
Abstract
People living with epilepsy are at greater risk of drowning in the bath, though comprehensive statistics are not well recorded and those that are do not include immersion accidents or survival following critical care.  Nurses have little formal guidance to support them in exploring or managing bathing risks with patients, and there are currently no suitable disability aids for this purpose in the context of epilepsy.  In a collaboration between nurses and engineers, this paper illustrates the development of four design protocols with potential for reducing the risk of drowning in the bath for people with epilepsy.  The designs could also serve potential needs of the general public.  However, much research remains to be done, and in addition manufacturing companies could apply innovative approaches in the products they develop to reduce the risks discussed, in collaboration with nurse advocates and service user groups.
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Keypoints
· As the risks of drowning are greater for people with epilepsy than the general population, individuals are advised not to bath without a chaperone.
· People with epilepsy may choose to bath without supervision
· There appears to be no suitable equipment available at present that could reduce the risk of drowning in the bath for people with epilepsy
· Protocol designs for equipment to reduce the risk of drowning in the bath for people with epilepsy have been designed and this could be developed for the general public to meet different needs. 
· More needs to be known and understood about where information comes from for people with epilepsy on their risks and how individuals use this information and make decisions.

Reflective questions
· What awareness do you have of the causes of death for people with different types of epilepsy and what the risks of bathing might be?
· Do you make assumptions about whether people with epilepsy would take advice available and not bath alone? 
· Are you aware of whether anyone you know with epilepsy takes the risk of bathing without supervision?
· What do you think the reasons might be when someone with epilepsy chooses to bath alone without supervision?
· What do you think the key features could be for equipment that could reduce the risk of drowning in the bath?


New product development for reducing the risk of drowning in the bath for people with epilepsy.

Introduction
This paper aims to introduce nurses and allied health professionals to a new development that focuses on reducing the risk of drowning in the bath for people with epilepsy.  Epilepsy is a neurological condition that affects around 50 million people worldwide (WHO, 2023) with 633,000 of these in the UK (around 9 in 1000 people) (Epilepsy Action 2023).  This number is added to by approximately 87 new diagnoses daily, and mortality is estimated to be 21 epilepsy related deaths each week (epilepsy research institute n/d).   Life expectancy is reduced by as much as 10 years for people with symptomatic epilepsy, and this is most acute around the time of diagnosis (Trinka et al 2023).  Public Health England (PHE) report that death rates for people with epilepsy rose 70% between 2001 and 2014, compared to a 6% drop in deaths overall (PHE 2018).  The Royal Society for the Prevention of Accidents (RoSPA) indicate that 16,000 people die from accidental causes every year in the UK though they report no specific details about epilepsy related deaths (RoSPA n/d, a).  Common causes of death for people with epilepsy include sudden unexpected death in epilepsy (SUDEP), co-morbid conditions and accidents including falls and drowning (Ostler et al. 2014).  Cause of death can be misdiagnosed as SUDEP when a person is found in water (Cihan et al 2018), but this paper is concerned not with SUDEP, but with drowning’

It has been estimated that people with epilepsy have a 15-19 times higher chance of drowning than the general population (Bell et al. 2008), but it is difficult to establish accurate figures as the UK office for national statistics (ONS) for example, do not record this kind of detail, and coroner records are inconsistent. The way epilepsy deaths by drowning are described and classified is a matter for the coroner after hearing the evidence with deaths by drowning most commonly recorded as being due to an accident, suicide, unlawful killing or natural causes (L. Holmes, personal communication, 1/8/2023). The words ‘epilepsy’, ‘death’ and ‘drowning’ may be included in the cause of death, but accidental death could be the overall conclusion (P. Asker, personal communication, 1/8/2023). A response to a freedom of information (FOI) request to East Midlands ambulance service in August 2023 indicated that paramedic records can categorise a cause of injury as either ‘convulsions/fitting’ or ‘drowning/near drowning’, but all cases may not be identified due to variation in how ambulance crews record in free text (e.g use of abbreviations, alternative terms and spelling mistakes).  The FOI request also indicated that it is possible that incidents may instead be documented as ‘cardiac arrest’ if that was applicable to the patient, even though they drowned.  

The RoSPA (n/d, b) UK water incident database (WAID) reported that 67 people drowned in the bath between 2014 and 2022 (this data includes Jacuzzis and hot tubs), though details of how many of these are related to epilepsy is not available.  In the 1990s two studies reported statistics on drowning in the bath; 15 of 482 (3%) drowning deaths were due to having seizures in the bath (unsupervised) (Ryan & Dowling 1993) and six people aged 5-18 were found to have died with seizures in the bath in Japan in 1991 (Osamura et al. 1997).   In a more recent Canadian study of autopsies (Ontario 2014-2016), Bain et al (2018) report a 10 times greater incidence of drowning in the bath than the general population, with 11 (44%) of 25 epilepsy drowning deaths occurring (‘unwitnessed’) in the bathtub.  Cihan et al.’s (2018) investigation of American medical examiners cases found that 69.4% (n=25) of definite drownings and 81.8% (n=9) of possible drownings happened in a bathtub or hot tub. 

Adults (with mental capacity) with epilepsy tend to be responsible for their own management and are generally advised to manage their risks such as being at heights, in traffic, near sources of heat and power or in water (PHE 2018).  For people with learning disabilities, a population of people with higher rates of epilepsy (Robertson et al. 2015) this responsibility may lie with parents, guardians, friends, family or carers, potentially in care environments.   Chaperones are recommended during bathing, but showers are recommended as safer than baths (Epilepsy Action 2019; NICE 2022).  SUDEP (sudden unexplained death in epilepsy) Action (n/d) additionally recommend using a shower with a flat floor (so water does not collect), avoiding times when seizures may be most likely, ensuring someone is nearby in case help is needed, avoiding locking the bathroom door and the use of safety glass or a shower curtain to help minimise the risk of injury should a seizure occur. Using a shower instead of a bath seems to be consistent advice (RCPsych 2017; Epilepsy Action 2019; Nakagawa et al. 2019; NHS 2020), though there does not appear to be any research on the impact of this advice, and there is evidence of people with epilepsy drowning in the shower (Nakagawa et al. 2019). 

Information and advice tends to come from Epilepsy Nurse Specialists (ENS), and although the Epilepsy Specialist Nurses Association (ESNA) have no specific guidance in place on this issue, the importance of talking to patients, families and carers about individual risk factors is recognised (P. Tittensor, personal communication, 24/7/2023).  Bain et al. (2018) recommend that people with epilepsy should receive counselling on the increased risks of drowning, including information regarding the significant risk associated with bathtub use and that all people with epilepsy remain at an increased risk of drowning regardless of their apparent seizure control. However, a lot of information may be given at a first neurology clinic and details can subsequently be forgotten (Spencer 2016).   There may be an assumption that once information is given in epilepsy clinics, people will take account of it, and NICE (2022) recommend repeating information to patients, family members and carers at subsequent times, according to individual needs and circumstances.  Nevertheless, some people are taking the risk of bathing (with and without chaperone), without necessarily perceiving their decision to bath alone as a risk themselves (Collier and Grant 2021).  

In a widely publicised case in the UK in July 2013 that led to a serious incident review, Connor Sparrowhawk (aged 18) drowned in the bath during a seizure, whilst in a care home (Verita, 2015). This indicates that people can die due to having seizures in a bath even if they live in a supervised environment, particularly if staff are not sufficiently aware of the implications and risks with epilepsy (Verita 2015).  No mention is made in the serious incident review of equipment that might help prevent such an accident (Verita, 2015).  To date, despite advances in disability living aides, no equipment appears to exist to reduce the risk of drowning if someone has a seizure in the bath.  Available products for seizure detection such as heart rate monitors and electrodes on the skin and also bath seats and other products to aid people with physical disabilities are not specifically designed to address risks of drowning in the bath, therefore, the question of whether a piece of equipment could be developed for this purpose was considered in an interdisciplinary collaboration between nurses and engineers.  Initially, a third year Bachelor of Arts (BA) product design student was supervised in developing a piece of equipment to prevent the risk of drowning in the bath for her degree dissertation (Hayes 2021).  The remainder of this article outlines this whole process.

New product development
The whole project took place from September 2020 to May 2022.  The general design methodology of engineering problems begins with research into the issue of interest, with the aim of defining a product need and a set of criteria which serve to specify the design of an effective solution.  The principles of a human centred design approach (Norman 2013) guide development of a solution which seeks to consider the needs of the user as a primary focus.  To fully develop an outcome the designer should consider the task from a range of perspectives including functional characteristics (component size, material behaviour, loading requirements), manufacturing requirements (those affected by material choice, production volumes), sustainability factors (materials, product lifecycle, manufacturing processes and location), and economic constraints (market size, demand, customer characteristics, competition).  Other factors concern the needs of the user such as ergonomic requirements, aesthetic considerations and the semantic interpretation of the product.  The result of this process defines a range of creative ideas, which through development and testing, result in a set of design concepts.  These can then be evaluated and refined using a range of techniques such as sketching, model making and computer aided design.   

Based on the detailed exploration of issues described above, the conclusion of this phase of the project resulted in the following objectives;
· Prevent or minimise the risk of drowning in the bath
· Be compatible with most common designs of baths
· Fit a wide range of users (5th to 95th percentile adult data used)
· Simple to use (or difficult to misuse)
· Present as little impact as possible on the users’ experience of having a bath
· Economically accessible to all

Hayes (2021) worked on the new product design throughout one academic year (2020-21), gathering research, developing concepts and testing ideas through an iterative process that led to an initial solution at the end of the project (see figure 1). 
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Figure 1. Design proposed by Katherine Hayes.

The product shown in figure 1 has two parts, 1) The non-slip mat which slicks to the bottom of the bathtub and provides three location points for users of different heights, and 2) the support frame which is intended to provide support for the user while reclining in the bath and to prevent the body from slipping under the water line if the user loses consciousness.  The developed outcome was simple to use (fitting the majority of baths), low cost, easy to keep clean, portable and made from commonly recycled materials.

Due to the project timeline and the expectations of an undergraduate student project, the design remained not fully tested.   Therefore, to develop the project further, a subsequent group of second year BA/BSc Product Design students were asked to test and critique the initial prototype, following which, they conducted a new phase of ideation and design development.  The primary focus of this phase was to consider the user’s interaction with the product at all stages of engagement from assembly, installation, use, cleaning, maintenance, and disposal.

Two significant challenges were identified;

· When getting in to or out of the bath the position of people’s feet needs to be very close to the location of the product when in use. The initial design made it difficult to get in and out of the bath.
· People like to change position while having a bath. They may move from a sitting position to a reclined position to almost lying down. The initial design would not allow this level of flexibility.

Each student, in the class of twelve, were tasked to develop individual solutions which addressed these issues.  From these the students selected four concepts to be developed into functional prototypes, each concept being developed by a group of three students. The computer-generated images of the designs can be seen in figures 2-5.
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Figure 2. Taheeya Asher developed concept.  Hinged support allowing the user to adjust the angle of the support, for example this design could be flattened to make getting into or out of the bath much simpler. 
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Figure 3. Robert Fodora developed concept. Bucket seat style support. The seat which incorporates a back rest has a significant undercut to allow the heels to move backwards under the user’s centre of gravity to make standing up less physically demanding.
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Figure 4. Developed concept from Team 1 (Asher, Harber, Torrant and Gavrilla), the leg support runs on tracks which can be altered while in use enabling the user to configure the product as they change position in the bath.
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Figure 5. Developed concept from Team 2 (Le, Nock, Plavecka, Papanastasiou and Fajana), the rest is hinged to allow different angles to be set. This provides a more configurable product which can make it easier for the user to stand up to get out of the bath.
Table 1 shows an outline of the strengths and limitations for each product design.

Table 1 Strengths and limitations for each product
	Product
	Figure 1 Hayes
	Figure 2 Asher
	Figure 3 Fodora
	Figure 4 Team 1
	Figure 5 Team 2

	Strengths
	-Simple to use
-Low cost
-Easy to keep clean
-Portable
-Commonly recycled materials 

	-Adjustable leg rest
-Easier to stand up to get out of the bath
	-Bucket style seat
-Back rest
-Flexibility to move legs and stand up to get out of the bath
	-Leg support can be altered (on tracks)
-Flexibility to change position
	-Hinged knee rest
-Changeable knee angles
-Easier to stand to get out of the bath

	Limitations
	-Difficult to stand up to get out of the bath.
-Cannot change position easily when in the bath (lack of flexibility)
	Not tested.
Potential for user to set an inappropriate angle, which could be less effective in preventing drowning.
	Limited adjustability – user constrained to one person

	Complex mechanism with potential for lower durability and potentially expensive

	Issues with standing up are not fully resolved. A more reliable tilting mechanism needs to be developed




The outcome of the design process has not yet resulted in a final product, but there is a much clearer definition of what an effective product could be.  The conclusions drawn from the project are that the product should be:
· An inclusive product which provides benefits to all users (comfort/safety) but would also specifically reduce the risk of drowning following an epilepsy seizure. This increases the product appeal and reduces any potential negative associations had this been a purely medical device. 
· Simple to use. We purposefully avoided technical solutions which rely on electronic devices to monitor and signal responses because of the complexity in resolving issues around false signals or missed episodes. These solutions could also have a limited market.
· A range of styles/finishes should be available to provide more consumer choice.
· Durable, hardwearing and hygienic materials should be used.

Discussion
It is important to emphasise that any potential products such as those described are not intended to encourage bath use but to acknowledge that people with epilepsy may choose to bath alone and try to make it safer.  It would not guarantee prevention of drowning.  It may provide an extra level of risk management where supervision should occur routinely such as in hospitals and care homes and contribute to reducing avoidable deaths (Ashby et al 2014).  

The level of risk for drowning during an epilepsy seizure will depend on factors such as seizure type and frequency of seizures. The International League Against Epilepsy (ILAE) (Fisher et al. 2017) classifies seizures according to where in the brain they originate from, the level of awareness of the person, and the effects on motor function. Seizures involving impaired awareness, notable loss of motor function control and protective reflexes are considered to place the person at greater risk of drowning (Cihan et al. 2018). The products designed as shown in figures 2-5 above, may help to prevent the body from slipping under the water line in circumstances where patients lose awareness and motor function is affected, though this is currently untested in the real world.

This project has shown that it may be possible to develop a piece of equipment that could reduce the risk of drowning in the bath for people with epilepsy.  However, products which incorporate new technology will be expensive to develop, test and qualify. A higher price will be a barrier to some consumers and a highly specialised product may only be targeted at people with epilepsy which would result in a relatively small market and limited potential for growth.  However, it is also possible that such a piece of equipment could be available for the general public to meet different needs. Making such equipment generally available would reduce any stigma attached to epilepsy and normalise its use whereby any customer can choose it for their own purposes.  For example, people of short stature may find it difficult to be comfortable and/or safe in conventional baths as their legs may not reach the end of the bath and they may easily slip down, but equipment could prevent this and offer more comfort and safety.  A more inclusive product which provides benefit and value to anyone who enjoys taking a bath, while at the same time providing a significant reduction in the risk of drowning, will have greater commercial appeal.  If the product can also be simple and cost effective to manufacture (benefitting from economy of scale) then a larger customer base may be reached and there will be a greater overall impact on the potential risks.

A summary of the strengths and limitations of the project can be seen in table 2. 
Table 2. Strengths and limitations of the project. 
	Strengths
	Limitations

	Interdisciplinary collaboration
	May not meet the needs for different seizure types

	Real world project for engineering student education
	Untested in real world context

	Contribution to future research in identifying equipment to reduce risk drowning risks in the bath
	Potentially expensive to develop, test and qualify. 

	Potential for wide consumer base, not just people with epilepsy (thus reducing stigma)
	No funding

	
	



Conclusions 
Tables 1 and 2 illustrate a summary of the project outcomes.  The value of interdisciplinary collaboration in nursing and engineering needs to be exploited to solve clinical problems such as those explored in this paper.  Through increased awareness from the evidence presented in this paper, it is hoped that nurses are inspired to promote future work as advocates for people with epilepsy, and manufacturing companies consider innovation in developing products to reduce the risk of drowning in the bath.  What would be beneficial now would be to understand more about the process of information giving (clinical staff) and information receiving (people with epilepsy, parents, guardian, carers), how and why people with epilepsy make decisions about bathing, and a more accurate picture of epilepsy drownings in the bath.  Devinsky et al. (2016) stress that accurately estimating epilepsy related mortality is essential if we are to develop preventative intervention, so this is an area of policy that needs attention.  However, it is not just mortality details that are needed, but also an accurate picture of how many people receive emergency and/or critical care after surviving immersive events in the bath following a seizure, and their outcomes.

Increased awareness and development of research and equipment could contribute to RoSPAs aims to reduce drowning in the UK by 50% by 2026 (also see NHS right care epilepsy toolkit 2020).  For clinicians, it could also be beneficial to reflect on current practice and consider;  
· Whether assumptions are made about awareness of risk for people with epilepsy
· To what extent people read or remember any information given about risks
· To what extent people follow risk advice given
· Whether meaningful conversations about patient’s attitudes, awareness and decisions around risk are revisited over time.
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More legroom and a shorter seat allow
You to use a wider range of body types.

Suction cups along the entire ength of
the lower part of the seat and the backrest
should prevent movement of the entire design.

More free legroom allows for cofortable
getting in.and out of the tub.

e legs can be folded under the body
without abstruction and then stand up easily.
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