy for more than 15 years has also been identified as a significant risk factor [35,
36]. SUDEP can occur at any age but some circumstantial evidence suggests that the highest risk lies
between the ages of 20 and 40 years [37].

It is well recognised that people with epilepsy and intellectual disability have higher rates of complex
treatment resistant epilepsy and co-morbidities. A cohort of pupils at a residential school for people
with intellectual disabilities showed a high mortality ratio with the majority of deaths considered
epilepsy related and half of the death described as sudden. All sudden deaths occurred when pupils
were not under close supervision [27]. Intellectual disability (ID) may be a significant independent
risk factor for SUDEP with an adjusted odds ratio of 4.6 (1.2-1.8) [38]. In other population samples
SUDEP has been identified as the second most common cause of death in people with ID and
epilepsy, and rates of SUDEP found to be significantly higher in comparison to the general
population [39]. When people with ID and epilepsy receive appropriate specialist care this
correlation has not been seen. Therefore it may be the lack of access to specialist services that plays
a key role in increasing risk for this population [40].

5.2 Genetics

There are certain genetic mutations that are associated with an increased SUDEP risk. Evidence
emerging suggests that candidate genes are increasing and that there appears to be an overlap with
some of the candidate genes for sudden cardiac death [41]. One example is the association with
long QT syndrome (LQTS). One group has undertaken an exome-based analysis of SUDEP cases and



identified known and candidate variants predisposing to cardiac arrhythmia [42, 43]. These findings
may represent a sub-population of SUDEP cases.

Dravet syndrome is an epileptic encephalopathy characterised by the emergence of severe febrile
seizures within the first year of life. Later individuals develop multiple treatment resistant seizure
types, slowing in developmental progression and cognitive decline [44]. Most affected people have
mutations in the SCN1A gene [45]. This gene encodes for part of the voltage-gated sodium channel
and plays an important role in brain and cardiac functioning. People with Dravet Syndrome have a
predisposition to depressed heart rate variability and mouse models also suggest prolonged ictal-
onset of bradycardia [46, 47]. This may play a role in the significantly increased risk of premature
death in Dravet syndrome [48, 49].

5.3 Modifiable Risk Factors

5.3.1 Seizure profile

A case control study in the 90’s was one of the first to identify that those who a high frequency of
seizures were more at risk of SUDEP. In a pooled analysis of cohort studies examining the epilepsy
population it was shown that experiencing three or more convulsions within a year significantly
increases risk of SUDEP [35]. When people have up to 20 convulsions in a 3 month period the
adjusted odds ratio may be as high as 20 [28]. Having a high seizure frequency regardless of seizure
type is also a notable SUDEP risk factor [50]. Consistently, regardless of study design or population,
convulsions seem a key risk factor [51].

Nocturnal seizures may independently increase the SUDEP risk 3-fold [12]. There is an argument
that this may in part be due to lack of appropriate supervision. It is known that nocturnal
supervision seems to provide protection against SUDEP [28]. The MORTEMUS study clearly describes
delayed resuscitation when events occurred outside regular working hours, a time of lower staff
monitoring. This delayed response was associated with a significantly increased risk [26]. A recent
Cochrane review [52] suggests that there is some evidence to support the employment of
monitoring device. Epileptologists should discuss night-time observation and other overnight
monitoring techniques, including remote listening devices, to reduce the risk of SUDEP in people
with frequent convulsions particularly if nocturnal. Privacy issues, the burden on family members,
and other psychosocial circumstances also need to be considered [53].

There is a suggestion of an association between sleeping in the ‘prone position’ and identified SUDEP
cases [26, 40]. A systematic review and meta-analysis confirms this correlation which is particularly
evident in those under the age of 40 years [54]. A disparity has been observed in the sleeping
position in cases of SUDEP compared to non-fatal convulsions in a sample supervised by video-EEG
[55]. Modifying this risk is not straightforward as position may change during a convulsive seizure-
even if the individual does not begin in a prone position they may be end up prone during the course
of the seizure.

5.3.2 Anti-epileptic drugs



The higher the number of anti-epileptic drugs an individual is prescribed the higher the risk of SUDEP
observed [28, 38, 56]. Findings suggest a relationship between the number of convulsions, number
of AEDs, and risk of SUDEP [35]. The prescription of multiple AEDs may be a surrogate for poor
seizure control. One study suggested polytherapy to be a significant independent risk factor for
SUDEP after adjustment for confounders including seizure frequency. This may be related to
potential cardiac effects of the medication [57] , however, these findings have not been replicated
[35]. It has been shown that no AED treatment or unclear treatment history does put individuals
with epilepsy at increased risk of SUDEP [58].

There is some evidence to suggest that changes in treatment or dose of AEDs may place people at
increased risk [56, 59]. Review of post-mortem blood levels of AEDs also indicate that non-
compliance with prescribed AEDs may be a precipitating factor, however there are real difficulties
establishing non-compliance and these findings have not been confirmed [35]. Several studies have
indicated that there is no suggestion of lower compliance rates in SUDEP cases compared to death in
epilepsy of other causes [60]. There is no conclusive evidence that any specific AED is associated
with an increased risk of SUDEP though there had been some speculation of the role of
carbamazepine and subsequently lamotrigine [51]. There is some evidence that an adjunctive new
AED treatment in those with treatment resistant epilepsy reduces SUDEP incidence by around six
times compared to that observed on placebo [61].

5.3.3 Co-morbidities

Psychological

A population-based study examining the risk factors of all causes of premature mortality in epilepsy
suggest that co-morbid mental health problems such as depression may increase mortality risk [62].
There is also evidence from mouse models to suggest that treatment with selective serotonin re-
uptake inhibitors may reduce the risk of sudden death suggesting that serotonin may play a role in
the sudden death pathway [63].

Results from a recent Swedish nationwide population-based cohort study suggest that any
psychiatric co-morbidity may increase SUDEP risk. In females this risk may be five folds than of
individuals with no psychiatric co-morbidity. This study does not control for some of the complex
issues associated with psychiatric illness including engagement with services [13]. It has also been
observed that treatment with anxiolytic and antipsychotic medication specifically confers an
increased risk of SUDEP, however these findings have not since been replicated [56]. In context
these findings conflict with a previous systematic review that identified no association between an
increased risk of SUDEP and a broad range of psychiatric presentations and treatments [64]. The co-
morbid use of alcohol has often been suggested to increase risk of mortality in epilepsy including
SUDEP [40, 62].

Physical health

The concept of SUDEP plus has been advanced into the criteria for diagnostic consideration [18].
Previously, a diagnosis of SUDEP was made when there were no other significant co-morbidities



contributing to the death. More recently diagnoses of SUDEP are being made in the context of
multi-morbidity. An example of this is the consideration of Takotsubo syndrome (TKS), an acute
cardiomyopathy that may arise following stressful insults including seizures [65].

6. Reducing SUDEP risk

Risk reduction measures should be targeted at the identified risk factors. There is evidence to
support the need to ensure seizure control is maximised, particularly in regard to reducing
convulsions. This should include medical and non-pharmacological interventions including epilepsy
surgery, VNS, RNS and diet if appropriate. There are also other important aspects of risk
management to consider including ensuring adequate supervision, particularly at night, to minimise
the risk of airway obstruction and cardiorespiratory distress.

The Cochrane review investigating treatment for the prevention of SUDEP highlights the lack of good
quality evidence to support interventions with significant risk of bias. There is some evidence to
support the protective effect of nocturnal supervision and implementing special precautions such as
monitoring systems [28, 52]. There is limited low level evidence to support the effectiveness of
measures such as safety pillows®?, but there is little evidence to support selective serotonin reuptake
inhibitors (SSRIs), or adenosine and opiate substances-despite a theoretical underpinning to their
potential benefit in reducing the risk of SUDEP [52]. Systems that identify post-ictal generalized EEG
suppression (suggested as a possible biomarker of SUDEP risk) have been developed and trialled,
however identification of a consistent EEG pattern is complex and to date no gold standard
recording has been agreed [67].

6.1 Epilepsy surgery

Those with ongoing focal seizures and an identified surgical epileptogenic target should be referred
for assessment with a view to improving seizure control [52]. Seizure freedom following resective
epilepsy surgery is associated with an overall reduction in mortality. For individuals who are not
seizure free following surgery there is an increased risk of SUDEP [68]. It has also been showed in a
large cohort that for those surgically treated the risk is lower when compared to those with medical
therapy [69].

6.1.1 Vagus Nerve Stimulation (VNS)

In the treatment resistant epilepsy population the use of VNS for at least two years has been shown
to reduce the risk [70]. Overall VNS therapy has been shown to be associated with slightly lower
rates of SUDEP in the high risk treatment resistant population [71]. Recent developments have
shown how VNS can be linked to ECG recording to identify ictal tachycardia, which will then trigger
stimulation of the Vagus nerve [72] but it is not known if this could have an impact on the risk.

6.1.2 Responsive Nerve Stimulation (RNS)

RNS is a relatively new intervention licenced for use since 2011. It is considered a promising
treatment. The positive effects on seizures is expected due to short term and long term effects on



neurobiological and genetic expression on brain connectivity and its network architecture [73]. Early
trends suggest it has an impact of reducing SUDEPs by reducing seizures [74].

6.2 Seizure monitoring devices

A systematic review of seizure detection devices highlights that there is only limited low level
evidence available to support their use. The development of such devices is currently in its infancy
and specificity levels remain low [75]. There are a wide range of technologies available which are
designed to monitor seizure activity. These include bed sensors, (see below) and direct auditory or
visual surveillance systems. Many of the devices have been shown to be effective in monitoring
convulsions. There is limited evidence to support an assumption that they will reduce SUDEP risk.

6.2.1 Movement sensors

There are a number of devices available monitoring seizure activities through different modalities
with varying success. Pressure mats are placed under the mattress and have built in sensors to
detect movement. The sensitivity of the device to abnormal movements can be adjusted to match
the need of the individual and their seizures. When assessed there is a wide variation in success
detecting nocturnal seizures, ranging from failure to detect activity to 89% detection [75]. Another
potential problem with the pressure sensors currently available is the high number of false positive
results recorded [76]. The use of video monitoring for seizure identification is to date unproven with
EEG comparison [77]. There is some evidence that movements observed on infrared monitors
correlate with carer reports which may be of clinical relevance [58].

6.2.2 Physiological parameters
Numerous physiological parameters have also shown success in identifying seizure activity including

heart rate, autonomic functioning, and apnoea. Combining the measurement of multiple
physiological parameters into everyday devices and applications may be the future [75]. A review of
Non-EEG seizure detection systems suggests that there is a wide range of sensitivity of seizure
detection depending upon the device, the seizure type considered, and the parameters measured
[78]. More evidence is emerging of the specifically in regard to the applicability and importance of
measuring electrodermal activity in relation to seizure activity and its role as a SUDEP biomarker or
risk factor which can be monitored using various technologies and wearable smart devices [79].

There are devices available that can detect changes in velocity and motion often referred to as
Accelerometers. One of the main positives of such technology is the ability to integrate it with
current commercially available and widely used products such as smart watches and smart phones.
The evidence available at present comes from small study designs and results are varied. There is a
consistent finding of good sensitivity, but not 100%. Specificity levels have generally been found to
be much lower [75].

More recently a multi-centre assessment of wearable multimodal convulsive seizures detector
compared to video EEG demonstrated that newer technology may provide more accurate seizure
detection, and the device is tolerable in everyday use. The device which detects electrodermal
activity and accelerometer signals yielded a high sensitivity rate (up to 100%), with much improved



specificity levels on previous investigations- missing no nocturnal seizures [80]. Convulsions are
associated with autonomic dysfunction; this may be best detected by measuring electrodermal
activity [81].

Heart rate, heart rate variability and ECG morphology have all been shown to be effected by seizure
activity, particularly convulsions [82]. The development of a system using an ECG to detect seizure
activity has been trialled with good sensitivity [83]. ECG monitoring has also been combined with
additional monitoring including accelerometers, video imaging and audio surveillance [84]. The
seizure detection rate using a seizure detection algorithm with a portable, wearable ECG for long
term seizure detection has been shown to be comparable with hospital ECG. The technology is also
available to use such devices in combination with a wearable photoplethysmography [85].

Changes in heart rate, oxygen saturation, and then electrodermal activity during seizures have been
shown with the use of a smart watch with integrated finger cuff with plethysmograph [86]. The
wearable apnoea detection device (WADD) is a small device suitable for home use which detects
episodes of spontaneous apnoea. In a small pilot study of individuals referred for sleep apnoea
diagnosis and healthy controls, the device demonstrated good sensitivity and high specificity in
comparison to clinical scoring, and good tolerability by the user [86].

Electromyography (EMG) has good sensitivity in detecting convulsions and low numbers of false
positive results when compared to video EEG [87]. These preliminary results may lead to the
implementation of portable devices available for use in the community that are in development [88].

6.2.3 Smart technology applications (Apps)

A number of smart phone or smart watch apps have been developed to help in epilepsy
management. These apps can be an important platform for communication and risk assessment,
however to date there is little evidence base to their use. One of the main advantages of utilizing
such technology platforms is their acceptability to younger generations. The incorporation of sensor
technology into smartphone and smartwatch devices that are readily accessible using specifically
designed seizure algorithms shows high rates of detection success [89]. Embrace has been
developed for the smart watch platform to help individuals monitor their epilepsy and claims to
detect GTC seizures. This device combines electrodermal monitoring and accelerometer technology,
but also measures heart rate and temperature [90]. The EpiWatch is an app designed specifically for
use on the Apple iWatch. This more sophisticated app is aimed at detecting seizure related
movements along with monitoring physiological parameters such as heart rate variation.

6.3 Longitudinal risk assessment

6.3.1 SUDEP and Seizure Safety Checklist

The SUDEP and Seizure Safety Checklist [58] is a freely available evidence based risk assessment tool
for clinicians. The items included are regularly updated when new evidence emerges and the
checklist covers the risk factors we have discussed in a series of simple questions. The SUDEP and
seizure safety checklist can be used in clinical practice to help structure discussion around SUDEP risk
for individuals, families, and carers. Implementing the checklist does require the individual to attend
clinical reviews and there is evidence that a lack of engagement with services and treatment may be
a modifiable risk factor for SUDEP [91].



6.3.2 EpSMon

EpSMon (epilepsy self-monitor) [92] is a freely available mobile phone app that is based on the
SUDEP safety checklist. The EpSMon is a self-administered questionnaire that helps people take
ownership of their epilepsy monitoring and advises a risk assessment every 3 months. If risks are
identified then educational advice is provided and recommendations are made for the user to
contact their general practitioner or specialist for review [93].

6.3.3 Care Flow - Epilepsy Networks

This project integrates wearable technology securely with individuals and clinician held mobile
solutions for people with epilepsy. The aim is to make care more tailored and timely by focusing
scarce specialist resources at the point of need, all as close as possible to the individual - in their
hand. The project looks to develop co-production of care records and foster ‘smart’ follow up based
on need [94]. This project is currently being tested across 12 UK NHS sites.

7. Clinical Guidelines

The National Institute for Health and Care Excellence (NICE) Clinical Guidelines [95] states that
SUDEP risk should be discussed with an individual at the point of diagnosis. This is also
recommended on an American Academy of Neurology (AAN) guideline (2017) [53]. The AAN
guidelines goes further to recommend that those individuals with ongoing convulsions are actively
managed to reduce seizure frequency. It is also recommend that those with frequent nocturnal
convulsions should be advised on nocturnal supervision or remote nocturnal monitoring devices. In
general clinicians should be discussing the benefit of seizure freedom in terms of SUDEP risk and
how this may be best achieved through adherence to medication.

8. Conclusion

The evidence shows that some SUDEP risk factors may be modifiable. The clinical complexities and
multifactorial risk factors that include aspects of the biological, psychological and social aspects of
epilepsy means those providing appropriate interventions that are acceptable to individuals can be
challenging. The most important factor in managing SUDEP risk is seizure control. To work towards a
goal of seizure freedom a collaborative approach is required between the individual and all involved
healthcare professionals. Many SUDEP cases had limited contact with primary care and even fewer
have undergone a specialist epilepsy review in the year prior to death. There is a clear need to
ensure that the delivery of service to this high risk group is appropriate. There should also be clear
pathways to link with mental health services to manage any psychiatric co-morbidity associated with
epilepsy [91] .

9. Expert commentary



Several attempts have been made to rank the most relevant risk factors for SUDEP [35, 36] . It is
likely that SUDEP is the result of an accumulation or cumulative effect of multifactorial risk factors
and circumstances, most likely triggered by the peri-ictal concurrence of a number of predisposing
and precipitating factors. Further there may be confounding factors, some unmeasured,
contributing to the change in risk factor status. Some of the associated risk factors may be
modifiable with good seizure management and risk assessment.

Access-

It is important that people have access to appropriate care as and when required across primary,
secondary and tertiary specialist services.

Availability-

Within services clinicians must have the right skill set and level of expertise to manage complex
clinical situations and resources.

Approach-

Services and clinicians need to offer a consistent approach to care including structured standardised
risk assessment procedures. Care should be delivered in a collaborative person centred way to
identify and manage any static and modifiable risk factors, considering clinical, social, and
psychological parameters putting reasonable adjustments in place to help modify risk.

The course of epilepsy is impacted by a wide range of factors and can vary over time and between
individuals significantly. With new research we are gaining greater insight into the mechanisms
behind SUDEP and the multifactorial risk factors associated. Therefore, risk assessment and epilepsy
management should be person centred, holistic, and consider the most up to date robust evidence
available.

Desirable Standard Care [96]

Seizure Frequency-

Aim to maximise seizure control particularly in regard to convulsions and nocturnal seizures. This
approach should encompass pharmacological and non-pharmacological treatment options, including
epilepsy surgery where appropriate. The goal should be to aim to reduce seizures to a frequency of
less than 3 per year.

Collateral Risk-

Clinicians and services should work collaboratively with individuals to deliver person centred
information on SUDEP risk. The aim should be to reduce the impact of collateral modifiable risk
factors including advocating nocturnal supervision for individuals with nocturnal seizures.

Access to care-

All should have equitable access to appropriate specialist review and investigations when required.
This includes ensuring that reasonable adjustments are made for more vulnerable individuals
specifically those with an intellectual disability.

Co-morbidities-



Individuals should have a thorough assessment of any physical co-morbidities including genetic
testing where indicated. There should be liaison with specialist mental health services for any co-
morbid mental illness.

Minimum Care Standards
(Practical and acceptable clinical implementation)

e All individuals should be provided with accessible information on SUDEP at the earliest
appropriate time.

e Clinicians should work collaboratively with individuals to optimize epilepsy management in
the context of treatment resistance considering all aspects of care to reduce seizure
frequency.

e Advocate nocturnal vigilance and surveillance where nocturnal seizures are present or when
there are transient increases in seizures for whatever reason.

10. Five-year view

No future can be envisaged without a reflection on the current challenges. While there has been a
major focus on SUDEP as a causation of mortality in recent times more needs to be done. Principle
challenges include diagnosis of SUDEP which is predominantly in the legal domain and not primarily
in the medical arena. Even though a robust classification for SUDEP exists its use in legal settings is
ambivalent and inconsistent. SUDEP remains primarily a first world consideration. There is a lack of
awareness of SUDEP in emerging economies where typically epilepsy mortality and morbidity is
higher. There is still a debate in many parts of even the developed world on the need to disclose to
people with epilepsy the possibility of SUDEP. While in certain countries most significantly the USA
and the UK there is an acceptance of the need to discuss SUDEP it is still unclear what information
should be given. Further most if not all guidance advice discussion of SUDEP early post diagnosis but
fail to take into consideration that epilepsy for a few can be a chronic and lifelong condition. This
would then require emphasis on periodic person centred discussion of risk. A challenge is the lack of
definitive risk factors to discuss and to tailor them to the strength of evidence. There is no definitive
hypothesis of the mechanism of SUDEP to help underpin robust solutions.

Even though challenges exist there has been a drive in recent times to mitigate SUDEP. The next five
years would see the use of genetics and brain banks to understand and possibly define certain
syndromes hitherto unknown which have vulnerability toward SUDEP. Trials of new antiepileptic
drugs and surgery to identify if they can mitigate the risk of SUDEP by better control of Seizures will
increasingly occur. There would be development of accessible wearable technology such as watches
and apps which would be more sensitive and specific. There would be the development of robust
surveillance systems to monitor holistic risk status of individuals over time. More aware populations



of people with epilepsy and their representatives will be seeking looking to be partners with
clinicians to co-produce management and treatment plans. Technology will foster more self-
empowerment but could also be a driver for precision response based on change in risk. Health
organisations and corporations would look to an integrated care model for delivery of epilepsy care
to deliver consistent care and improve outcomes. There needs to be a move to ‘educate to protect’.
A culture of safety through education and training will spread. Further, education of the legal system
and those who influence SUDEP diagnosis is essential. There would be cost effective technological
monitoring systems made available to developing countries thus contributing to awareness and
reduction of SUDEP.

11. Key Issues

e Sudden Unexpected Death in Epilepsy (SUDEP) is regarded as the most common cause of
death for people with chronic epilepsy.

e Seizure frequency, in particular convulsions and nocturnal seizures may be the most
important modifiable risk factor. Clinicians and epilepsy services should work with
individuals in a person centred way to reduce risk by improving seizure control using a
holistic approach. This will include addressing all aspects of epilepsy care from a biological,
psychological, and sociological view point including assessing co-morbid conditions that may
impact upon epilepsy control and overall risk. For people with treatment resistant epilepsy
therapeutic intervention should be maximised including the use of anti-epileptic medication,
Vagus nerve stimulation (VNS), and epilepsy surgery where indicated.

e There is a role for health professionals involved in the care of people with epilepsy to
advocate for the use of nocturnal supervision where individuals are experiencing frequent
nocturnal seizures.

e Longitudinal risk may be assessed and then communicated to people through the use of
standardised risk assessment tools including the SUDEP and Seizure and Safety Checklist.
There is also a mobile phone App EpSMon (epilepsy self-monitor) based upon the SUDEP
and seizure Safety check list. EpSMon is a freely available self-administered questionnaire
that helps the person to manage their own risk and seek advice where appropriate.

e Technological advancements have allowed for the development of sensitive monitoring
devices of various physiological parameters associated with SUDEP risk. This technology can
be applied to smart devices used in everyday life. This may be the future of monitoring
seizure activity and risk factors. There is still need for more robust evidence on the efficacy
and safety of such devices.

e SUDEP is a rare event and current evidence informing our views is limited. There is a need
for more robust research into this condition, the pathological mechanisms, associated risk
factors, identification of biomarkers, and intervention outcomes.
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Appendix 1:

Unified sudden unexpected death in epilepsy (SUDEP) definition and classification (Nashef et al
2012) [18]

1. Definite SUDEP: Sudden, unexpected, witnessed or unwitnessed, nontraumatic and
nondrowning death, occurring in benign circumstances, in an individual with epilepsy, with or
without evidence for a seizure and excluding documented status epilepticus (seizure duration =30
min or seizures without recovery in between), in which post-mortem examination does not reveal
a cause of death

1la. Definite SUDEP Plus: Satisfying the definition of Definite SUDEP, if a concomitant condition
other than epilepsy is identified before or after death, if the death may have been due to the
combined effect of both conditions, and if autopsy or direct observations/recordings of terminal
event did not prove the concomitant condition to be the cause of death

2. Probable SUDEP/Probable SUDEP Plus: Same as Definite SUDEP but without autopsy. The
victim should have died unexpectedly while in a reasonable state of health, during normal
activities, and in benign circumstances, without a known structural cause of death

3. Possible SUDEP: A competing cause of death is present

4. Near-SUDEP/Near-SUDEP Plus: A patient with epilepsy survives resuscitation for more than 1
hour after a cardiorespiratory arrest that has no structural cause identified after investigation

5. Not SUDEP: A clear cause of death is known
6. Unclassified: Incomplete information available; not possible to classify

If a death is witnessed, an arbitrary cut off of death within 1 h from acute collapse is suggested

Appendix 2

Some observed physiological variations at time of a convulsion:



Arterial hypertension, increased cerebral venous pressure, decreased Arterial PO2, increased Arterial
PCo2 and Central venous PCo2, increased cerebral blood flow, Hyperglycaemia, Hyperkalaemia,
Haemoconcentration, Lactacidosis, increased Plasma Prolactin, ACTH, GH, TSH and cortisol.

Appendix 3

Some common characteristics of definite or probable SUDEP and near SUDEP adapted from the
MORTEMUS study [26]

e Convulsion preceding event
e Nocturnal events

e Prone position

Table 1: Pooling the data: The positives and negatives when considering results

(adapted from Hesdorffer et al 2011; Tomson et al, 20163)

Positives Negatives
Increase sample size and statistical significance Methodological disparities
Increase generalisability Heterogeneity of sample population:

-Variation in sample size
-ldentification of cases variable
-Restrictive inclusion criteria
-Sample setting variability

Case and control definitions consistent between | Matching variables and potential confounders
investigations

Risk factor ascertainment consistent Differing ratio of cases to controls between
studies

Definition of definite or probable SUDEP Lack of complete information of important

consistent variable including age

Consistent control group allocation (from same Lack of consistent risk factor examination across




source population as cases) studies




